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WO paoefo2ioeh rel ates to i ndustri al

PROCESS FI ELD DEVI CE W TH RADI O FREQUENCY
COVMUNI CATI ON BACKGROUND OF THE | NVENTI ON The present

nonitoring systens. Mre specifically, the present
invention relates to field devices in such systens

whi ch are capabl e of Radi o Frequency (RF)

communi cation. In industrial settings, control systens
are used to nmonitor and control inventories of

i ndustrial and chem cal processes, and the |ike.
Typically, the control system performs these functions
usiBROCES S #FUVETS: DEMICEuWETH RAPIQcHREQUENCY
the industrial process and coupled to the contro
circuitry in the corﬁObMUH&rﬁA‘TI@mrocess control

| oop. The term"field device" refers to any device

that perfornms BAQURRAWW OF JHi SNVEHTEOH control or
processlgoaﬁ%anéggséxét poebgglﬂmfgié%es q? ?ﬁéustrlal

current nown, used

mRasigsrentcogondiol amd Madiniaiddigoof |srgwsém$ al More
processes .. Sone field devices include a_transducer.
eI Y uhber SteEtlo HEBPR et theF S adévi e t ﬁé?ld

genRarales:an QuipulSirgnal hased ena physical ﬁnptagdlo

or that generates a physical output based on an I nput
Stmgvalencly piRial | gomreun feastoer transfornms an i nput

ST ERIENCIRE a N A
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

process cont rBCT/082005/021757
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pressure sensors, therm stors, thernocouples,
strai ngauges, flow transmtters, positioners,

w@eaeatons, sol enoids, indicator |ights, and oe¢EDS2005/021757

Typically, each field device al so includes

conmuni cation circuitry that is used for comunicating
W 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 process contro

| oop al so carries data, ei tH&r in an anal og or digital
format. Traditionally, analog field devices have been

ed ffbﬁi“%féﬂgﬁf%té§§ﬂ7b%o&f@i&hé?spr0§§§§ators,
control current |oops, with each device connected to

tdel gomtdl robiedyon Sighgte, tawdwbtkersntrol | oop.

Typi cal |y, vol tage differenti i,s_nmai nt ai ned,

bet ween thetLangA}oC S \?naf:ﬁi ntn eﬁ%nagvﬂfev %tsaogeénf:%%es
brunaddsi §ror  analegarnde andrrb0 valsts fogedi git @br
nmode. Some anal og field devices transmt a signal to
IR EH G L rD o B rfodBFAERAG IR iRy efiPORunmimgother

t hr - e C nt_ | C r ti onal
t égggﬁgég pf%%%@s %agggﬁ %?QCIﬁéé€g%%P088$§éldﬂgev%gge
ciars e faorioras), athéopruneers tdentoont r dbopf itshealont nekd

roon1g¥ controlling the nmagni tude of the current

15 otghi YRe PodpIus tafi € FoRctb, 2BA/PR (ed-tage to the

alsterdatd el cd herdF 008SFe £ONE T otnd 00p; 688 CALYYce. The
digital signals used for conmrunication with field
devda@Ess | posonel | hoval ladisonsarniesl dega, either in an

analog or digital format. 7

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 is
maintained 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 1loop to a
current proportional to the sensed process variable.
Other analog field device 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.
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t echnol ogi es have begun to be used to comrunicate with
field devices. For exanple, conpletely wreless

WO p®bab49at i ons are used in which the field devPCBUZNES021757

a battery, solar cell, or other technique to obtain
power w thout any sort of w red connection. However,
the majority of field devices are hardwired to a
process control room and do not use wirel ess

comuni cation techniques . SUMVARY A field device for
use in an industrial process control or nonitoring
systemincludes termnals configured to connect to a
two-wire process control |odp configured to carry data
and to provide power. RF circuitry in the field device

IS conflgurfg for 83@0 freq_Qﬂgﬁ_ggggyﬂﬁcatlonﬁikgﬁess

one enbodi nent, pomer supply circuitry powers t
mauhnquglssngwwmmebegenelwed]m@nmkﬁkblyofroammhﬁicate
-mﬁégefrocess control loop. A nethod is al so

BRAEE 16RSCRIFT CRFGEPTRE DRARIRES | giji setess

1% o 51 1A 4 dd £ B OGke i 2gr apieh Y OPRSRy CONYIOL uses
nonitoring systemincluding a field device configured

feorbgktergss sodmruniehti opr Ritthee Rerdnagbkodio obtain

' f
WP i e BrE AREY iy ebe P EFaRema ool i | B EBoE

ReRDt @Bty Fbgurﬁlélds B BXPE 0detk C il rawBl-al ewoof a
a field device including wreless conmunication
BHGART y FOREBAAUNITOST ng@ Wit h 3P r eRBEe dSAE cevitighess

WAL & Wi ques .
SUMMARY

A field device for use in an industrial
process control or monitoring systeh includeé
terminals configured to connect to a two-wire process
control loop configured to carry data and to provide
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.

BRIEF DESCRIPTION OF THE DRAWINGS

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

Figure 2 1s a Dblock diagram of a process
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
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Figure 4 is a diagram of a process controller
nmoni toring systemwhich includes a field device for

wWoweelozss conmuni cat i on whi ch scavenges power PEDIB1008021757

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 neasured
across a capacitor shown in Figure 5. Figure 7 is an
el ectrical block diagramof circuitry for providing
wi rel ess communi cations in a process controller
nmoni toring system DETAILED DESCRI PTI ON The present
i nvention provides a field device configured to couple
to a process control [ oop which further includes a
HESRERSCEOMIYN LAl OB MPAHLES! Yo% VLA a5 2 hand
bi -directional wireless communi cation. The wreless
coehdinicati on nodul e can transnit and/or receive an RF
signal _froma renote device ord%écation. The nodul e

r

can beft7¥ERt 1Y powét edLARTA™p By TR f FORCERELST

tHOn ¢ & £1 0§ 0SS HONGE OEh | Q0R1 udlesCan B- ROVEs Sk W t Bor
power_received fromthe process control |oop and

stbrelesor coupsaggant cns@hithe sl eapdeen from the
S e ' ich the nodul e need only coupl e
t'o t%gg ?{Sﬁlgfgégewoé@

ose vices in which wireless conmuni cati on
i s desii@are Fogtke al miosea ity lidd esbémekidi agaganaf of
a process control or_ponitoring system 10 . in which
FHFCY oY ER EBnFFORTySt em 12 couples to a field

devi cepidh Ay el & 4 Wa- WA HPT BEESH LOML Ol el Q8B 1ime as
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

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-directiocnal wireless
communication. The wireless communication module can
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

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
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The field device 14 includes 1/O power circuitry 18,
actuator/transducer 20 and w rel ess conmmuni cati on

W@L20061023918 22. The wirel ess communi cation cir ceCT/Dy2082021757

is configured to send and/or receive an RF signal 24
using an antenna 26. Currently, industria
instrunentation often includes a | ocal display or
“meter"” which can be used for |local nonitoring of
process information. The neter can be quite useful in
many installations, however, such a |ocal display
configuration does have several limtations. A |ocal

di splay requires direct vis®al access to the field
device. Further, typically an operator can only view a

té%ﬂglrslr%%&n alr acbhi®o1 TRE SRRt MUMe $o W chcontaidy g

e nmeter are often not at -a convenient Tocation or
deentag hgbeerOne ttechniiqewe whochsbhasdrgsrlusédopo 16.

dress .such a configuration i e use of ,a neter
ARec e e Biee o prdoulls o dRer el
Lheypeber tkankeudeunt eth at 533 Mg regB%eni e¥mietaid0hbn
Anot her technique is shown and described in U S

parenttappliZcation Wer¢aesNocomppn2galrson follraqifgni 122

ERRERPRITEN L1 0P AT S P tent o rvent Fort - 5A e

geimynkaakheenmadalee is included in a field device
whi ch can be used_.in addition to the connection to a
process coRtrsentdep stripsridbpligtrigpgntation often

hESLESEn IO R AP B rpan PRICTCL b
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
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 Dbeen used to address such a
configuration is the use of a meter which is wired to
a process transmitter. This allows the meter to be
mounted at a more convenient location. Another
technique is shown and described in U.S. patent
application Serial No. 10/128,769, filed April 22,2
002, entitled PROCESS TRANSMITTER WITH WIRELESS
COMMUNICATION LINK.

