WO 2006/ 025918 PCT/ US2005/ 021757 PROCESS FI ELD DEVI CE W TH RADI O FREQUENCY
COVMUNI CATI ON  BACKGROUND OF THE | NVENTI ON The present invention relates to
industrial 5 process control or nonitoring systens. More specifically, the
present inv Lates to field devices in such syst e
capable o fgﬁg éﬂequency (RF) conmunication. In |ndu§?5?5¥mig?¥ﬁﬁgs
control systens are 10 used to nonitor and control inventories of

i ndustrial and chem cal processes, and' the like. Typically, the control,
system perforns these functions using field devices distributed at key

| ocations in the industrial process and coupled to the control 15 circuitry
in the control roomby a process control |oop. The term"field device"
refers to any device that perforns a function in a distributed control or

process nonit orPROCHSSEWIEND NEYICH | WEeH CRAD IO FREQVENTYN, or yet to
be known, used in the 20 neasurenent, control and nonitoring of industrial

processes. Sone field devices i neOMIRINICRATIONCeEr. A transducer is
understood to nean either a device that generates an output signal based on

a physical input 25 or thatBAPKEROGNESOR THR SINVAINTaoNput based on an i nput
signal. Typically, a transducer transforns an i into an ouxgut havi ng a
different form Types of? etP%%%%Ee%%V‘FIh@I%er‘?/]ﬁ&eo%st%nla? ¥t 2 equi prent |

5 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
10 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
15 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
20 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

25 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



pressure sensors, therm stors, thernocouples, strain WD 2006/ 025918
PCTI US2005/ 021757 -2 gauges, flow transmtters, positioners, actuators,
sol enoids, indicator lights, and others. Typically, each field device al so

includes cqEAdM/@84180N circuitry that is used for 5 copgpiieaddngsWM th a
process control room or other circuitry, over a process control loop. In

sone installations, the process control loop is also used to deliver a
regul ated current and/or voltage to the field device for powering the field
device. The 10 process control | oop also carries data, either in an anal og
or digital format. Traditionally, analog field devices have been connected
to the control roomby two-wire process control current |oops, wth each
device 15 connected to the control roomby a single two-wire control |oop.
Typically, a voltage differential is mrntained between the two wires
within a range of voltages from 12-45 volts for anal og node and 9-50 volts

for digital madegeSomerangl ogrdishaday cencRdcicanstlt a eigngtsto the

control room by nodulating the current running through the current |loop to
a current prepoéenpodal iundidetsensiarhisr,ocess otheirabl e. Ot her. analog field

ggxifglfﬁz perform an aftionag ger JLpe coghrﬁ#ﬂpf th gontrgi rggn1by
g the 25 magnf YO0 t h&2E0r Féft St FSUGE 5T 0dBS1ASS addi ti on
to, or .in thecahin@rnabtyven theijyocess that is used  for
5 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
10 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

15 connected to the control room by a single two-wire
control loop. Typically, a voltage differential is
maintained between the two wires within a range of
voltages from 12-45 volts for analog mode and 98-50
volts for digital mode. Some analog field devices

20 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.
Othexr analog fiéld device can perform an action under
the control of the control room by controlling the

25 magnitude of the current through the loop. 1In
addition to, or in the alternative, the process
control loop <can carry digital signals used for

communication with field devices.



control loop can carry digital signals used for comunication with field
devi ces. WD 2006/ 025918 PCT/11S20115/1121757 -3 In sone installations,

wi rel ess technol ogi es have begun to be used to conmunicate wth field
devi ces. Fowoexeiinkas conpletely wireless installationsp@mesogadiaisn whi ch
the field device uses 5 a battery, solar cell, or other technique to obtain
power w thout any sort of wired connection. However, the mgjority of field
devices are hardwired to a process control roomand do not use wreless
comuni cation techni ques. 10 SUMVARY A field device for use in an
industrial process control or nonitoring systemincludes termnals
configured to connect to a two-wire process control |loop configured to
carry data and to provide 15 power. RF circuitry in the field device is
configured for radio frequency conmmuni¢ation. 1n one enbodi nent, power
supply circuitry powers the RF circuitry using power received conpletely

fromthe two-wire procegs conggb | oopindcgeihedohs, al so previded. 20 BRIEF
DESCRI PTI ON OF THE DRAWNGS Figure 1 is a S|an|f|ed bl ock di agram of a

process cont r 6EChBnl @9t ¢hg heyrst ehegwel ddi n§ea ¥$ed d todevpoeurbrdtigured for
W rel ess Comwkﬁatf' %ﬂd c![eq}irc%sz £ .2 ?C}xt?;l( ﬁdlea?&@;ﬁjélgefy PG OEERSss 20

controller nonitoring's which
installatlons are used in which the field device uses

S 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.

10 SUMMARY

A field device for use in an industrial

process control or monitoring system includeé
terminals configured to connect to a two-wire process
control loop configured to carry data and to provide

15 power. RF circuitry in the field device is configured
for radio frequency communication. In one embodiment,
power supply circuitry powers the RF circuitry using
power received completely from the two-wire process
control loop. A method is also provided.

20 BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a simplified block diagram of a
process control monitoring system including a field
device cdnfigured for wireless communication.

Figure 2 1is a block diagram of a process

25 controller monitoring system in which multiple field
devices transmit information to a remote meter.

Figure 3 is an exploded cut away view of a field

device including wireless communication circuitry for



devices transmt information to a renote neter. Figure 3 is an expl oded cut
away view of a field device including wireless conmunication circuitry for
WO 2006/ 025918 PCT/ US2005/ 0217557 -4 communicating with a renote device

such as a hand held unit. Figure 4 is a diagramof a pr ol | er
moni t ori ng By ch includes a field device for 5 dﬁﬁgﬁggg%gh%?

communi cati on which scavenges power fromthe process control |loop. Figure 5
is a nore detail ed schematic diagramof circuitry shown in Figure 4. Figure
6 is a graph of voltage versus tine as 10 neasured across a capacitor shown
in Figure 5. Figure 7 is an electrical block diagramof circuitry for
providing wireless communi cations in a process controller nonitoring
system DETAI LED DESCRI PTI ON 15 The present invention provides a field
device configured to couple to a procesg-control |oop which further
includes a wirel ess communi cation nodule for one way or bi-directional

w rel ess comuni cation. The wirel ess communi cation dul e can_20 transmt
and/ or recei vECTAVURECEGRYl ¥ & Wt a%V/f'E% M Pocati én. PFRE nodul e
can be directlyigrewered with power received fromthe two-wire process
control |oop, or can be powered with power received fromthe process
control |oop and stépedef of is a diagram of a process controller

monitoring system which includes a field device for
5 wireless communication which scavenges power from the
process control loop.
Figure 5 is a more detailed schematic diagram of
circuitry showh in Figure 4. .
Figure 6 1is a graph of voltage versus time as
10 measured across a capacitor shown in Figure 5.
Figure 7 is an electrical block diagram of
circuitry for providing wireless communications in a
process controller monitoring system.

DETAILED DESCRIPTION

15 The present invention provides a field
device configured to couple to a process control loop
which further includes a wireless communication
module for one way or Dbi-directional wireless
communication. The wireless communication module can

20 transmit and/or receive an RF signal from a remote
device or location. The module can be directly
powered with power received from the two-wire process
control loop, or can be powered with power received
from the process control loop and stored for

25 subsequent use. The module can be a removable module
.in which the module need only couple to those field
devices in which wireless communication is desired.

Figure 1 is a simplified block diagram of a

process control or monitoring system 10 in which a



25 subsequent use. The nodul e can be a renovable nodule in which the nodule
need only couple to those field devices in which wireless communication is
desired. Figure 1 is a sinplified block diagramof a process control or
noni t ori ng swestoeen2k®isi n whi ch a WO 2006/ 025918 PCT/ US200b¢ 0142005702175 cont r ol
roomor control system 12 couples to a field device 14 over a two-wire
process control loop 16. The field device 14 includes I/O power circuitry
18, actuator/transducer 20 and w reless communication 5 circuitry 22. The
Wi rel ess comrmuni cation circuitry 22 is configured to send and/ or receive an
RF signal 24 using an antenna 26. Currently, industrial instrunentation
often includes a local display or "neter" which can be used 10 for | ocal
nonitoring of process information. The nmeter can be quite useful in nmany
installations, however, such a |ocal tﬁ%play configuration does have
several limtations. A local display requires direct visual access to the

field device.cnitdier rodypbeakhbyit81a8yepenat or ceap1enl Yoviewieklsd ngl e neter
at atinme. The instrunents which contain the neter are often not at a

conveni ent | 0%¥ioh &Ff \AYEH nd m—@lr@w@rmua%twﬁ choRBs Yeen used to
address such gy CpNLi URBLEOD hg Lbe1usesOk /8 BRLRL Whith g ired to 20 a

process transmtter. This al e meter to be noun at "a nore
conveni ent Ioa@ﬂmaﬂpr#huﬂdﬁﬂucanxﬂﬂﬂ(n&nds whoale snd clesom et iion U, S
patent 5 circuitry 22. The wireless communication circuitry 22
is configured to send and/or receive an RF signal 24
using an antenna 26.

