RF ADAPTER FOR FI ELD DEVI CE W TH LOW VOLTAGE | NTRI NSI C SAFETY CLAMPI NG
BACKGROUND OF THE | NVENTI ON The present invention relates to industrial
process cwotw@li1ser4snoni tori ng systens. Mre specifical | pcTiUseojpnemednt
invention relates to field devices in such systens which are capabl e of
Radi o Frequency (RF) communication. In industrial settings, control systens
are used to nonitor and control inventories of industrial and chem cal
processes, and the like. Typically, the control system performs these
functions using field devices distributed at key |locations in the

I ndustrial 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 perfornms a function in a distributed control or process nonitoring
system incl udi ng RFADARTER RORMELD DEVIGE WITH EOWOVOLTAGEN, used in
t he measurenent, control and INDRINSICSAPETYCILAMPENGprocesses. Sone field
devices include a transducer. A transducer is understood to nean either a

devi ce that generates an out put signal based on a ph%/si cal input or that
generates a physical output B@@éGRg}UEP ORBHE YT ONypi cal |y, a
transducer {ransforms an ylechnif Alaf YrRHS BaNbd HdeS! EBhudiObm
Types of triansducers include vari ous analytical equipnent, pressure

sensors, therninghisring by Mo efecifidally] thegpreg@s, inkéraiunt redaesrid tfields,
positioners, actuators, solenoids, jndicator |ights, and others. Iﬁgically,
each field devdevices| §b susl| sesbamne owhichi awst icapabls rofuiRadjo ¢ Fegaueney R f or -

conmuni cati ng wr{)ﬂuﬁc%&o%cess control room or-.other circuitry, over a -
process contro oop hi sone installations, the process control loop is
al so used to deliver a rBkgitfdatteid] settings)tcoatrdl systentd tegesetlotot menitorehut devi ce
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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
15  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.
20  Typically, a transducer transforms an input into an output having a different
form. Types of transducers include various analytical equipment, pressure
Sensors, thermistors, thermocouplés, strain gauges, flow transmitters,
positioners, actuators, solenoids, indicator lights, and others.
Typically, each field device also includes communication
25  circuitry that is used for communicating with a process control room, or other
circuitry, over a process control loop. In some installations, the process control
loop is also used to deliver a regulated current and/or voltage to the field device
for powering the field device. The process control loop also carries data, either
in an analog or digital format.
30 Traditionally, aﬁalog field devices have been connected to the

control room by two-wire process control current loops, with each device



Traditionally, analog field devices have been connected to the control room
by two-wire process control current |oops, wth each deviceconnected to the
control rwormidsyisaz48i ngl e two-wire control | oop. Typi cal PgT/is200l003ge
differential is nmaintained between the two wires within a range of voltages
from 12-45 volts for anal og node and 9-50 volts for digital node. Sone
analog field devices transmit a signal to the control room by nodul ating
the current running through the current loop to a current proportional to
the sensed process variable. O her analog field devices can perform an
action under the control of the control roomby controlling the magnitude
of the current through the |oop hi additihon to, or in the alternative, the
process control loop can carry digital signals used for communication wth

field devi ces.cohfect@® theoAlrbPidod1By AMihgleasd-wie baﬂidlgbeﬁ Typiealipaun to
be used to communicate with field devices. For exanple, conpletely wreless

i nstal | ati ons veltege ddféerentiajnis gpaintaened; tweae\ﬁh%éwas‘ége%%m @r jangg Afar
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process cont r oniaiMlc el detites tagsmiit &gk t diEndsntroRfdonn bl eeddulatings
Further, in many field installations, "intrinsic safety" standards nust be
i npl ement ed wHhe lsuTrent unpimg thranght the fougient Mpe‘iﬁ’e? GYIreRti RIePerenpletaythec har ged

into the envir ?H{Eﬁ%%%c&?%%@%ﬁ. az%%aicgv use @icé“caﬂ%%% dnYci6RYRLLNY (o a

process control ter to noni'tor a process variable
in an industrithd cpﬁmesisthencdnﬂMStoamf by s:bnmihngahc omagnitndé gfirtkel curentoupl e
to a first side of a two w rgq.jﬁrocess ‘con Ioo‘% a second conﬂfctl on

configured to BOUeh&e loon. TeadidoniyePrgp t?%tl e PrOSESSONESh{® | oop
and in series %EMS{%‘?S%%‘%@%Q%P&M“@%M&E fleRNddvitlest ransm tter, and