With the present invention, an RFE
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
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w0 pdoeonts on for use in nonitoring contro

included in existing field device configurations. The
nmodul e can be used for wireless transn ssion of

di splay of data. Such a radio transmtter can nake the
field device information available in a |ocal area.

For exanple, a single 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

si mul t aneousl y, sequentlallg or through conmands
provi ded to the display, exanpl e using a nanua

i nput such as buttons available to an operator The

@baahaxcé%l%an hedpl1acedat & fixed qgﬁough% bSe

a portable device such that it can carry t out
thepprtcessd cdntveal m/mzerrsuahrrdma‘@r iand:aobservesasily
og gatl n.of various f gl ces. Dependi ng .on the
stF

el
HOER O (e R g]ha?ﬂé SRASEhE TS A QP The

mbeuteansaint aed (@GN Ve I Guiddbsd he dikd Cvesed of
by the RF transm ssion can be controlled as desired.

FBfosrakpla, KEogur @52 | $ma Famgiticiiew dicsgytamlof and/or

coptral _sys c r_of fie
gev%ceg f%paggkcdup$ggﬁto t %&g%n?¥%Fﬂ%ggﬁ¥Ti Fﬁpodg%ke
thdi vithadl piocess dermaredatieops at6ilEadck figl da devde€l
14 transmts an RF signal . 24 for. receipt b{ dlsplag ,

35earn FPF s SIS, &i sphagls2 Jrdhapdbrelay such as

i ngofo pr eces e VI V2, PV
g%gahay gof ouLHPr ge r\s%daeteih %fn&’ s o PV 88sh o

Whi ch arereceived fromt evices 14
usfngmahuennefr?pzﬂ Wee nEntildnedvdliey el 4 £ hBhdi siplsgya3?2 32
8%9 %% %thégured 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. Debending on the strength of the RF signal
24 and the sensitivity of the transmit and receive
circuitry, 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. 1In this
example, display 32 is capable of displaying four
process variables (PV1, PV2, PV3 and PV4) which are

andpor/US2005/021757
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di splay or can be a portable display, such as a hand
held unit. In this particular configuration, the

waele®phzsp182 is illustrated as show ng two procBGEUS2005/021757

vari abl es which relate to process pressure and two
process variables which relate to process tenperature.
This allows the field devices 14 to provide

i nformati on over the RF connection within a-desired
range, for exanple, within a |ocal area. For exanple
if the display 32 is within 40 neters of a field
device 14, it wll be capable of receiving an

di spl ayi ng i nfornmation fromthat field device. An
optional user input 48 can be used to, for exanple,

sel &olvddier L o MaheOfr ity dhSPl aYs §he s gj‘?;eséné’él{ﬂiaibbﬁ.

di spl ayed, or used to interrogate a field device
FﬁsgquHSlpseal sdlnpveéf i edhecutiampyaparii akby expl edeflizxed

w-of a pressu e transmtt ichis ne exa
PP ofiRoE® B SN AlaPlelr sBoas & ot
- hehipF OCcess Gt g ol é:@@:pcéﬁaﬁndcbﬂﬁi@'@§§tfon, the
transmtter hOUS|n&§62 Process control |oop 16

@élfé?@ t 34 ed®i nallduss rezed edsonsheringal tvoargregess
We %ﬁg%ﬁr Pé‘l#){gwt%es gggegxagbol{eessogrea d two

trans ucer and i's configured P56 coupl 0 a pro
fortddesg t 0 naasabeea(ﬂf&ﬁt@ntlmrqﬂéﬁ§uret©mmﬂpr@©ess

in a process fluid. The output fromthe sensor 64 is
%Qf’neggﬁfbnEAtO@SrcGP@rnyGlﬂhl@ﬁVéEGEIe§4tot°

frehvd devi §ecehieibh 6/ cr TPBT i d@@ﬂh@?tfbﬁCWfthQ% a

I mpl ements aspects of the I/0 power supply shown 1 n
ﬁwr@dl ramie, wEesl @g@mple, within a local area. For

example, 1f 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,
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
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
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 is provided to measurement circuitry. 66

which couples to field device circuit 68. The field
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comuni cation circuitry 22 couples to field device
circuit 68 and may, in sone enbodi nents, couple to

caps 70 and 72 which can be screwed into the housing
62. End cap 72 includes an RF transparent w ndow 74
configured to align generally with an antenna 26
carried on wireless comunication circuit 22. \Wen
attached, the end caps provide a intrinsically safe
encl osure for circuitry wwthin transmtter 60 . The
materials typically used in end caps, for exanple
metal, are not transparent o RF signals. However, RF
transparent wi ndow 74 allows RF signals to be sent

f4am oL £§f§ﬁ¥§d6§y'ﬁpﬁgﬁgﬁt%633 +exampl & RF; ower
transpar ent material for use with window 7247 s gl ass
crugihkey | i K&8  Holewer , dmy appoopre at é .mat 8hieal samebess

d. The w ndow .and ho configuration can help to
i Sa e A o DY e O 20 gl o TR 8e
Rii0atu{expiosid REQOf) i6apaRid iéMboEEﬁéﬂ%E{ th&iple to

0

cavity within housing 62 can be confi gured provi de
PrRessedoridiat i bropatbern of RF signals generated by

ant enna 26. r e, t, e desi,rable to hay

the RF tra&gggsggégggg gﬁré&??%ﬁglsiﬁﬁgoﬁgps &G 72
Wil cHregdat benscrefvedmirdid e€hé onalisi Agotdrar £nd Ncap 72
ot her inplenentations, the cover 62 can be | engthened
AR e 28n BEditheasnassitter FoRdeHvi 1§ o fgigacasnto

R M T
Gigehemp| eomnugicatisnt hércuit 22. When attached, the
end caps provide a intrinsically safe enclosure for
circuitry within transmitter  60. The materials
typically used in end caps, for example metal, are
not transparent to RF signals. However, R¥
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
to meet intrinsic safety requirements and provide
flame proof (explosion proof) 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
desirable to have the RF transmission be directional
in some implementations, or omnidirectional in
others. Fn.other implementations, the cover 62 can be

lengthened to provide an additional interior cavity

for placement of wireless communication circuit 22.

| oop 16. The housi ng 62 i ncl uRPEEUSIA5/021757
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waele@shz91%i gnal s carried on process control

"l -Bean" transmitter device available fromMIIennial
Net. However, other circuitry can be used. Anal og or

be read and transmitted using the wreless

conmuni cation circuit 22 w thout disrupting operation
of the process control loop 16 or field device
circuitry 68. The circuitry used for wreless
transm ssi on should be sufficiently small and | ow
powered to fit wthin the physical and power
constraints of process fleld devi ces. Sone prior art
transmitters are configured®fo receive an optiona

di spl ay arranged generally in the position shown for

Wi reless CQﬁﬂanfﬁéléEbCbéﬁﬂuﬁlggtiganQ%%%_%rlJib can

such a configuration, the wreless comuni cat
bier cepiegRedambedasédedn flraceeshmphe |otatuili shlsaythe

uch,a.confiqguration, the co n at| n wreless
C|rgﬁl{¥y'Eﬁ?%ﬁﬁhﬁ§srt?%ﬁﬁﬁ?t§VgnE§kS Wﬁ&i&?nnlal
cewpl emvivee! | yrhert ke rphoeess antrdl ukean - ¥6.Aany or
transmts an RF signal which corresponds to any anal og

dAgiseldi §ieaplsi grrislachr pPhedPerced® |Qsop-rel  Lpop 16
gener gl tﬂgeacPfogﬁaS gonhial Logp dg £ g, ero I £2ls

conprise any type of process Gontror
cndmshnbaklpmoaﬁsﬁcmnmtI@IwaﬂﬂoﬁﬁnHh@mum;ﬁﬂgﬁéﬁékatlon
oops include 4-20M current | oops in which a
Bb ScuPFENE SSevECTtE Var ilé®PhetiMeer?™ dnebbmalebice

EE@B%E‘H:Ey' nfog mat igR.  The sapergon a{sfédm@ercamﬂeeless
used to provi de power tothe fiefd device. Another type

§tapﬁm¢é§90®onﬁheulﬁoope|ssmﬁfaccenUhncesmmlh tdwed low
powe&eh cqniruni %“ w1th1n 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
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
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
control loop for use in industrial process control
and monitoring systems. Such loops include 4-20mA
current loops in which a analog current level is
varied between 4 and 20mA to transmit information.