Currently, industrial instrumentation often
includes a local display or "meter" which can be used
10 for local monitoring of process information. The

meter can be quite wuseful in many installations,
however, such a local display configuration does have
several limitations. A local display requires direct
visual access to the field device. Further, typically
15 an operator can only view a single meter at a time.
The instruments which contain the meter are often not
at a convenient location or viewing angle. One
technique which has been used to address such a
configuration is the use of a meter which is wired to
20 a process transmitter. This allows the meter to be
mounted at a more convenient location. Another
technique is shown and described 1in U.S. patent
application Serial No. 10/128,76%, filed April 22,2
002, entitled PROCESS TRANSMITTER WITH WIRELESS

25 COMMUNICATION LINK.
With the present invention, an RF
communication module is included in a field device
which can be used in addition to the connection to a

process control loop such as loop 16. The wireless



application Serial No. 10/128,769, filed April 22,2 002, entitled
TRANSM TTER W TH W RELESS 25 COVMUNI CATION LINK. Wth the present

i nvention,

an RF communi cation nodule is included in a field devi

PROCESS
ce which

can be usedwaonoedgkdsdiBon to the connection to a process pONUS2085/208p such as
| oop 16. The wirel ess WD 2006/ 025918 PC1/ US2005/ 021757 -6 conmuni
nodul e 22 can be configured to be conpact and | ower power such th

be easily

included in existing field device configurations. The

cation
at it can
nodul e can

be used for wireless transm ssion of 5 information for use in nonitoring
control and/or display of data. Such a radio transmtter can nake
field device information available in a |local area. For exanple,

| ocal display such as display 32 can_%; provi ded and used to disp

information fromthe field device 14.

e display 32 can be confi

di splay information from several devices, either simltaneously,
sequenti al | y, cofimud Iv=0ighh camraneds peovidad be tdenfigptay, Hor exanpl e
usi ng a manual input such _as buttons available to an 15 operator.

di splay 32 cafPTRADt adBe dCV&Lf iBIET | Beak i bAabr 1arCd BepdidSivive
such that it £am, & Iy, thgoughout s 18y RIOERSS SRl SUIRM e MONI toOr
and observe operation of various field devices. Depending on the
of the RF signedul® Zhrande haissansiforvi vyreteshe tramymigsiand rodcei ve
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information for wuse 1in monitoring control and/or
display of data. Such a radio transmitter can make
the field device information available 1in a 1local
area. For example, a sindgle local display such as
display 32 can be provided and used to display
information from the field device 14. The display 32
can be configured to display information from several
devices, either simultaneously, sequentially, or
through commands provided to the display, for example
using a manual input such as buttons available to an
operator. The display 32 can be placed at a fixed
location or can be a portable device such that it can
carry throughout the process control system to
monitor and observe operation of various field
devices. Deﬁending on the strength of the RF signal
24 and the sensitivity of the transmit and receive
cilrcuitry, the area covered by the RF transmission
can be controlled as desired. For example, Figure 2
is a simplified diagram of a process control system
50 in which a number of field devices 14 are coupled
to the control room 12 through individual process
control loops 16. Each field device 14 transmits an
RF signal 24 for receipt by display 32. In this
example, display 32 1is capable of disp;aying four
process variables (PV1l, PV2, PV3 and PV4) which are

t he
a single
lay 10
gured to

The
devi ce

strength



circuitry, the area covered by the RF transm ssion can be controlled as
desired. For exanple, Figure 2 is a sinplified diagram of a process control
system 50 in which a nunber of field devices 14 are coupled 25 to the
control rooWwoldod/asargh i ndividual process control | oopsctiés20@Eactrsfiel d
device 14 transmts an RF signal 24 for receipt by display 32. In this
exanpl e, display 32 is capable of displaying four process variables (PV1,
PV2, PV3 and PV4) which are WD 2006/ 025918 PCT/ Cl S2005/ 021757 -7 received
fromthe field devices 14 using antenna 52. As nentioned above, the display
32 can be a fixed display or can be a portable display, such as a hand

held unit. In this particular configuration, the 5 display 32 is illustrated
as showi ng two process variables which_relate to process pressure and two
process variables which relate to procé%é tenperature. This allows the
field devices 14 to provide information over the RF connection within a 10

desired rangereteiveyampbg, tWet Hirkla |Redlcedr 8 ting exadges 34, the
display 32 is within 40 neters of a field device 14, it will _ pe capabl e of

receiving an 2di SPHEAMPI ntBevee i GRef iRt PPelc@ndedt ce. BeOpti onal
i Spl oy, the SSEat “arranie of SR aveds or aed S KRt érr cuatE a 16l ¢

devi ce 14. Fi geid 3unsta simplilfied wuttdway agar coafliiguration, the

5 display 32 1is illustrated as showing two process

variables which relate to process pressure and two

process variables which - relate to process

temperature. This allows the field devices 14 to

provide information over the RF connection within a

10 desired range, for example, within a local area. For

example, if the display 32 is within 40 meters of a

field device 14, it will be capable of receiving an

displaying information from that field device. An

optional user input 48 can be used to, for example,

15 select the format of the display, the process

variable displayed, or used to interrogate a field

device 14.

Figure 3 is a simplified cutaway partially

exploded view of a pressure transmitter 60 which is

20 one example of a field device. Pressure transmitter

60 couples to two~wire process control loop 16 and

includes a transmitter housing 62. Process control

loop 16 couples to terminals 56 carried on terminal

board 58. A pressure sensor 64 provides one example

25 of a transducer and is configured to couple to a

process fitting to measure a differential pressure

occurring in a process fluid. The output from the

sensor 64 1is provided to measurement circuitry 66

which couples to field device circuit 68. The field



expl oded view of a pressure transmtter 60 which is 20 one exanple of a
field device. Pressure transmtter 60 couples to two-wire process control

|l oop 16 and includes a transmtter housing 62. Process control |oop 16
coupl es to waymid@ksss6 carried on termnal board 58. Ar@riesstrmisensor 64
provi des one exanple 25 of a transducer and is configured to couple to a
process fitting to neasure a differential pressure occurring in a process
fluid. The output fromthe sensor 64 is provided to nmeasurenment circuitry
66 which couples to field device circuit 58. The field WO 2006/ 025915

PCT/ US200i / 021757 -8 device circuit 68 inplenents aspects of the I/O power
supply 18 shown in Figure 1. The wireless comrunication circuitry 22
couples to field device circuit 68 and_may, in sonme enbodi ments, couple to
5 process control | oop 16. The housing =82 incl udes end caps 70 and 72 which
can be screwed into the housing 62. End cap 72 includes an RF transparent

w ndow 74 confdegued diecuaki @8 gepeeakhysWhbPeabs aptepna 2pocpbweed on 10
Wi rel ess communication circuit 22. Wen attached, the end caps provi de a
intrinsical | yS$8PdvenclBsurd st  dir cuFLEYRi t hin t Cfsmi FLERLEBS The

materials ty@o%hhxca%egnl N £19,1GaRS, 25 OTc KAAMRY erfel@le1 AT 8evhOk

transparent to RF signals. However, "RF 15 transparent w ndow 74 allows RF
signals to becdeguitf rgn endr awai,veth bgoaat e ZBenOse exanple RF

5 process contrxol locop 16.

The housing 62 includes end caps 70 and 72

which can be screwed into the housing 62. End cap 72
includes an RF transparent window 74 configured to
align generally with an antenna 26 carried on

10 wireless communication circuit 22. When attached, the
end caps provide a intrinsically safe enclosure for
circuitry within transmitter €0. The materials
typically used in end caps, for example metal, are

not transparent to RE ;ignals. However, RF

-15 transparent window 74 allows RF signals to be sent
from or received by antenna 26. One example RF
transparent material for use with window 74 is glass

or the like. However, any appropriate material can be
used. The window and housing configuration can help

20 to meet dintrinsic safety requirements and provide
flame proocf (explosion procf) capability. Further,

the cavity within housing 62 can be configured to
provide a desired radiation pattern of RF signals
generated by antenna 26. For example, it may be

25 desirable to have the RF transmission be directional
in some implementations, or omnidirectional in
others. In'other implementations, the cover 62 can be
lengthen;d to provide an additional interior cavity

for placement of wireless communication circuit 22.



transparent material for use wwth window 74 is glass or the |ike. However,
any appropriate material can be wused. The w ndow and housi ng configuration
can help 20 to neet intrinsic safety requirenents and provide flanme proof
(expl osi on woods)o2svapabi lity. Further, the cavity w t hiRCTHER®ISHYI762 can be
configured to provide a desired radiation pattern of RF signals generated
by antenna 26. For exanple, it nmay be 25 desirable to have the RF

transm ssion be directional in sone inplenentations, or omidirectional in
others. In other inplenentations, the cover 62 can be |engthened to provide
an additional interior cavity for placenment of w reless comunication
circuit 22. WD 20061025918 PCT11JS20051021757 -9 The wi rel ess conmuni cati on
circuitry 22 can be selected as desirgp. One exanple circuit is the

"|-Bean" transmitter device available Trom M I enni al Net . However, other

circuitry can be used. Analog or 5 digital signals carried on process

control loop 16 can berHead adikds ansdmuitied tishng itrag i wiriyel2@s san

comruni cation circuit 22 mﬁthout,disrug%%n ogFration of the process
y

control |oop 3% SFIFFERE dviceSik§%cu "OHfe SHFEU rySudd§ for

wirel ess 10 tvansdpsi O shpulkbejsuldd Gwntilapismed dorang 1QWn Raver ed to
fit wthin the physical and power constraints of process field devices.