The same control loop can be used to provide power to

| oPEI/LS2008621757
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protocol in which digital transm ssions are _
superi nposed on the 4-20MA signal for transm ssion of

wa@esnesomal i nformati on. Anot her exanpl e two- We@BUS2005/021757

process control |oop uses a protocol set forth by the
Instrunment Society of America (I SA) which is called
the Field Bus SP50 protocol. However, end signaling
protocol can be used. Sone process control |oops are
configured to connect to nultiple field devices such
that the field devices can comuni cati on one anot her
or nonitor transm ssions fromanother field device. In
general, any type of informe@ion transmtted on such
process control |oops, or available or generated

WHLTRALLY QleiR0PL Ve By Rl | Bldevt CRy U QL NELNE 58
used to control a field device ot her "type of
ilefogr masi dim  eacorelancenswithedhesi HGRUBe wbmehessation

ti t echni, f, t.h t invention. In
BRGUEr loxant e, BPhGRA hEHELIAM o KREVITES TR { 0 2T
GRMdrauiR Jdelsh dend ceso6an hegpanr g Im_téhgr{mgséuﬁ{_ Ao

by an operator. The operator uses the hand he evice
eeldsdri@nerl r eéefosnphtonnat iAsrtttem f eebtipdevi cewahienre

d I evice is wthin oximty of_t fie
e Rt R o8 e aPEP e BEChactisr ST i | e
dnsprogean aSddebty ded canat{bout(Iisayi nghien physi al 1&d
%ggple,to the device or the physical process contro
I

p. F3$LQ oRE Serodl mBAES Ot - -  Rovg 8y de §Pabi konaking
erbRigatdANS,Er omed  field b&&Es5 OLoh®rB1 ops are
i el ddevice, to carry aéﬁ%ess ng |n?ornat|on.]fh§

addfégsireg it ocombeoh d¢an mpeliipicafigbdofdeviees 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
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 techniques of the present
invention. In another example, a hand held unit or
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
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 4is .also desirable

for communications from a field device, or to a field
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source of the transm ssion or the intended recipient
of the transm ssion. The wi rel ess conmuni cati on

W@2006/023918 can transmt continuously or on a peRCI/U81005/021757

or intermttent basis , as desired. In another
exanpl e, the wireless comunication circuitry only
transmts when activated or "polled". The activation
can be froma source internal to the field device,
recei ved through the process control |oop, received
froma wreless source, or received or generated by
anot her source. In environnents in which nultiple
field devices may transm t~Isimul t aneously, the
transm ssion protocol should be selected to avoid or
eSS any . typ ol L, Qns whj ch ;0 Lnterfer
\%lg?rﬁ%t%ﬁe t)rEé\)nsm'%éag]i‘r ns. alg?r exal\nﬂ\% e, lgi:%aé%oq' The
bddgeesdngs dmforewicnoy skamppibg t eobihcquesecamibe the
used, raqfo or seni-nandon1transnissign'MAndoms,can ‘
Be"dsEd,° e‘%né%t EG2PPERSHLESi SHs Ore t bRERNHSSedecipient
bechniriest ganshessaBhemenipd ofi BLNEEsCOlddngh QY cation
avoi dance techni ques as desired. If the transm ssion
Fhgcudésyergagy deaeenibncontdomoestyorry ndor aatdeom,odic
is info l on ca used_to detect an error in.the
b anc il o Bediskc aty cRraredn the  atotis:

tranpliessi BNe. wirale €& Atonmfuiidda €06 eciaddeit #he only
receiving unit can request a re-transmssion of the
EERPOPE tHat Ry , 2ehhvR haf c&e 'HPErFdr, Bhecastigiation

Eoh dSUbseAUENt sbhaBSM AL Lhe Rl ar;o9f [ ce,
ot her steps as desired. Figure al so shows an exanpl e
handitedd tdenawsh 8@hkorpromesmi canitawlw tdog) r cuidaiwed
g%or%\/%r vareless source, or received or generated by
another source. In environments in which multiple
field devices may transmit simultanéously, the
transmission protocol should be selected to avoid or
address any type of collisions which might interfere
with the transmissions. For example, different
frequencies or frequency skipping techniques can be
used, random or semi-random transmission windows can
be used, repeated transmissions or token based
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
transmissions. If an error is not correctable, the
receiving unit can request a re-transmission of the
corrupt data or, can indicate an error, or can wait

for a subsequent transmission of the data, .or take

other steps as desired.
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connection 82. Hand held device 80 includes a display
84 and user input 86. Other types of inputs and

woaopr®igan be included in hand hel d devi ce 8BCT/US2005/021757

Preferably, the hand held device 80 is battery
operated and can be carried into the field by an
operator for communication with field device 60.
Information fromthe field device 60, or from other
sources, is displayed on display 84 and the hand held
device is controlled using input 86. Commands or ot her
informati on can be transmtted by the hand hel d device
80 to field device 60. In oh& configuration, the

Wi rel ess comruni cation circuitry requires power which

S h LN 0 L pOYET CONSLT Mt BAT I BBLEL1D TR | £Ld
devi ce. For éianple, one di splay curren Used i t hi i
fdestidcede®® cEsrusemmBnbecudliba-ati th. Timkuilfrya 22 over RF

transm tter ich is capable of operating an LCD neter

iCTEIsT oy, gp?heH%}ﬁl eb@gg g6MiGR &4t igiridRui rgleandy

rgap| ag@ t heckChDi Apter #0d ung d:he (SR PoWer 1 8BHECE and
he

that is used to drive the LCD neter.” I n anot
evdmites  tdee wibeel ésslodruniicat hendci helidt rglevsce  80.

d.directly fromthe cess_contr .loop, fo
%%%%ﬁ%?é%ﬁ?@ ?%% VTt gehgigel g&‘ﬁbrggg é“ﬁid%%t£ery
diperaeneehed tansesd esawitid henphocess cOMIP! by an

| oop. In enbodinents in which no battery is used with
OB Tedauni Lot | sirrErrEAatien t el r cii ¢ty cdevhere 60.

?Zﬁio!rﬁa'ﬁ%n - EPLAI Q%ie.c aéﬂ Yd§5€_8'éheé0 ,s_ag?t %%%?r( oé’@llier
qul renents and provi e an indefinitefieldTife
wiotuhrangts ,batd ed ysp eyt ementli splagi Bidemantechd rhand held
device 1is controlled wusing input 86. Commands or
other information can be transmitted by the hand held
device 80 to field device 60.

In one configuration, the wireless
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 ILCD
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,
for example wusing the voltage developed across a
diode drop connected in 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
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configurations in which the wireless configuration is
only for sending information, power requirenents can

wheoosezieced. | n anot her exanple, if a greater PCT/US2005/021757

transm ssion range is desired, a stationary device
such as display 32 as illustrated in Figure 1 can
i nclude an RF repeater for re-transm ssion of data
received from or sent to, a field device. The RF
repeater can be | oop powered, or can derive its power
fromother sources. Further, once the RF data is
received, it can be reformatted for transm ssion over
ot her medium for exanpl e &P Et hernet connection, into
exi sting data transm ssion structures used mﬁthin

c v 1 .exten n
e
aamhg anbhbet &ﬁﬂhnnqpereﬁlguemeﬁtlana mbﬁmkbhaﬁde In
dla%%ﬁ_ m of ,a process controller or nmonitoring system,

Wﬁ??%qq%n%%u%%l%%oFH%rWé§&éﬁ?%ﬁCQW§%%H¥%&%ﬂn is
oAV ENt # 9. séﬂd%ﬂ?t eMe0hata Id el dofevi G qlA & ?c@?ﬁc%t Scan

to a control system 12 through process contro [ oop
Pler ouggdjicadt i oAnboxari®her n ehempdisodi et  af Fg:gm’teer

d_d 104_ coupl th 1
5ap2 e 5t e liss oF 1 G1Bug Simiint BREFOACRFY LTS

]sﬁ%h The wWirsglless gomMuaMi eatiuem reitkeUi {AY Hi2didsS 1 can
conf| red to send an RF signal 106 and to be
I‘-‘g@el §2 pdiker EBPBF LREWETOF eESVFERTISIAIIRR ppbcedrta

Q@EEF@Ed'Q?%g&?a Jﬁcgéﬁtd <3ce 1Q€ﬁéf& %%L%Lpo¥ﬁé RF

regul at or shunt or ybass a super
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

.within process control systems, over an extended

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

Figure 4 1is a simplified diagram of a
process controller or monitoring system 100 which
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
loop 16 and includes wireless communication circuitry
122. The wireless communication circuitry 122 is
configured to send an RF signal 106 and to be
completely powered by power received from the process

control loop 16.
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capacitor 114. During operation, the super capacitor
114 is slowy charged (trickle charged) using a power

wo e@albz9o8 110 by using excess vol tage tapped PE€DIS100&021757

process control |oop 16. The bypass 112 allows | oop 16
to operate normally and is connected in series with

| oop 16. Communication circuit 122 includes circuitry
for receiving information, anal og and/or digital

i nformati on, carried on process control |oop 16. The
circuit 122 can responsively transmt an RF signal 106
based upon the received information. |If operated as a
receiver, circuitry 122 i sskhapabl e of nodul ati ng data
onto the electrical current carried in the | oop 16.

This can be g ther anglog.or digital intecation. Jis,
configuration allows data to be rel ayed over a
wiergel leso rc O ni cat ishmntet sor kbyplss nelapr kargnabesuper

configured jpn accordance with any t¥ﬁe of topol ogy, .

(SRERGHHYE pbtht DI TpBINt P Stk amd M Rib SARE mesdpacitor
tigpol :0gi 5oy Ry og§§§?g§v:(Eﬁié%eceﬂal%%eaqsI&gi%eg@ Aower

any | ocation "al ong oop I ncluding configured as an
inedindiadigad deVvilee sethgasxthat viollisigeattegpday Fixgpum etlde

. installati the field device_ 104 shoul
55 aR0 F e b 195 i | Pl SFART n §7néidgig Loop
s& etopeipdipe Hhendaviceadfs4d £an s A Posht | netes

wi thin _another field device 14, as part of a junction

WaxD10200pr evfen |GG GATIAT (He @bkt r 0l 27 oo wHIdeS
DUSER 0" 69k SYSLeTLRy TORCDLRLO.H8Y, o8y 08, Coh o
han tede piHcessttoni r chrirdep k& prbbess control loop
%%mﬂéfgeggitﬁi%r122 can responsively transmit an RF
signal 106 ba§ed. upon the  received information. If
operated as a\receiver, circuitry 122 is capable of
modulating data onto the electrical current carried
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
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
configured for intrinsically safe operation. The
device 104 can also be positioned within another
field device 14, as part of a junction box 102, or

even located within the control room which houses

control system 12. The field device 104 can connect
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through the use of nultiplexers or other techniques .
The use of a super capacitor allows the device to

wWop@rar®1sv t hout internal batteries or other PCT/US2005/021757

techni ques. The use of a capacitor allows quick
charging and the storage of sufficiently |arge energy
potentials. Wien used in a hazardous environnent,

| arge energy storage may not be acceptable in order to
neet intrinsic safety standards. However, the process
devi ce 104 can be noved away from the hazardous

envi ronnent, such as at the junction box 102, where
intrinsic safety is not regilred. Figure 5 is a
sinmplified schematic diagramof field device 104

| [ . 114, i d il hj
o SRR SRECRE Rt ok aRlotunirs Adah e

eapacidor songrbilgunedpt o16achetahéy asZn®lv@héously or
potential. This yields an equival ent capacitance of 5
AT TR 355 R Pt eS8 £ 0 rup . O AUk R HEES € he
wirel ess cefpunj,cati [ I CL 22 1 - bl

operating at a V%I@t agg 0 %léﬂtp&ee%ngzbgﬁgﬁggvo %g{wtshethe
Aeaiilcable ensrxptd reonteach ohtehea’d Batacrdapacidt ossher

IS M 2- VF which is *5* (5 2- 42)=22.5J. Figure, 6
it§cgr‘é1qé’ﬁ'? ‘of t 35 vésud 119 ecP]a]c‘?Vb%s quick
THReTgieRPaGId Afhd 14totfgd hbs 8%arRLe cn®QOMW WLl 88Srgy

transmtter which transimts a burst signal for a
patiedd igfl st- ofthensevsrd Wil 2edidzardous]/Srtisegnnedt,

gfarﬁféef&%’erﬁugtﬁkg%e@ .arqg{:.ebeeneégé/eaﬁ/taéllafgl ?.nf Frder
perati on of* such a-“co ni catil on

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

Figure 5 is a simplified schematic diagram
of field device 104 showing super capacitor 114 in
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.
Assuming that the wireless communication circuit 122
is capable of operating at a voltage of between 4 and
5 wvolts, the available energy from each of the 5
Farad capacitors 1is 3s*C(V;i®~Vy?) which 1is 3s%5* (5%-
4%)=22.57.

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 will require

0.6J/8*1s=0.6J of energy. Thus, there is ample energy
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circuit 122. A typical power supply used to provide
power to a process control | oop provides 24 volts DC.

wolowewzII8 i n a 4-20MA system a transm tter naRCDOR3005/021757

require 12 volts to operate. Wring |losses in the proc
bss control |oop may cause 2 to 4 volts of voltage
drop. Assuming only 5 volts is available for charging
the super capacitor 114, and that the process contro

| oop is operating at a low current level (i.e., 4m),
there is still 20OnW avail able to charge the super
capacitor 114. Because only 0.6J was consuned duri ng
the transnmt cycle, the avalifable 20MWwi || charge the
super ‘capacitor to full capacity in atime tc=0 .6J/0

. T ef Qr a nfiguration wll be_, .
caapg‘%f%% t?g%smgP%lrﬁéyéHsi é%gl %Lg%ll ngaa FOLBRBRGRtLon
deiradwon Bvery 30 seconds. Assuming that the bandw dth
of the conmuni catjons signal is 200Kb/s and a packet

size of 200b, TYRLFUF stPRTPE | IUPRHYicedSEd ohe provide
Lo 0 o CoE .

o i B e S L R R
éamidvebe tharsm-tiGuR beyatse,itai sraosmattart ime; only
critical qgture However, if suffjciently fast charge

GRS EF e Laval Pabf e, “ % oRPPGR ENd BrbeRYs 1oT9Sb| &0 the

T s Catbrt 5 be doangEiyt t eduaia ebesshby. 4Al Fhodgh g+
super capacitor is described, any energy storage
T tag e adroe- eApbuyengi welludi hgvalbat tier yyvasrlajtleer for

Ui SIS0 0 gl edoh B IBRREna St OuA0e SAE® cne
process control loop is operating at a low current
level (i.e., 4mA), there is 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
in a' time t=0.6J/0.02W=30s. Therefore, such a
configuration will be capable of transmitting a
signal having a 1 second duration every 30 seconds.
Assuming that the bandwidth of the communications
signal 1is 200Kb/s and a packet size of 200b, the
burst time is reduced to one millisecond and the
resulting transmit time is 0.03 seconds. In such a
configuration, diagnostic data can easily be
transmitted because it 1s not of a time critical
nature. However, 1f sufficiently fast charge times
are available, control and process variable signals
can also be transmitted wirelessly.