Some prior ar¥etirBeieevererstart cbnfiyunedodn beceisgd.adnggtdorwdl  displ ay
arranged Qﬁ”eéfGJQEﬂ nsEBﬁaEQS'ééfyleﬁhQ%@ E?Ecess control loop 16

can be read and transmitted wusing the wireless

communication circuit 22 without disrupting operation

of the ©process control 1loop 16 or field device

circuitry 68. The circuitry used for wireless

10 transmission should be sufficiently small and low

powered to fit within the physical and power

constraints of process field devices. Some prior art

transmitters are configured to receive an optional

display arranged generally in the position shown for

15 wireless communication circuit 22 in Figure 3. In

such a configuration, the wireless communication
circuit 22 can be used in place of the local display.

In such a configuration, the communication wireless

circuitry 22 simply transmits an RF signal which

20 couples directly to the process control loop 16 and

transmits an RF signal which corresponds to any
analog and/or digital signals carried on the loop 16.

In general, the ©process control loop

discussed herein can comprise any type of process

25 control loop for use in industrial process control

and monitoring systems. Such loops include 4-20mA

current loops 1in which a analog current level 1is
varied between 4 and 20mA to transmit information.

The same control loop can be used to provide power to



15 wirel ess communication circuit 22 in Figure 3. In such a configuration,
the wirel ess communication circuit 22 can be used in place of the |ocal
display. In such a configuration, the comrunication wireless circuitry 22
si nply trang@dhss@kF signal which 20 coupl es directly r@/usdreosprosess
control loop 16 and transmts an RF signal which corresponds to any anal og
and/or digital signals carried on the loop 16. In general, the process
control |loop discussed herein can conprise any type of process 25 control
| oop for use in industrial process control and nonitoring systens. Such

| oops include 4-20mA current loops in which a analog current |evel is
varied between 4 and 20mA to transmt information. The sanme control |oop
can be used to provide power to WD 20061025918 PCT/ US20051021757 -10 the
field device. Another type of process'@@ﬁtrol | oop is in accordance with
the HART(r) communi cation protocol in which digital transm ssions are

superinmposed @Ret 8 A0 ségnal At Heransfpssben o e addidd ol
i nformation. Another exanple two-wire process control |oop uses a protocol
set forth by tReP |ifst tunmEfcossensey withinehe c AARTEN) comeni¢atiqt led the

Fi el d Bus SP5gFBf85890|'iﬁb VEE henddgggggﬂingtr§g§ﬁ£g§%0é§n1 Q%Fysed. Some

process contr oops are 1gecon Igured”to connect to multiple el d devi ces
such that theupeeimpdesdces tha <¢okdPmAi sagnan Doe Bratderssiom mohit or
transn1SSignsa&éggggggihe&n%%%%gtggXiCeAnother example two-wire
process control loop uses a protocol set forth by the
Instrument Society of America (ISA) which is called
the Field Bus SP50 protocol. However, end signaling
protocol can be used. Some process control loops are
10 configured to connect to multiple field devices such
that the field devices can communication one another
or monitor transmissions from another field device.
In general, any type of information transmitted on
such process control loops, or available or generated
15 internally or received by a field device, or
otherwise used to control a field device or other
type of information, can be transmitted using the
wireless communication technigues of the present
invention. In another example, a hand held unit or
20 device used to configure field devices can be carried
into the field by an operator. The operator uses the
hand held device to send or receive information to a
field device when the hand held device is within
proximity of the field device. This allows the
25 operator to gather information or prbgram a field
device without having to physically couple to the
device or the physical process control loop.
In some embodiments, it ds .also desirable

for communications from a field device, or to a field



In general, any type of information transmtted on such process control

| oops, or available or generated 15 internally or received by a field
device, or otherwi se used to control a field device or other type of

i nf or mat i onwocas/hsi1sransm tted using the wireless comr@EgRdIsPRIBEchni ques
of the present invention. In another exanple, a hand held unit or 20 device
used to configure field devices can be carried into the field by an
operator. The operator uses the hand held device to send or receive
information to a field device when the hand held device is within

proximty of the field device. This allows the 25 operator to gather
information or programa field device wthout having to physically couple
to the device or the physical process.control |oop. In some enbodinents, it
is also desirable for communications ffoma field device, or to a field WD
2006/ 025918 PCT/ US2005/ 021757 -11 device, to carry addressing information.
The addressidwvidcd or mald on ceaitybe etdreativg ofirfermasqiumnce Oﬁhbhe

transm ssion or the intended recipient of the transm ssion. Wi rel ess

comuni cat i orPS %GNG r yEHFATERS €3 onPenudRSEFAEE VEn preF 8d|c or

intermttent PagiSe &8 Qﬁé' Eednshis8poh het te¥anphendehe Audiglies:
comuni cation circuitry only transmts when activated or poIIed The

activation cah be&heromranspissaonnt efhal tWsreRessi elapmayiicat ipn r ecei ved
through t@p Q£P§5ﬁ§%f§”%£ﬁ”tLQRBmlfeggﬁyfﬁhously or on a periodic

or intermittent basis, as desired. In another
example, the wireless communication circuitry only
transmits when activated or "polled". The activation
can be from a source internal to the field device,
10 received through the process control loop, received
from a wireless source, or received or generated by
another scurce. In environments in which multiple
field devices may transmit simultanéously, the
transmission protocol should be selected to avoid or
15 address any type of collisions which might interfere
with the transmissions. For example, different
frequencies or frequency skipping technigues can be
used, random or semi-random transmission windows can
be used, repeated transmissions or token based
20 techniques can be implemented or other collision
avoidance teéhniques as desired. If the transmission
includes error detection or correction information,
this information can be used to detect an error in
the transmission and/or correct any errors in the
25 transmissions. If an error 1is not correctable, the
receiving unit can request a re-transmission of the
corrupt data or, can indicate an error, or can wait
for a sub;equent transmission of the data, .or take

other steps as desired.



froma wreless source, or received or generated by another source. In
environnents in which multiple field devices may transmt simultaneously,
the transm ssion protocol should be selected to avoid or 15 address any
type of colWwobmnssski ch mght interfere wth the transdmEE20MI®217Fdr
exanple, different frequencies or frequency skipping techniques can be
used, random or sem -random transm ssion wi ndows can be used, repeated
transm ssions or token based 20 techni ques can be inplenmented or other
collision avoidance techniques as desired. If the transm ssion includes
error detection or correction information, this informaticon can be used to
detect an error in the transm ssion and/or correct any errors in the 25
transm ssions. If an error is not corrg table, the receiving unit can
request a re-transmission of the corr Bf data or, can indicate an error, or
can wait for a subsequent transm ssion of the data, or take other steps as

desired. WO 2006/ 025918r Ral#£52008/0219hdws - b2 Regatels ahse stews an
exanpl e hand heId device 80 for communication with circuitry 22 over RF
connecti on 829C¥AERY BRI 8°8eGPEBUBTFITQdEE HEPHdFY 82 SEUSEr i nput 86.

Qher types obohRPutsoRnds 5 RUIUIS FalkPred N udedh idedhandshel chylevi ce 80,

Preferably, the hand held device 80 is battery operated and canbe carried
into the fiel 84byanth usger atopuf o8 Gonfitthecatiywesni ©Of f iepdtslevdirck 60.

5 outputs can be included in hand held device 80.
Preferably, the hand held device 80 1is Dbattery
operated and can be carried into the field by an
operator for communication with field device 60.
Information from the field device 60, or from other

10 sources, 1is displayed on display 84 and the hand held
device 1is controlled using input 86. Commands or
other information can be transmitted by the hand held
device 80 to field device 60.

In one configuration, the wireless

15 communication circuitry requires power which is
within the power constraints available in the field
device. For example, one display currently used
within field devices uses 3.6 volts at 0.5 mA. If a
transmitter which is capable of operating an LCD

20 meter is employed, the wireless communication
circuitry can replace the LCD meter and use the same
power source that is used to drive the LCD meter. In
another example, the wireless communication circuitry
is powered directly from the process control loop,

25 for example using the voltage developed across a
diode drop connected 1in series with the process
control loop. In embodiments in which no battery is
used with the communication circuitry, the circuitry

can more easily meet.intrinsic safety or other safety



Information fromthe field device 60, or fromother 10 sources, is displayed
on display 84 and the hand held device is controlled using input 86.
Commands or other information can be transmtted by the hand held device
80 to fiel dwdemigesh®. | n one configuration, the wirel eseCT/ER0GIMMINI cati on
circuitry requires power which is wthin the power constraints available in
the field device. For exanple, one display currently used wthin field
devices uses 3.6 volts at 0.5 mA. If a transmtter which is capabl e of
operating an LCD 20 neter is enployed,. the wireless comunication

circuitry can replace the LCD neter and use the sane power source that is
used to drive the LCD neter. In another exanple, the w rel ess comrunication
circuitry is powered directly fron1th§ process control |oop, 25 for exanple
usi ng the vol tage devel oped across a Fode drop connected in series with
the process control loop. In enbodinments in which no battery is used with

the comuni cabppRoGhI CHedli Vrehdtet €1 £6dli pFdyvi@namoI gd€ashite NBRILd I ntrinsic
safety or other safet%&WD 2006/ 025918 PCT/ US2005/ 021757 -13 appr oval
requirenents ahndeproHR@EtarPIHERIHY nFeRLIFHTRNT | PFe R HHETANSSE t e?fy
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configuration is only for sending information, power requirenents can 5 be
reduced. In anoﬁheﬁoeanMdanqflmﬁgmﬁau@m,tHQﬂﬁﬂnEﬁmwwrmmﬂg@|QaMeS|red a

Stat'OnarySdegécereduced. In another example, 1if a greater

transmission range is desired, a stationary device

such as display 32 as illustrated in Figure 1 can

include an RF repeater for re-transmission of data

received from, or sent to, a field device. The RF

10 repeater can be loop powered, or can derive its power

from other sources. Further, once the RF data is

received, it can be reformatted for transmission over

other medium, for example an Ethernet connection,

into existing data transmission structures used

15  within process control systems, over an extended

range RF communication link such as a cell phone, or
relaying using another technigque.

Figure 4 1is a simplified diagram of a

process controller or monitoring system 100 which

20 illustrates another aspect of the present invention.

In system 100, a field device 14 connects to a

control system 12 through process control loop 16

through junction box 102. In the embodiment of Figure

4, a field device 104 couples to the process control

25 loop 16 and includes wireless communication circuitry

122. The wireless communication circuitry 122 1is

configured to send an RF signal 106 and to be

completely powered by power received from the process

control loop 16,



such as display 32 as illustrated in Figure 1 can include an RF repeater
for re-transm ssion of data received from or sent to, a field device. The
RF 10 repeater can be | oop powered, or can derive its power from other
sources. Fuwadmengozenee the RF data is received, it can ber/vebevausted for
transm ssion over other medium for exanple an Ethernet connection, into
exi sting data transm ssion structures used 15 within process control
systens, over an extended range RF conmunication |link such as a cell phone,
or relaying using another technique. Figure 4 is a sinplified diagramof a
process controller or nmonitoring system 100 which 20 illustrates another
aspect of the present invention. In system 100, a field device 14 connects
to a control system 12 through process control |loop 16 through junction
box 102. In the enbodi nent of Figure “4%"a field device 104 couples to the
process control 25 loop 16 and includes wirel ess comunication circuitry

122. The wrel ess comupitEadsHN GigvGit ry1d22 iiscleeRrfsi gused govesend an RF
signal 106 and to_be conpletely powered by power received fromthe process
control | oop I89uli)2b061625928SPETFUSID0BIRPAT57 12+ 1421 08esE RSV ce 104

ncludes ® RovSiacted sler MAuoh B o vRnis Ay BRARIE
(trickle chargéd)iasshgwaypoierged (trickle charged) using a power
5 regulator 110 by using excess voltage tapped from the
process control loop 16. The bypass 112 allows loop
16 to operate normally and 1is connected in series
with loop 16. Communication circuit 122 includes
circuitry for receiving information, analog and/or
10 digital information, carried on process control loop
16. The circuit 122 can responsively transmit an RF
signal 106 ba§ed. upon the received information. If
operated as a\receiver, circuitry 122 1is capable of
modulating data onto the electrical current carried
15 in the loop 16. This can be either analog or digital
information. This configuration allows data to be
relayed over a wireless communication network. The
network can be configured in accordance with any type
of topology, including point to point, spoke and hub
20 and mesh topologies. Process device 104 can be
positioned at any location along‘the loop including
configured as an individual device such as that
illustrated in Figure 4. In some installations, the
field device 104 should be field hardened and
25 configured for intrinsically safe operation. The
device 104 can also be positioned within another
field device 14, as part of a Jjunction box 102, or

even located within the control room which houses

control system 12. The field device 104 can connect
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5 regulator 110 by using excess voltage tapped fromthe process control

| oop 16. The bypass 112 allows loop 16 to operate nornmally and is connected
in series with |oop 16. Conmunication circuit 122 includes <circuitry for
receiving information, anal og and/or 10 digital infornmat] carrli on
process contYOPEGR® 16. The circuit 122 can responsi Ve?’&@%{ﬁgﬁﬁlfgan RF
signal 106 based upon the received information. |If operated as a receiver,
circuitry 122 is capable of nodulating data onto the electrical current
carried 15 in the loop 16. This can be either anal og or digital

information. This configuration allows data to be relayed over a wreless
communi cation network. The network can be configured in accordance with any
type of topology, including point to point, spoke and hub 20. and nesh

t opol ogi es. Process device 104 can be _ppsitioned at any |ocation along the
| oop including configured as an individual device such as that illustrated
in Figure 4. In sonme installations, the field device 104 should be field
har dened and 2% d&nfe gdreed st Rint ¢ peical 142 saf® Opepexs ohaThenedevi ce 104

can al so be p 'otée%@edcéé‘ﬁ£9+f aifb%y‘efm,fi@iﬂqéiﬁ“s% b4 ar@5uRa0t OF 2
junction box 2, or even located wthin the control Toom whi ch houses
control systemhk2ugfhéhti ebd dévingkt iexsars canwéberWoe2b064025918

PCT/ US2005/ 021757 -15 &g nore t han on%uRF circuitiggZ aqﬂkp% npy e t han one
process control |oop 16; & ther Simuft aifésds| §ERFCHCE a-~ov

5 device to operate without internal batteries or other
techniques. The use of a capacitor allows gquick
charging and the storage of sufficiently large energy
potentials. When used 1in a hazardous environment,
large energy storage may not be acceptable in order

10 to meet intrinsic safety standards. However, the
process device 104 can be moved away from the
hazérdous environment, such as at the junction box
102, where intrinsic safety is not required.

Figure 5 is a simplified schematic diagram

15 of field device 104 showing super capacitor 114 1in
greater detail. In this example, super capacitor 114
comprises two 10 Farad capacitors configured to each
carry a 2.5 volt potential. This yields an equivalent
capacitance of 5 farads with a 5 volt potential drop.

20 Assuming that the wireless communication circuit 122
i1s capable of operating at a voltage of between 4 and
5 wvolts, the available energy from each of the 5
Farad capacitors is 3s*C(V;*~Vy?) which is 3s%5* (52
4%)=22.53.

25 Figure 6 is a graph of voltage versus time
measured across super capacitor 114. In this example,
600mW wireless transmitter which transmits a burst
signal for a period of tq of 1 second wi}l require

0.6J/5*1s=0.6J of energy. Thus, there is ample energy



t hrough the use of nultiplexers or other techniques. The use of a super
capacitor allows the 5 device to operate without internal batteries or
ot her techniques. The use of a capacitor allows quick charging and the

st orage of friGLent!ly large energy potentials. Wen usedud,f, ar dous
environrnentfa]'6 gﬁﬁ%ﬂ nergy storage may not be acceptabl e |nH%r5@?h§é to neet

intrinsic safety standards. However, the process device 104 can be noved
away fromthe hazardous environnent, such as at the junction box 102,
where intrinsic safety is not required. Figure 5 is a sinplified schematic
diagram 15 of field device 104 show ng super capacitor 114 in greater
detail. In this exanple, super capacitor 114 conprises two 10 Farad
capacitors configured to each carry a 2.5 volt potential. This yields an
equi val ent capacitance of 5 farads wig-a 5 volt potential drop. 20
Assum ng that the wirel ess conmunication circuit 122 is capable of
operating at a voltage of between 4 and volts, the avail able energy from
each of the SaVPéFQBQEapQEFIo?BeF§t1QBCX®€,259@%) fhi EATPENAGR KN
42)=22.5J). 25:ki-gyse 62ps a graph of voltage versus tinme neasured across
super capacitor 114. In this exanple, 600mMN wireless transmtter which
transmts a burst signAl fwizleras®rof SU@Pdly 1usedontow PFOYERRII re

0. 83/ S 1520, 6ho8LCU8! 4V, JBUSs LBRLEoL S185P! SrSPRIGY HP 200/ 055918

PCTI US2005/ 02
5 However, in a 4~20mA system, a transmitter may only

require 12 volts to operate. Wiring losses in the
process control loop may cause 2 to 4 volts of
voltage drop. Assuming only 5 volts is available for
charging the super capacitor 114, and that the
10 process control loop is operating at a low current
level (i.e., 4mA), there 1is still 20mW available to
charge the super capacitor 114. Because only 0.6J was
consumed during the transmit cycle, the available
20mW will charge the super capacitor to full capacity
15 din a' time t.=0.6J3/0.02W=30s. Therefore, such a
configuration will Dbe capable of transmitting a
signal having a 1 second duration every 30 seconds.
Assuming that the bandwidth of the communications
signal is 200Kb/s and a packet size of 200b, the
20 burst time 1is reduced to one millisecond and the
resulting transmit time 1is 0.03 seconds. In such a
configuration, diagnostic data can easily be
transmitted because it is not of a time critical
nature. However, if sufficiently fast charge times
25 are available, control and process variable signals
can also be transmitted wirelessly.
Although a super capacitor 1is described,
any energy storage device can be employed including.a

battery, or other. The energy that is used to charge



avai | abl e for operation of such a communication circuit 122. A typical
power supply used to provide power to a process control | oop provides 24
volts DC. 5 However, in a 4-20mA system a transmtter nmay only require 12
volts to opeoah@/02Wigi ng | osses in the process control RGops2E2Taluse 2 to
4 volts of voltage drop. Assuming only 5 volts is available for charging
the super capacitor 114, and that the 10 process control |oop is operating
at alowcurrent Ilevel (i.e., 4m), there is still 20mNVavailable to
charge the super capacitor 114. Because only 0.61 was consuned during the
transmt cycle, the available 20mNw || charge the super capacitor to ful
capacity 15 n a tine t,=0.6J/0.02W30s. Therefore, such a configuration
will be capable of transmtting a sigaﬁl having a 1 second duration every
30 seconds. Assuming that the bandw dth of the conmunications signal is
200Kb/s and a packet size of 200b, the 20 burst time is reduced to one

m|lisecond agHet Beoragsubkiviget canset dlig rigal. @F seeERdsSc lahassuch a
configuration, diagnostic data can easily be transnitted because it is not
of a time criffeaPe FREiFed Howriidrected §6PW|€P¥nF99r$%st charge tines 25

are available, control and,progess yarighl erSlOnd frLanalseledransmtted
wirelessly. A though a super capacitor i's described, any energy storage

devi ce can becenptoyker i muinidiongng busteny,ldr obheh. Theledes gy that is
used to Ch§rggontrol room 152 coupled to a field device 154

through two-~wire process control loop 156. Process
control loop 156 extends across an intrinsic safety
barrier 158. The control room 152 1s modeled as
including a power supply 160 and a load resistance

10 162,

The field device 154 can be of any
configuration and 1s not limited to the specific
schematic shown in Figure 7. RF communication
circuitry 170 is shown coupled in series with loop

15 156. Circuitry 170 can be implemented in a terminal
block of a field device. For example, circuitry 170
can be configured as an add on module such that the
two-wire process control loop‘ 156 can connect to
existing transmitter circuitry.