Although a super capacitor is described,
any energy storage device can be employed including‘a

battery, or other. The energy that is used to charge
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can be derived or collected fromany source. Figure 7
is asinplified diagram of process controller

wOorRmszisg system 150 which includes a 5 contPOI/USONN21757

152 coupled to a field device 154 through 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 including a power
supply 160 and a | oad resistance 10 162. The field
devi ce 154 can be of any configuration and is not
limted to the specific schematic shown in Figure 7 .
RF communi cation circuitry-470 i s shown coupled in
series with loop 15 156. Circuitry 170 can be

i e i .t erm_nal, bl : ield devicge. F
ST et BB L8 T L8 s iBar i s Rl S o
gl sleoh tditot heo I W té dl ef psrocasy sonte®] | oop
156 can connect to_existing transmtter circuitry. 2.0

I'n the confi'flittibnlf| PustFaded iR FiGeemy of tgocess
UM 0Rl ORHlik@tily LIGrenabhey Wiheh8SSincludes a

conmuni cation abilities be a to a new or
exdrgtialg praggessl Tontcolplabp or fael tidbdi cdeviide 154

[ ' [ fi dtob by t rocess
S S Polg e P BN (TRIGIT ba AR asE | rEraeess
lceeR Hcangi gpf rnem t e £08E I Qlc /@M a@NY WheNi e sal-ong tdey

| oop itself, in the intrinsic safet{ EIS) barrier or
P@Fdtisgn BoR -158hgs gostipd akend fiekd devikedebpd as

st e gl “auiee I, ICGH UdsaLiR-
162.

The field device 154 can be of any
configuration and is not limited to the specific
schematic shown in Figure 7. RF communication
qircuitry 170 is shown coupled in series with loop
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 loopI 156 <can connect to
existing transmitter circuitry.

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
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 Jjunction box 158, as a stand alone field device,

or included in another field device. The circuitry
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However, in one sinple configuration, the circuit 170
is configured to neasure the current carried in

related to the nmeasured current to a wirel ess
receiver. Turning now to one specific enbodi nent of
circuitry 170 shown in Figure 7 , a sense resistance
180 and a power supply diode 182 couple in series 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 diode 184 is all$o coupled in series with
the | oop 156 and provides a test point 186. This can

us t N t.e or _characteristics a field device
SEnp 56 (ORPLEUrER S5 A i€ s L SR,
Abateeti, onrcidali $ 190 | Sopf Oyidedivhi chhiendiudest 170
di ode 192 connected as shown across di ode 182 and .

8ol EPPEAINESITst 1S T9A G edthed SAUGPPsedaidedf in

esi-stanes 18Q..D qdg 1 'st&%[ fr a
ggg%ﬁ?glgé} ich i n%otﬁ)des%gsap%éci or é{Ss,n%tnpua{}p\fAﬁ%teprut
260atedgultat ortR262, meapacietior A0k aartd secondar ywifrnd tess

206. ,Secondary filter 206 includes capacitor 208 and
reSFEv6F-210. The power supply circuitry 196 generates

a power supphvivel tAge VD &€baliperitfd A &hbeHikhent of
ground for use bg circuitry in nmeasuring the I oop
eurrFeptrand 14 r ehews| yiix rabswiet i/ng & FesaPt arasistance

AR AL TG0 RO SRR S0 s naies
vonhi givaddon ebnerbodiesd DBY. bgHésedense 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
186. This can be used to calibrate or characteristics
a field device coupled to circuitry 170. An intrinsic
safety protection circuit 190 is provided which
includes diode 192 connected as shown across diode
182 and isolation resistors 194 connected at opposed
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
circuitry 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

| oop 156 and transmt an out peECT/US2005/021757
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as desired. In this enbodi ment, input circuitry 218
i ncl udes sense resistance 180 and is configured to

worews2®1g he current | flow ng through | oop 15BCT/U8390%$/021757

circuitry 218 also includes a filter 220 which
provides a differential connection to an OP anp 222.
The OP anp provides an anplified input signal to an
analog to digital converter 226 which is illustrated
as part of a mcroprocessor 224. A clock circuit 228
is provided and used to provide a clock signal to, for
exanpl e, m croprocessor 222. Optional HART(r) transmt
and receive circuit 230 corifects to mni croprocessor
224, | oop 156, clock circuit 228 and an RF

m ecel 2. T opti onal
BRI pop XL LEHE 232 ISR, HATTED pocc
sel eletsisiegnal (CSI) from m croprocessor 224 The RF
circuit 232 is caonfigured to receive a separate

digital chitp séhést STpRdinenss) Areitn GHoprpidessor?ls
%%élu@%tsh éé‘ﬁs@A Es{:)sta‘}icrecuﬂéOz%@n% thSOBEla{lEgHI Lo

32 are configure 0 communi cate Wt
measupeo&@ssmmﬁ%hhtwﬁaﬁléﬁln@uﬁhrdeghndpo@ drs 6rhiotput
| ect r ocessor

hi t 4 | .
%6!5 é%ng @&%pac S\C/P: a %C ; Hown® si Sﬁi% ISZ%‘ >© which

pRekatieanal &PFdféefi2P2coNheEeRPACRSSEn 2§é afgl udes,
a menmory 236 which is used for storing progranmm ng

FAst ARt ¥ s PrEEApiesaran ap pef iadednvdr i abyesl ang an
QEQ% | i Or%%‘l aﬁg?@%heﬂc'z‘é%e v%)t&? g' at; Illlusacrated

Ron-val at he menory can
axamalre, dﬁliEEEEkbpmdcéaﬁoeomel1A clock 01rcu1t 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
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
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 1is active. Microprocessor 224 1is also
configured to provide a shut down signal to
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
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wQademkioch can be configured as an internal

addressing informati on which uniquely identifies
circuitry 170. RF circuit 232 couples to an antenna

external antenna, or conbination, as desired.
Circuitry 170 is configured to couple across the

twowi re process control |oop 156 such that the | oop
156 can term nate at another field device such as a
process transmtter or process controller. The
circuitry 170 illustrated in Figure 7 can be

i npl emented on a single printed circuit board such
that RF antenna 240 is formintegral with the board.
This configuration allows the circuitry 170 to be

i 1 npl n exi stin | devi ces and_does.
%%?lr%iqw r(;%gﬁe %%g{p ansaer{xt gEF#aFFAl\gnt zqndna C3hi sContaln
pelduess iingst al hadreat conpl exiigh Theigpelonali AR fies
transn1t/rece|ve circuit 230 can be used to nonitor

Grgitdit s ghil s, REUH T pfdeeSOUPASSabt @, aBardhieepna
om0t hen PEOCESSH ‘B%nté@ﬁfi€9§e&5%s Hazedpypon tne sensey

digital signal, the HART circuitry 2 can con
epé&eaniadn ofnthenRF transn1¢¢mbmeaﬂeon;rcua$ 23%d1red.
%ransn133| tion.related to the sens

f
lgggégryaﬁpébﬁg %ﬁﬁ' HETeF nFBr FREPOR. aFF°§ﬁeﬁ%ﬁ?ﬂW3_

@ireligrotdss | darerent edopn 13eCondancend t Bhtheoop 156
conpl ete HART(r) protocol and appropriate RF protoco