20 In the configuration illustrated in Figure
7, the communication circuitry 170 enables wireless
communication abilities to be added to a new or
existing process control loop or field device. The
circuitry is configured to be powered by the process

25 control loop and can be installed anywhere in the
loop ranging from the control room, anywhere along
the loop itself, in the intrinsic safety (IS) barrier
or junction box 158, as a stand alone field device,

or included in another field device. The circuitry



WD 2006/ 025918 PCT/ US2005/ 021757 -17 the storage device can be el ectrical
or magnetic and can be derived or collected fromany source. Figure 7 is a
sinplified diagram of process controller nonitoring system 150 which

i ncludes a wo mosnizsmk room 152 coupled to a field devi cerdBushbvmugh
two-wire process control | oop 156. Process control |oop 156 extends across
an intrinsic safety barrier 158. The control room 152 is nodel ed as

i ncluding a power supply 160 and a |oad resistance 10 162. The field device
154 can be of any configuration and is not limted to the specific
schematic shown in Figure V. RF communication circuitry 170 i s shown
coupled in series with loop 15 156. G rcuitry 170 can be inplenented in a
termnal block of a field device. For _exanple, circuitry 170 can be
configured as an add on nodul e such thdf~"the two-wire process control | oop
156 can connect to existing transmtter circuitry. 20 In the configuration

ilTlTustrated iBafi PU € cohfilh@ COMFYAI Galy ORypll CHE I Yorkdfth £ablgs, Wi rel ess
communi cation abilities to be added to a new or existing process control
| oop or fiel didesver. Iheonei féupie yeoniikBhfatdvred the ul ysovidr ed by t he

process 25 control deop, and qan he dnstal Led apywhere g theq !l agp rangi ng
fromthe control room~” anywhere along the Toop i1tself, Tnthe intrinsic
safety (IS) barocess control loop 156 and transmit an output
5 related to the measured current to a wireless
receiver.
Turning now to one specific embodiment of
circuitry 170 shown in Figure 7, a sense resistance
180 and a power supply diode 182 couple in series
10 with process control loop 156. The sense resistance
180 can be, for example, 10 ohms and is used in
sensing the current level I carried in the process
control loop 156. A test diode 184 is also coupled in
series with the loop 156 and provides a test point
15 186. This can be used to calibrate or characteristics
a field device coupled to circuitry 170. An intrinsic
safety protection circuit 190 1is provided which
includes diode 192 connected as shown across diode
182 and isolation resistors 194 connected at opposed
20 ends of sense resistance 180. Diode 182 is part of a
power supply 196 which includes capacitor 198, input
filter 200, regulator 202, capacitor 204 and
secondary filter 206. Secondary filter 206 includes
capacitor 208 and resistor 210. The power supply
25 circultry 196 generates a power supply voltage Vpp
relative to a circuit ground for use by circuitry in
measuring the loop current and wirelessly

transmitting a resultant signal. Although a specific

power supply implementation is shown, any appropriate



or junction box 158, as a stand alone field device, or included in another
field device. The circuitry WO 2006/ 025918 PCTnJS2005/ 021757 -18 can be
configured for any type of communi cation. However, in one sinple

confi gurati o 20bda@sarcuit 170 is configured to nmeasurep¢cheswevment carried
in process control loop 156 and transmit an output 5 related to the
measured current to a wireless receiver. Turning now to one specific

enbodi ment of circuitry 170 shown in Figure 7, a sense resistance 180 and
a power supply diode 182 couple in series 10 with process control |oop 156.
The sense resistance 180 can be, for exanple, 10 ohns and is used in
sensing the current level | carried in the process control |oop 156. A test
di ode 184 is also coupled in series with the |oop 156 and provi des a test
point 15 186. This can be used to cal rBPate or characteristics a field
device coupled to circuitry 170. An intrinsic safety protection circuit 190

i's provided wWhbhdlr LaghpufesodiroderdO2ofonRechBldafe SAOWAyaAG0SEM ode 182
and isolation resistors 194 connected at opposed 20 ends of sense resistance
180. Di ode 182sigephred-of a power supply 196 which includes capacitor 198,

gnput filter 200, regqﬂ t kd%pzed%%BQBEBgr 29§p@@d cPELCOI y;#ﬁlter 206.
econdary filter 206 includes capacitor 208 and resistor 0. e power
supply 25 cirtociwged 96egenerasesstanpewet8 Guppbly Mol tagéiybDbed to
5 measure the current I flowing through loop 156. Input
circuitry 218 also includes a filter 220 which
provides a differential connection to an OP amp 222.
The OP amp provides an amplified input signal to an
analog to digital converter 226 which is illustrated
10 as part of a microprocessor 224. A clock cifcuit 228
is provided and used to provide a clock signal to,
for example, microprocessor 222. Optional HART® ‘
transmit and receive circuit 230 connects to
microprocessor 224, loop 156, clock circuit 228 and
15 an RF transmit/receive circuit 232. The optional
HART® circuit 230 is configured to receive a digital
chip select signal kCSl) from microprocessor 224. The
RF circuit 232 1is configured to receive a separate
digital chip select signal (CS2) from microprocessor
20 224. Both the HART® circuit 230 and the RF circuit
232 are configured to communicate with the
microprocessor 224 on an SCI bus, depending on which
chip select is active. Microprocessor 224 is also
configured to ©provide a shut down signal to
25 operational amplifier 222. Microprocessor 224
includes a memory 236 which is wused for storing
programming instructions, temporary and permanent

variables and other information and may include both

volatile and non-volatile memory. The memory can



relative to a circuit ground for use by circuitry in neasuring the | oop
current and wirelessly transmtting a resultant signal. Although a specific
power supply inplenentation is shown, any appropriate WO 2006/ 025918

PCT/ US2005/ @@Lats/259189 power supply configuration or enbR&imeEms/aey’ be used
as desired. In this enbodinment, input circuitry 218 includes sense

resi stance 180 and is configured to 5 neasure the current | flow ng through
| oop 156. Input circuitry 218 also includes a filter 220 which provides a
differential connection to an OP anp 222. The OP anp provides an anplified
i nput signal to an analog to digital converter 226 which is illustrated 10
as part of a mcroprocessor 224. A clock circuit 228 is provided and used
to provide a clock signal to, for exanple, mcroprocessor 222. Optional
HART(r) transnmit and receive circuit 230 connects to nmicroprocessor 224,

| oop 156, clock circuit 228 and 15 an RF transmit/receive circuit 232. The
optional HART(&)udé ) CUidr 23anp1eQnf hgur edpRoMT eged Vecan dighddin chip

sel ect signal éCSl fromm croprocessor 224. The RF circuit 232 is
configured t oRFRERFHENG sépaPERRtieR gi t'AfECRhi prdalgdty sifgrntifEs® from

m croprocessog; 20, 22, Boph ghe d"@%ﬁ(ﬂt) £37 Clblp X0 8Pdhhe Rie i cuit 232

are configured to conmunicate with nlcroprocessor 224 on an SCl bus,
dependi ng on &h@cwhlchlpa@eHEttcvng@mnwé ad enopndegssdr 24rng,al so
5 external antenna, or combination, as desired.

Circuitry 170 is configured to couple across the two-
wire process control loop 156 such that the loop 156
can terminate at another field device such as a
process transmitter or process controller.

10 The circuitry 170 illustrated in Figure 7
can be implemented on a single printed circuit board
such that RF antenna 240 is formed integral with the
board. This configuration allows the circuitry 170 to
be easily implemented in existing field devices and

15 does not require the use of an external antenna. This
reduces installation complexity.

The optional HART® transmit/receive circuit
230 can be used to monitor digital signals, such as a
process variable, carried on the process control loop

20 156. Based upon the sensed digital signal, the HART®
circuitry 230 can control operation of the RF
transmit/receive circuit 232 for transmission of
information related to the sensed process variable,
or other information. If the HART® circuitry is

25 implemented in accordance with the complete HART®

| protocol and appropriate RF protocol stacks, the
circuitry can implement gateway level functionality
which will allow a HART® master to communication in a

bi-directional manner through the RF HART® gateway



configured to provide a shut down signal to 25 operational anplifier 222.