SPRck§STrPABAERT C® tr@:n@ahernpfé At ¢eteory Sevkl as a
%EBE%%%”%%bB%mw@%%Q WE %f%éé@g AH@gTﬁl) master to

ommuni catiron in ect on manner through t he

RF HART(r) That eviayeleMice W7toh al HARTtajecapgabl piguekd 7
QSX' % %%ﬁfgmented 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
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
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
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

anPE@ns2005/021757
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process control |oop 156. This allows wreless
communi cation with a field device for nonitoring,

w@oovbiozaoist i on, di agnostics, or exchange of otPE€r/US2005/021757

informati on or data. Frequently, in process control or
nmonitoring installations, an operator is required to
physically access a field device or the process
control loop in order to exchange information with the
field device. This allows the operator to repair

equi pnent and do preventive mai ntenance on the

equi pnent. The w rel ess comruni cati on configuration
set forth-herein allows th€leperator to interrogate
field devices which may be in |locations which are

ifficult, acce urt her, . evep, in. configurations
gﬁvvkﬁlechwﬁ%g f Pel @g%qégl CePHPLE eagjr?@d actessthl €1 t He'
proekess coiARFbat igppci NoW.tryreloes Bt oLeqULE Alkss

operator to renpve covers on equi pnent such as ‘
crangmlcesioNor Wighct Ronf bokes devigelerfan eqrédedigup

RLEERg.Lot B! Gal. Gomectl.on &0 | Be RLagess ceontrgl..

y e
can bep ar'ly beneficia 9Fn Razardous

L acatinans owherre dexpl.osi ve gases or vapors may be
present. A_digital or analog process variable can be
sensed by EREINCFELEss comfruni CR¥PERSEi rcFR§rehd ©F

Leansak-thed 4053 W el g5, neheQr-hand hel d.deyicg as,

di scussed "above. During operation, circuit 170 is
phaeedailiysericesswi t b t Heepdocesyicent ol Ithep IhH®cess

¥%§£E8gt éilizes.thg 4-%§yAécugregt fI0£AE? théOﬁ%P
pt b Pouer | PEAPF. or SF P8P IGevt eI TRz R mpl g
8he 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
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
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
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
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conmon el ectrical ground, circuitry 170 can be
inserted on the high voltage side of the |oop

bus circuitry within the field device such as a CAN
interface. The configuration includes a test
connection 186 for use in neasuring |oop current
during testing. The sense resistance 180 is preferably
configured to provide an equival ent of capacitance of
zero as neasure at termnals 181 which connect to | oop
156 in accordance with intrinsic safety standards.
Circuitry 170 is configurefor nom nal operation at
bet ween 3 and 4 volts and the zener diode 182 al ong

th_sense ¢ anc 180 sets this operating vol
$% BREESs %o ié glin &9§5 %k @Hﬁ?gnta
lcefndrs S@iéww@élto@;@@@hat,e ity 1797 oFurdher . be
pomer managenent techni ques can be enployed to limt
Ré s entor avite f rivho hevpbdbpato abeet FfA. ti s loop

| fi d e t r SS
%gkl?lﬁt%p Y CEPEEGIDEG) 211 bls BEUCESE aener
mlishomxtrcmi’ctaps whghtihe ttier cfl41dy déraviengsudd eakhan caAN

3 |Iable urrent |evel. Zener diode 182 acts as a

- tE1CErent ch GO HREEF IR serinssludesh the | depst

é@ﬁnte@t%\ﬁel aBed pberegubated valliagei g theoph npéﬁxhrent
filter stage. Any portion of the |oop cUrrent” whi

ﬁl@m@ged Ws@m@uutrvh@?o $@nshunt3eeis.t$lt@mlgh zeh@d is
g Then%n%utefll£ 200 % . £
apaC|t| BEEPVESEnd  PeshEY TV el%ﬁmﬂﬁgy%ﬂﬁﬁ?% ©

uspdchﬁance of zero as measure at terminals 181 which
connect to loop 156 in accordance with intrinsic
safety standards. Circuitry 170 1is configured for
nominal operation at between 3 and 4 volts and the
zener diode 182 along with sense resistance 180 sets
this operating voltage. The excess voltage available
on typical 4-20mA current loop is 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
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
which 1s placed in series with the 1loop 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 shpnted through zener diode

182. The input filter 200 can comprise capacitive,

This configuration all ows access POI/USI@$/021757
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isolate the [ oop fromany noise or |oad fluctuation
generated by circuitry 170. This al so suppresses noi se

WO n0oblozsItART(r) ext ended frequency band in or de€T/U82005/021757

conformw th HART(r) standards . The vol tage regul ator
202 can be any appropriate voltage regul ator such as,
but not limted to linear or switch node regul ators
and is used to supply the voltage VDD to the
circuitry. Filter 206 is used to store energy and
further decouples circuit |oads fromthe regul ator
202. The output voltage of the secondary filter 206 is
all onwed to sag by several Hidred mllivolts during
circuit load changes. This allows peak current draws

by the . circuitry 172 ta _be averaged fromthe 4-2
é@?é%ﬂ%pﬁ“%ﬁﬁ%?%ﬁ%m%¥m,%%g?ﬁrdﬁo&ﬁ%r1w
224 1anel Uhdg186D coer iy, ndlitg ¥t hoble RRictuation
circuitry 232 and input circuitry 218 can be pl aced

g6 ra teldee P Ymo e TG pdwer- nodelHurd ep pevuriigepies

e onsr at]an ko0 der LoaL80YSE power, dalR JEOTo ey
U8 e P Arar Yl Soh N evary 1

exanpl e, at a se erval "su every
$ec epds o ran wiinthe HAHTE istemdardse ni croprocessor can

enabl e the neasurepent of the_|loop current by the A/D
converter. THfe mEXStr¥henteeitetrtry 442 al Folhed Do 20V

sebt-berhefere $hec D CQQ%E!’L&BE} ocGis. After e AR

conversion is conpleted, both the | oop neasurenent
¢ilmd tietr yt@and imle@ v/ & comigrther made tngqiehtoffs t end is

SRRRCT S PRBL Tl SPLEEERSpLPOBSeR AL R e,
Filter 206 1s wused to store energy and further
decouples circuit loads from the regulator 202. The
output wvoltage of the seéondary filter 206 is allowed
to sag by several hundred millivolts during circuit
load changes. This allows peak current draws by the
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
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
converter. The measurement circuitry 1is allowed to
settle before the A/D conversion occurs. After the

A/D conversion is completed, both the loop

measurement circuitry and the A/D converter are

turned off to conserve power. The microprocessor
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transm ssion. Upon conpletion of the transm ssion, the
m croprocessor and RF circuitry return to the | ow

w@owen23vogle until the next cycle. The m cropr oRPE€BFES2005/021757

may even put itself to sleep tenporarily to save
power. Using these power managenent techni ques, the
m croprocessor is able to manage overal |l current
requirenents of the circuit by staggering the | oad
demands on the regul ator stage. Loop current
measurenent is achieved using the 10 ohm sense
resistor 180 coupled in series with the 4-20MA current
| oop 156 to neasure the analdeg current |evel. The
vol t age devel oped across the sense resistor 180 is
filtered.to_renpve fluctuations due_to.HART(r igi tal
RBRTaR, ShEI Be L Sl T HeE ang TaontRorbecAry 29 '
epenamigBabnanplpbhercshpuet 282 WOVitdes fawahelission,
signal conditioning and the signal is passed to the
AR BoRvePreresseTofnf diloptbeessory 2patuThetREthe low
] i 3 n pr iat Lrcui r
B I o e o BT oo PR GRIE: ofe bR sgeo
naycuetey 3% siingdel fi r asnsisep neaspwesr vayi ald e daye
a wreless recejver. The antenna 240 can be used to
BPBStcadtStie RESSFyriYYShd "EAA GRS Gl netC it @grat the
M ERobbecessevi thY 148e f@r gxamBke bRt if ordmGfent
traces routed around an outside edde of a circuit
beardremapt RF @f r thiet rgirgRitamy i aAtsggerényodimentlpad
inch e anmkﬁglggsuie%%Ey%Eas%ch that the circuitry
3% can be conflggre 3§ §“€rPanscei ver. The sane
antenna 24f0cepn he-msed heasbobhbnansy sstBNedsd using
recegtion if desired. A typical |ow

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 is filtered to remove fluctuations due

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
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
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 receiver such that
the cirquitry 232 can be configured as a trapsceiver.

The same antenna 240 can be . used for both
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power ed transcei ver may have a communi cati on range of
about 200 feet, however other ranges can be achi eved

wagioan2391d f erent power requirenents, circuit PCT/US2005/021757

sensitivity, antenna configuration, and the like. If
the circuitry 170 is nmounted in a nmetal enclosure,
such as a field housing conpartnent of a transmtter,
an RF transparent portion of the housing should be
used to allow transm ssion and reception of signals
from antenna 240. For exanple, as discussed above, a
gl ass w ndow can be used. O her exanple nmaterials

i nclude any material which25- sufficiently

transm ssive to RF signals including plastic, or other

materials., The addition of the optiona
CERESTESF 1950 3t oﬁEC?BElQ?r&%t4%FH? toASE&B&Fﬁﬁﬂ%PW
bbsterd @ @ dRREGIr MRssageveONat Benfud@Mtsbdn@lange of
carried on the current 1oop 156. Information such as
abasitr 6P roeess pawpabresthdiraghusges Fakobeatddn,eord
other i nf gt oation Lcan be. trans ted to a MAreIe
récerver . d; %%Fﬁer i f ??WG£V¥ﬂKr§%0|?%%eqﬁy 230 S §Eult
genkhguradyt,o amwkuhai ecandighitak ishgnalndntige t ;hLle If
process contr ol Ioop, it can be used to renotely
EBRAMEPHE B L FRY erlr/gate Homndied devi e @@E@ﬂre&q@qwer
%HQH %%6 a M BXaPLSind h@ox’ﬂ@ﬁ?éfnkn@ bGuiSt rt&a%?&%lct%ler,
e configured to act as” a secondary master on
anzaxm d:unamxsmiaﬂe@dtp pdhisoni rmfcohhendmmng thh&Eld be

cir %g ured as a fg{ transcei ver

8ﬁ§|efs b PP’ec LGMinPRS i T ST TonP T g i dG B
@Eoﬁl%ﬂ%EﬁHéNQIOOHF@rW@&%h@$éfﬁﬁ%eﬁlgatéseéoébove, a
exanpl e a

glass window can be used. Other example materials
include any material which is sufficiently
transmissive to RF signals including plastic, or
other materials.

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

information <can be. .transmitted to a wireless
receiver. Further, 1f 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
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 bi-

directional communication and configuration of field
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hand hel d device 80 shown in Figure 3 . M croprocessor
224 can al so preferably be used to inpl enent

walr@gne®ts cs functionality. M croprocessor 224P¢EHUS2005/021757

configured to nonitor the voltage and current
characteristics of the process control |oop 156,

i nproper or problematic variations in current and

vol tage can be identified using diagnostic techni gues
and can be transmitted to a renote |ocation, either
wirel essly, or using the HART(r) transm ssion
capabilities provided by circuitry 230, or by setting
the current level carried-@&64doop 156 to an al arm

val ue or other pre-determ ned value. Greuitry 170 is
ﬁreterab confi%ure to allow operation in hazardgus

|
Sg&ﬁeong}rlglﬂd % o VHEEL-SFRe BPPFBPr i M apddvafzampie @

sReel hicaat i1RRY ceS¥eh saduwinntihl NSigk. safety standards.
For exanple, ' the intrinsic safeety protection 190,
al ongMiictlepineceisssircal?§ safret §leat exraesiatlyr 180 used

ed on t.he.input to the.circuitry 170. ing . .
g%propriﬁpglggﬁagnents gﬁ&%ﬁ%ﬁﬁﬁ%gIayou#EHF%QODallty'

ad dirboipei cels sa r edidants zesehf deded1920 narialdrel the
with zener 182 provides a Ievel_of,redundanc% and
VPAERget haRAnvii T ott v ehedge terds it emfer thpi rocess

E:bhﬁ‘#iotl AN BT 1 NRihG 3Rkt Yy p%%ﬁ%gﬂﬁ%ﬂxﬁ{?i tions
Simlarly, the sense resistor 180 can be used toTimt
tthe mepdrmamh currentvdhizdge ancent ebet hd deinrtdifiitedl 7 G saindy

ub .di sch f st d fromthe circujt
PRPGRGRYAEs EXCBRAANSE orfifaleh THs provFdctca to @

eapbyal enbeapaeht anee takrsubstanidsalily, Z&0. uHigd OGhe
HART® transmission capabilities provided by circuitry
230, or by setting the current level carried on loop
156 to an alarm value oxr 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 is 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 wvoltage that <can enter this circuit in 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
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measurenent circuitry is further protected by two
intrinsic safety rated high value resistors 194

w@ooeezesl bet ween the two ends of the sense reGI/BSTO0S/R1757

180 and the filter 220. Other circuit conponents can
be protected from any outside energy sources by the
use of potting material or the |ike which al so
prevents hazardous gases and vapors fromreachi ng any
internal storage elenents 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 used herein can-bp any device which is used
in a process controller nonitoring systemand does not
necessarily require 15 placenent in the "field." The
FEFeCE it e | ®Eat e8UBRyARELBLILE t h&Bitoces T hont rbPoP

?r,bé%ts‘%fPé'n{é%é‘rdiJigrdﬂt% O%roguﬁs‘ﬁﬂ'@r‘”gEB%EQ%H by two
circurtry. The termndl s used to connect to e
prdacdssicontsafet popraeéér hagany vellest rimadistors 194

connection and ma ot conprise physical -2-0 or
FOSRESEY drat HaPS. CRRy THbpratRS aPb fofi 6%y derrlstor

Q@MW G at h@n Gk 10 Capr REr us8d a3 tdeRinRM A% £a8kan
any appropriate comunication protocol, frequency or
bemipretectod ttechmiapie. oTheigewsmnangpl yoereesi try tle
conf i ed desired and 25 is not limted to the

Cont i gﬁ atgogcﬁcslnsget r%agtreﬁilaf%er eih. tIOrhe soﬁ‘-:k%nb"gb]i%nt%%so
phe vidntlsd Heyd edobcdasies andagephess WHoah Ritigg any
included in any RF transm ssions such that the device
At eFEldettPFE . SSPRPNEFI PRS URPARN ABIIEESs FarcpEtry

14504 lto et ehidiel fndh hecales ST HRad Sod it endad- fo8ic
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
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 deviqe can be identified.

Similarly, such an address can be used to determine
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devi ce. However, in other enbodi ments, no address is
utilized and data is sinply transmtted fromthe

W@R006/0239$8 conmuni cation circuitry w thout any BCT/US2005/021757

addressing information. In such a configuration, if
recei pt of data is desired, any received data may not

i ncl ude addressing information. In sone enbodi nents,
this may be acceptable. In others, other addressing
techni ques or identification techniques can be used 10
such as assigning a particular frequency or

comruni cation protocol to a particul ar device,
assigning a particular timoglot or period to a
particul ar device or other techniques. Any appropriate
communi cati on protocal and/or networking 15 technjque
ddn dererpiBged Siigeaddi by iokendpdsédtt %&Tﬂﬁ Rstaular
e 1RkelyLs, haRdesLipld oRldeenefey] cas Lidiaebys
allow transm ssion or reception for the particul ar
adendilceredAl tamaughlattze psesentpipvehtanamhaseleehred- Othe

described with reference to preferred enbodinents,
Ski | FREMPRICREIEPt W FHETRLOghi zewtlﬁg?miﬁhang%%y

R Re dmde inrbenmand  detdi kuwht houtodenafilriaRd dh,0m £
the spirit” and scope of the invention. As used herein,
Redico tiy erfiedrela (RF) deahrednpange resed|vest rdtrmghy | BOT
t.ransm ssions_of .any .fr ency..and-js to1im
65?%?%%7a? gr oup - of ffg%%éﬁgﬁég? r%%gg 0 f%@%ﬁ@%@%@%g'
ahianyme@yhefe | dBtéptabhe . ATy Cotiains £atottepraddceobsing
can be used, as desired,including | EEE 802. |ib
SEEMEAUST  8FherdiH ot bEeR 510R nEFPGAPAGUSFopriet B8y used