M croprocessor 224 includes a nenory 236 which is used for storing
programm ng instructions, tenporary and permanent variabl es and ot her

i nf or mat i onwandosmeyosncl ude both volatil e and non-vol at p¢BUSEBOLNY?S7 The
menory can WO 2006102918 PCTI US2005/0217 7 -20 include, for exanple, an
EEPROM and can contain addressing information which uniquely identifies
circuitry 170. RF circuit 232 couples to an antenna 240 which can be
configured as an internal antenna, 5 external antenna, or conbination, as
desired. Circuitry 170 is configured to couple across the two- wire process
control |oop 156 such that the loop 156 <can termnate at another field
device such as a process transmtter or process controller. 10 The
circuitry 170 illustrated in Figure 7-2¢an be inplenented on a single
printed circuit board such that RF antenna 240 is, fornmed integral with the

board. This coafiguratian al | auerghe. Gidit {170 Loy.be easi lond Pl ement ed

in existing field devices and oes not require the use an ext ernal
antenna. Thi sproeekresconstal |l albop cadhpl exiThys Thed loptsi onal reARE 1)

transnit/receéve pircg&&) 23q an_be use to n%nit r_digital signals, such
as a processCVHPTABTE:  Thr FEE oft t%bsﬁfogggé Son??ﬁl ﬁ%ﬂﬁ}Qﬁ} 6. Based
upon the senseshhi @itadisi gnadiadrivstHART(r or Cidshange 23F cateant rol
Operatlonfff Egggﬁﬁgtion or data.

Frequently, in process control or
monitoring installations, an operator is required to
physically access a field device or the process
control loop in order to exchange information with

10 the field '‘device. This allows the operator to repair
equipment and do preventive maintenance on the
equipment. The wireless communication configuration
set forth herein allows the operator to interrogate
field devices which may be in locations which are

15 difficult to access. Further, even in configurations
in which the field devices are easily accessible, the
wireless communication circuitry does not require an
operator to remove covers on equipment such as
transmitters or Jjunction boxes in order to expose

20 loop wiring for physical connection to the process
control loop. This can be particularly beneficial in
hazardous locations where explosive gases or vapors
may be present. A digital or analog process variable
can be sensed by the wireless communication circuitry

25 and transmitted to a wireless meter or hand held
device as discussed above.

During operation, circuit 170 is placed in
series with the process control loop 156 where it

utilizes the 4-20mA current flowing through the loop



transmt/receive circuit 232 for transmssion of information related to the
sensed process variable, or other information. If the HART(r) circuitry is
25 inplenmented in accordance with the conplete HART(r) protocol and
appropri at ewBRogretsocol stacks, the circuitry can inpl exanisganevsly | evel
functionality which will allow a HART(r) master to conmunication in a

bi -di rectional manner through the RF HART(r) gateway WD 20061025918

PCT/ US200S/ 021757 -21 device with a HART(r) capable field device on the
process control |oop 156. This allows wireless comunication with a field
device for nonitoring, configuration, diagnostics; or exchange of other 5
information or data. Frequently, in process control or nonitoring
installations, an operator is required to physically access a field device
or the process control |oop in order £ exchange information with 10 the
field device. This allows the operator to repair equipnment and do

- preventive nmaidtengnce 9psthe, equ predia W& WLl epgrcompiicaki on
configuration set forth herein allows the operator to interrogate field
devi ces whi cheorayorbe £hetoritdbnsowhind areinsuidifyi cule teanccédss. Furt her,

ehen 0, SO LBatigns od MY chp e sldaleviags =i 23Ry sggess, e
renbove CoOVer Scatmeédtt e mthisucdoral guraanshl biléps soacceret iten dudees i n order
to exposeS bus circuitry within the field device such as a CAN
interface. The configuration includes a test
connection 186 for use in measuring loop current
during testing. The sense resistance 180 is
preferably configured to provide an equivalent of
10 capacitance of zero as measure at terminals 181 which
connect to loop 156 1in accordance with intrinsic
safety standards. Circuitry 170 is configured for
nominal operation at between 3 and 4 volts and the
zener diode 182 along with sense resistance 180 sets
15 this operating voltage. The excess voltage available
on typical 4-20mA current loop 1s sufficient to
operate circuitry 170. Further, power management
techniques can be employed to limit the current
drawn from the loop to about 3mA. This allows any
.20 field device connected .to the process control loop to
send an alarm level signal of 3.6mA without
collapsing the circuit by drawing more than the
available current level.
Zener diode 182 acts as a shunt element
25 which 1is placed in series with the loop 156 to
develop a preregulated voltage on the input filter
stage. Any portion of the loop current which is not
used by circuitry 170 is shunted through zener diocde

182. The input filter 200 can comprise capacitive,



.20 loop wiring for physical connection to the process control |oop. This
can be particularly beneficial in hazardous |ocations where expl osive gases
or vapors may be present. A digital or anal og process variable can be
sensed by t i woa/@k|s8s conmuni cation circuitry 25 and treqeuseed1 o a

wi reless neter or hand held device as discussed above. During operation,
circuit 170 is placed in series with the process control |oop 156 where it
utilizes the 4-20mA current flow ng through the | oop WD 2006/ 025918

PCT/ US20051021757 -22 to power itself. For field devices that enploy a
common el ectrical ground, circuitry 170 can be inserted on the high voltage
side of the loop connection. This configuration allows access to other 5
bus circuitry within the field device such as a CAN interface. The
configuration includes a test connectén 186 for use in neasuring | oop
current during testing. The sense resistance 180 is preferably configured

to provide an; eguiyalento ol 10 GANAGH! aBeEn0h2el 0naS NIPASWE, Aled er i Nal s

181 which connec o |l oop 156 1'n accordance wth intrinsic safety
standards. Citsolaty tHO ilvoponfiagurady f noisaowirnaloaghef At¢tomtatorbet ween 3

and 4 volts and the ener diode .182 along w.th sense resistance 180 sets 15
this operatin869%¥?3aé. e‘%%%%?‘ryblhzge Q@é?Fab? SO on® KR CHI®%4- 20mA
current |oop hsisaf ihcirert AART®PELededdd I edédtiyndy Obafdr ihere rdeawer
nanagenentB to conform with HART® standards.

The voltage regulator 202 can be any
appropriate voltage regulator such as, but not
limited to linear or switch mode regulators and is
used to supply the voltage Vpp to the circuitry.

10 Filter 206 1is wused to store energy and further
decouples circuit loads from the regulator 202. The
output voltage of the seéondary filter 206 is allowed
to sag by several hundred millivolts during circuit
load changes. This allows peak current draws by the

15 circuitry 172 to be averaged from the 4-20mA current
loop.

In this embodiment, the microprocessor 224
including A/D converter, along with the RF circuitry
232 and input circuitry 218 can be placed into a

.20 sleep mode or low power mode during periods of idle
operation 1in order to reduce power drain. For
example, at a selected interval such as every 10
seconds, an internal timer in the microprocessor can
enable the measurement of the loop current by the A/D

25 converter. The measurement circuitry i1is allowed to
settle before the A/D conversion occurs. After the
A/D conversion is  completed, both  the loop
measurement circuitry and the A/P converter are

turned off to conserve power. The microprocessor



techni ques can be enployed to limt the current drawn fromthe loop to
about 3mA. This allows any 20 field device connected to the process control
|l oop to send an alarmlevel signal of 3.6mA without collapsing the circuit
by draw ng woreoddsmst he available current |evel. ZenerP@i/geospgesacts as a
shunt element 25 which is placed in series with the |oop 156 to develop a
preregul ated voltage on the input filter stage. Any portion of the |oop
current which is not wused by circuitry 170 is shunted through zener diode
182. The input filter 200 can conprise capacitive, W 2006/ 025918

PCTI US2005r 021757 -23 inductive and resistive elements and is used to
isolate the I oop fromany noise or |load fluctuation generated by circuitry
170. This al so suppresses noise in the HART(r) extended frequency band in
order 5 to conformwi th HART(r) standafds. The voltage regul ator 202 can be
any appropriate voltage regulator such as, but not I|imted to |inear or

switch node remdad ahe aRGsusedUsRd uko tsURREY RFhR 1 ¥eLt 8ge YBP tert he
circuitry. 10 Filter 206 is used to store energy and further decouples

circuit | oadss¥argmittedoreguiaehr cgmwletien opf puths oltragerépsiRg: secondary
rg;gegh?i? i%l%}!r&%pr%%e%@%g%nae‘ﬁ%r %"rEHﬁgggdrﬁjch%gV%t gndunbfg circuit
ges. I's allFows peak current draws t he circurtry 172 to be
aver aged fromdwes dm@@mAuctittertthe next cycle. The microprocessor
5 may even put itself to sleep temporarily to save
power. Using thése power management techniques, the
microprocessor 1s able to manage overall current
requirements of the circuit by staggering the load
demands on the regulator stage.
10 Loop current measurement is achieved using
the 10 ohm sense resistor 180 coupled in series with
the 4-20mA current loop 156 to measure the analog
current level. The voltage developed across the sense
~resistor 180 1s filtered to remove fluctuations due
15 to HART® digital communications as well as any loop
noise. An operational amplifier stage 222 provides
further signal conditioning and the signal is passed
to the A/D converter 226 of microprocessor 224.
The RF circuitry 232 can be any appropriate
.20  circuitry or configuration as desired. In one simple
form, the RF circuitry 232 simply transmits a
measured variable to a wireless receiver. The antenna
240 can be used to broadcast the RF signal and can be
formed integral with the circuitry 170, for example
25 in the form of traces routed around an outside edge
of a circuit board. The RF circuitry 232 can, in some
embodiments, include a wireless receliver such that
the circ'uitry 232 can be configured as a transceiver.

The same antenna 240 can be . used for both



| oop. In this enbodi nent, the m croprocessor 224 including A/D converter,
along with the RF circuitry 232 and input circuitry 216 can be placed into
a 2Q sl eep node or | ow power node during periods of idle operation in order
to reduce pewenodnrsdin. For exanple, at a sel ected interR@EUROSH2HS? every 10
seconds, an internal tinmer in the mcroprocessor can enable the neasurenent
of the loop current by the A/D 25 converter. The neasurenent circuitry is
allowed to settle before the A/D conversion occurs. After the A/D
conversion is conpleted, both the |oop mneasurenent circuitry and the A/D
converter are turned off to conserve power. The m croprocessor WO

2006/ 025918 PCT/ 1J520051021757 -24 passes the neasured value to the RF
circuitry 232 for transm ssion. Upon conpletion of the transm ssion, the

m croprocessor and RF circuitry return?®® the low power node until the next
cycle. The m croprocessor 5 may even put itself to sleep tenporarily to save

power. Using {hese POVERSn NRNAOSBM: 1&ChDE aues: ride A”Egb@@590§§%9r is able
to manage overall current requirenents of the circuit Dy staggering the

|l oad dermandsp@retde tedcrioresimeye Nal® losprawient inpagangsert i s
SOl 1o UL b d0ead9 SO seli 65! 54k, 100:60U0LeH L SPHRRA L1, (e
devel oped acrwsing he se@rdserent power requirements, circuit
5 sensitivity, antenna configuration, and the like. If
the circuitry 170 is mounted in a metal enclosure,
such as a field housing compartment of a transmitter,
an RF transparent portion of the housing should be
used to allow transmission and reception of signals
10 from antenna 240. For example, as discussed above, a
glass window can be used. Other example materials
include any material which is sufficiently
ftransmissive to RF signals including plastic, or
other materials.
15 The addition of the optional HART® circuitry 230
allows the circuitry 170 to selectively listen to a
HART® message on the 4-20mA signal carried on the
current loop 156. Information such as measured
. process variables, diagnostic information, or other
20 information can be.. .transmitted to a wireless
receiver. Further, if the HART® circuitry 230 1is
configured to modulate a digital signal onto the
process control loop, it can be used to remotely
command or interrogate a field device coupled to the
25 loop 156. For example, the HART® circuitry 230 can be
configured to act as a secondary master on the 4-20mA
current loop. This, in conjunction with RF circuitry
232 configuréd, as a full transceiver, enables bij

directional communication and configuration of field



resistor 180 is filtered to renove fluctuations due 15 to HART(r) digital
comuni cations as well as any |loop noise. An operational anplifie

222 provi des

Al D convertwoéggmgjlsm croprocessor 224. The RF circuitr c@é&o&%‘lr@f any
: circuitry or configuration as desired. In one sinple

appropriate

further signal conditioning and the signal is passed

r stage
to the

form

the RF circuitry 232 sinply transmts a neasured variable to a wrel ess
receiver. The antenna 240 can be used to broadcast the RF signal
al with the circuitry 170, for exanple 25 in the formof traces

formed integr

routed around an outside edge of a circuit board. The RF circuitr
in sone enbodinents, include a wireless receiver such that the c
232 can be configured as a transceiver. The sane antenna 240 can
for both WO 2006/ 025918 PCT/ 1JS2005/ 022¢57 -25 transmi ssion and r
if desired. Atypical low powered transceiver may have a conmmunic
range of about 200 feet, however other ranges can be achieved us
di fferent poweevieRuifrement s viERreaPt MsS@si Rty foant exaBPEdNE gur ati on,

and the I|ike.
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Microprocessor 224 is configured to monitor the
voltage and current characteristics of the process
control loop 156, improper or problematic variations
in current and voltage <can be identified using
diagnostic techniques and can be transmitted to a
remote location, either wirelessly, or wusing the
HART® transmission papabilities provided by circuitry
230, or by setting the current level carried on loop
156 to an alarm value or other pre-determined value.
Circuitry 170 is preferably configured to allow
operation in hazardous locations and to meet the
appropriate approval and specifications, such as
intrinsic safety standards. For example, " the
intrinsic safety protection 190, along with
intrinsically safety rated resistor 180 1is used on
the input to the circuitry 170. Using appropriate
components and circuit layout, the addition of a
redundant zener diode 192 in parallel with zener 182
provides a level of redundancy and limits the amount
of ~voltage that can enter this circuit i1in an
intrinsic safety protected. system. Similarly, the
sense resistor 180 can be used to limit the maximum
current that can enter the circuit 170 and snub any
discharge of stored energy from the circuit through

its external terminals. This provides an equivalent

| ass



i nclude any material which is sufficiently transm ssive to RF signals

i ncluding plastic, or other materials. 15 The addition of the optional
HART(r) circuitry 230 allows the circuitry 170 to selectively listen to a
HART(r) meswagetsanstibie 4- 20mMA signal carried on the curk@nWEsS2peep17ib6.

I nformati on such as neasured process variables, diagnostic information, or
other 2A information can be. transmtted to a wreless receiver. Further,

if the HART(r) circuitry 230 is configured to nodulate a digital signal
onto the process control loop, it can be used to renotely command or
interrogate a field device coupled to the 25 | oop 156. For exanple, the
HART(r) circuitry 230 can be configured to act as a secondary naster on the
4-20mMA current loop. This, in conjunction with RF circuitry 232 configured
as a full transceiver, enables bi- dirédtional comunication and
configuration of field WO 2006/ 025918 PCT/ US2005/ 021757 -26 device from a

W rel ess nastgggggi{anégr eggnplghéﬁﬁ%ﬁﬂﬁ}qxi;j(gggdge S%h%howgf% Fi gure 3.

M cropr ocessor 4 can al so prefer d to inplenment nostics
functional i t ymeaSuhmeropr aciessartrg24is s onfiegur edotechedi tloy tthe vol t age

d t ch teristi f th trol |oop 156, i
probl emati ¢ VAPFtIoNS  PH:RGF r et nd VTt agte i G 10T | 60 usi ng

di agnosti c 't eebhEESd APEt f@En bené r ensmehtied offo the sense resistor
5 180 and the filter 220. Other circuit components can

be protected from any outside energy sources by the

use of potting material or the 1like which also

prevents hazardous gases and vapors from reaching any

internal storage elements and nodes in the circuitry
10 170. For other non-hazardous locations, intrinsic’

safety components may not be required.

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

15 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

20 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

25 1s 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



10 renote location, either wrelessly, or using the HART(r) transm ssion
capabilities provided by circuitry 230, or by setting the current |evel
carried on loop 156 to an alarm value or other pre-determ ned val ue.
Circuitry 1Wo iegeqseBer ably configured to allow 15 operpti/oseonsm2nazar dous

| ocations and to neet the appropriate approval and specifications, such as
intrinsic safety standards. For exanple, the intrinsic safety protection
190, along with intrinsically safety rated resistor 180 is used on 20 the
input to the circuitry 170. Using appropriate conponents and circuit

| ayout, the addition of a redundant zener diode 192 in parallel with zener
182 provides a |level of redundancy and limts the amobunt of voltage that
can enter this circuit in an 25 intrinsic safety protected system
Simlarly, the sense resistor 180 camdge used to limt the maxi num current
that can enter the circuit 170 and snub any discharge of stored energy from

the circuit throug j ternal, term Thi Vi jval ent WO

2006/ 025918 P /%Jgféﬁgf’(?%f?#}%}ﬁ%aqp@gﬁ%gﬁc2503% "5 s?é%??g‘fﬁywzero. The

| oop neasuredentcel r dowkkyri s ihurdther prdoediedtlBy thwo adddassnsi< safety

rated high vag%e resistors 194 connected between the two_ends §H t he sense
n

resistor 5 188and%Efe i t &R0 150 FHPP Y r &R SES Sﬁentﬁéoq}a Se .
protected fropgiaayeoyt si d@nBNeRa%t36Hr Cesibyuthey useiahdpetti nghyraterial or

the Iike which al so

5 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
10 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
15 technique <can be employed including token-based
techniques 1in which a token is handed off between
devices to thereby allow transmission or reception

for the particular device.
Although the present invention has been
-20 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
25 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 wused, as desired,



prevents hazardous gases and vapors fromreaching any internal storage

el ements and nodes in the circuitry 10 170. For other non-hazardous

| ocations, intrinsic safety conponents may not be required. The term"field
devi ce" as wenodiesasn can be any device which is used POT/ESHDIVRESS
controller nonitoring system and does not necessarily require 15 pl acenent
inthe "field." The device can be |ocated anywhere in the process control
systemincluding in a control roomor control circuitry. The term nals used
to connect to the process control loop refer to any electrical connection
and may not conprise physical -2-0 or discrete termnals. Any appropriate
radi o frequency conmunication circuitry can be used as desired as can any
appropriate conmuni cati on protocol, frequency or comrunication technique.
The power supply circuitry is configufed as desired and 25 is not linited
to the configurations set forth herein. In sone enbodi nents, the field
device includgsahaddi@ss g chcanghe. 19€] uded oicReany, Reoduiansm ssions
such that the device can be identified. Simlarly, such an address can be
used to det erfifld1dADR006PO2BVISERCT/ USZEOBLOREFEYON - 28 frfotgpacdéei ved si gnal
is intended for that particular device. However, in other enbodi nents, no
address is wutilized and data is 'sinply transmtted fromthe wreless
comuni cation circuitry without any 5 addressing information. In such a
configuration, if