QOuNi cati on pnatqe) s. WHAT,L 5t CLALVED | Brequency  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,



1. Afield device for use in an industrial process
control or nonitoring system conprising: termnals
W@ oovbiozaoied t o connect to a twowire process coPCT/UK2005/021757
| oop configured to carry data and to provi de power;
radi o frequency (RF) comunication circuitry
configured for radi o frequency communi cation; and
power supply circuitry configured to power the RF
circuitry using power received conpletely fromthe
two-wire process control loop. 2 . The apparatus of
claim1 including: an energy storage capacitor
configured to store an el e€Pri cal charge using power
received fromthe two-wire process control |oop; and

bAE s T (1 of Doy - BOGI Jona g <PORBh o Aot

R8I AM18HOr agsr SaPasti py %ommel@@cpfdrat us p%tcdcaﬂre. |
2 wherein the energy storage capacitor conprises a

super capacitor. 4 . -The apparatus of claim1 wherein
the RF circuitry is configured for bi-directiona
communi cation . 5 . The apparatus of claim1l wherein
the RF circuitry is configured to transmt RF data as

a . i
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function of information received fromthe
two-w reprocess control |loop in accordance with the

WORREO2P1Prot ocol . 6 . The apparatus of clai mBCT/US2005/021757

including a transducer or actuator configured to
interact with an industrial process. 7. The apparatus
of claim6 wherein the RF circuitry including a
nodul ar circuit board which carries the RF circuitry,
the nodul ar circuit board configured to nount in a
housi ng of the field device. 8 . The apparatus of
claim1l wherein the RF circuitry is configured for
dVigAT al S dIiuﬁﬁMEEaRSon 9 . The apparatus of claim1l

the RE ci.r onf red, for anal X
m@ﬁ%ﬁkrcatr%n:fﬂ§}é: %%? Pﬁsl %ecl%ﬁrnaf'wﬁgggﬁﬁrlal

theot&s &M AehSrl eo@%éhﬂ’e'é@ﬂn%ﬂs?@ﬁ@ine EBmpehkeagwW th
the two-wire process control l[oop. 11. The apparatus

of cIa|w11¢¢%mM@@h@ canfegyuesl ohoprasyindmiusiag @ tWO"
configured to eng ci ;jan._in

t ranspar ent reglon |n1%ﬂ§€%%usf%%H%%% |&SP %ng

RF transni ssion tbecgthyodgha 42d Tbepappasat yswetk;
claim 1l wherejn the RF transparent_regi on conpri ses

gl ass. 13. T QAppar &EGIUERSY ai m B} ncl uBPHGLBACRRECR
cap configured to;pount {0 a 8BhE;HoUSkNg apdrwher elaso
the end cap includes the RF transparent region. .

The appar at us off£¢QMﬂmQy|@Qmmdnmgaalonrcand board

conflgured toe&?rsﬁppgy Circuitry configured to power

the RF circuitry using power received
completely from the two-wire process
control loop.
2. The apparatus of claim 1 including:
an energy storage capacitor configured to
store an electrical charge using power
received from the +two-wire process
control loop; and
wherein the power supply circuitry is
configured to use power from the
electrical charge stored on the energy
storage capacitor.
3. The apparatus of claim 2 wherein the energy

storage capacitor comprises a super capacitor.

4. The apparatus of claim 1 wherein the RF
circuitry is configured for bi-directional
communication.

5. 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
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circuitry; an RF antenna coupled to the RF circuitry
and carried on the RF circuit board. 15. The apparat us

wW@boo6h2i9m8 1 wherein the RF circuitry is integredT/us10n5/621757

termi nal block which carries the termnals. 16. The

~apparatus of claim1l wherein the RF communi cation

circuitry is configured to transmt an RF signal
related to an anal og current |evel carried through the
process | oop. 17. The apparatus -of claim 1l wherein the
RF comruni cation circuitry is configured to transmt
an RF signal related to a digital signal carried by
the process control |oop. 18l-The apparatus of claim1
i ncluding a HART(r) nodule coupled to the RF

a HART(r) o
A e

Fppercadals. of claim 1 wherein the RF communication
%'Or cuitry is configured for periodic comunication .

The appditat RPRTRFAFm PinhedEdHnt hé RAncluding a
. . . . ! onred Lot .
s A Rt rone Rl al B ef AT e
fladusdmali ¢atdasgs.n a field device for use in an

i-ndustrial _process _control ar njtoring. system
donpri si ng nnekPRAG S ao?vvoq TR & o¥BSTeont FBP RF
lcaeruaaHy guhedubanear by f8tal1dRd &Prcuit board which

carries the RF circuitry, the modular circuit board
configured to mount in a housing of the field device.
8. The apparatus of claim 1 wherein the RF
circuitry is configured for digital communication.
9. The apparatus of claim 1 wherein the RF
circuifry is configured for analog communication.
10. The apparatus of claim 1 wherein the
terminals are configured to couple in series with the
two-wire process control loop.
11. The apparatus of claim 1 including:
an explosion proof housing configured to
enclose the RF circuitry;
an integral RF transparent region in the
housing configured to allow RF
transmission therethrough.
12. The apparatus of claim 11 wherein the RF
transparent region comprises glass.
13. The apparatus of claim 12 including an end
cap configured to mount to a main housing and wherein
the end cap includes the RF transparent region.

14. The apparatus of claim 1 including:
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provi de power; communi cating using a radio frequency
(RF) signal; and powering the RF communi cating using

w@owen239exei ved conpletely fromthe two-w re pPODES®05/021757

control loop. 22. The nmethod of claim21 wherein
powering includes storing an electrical charge in a
capacitor using power received fromthe two-wire
process control |oop 23. The nethod of claim?21
wherei n the comuni cating conprises bi-directiona
communi cating. 24. The nethod of claim 21 wherein the
communi cating conprises transmtting RF data as a
function of information rec¥l-ved fromthe two-wire
process control |oop in accordance with the HART(r)

protocol . 25.. The. hod . of claim 21 wherein the
connunicatthc%%%%%?géggaﬁgf%gpgé%ﬁﬁﬂﬁiE%tFﬁé?y2§5“%h%F
met hod of cl ai mail-awhierei;n the communi cating conprises
anal og communi cating. 27. The nethod of claim 21

wher ei n t héTconfe AHRGCongP 1R E8A c ekt ® nREi rekeepesry
WU The L= e, PrORESS. QML oo | 900 28 TS, TE4hod

of claim 21 wherein the comunicating includes

Bi5-.di recti dhal eppauaitcat i ofi betadeen i hehkeweiw r ehkOpRE
%q%c%g%r§F %ggnfﬁtegral with a terminal block which
carries the terminals.

16. 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.

17. 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.

18. The apparatus of claim 1 including a HART®
module coupled to the RF communication circuitry
configured to operate as a bi-directional HART® to RF
gateway unit.

19. The apparatus of claim 1 wherein the RF
communication circuitry i1s configured for periodic
communication.

20. The apparatus of claim 1 wherein the RF
communication circuitry is configured to transmit an RF
signal related to a process variable.

21. A method for communicating in a field

device for use in an industrial process control or

monitoring system, comprising:
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connecting to a two-wire process control
loop configured to carry data and to
provide power;
communicating using a radio frequency (RF)
signal; and
- powering the RF communicating using power
received completely from the two-wire
process control loop.
22. The method of claim 21 wherein powering

includes storing an electrical charge in a capacitor
using power received from the two-wire process
control loop

23. The method of «c¢laim 21 wherein the
communi;ating comprises bi-directional communicating.
24. The method of «claim 21 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.

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

26. The method of claim 21 wherein the
communicating comprises analog communicating.

27. The method of «claim 21 wherein the
connecting comprises connecting in series with the
two-wire process control loop.

28. The method of claim 21 wherein  the
cbmmunicating includes Dbi-directional communication

between the two wire lop and the RF signal.

PCT/US2005/021757