recei pt of data is desired, any received data may not include addressing
information. In sone enbodi nents, thig may be acceptable. In others, other
addressing techniques or identificati e t echni ques can be used 10 such as
assigning a particular frequency or comrunication protocol to a particular
devi ce, a§@ﬁgﬂgggm%e§ﬁgticular time slot or period to a particular device
or other technhiques. Any appropriate communi cati on protocol and/or
net wor ki ng 15 techni que can be enpl oyed includi ng token-based techniques in

whi ch a token is handed off between devices to thereby allow transm ssion
or receptidn fdt fighd deyias il yse dfé\ﬁ’b@dumrtarﬁdﬂaﬁe%%éoﬁ?@%thm?m%WQi on has

been -2-0 i 7 reference to preferred enbodi nents, workers
skilled i nsgﬁgﬁ%rc?%rglﬁ!ecogni ze that changes may be made in form and

detai |l w t temiinaldegpafiguregl fo comridut te @i twd-wasprocegecoftrélHoop moefigured.  As
used herein, Radio Fregquenc 'é,eRF) can conprise 25 el ectro-nmagnetic
transmi ssi §n§26Y data and &R BRAWCTi s not limted to a particular group of

frequenci e$yqinr i " PN | ;
oo eus oo R (EIUERELER AR Sooty okl g vency
PCT/ US2005c0&iiamicati?® i ncl udi ng | EEE 802. 11b, 802. 154, or other protocols,
i ncl udi ng proprietary conmuni cation dprot ocol s, 30R What is clainmed is:
power supply circuitry configured to power the RF circuitry using power
received completely from the two-wire process control loop;
an energy storage capacitor configured to store an electrical charge using
power received from the two-wire process control loop;
wherein the power supply circuitry is configured to use power from the
electrical charge stored on the enemy storage capacitor; and

wherein the RF circuitry is configured for bi-directional communication.

2. The apparatus of claim 1 wherein the energy storage capacitor

comprises a super capacitor.

3. The apparatus of claim 1 wherein the RF circuitry is configured to
transmit RF data as a function of information received from the two-wire

process control loop in accordance with the HART® protocol.

4. The apparatus of claim 1 including a transducer or actuator configured

to interact with an industrial process.

5. The apparatus of claim 4 wherein the RF circuitry including a modular
circuit board which carries the RF circuitry, the modular circuit board
configured to mount in a housing of the field device.

6. The apparatus of claim 1 wherein the RF circuitry is configured for

digital communication.



1. Afield device for use in an industrial process control or nonitoring
system conprising: termnals confi gur<§g to connect to a two-wire process
control loop configured to carry data“and to provide power; radi o frequency
(RF) conmunication circuitry configured for radio frequency comrunication;
power supply circuitry configured to power the RF circuitry using power
recei ved conpletely fromthe two-wire process control |oop; an energy
storage capagit Ghecapparatusdf tofaist dr whareirelthet RE ceallcuitharigeonsigogd fower
received fromthe two-wire process control |oop; wherein the power supply
circuitry PBalogAAgmUBIEatignuse power fromthe electrical charge stored on
t he eneny storage capacitor; and wherein the RF circuitry is configured for
bi -directional comunication. 2. The apparatus of claim1 wherein the energy
st orage capasit ofhe capparataesofackipen whedn tthe . teBminkie appeomsfigisedftoc! ai m 1
wherein the RFE circuitry itf\ confi,gured to tragFm't RF data as a function of
i nf or mat i oROHRIELN PEHES Mt thRWORM TGP REeSSICOPEOL1098Nt r ol | oop i n accor dance
with the HART(r) protocol. 4. The apparatus of claim1l1l including a
transducer or actuator configured to interact with an industrial process.
5. The appar 8t uJhefappaaatusbdfokemel mdudindgRF circuitry including a nodul ar
circuit board which carries the RE circui t@/, tﬂ'\eﬁ dul ar, circuit board

oS

conf i gur ed 3EXRRFRN PrPS heg§ingrpriiourercto ¢ ClgUltShe appar at us of
clai m1 whetej i (5 o AV fi@u f.ar i flrbal toQ nreat i on.
31 7. The%p%%’?ﬁsﬁgft%qﬁéﬁqt \r,é]chr)rgﬂﬂ fth%ehggs@grgcﬁﬁ ;5 fastocoWgur ed for
anal og commansoédsiamtheBethfbegtappar at us of claim 1 wherein the terminals are
configured to

10. The apparatus of claim 9 wherein the RE transparent region

comprises glass.

11. The apparatus of claim 10 including an end cap configured to mount to

a main housing and wherein the end cap includes the RE transparent region.

12. The apparatus of claim 1 including:
a circuit board configured to carry the RE circuitry;

an RF antenna coupled to the RF circuitry and carried on the RF circuit board.

13. The apparatus of claim 1 wherein the RF circuitry is integral with a

terminal block which carries the terminals.

14. The apparatus of claim 1 wherein the RF communication circuitry is
configured to transmit an RF signal related to an analog current level carried

through the process loop.
15. The apparatus of claim 1 wherein the RF communication circuitry is
configured to transmit an RF signal related to a digital signal carried by the

process control loop.

16. The apparatus of claim 1 including a HART® module coupled to the



couple in series with the two-wire process control | oop. 9. The apparatus of
claim1 including: an expl osion proof IBgusi ng configured to enclose the RE
circuitry; an integral RF transparent gion in the housing configured to
allow RF transm ssion therethrough. 10. The apparatus of claim9 wherein

the RE tr aﬁpgéﬁﬁﬁuﬁlggﬁ mrﬁ@%@o@ﬂg{o@dﬁ@opéﬁte e %’?B%@t‘id’ﬁalﬁ-‘Aﬁﬁ'@' m 10

i ncl udi ng an nt t mai n housi n wherein the
end cap |n¢¢ﬁﬂé@ﬂbWEW%ﬁmransparent region. 12. The apparatus of claim1
including: a circuit board configured to carry the RE circuitry; an RF
antenna coupled to the RF circuitry and carried on the RF circuit board.

13. The appanat 4N gh a
term nal bl ogz \Llj\fll ch p@?fértpjgiofm%ht?grmhﬁgﬁ Bﬁh%ﬁ}e%&éﬁrﬁuggﬁg?ﬁ?@@tWa
wher ei n t heoRfguredrfunpedddioroaimeonicatign.is configured to transmt an RF

signal related to an analog current |evel carried through the process | oop.
15. The apparatus of claim1l wherein the RF communication circuitry is

confi gured gt RS HcbaPfForsgRl WAEAIFANE SRR cliniintAleaBbAnalouey I o0 bY

the process control 00 appar at us aiml inc HART(r)
nmodul e cou;mbeﬂgmmdttbetra’i?%mlﬁn&ﬁmrgnabmﬂated tearpracesyvamatflegured to operate

as a bi-directional HART(r) to RF gateway unit. 17. The apparatus of claim
1 wherein the RF comunication circuitry is configured for periodic

communi cat i oRg. %@ eTHSd SBPEBWI%W@ i Efkl&‘b%&ﬁfe”fotrh%é?ﬁ SRMAMREE | on

circuitry is con lgured to transmt "an RF signal related to a process
vari abl e. I®ocessneintid of aronstonmy rsystem, mpmprisaand:i el d device for use in an
i ndustri al . , '
connecting to a two-wire process control loop configured to carry data and to
provide power,
communicating using a radio frequency (RF) signal;
powering the RF communicating using power received completely from the
two-wire process control loop storing an electrical charge in a capacitor using
power received from the two-wire process control loop, and using power
stored by the capacitor to power the RF communicating; and

wherein the communicating comprises bi-directional communicating.

20. The method of claim 19 wherein the communicating comprises
transmitting RF data as a function of information received from the two-wire

process control loop in accordance with the HART® protocol.

21. The method of claim 19 wherein the communicating comprises digital

communicating.

22. The method of claim 19 wherein the communicating comprises analog

communicating.

23. The method of claim 19 wherein the connecting comprises connecting

in series with the two-wire process control loop.



process control or nonitoring system conprising: connecting to a two-wire
process control | oop configured to carré%data and to provide power;

comuni cating using a radio frequency (RF) signal; powering the RF

comuni cating using power received conpletely fromthe two-wire process
control loop storing an electrical charge in a capacitor using power
received fromthe two-wire process control |oop, and using power stored by
the capacitor24o Trwwvanethoe BF daimmig caidrog, tmct;ommmidmtmbemma@snbcati ng
conprises bi-directional conmunjcatin 20. The net hod of cIa|n119 wherein
the conmuni 84e¢tiRNaksARMUSatian Apkaantt ﬁdWRPVIB%{OQPa%ndat%BEtﬁ'W of
information received fromthe two-wire process control |oop in accordance
with the HART(r) protocol. 21. The nethod of claim19 wherein the

comuni cating conprises digital comunicating. 22. The nethod of claim19
wherein the comuni cating conpri ses anal og conmunicating. 23. The nethod of
claim 19 wherein the connecting conprises connecting in series with the
two-wire process control loop. 33 24, The nethod of claim19 wherein the
comuni cating includes bi directional conmmunication between the two wire

| oop and the RF signal.