a third connection ¢ to couple to a second connection of the
process comtrol transm thepme\istalations ommieasncxdmobglesihawbttguyl tobecoupled to

at least the thi (5 d connection @Ufﬂ 1 g conf i hgur ed to Br oyit%e wi el ess
conmuni cat i on W1 14 SPIIBPREYE Vit figld dpviee S CPIPISIAY ATl G et y
circuitry installations are used in which the field device uses a battery, solar cell, or other
technique to obtain power without any sort of wired connection. However, the
majority of field devices are hardwired to a process control room and do not use
15  wireless communication techniques. Further, in many field installations,
“intrinsic safety” standards must be implemented which limit the amount of

stored energy which can be discharged into the environment.

20 SUMMARY OF THE INVENTION
An adapter for coupling to a process control transmitter of the
type used to monitor a process variable in an industrial process includes a first
connection configured to couple to a first side of a two wire process control
loop, a seéond connection configured to couple to a second side of the two wire
25  process control loop and in series with a first connection to a process control
transmitter, and a third connection configured to couple to a second connection
of the process control transmitter. Wireless communication circuitry is coupled
to at least the third connection and is configured to provide wireless
communication for the process control transmitter. Intrinsic safety circuitry

30  coupled to at least one of the first, second and third connections is configured to



coupled to at |east one of the first, second and third connections is
configured tolimt transfer of electrical energy to a value which is |ess

t han an iwoOroevsise74saf ety val ue. BRI EF DESCRI PTI ON OF THECDRAYJBG@GB6Hé gure 1
is asinplified block diagramof a process control nonitoring system
including a field device configured for wirel ess conmuni cation. Figure 2 is
a bl ock diagram of a process controller nonitoring systemin which nultiple
field devices transmt information to a renote nmeter. Figure 3 is an

expl oded cut away view of a field device including wireless conmuni cation
circuitry for communicating with a renote device such as a hand held unit.
Figure 4 is a diagramof a process contrgj.ler nonitoring system which
includes a field device for wireless comuni cati on whi ch scavenges power
from the procdafit@&ansfepdf dleafical kengtglyao a vabueawhioh ¢ lded thiuh afl iiteihsioBifes,
diagram of circuitry shown in Figure 4. Figure 6 is a graph of voltage
versus tine as¥ sured across a capacitor shown in Figure 5. Figure 7 is
an el ectrical block di agrggmeh (Tﬁ?ip rel ess

comuni cations in a pr ocegs COHES( Tid) @IEOI‘I ng systeér%S Fi gures 8A and 8B
are bl ock di agranms showi Figu= Wusehmphﬁmm&aﬂiagjmdﬁpa @iroczesioatiol 0 a
process variable transmtter through at wire pro S C rol | oop

Figure 9i9 a IQPIH'HFF‘& e%’”ﬁf‘bcﬁ‘ciﬂ ding ath SWE?rEEh‘i‘ff e‘gf of V\)?VF%IF%S
communi cati on tldﬁl gure 10 is a sinplified cross-sectional view

showi ng a wireless a apter coupled to a transmtter. Figure 11 is a
sinplified di agram show Figu= Ipns)aézieck:dmgram of aggrocess 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
10  wireless communication circuitry for communicating with a remote device such
as a hand held unit.

Figure 4 is a diagram of a process controller monitoring system
which includes a field device for wireless communication which scavenges
power from the process control loop.

15 Figure 5 is a more detailed schematic diagram of circuitry shown
in Figure 4. |

Figure 6 is a graph of voltage versus time as measured across a
capacitor shown in Figure 5.

Figure 7 is an electrical block diagram of circuitry for providing

20  wireless communications in a process controller monitoring system.

Figures 8A and 8B are block diagrams showing a wireless
communication adapter coupled to a process variable transmitter through a two
wire process control loop. |

Figure 9 is a simplified block diagram showing circuitry of a

25  wireless communication adapter.

Figure 10 is a simplified cross-sectional view showing a wireless
adapter coupled to a transmitter.

Figure 11 is a simplified diagram showing a process cbntrol loop

including an intrinsic safety barrier.



including an intrinsic safety barrier.-AFigure 12 is a sinplified schematic
di agram showing a wirel ess adapter including intrinsic safety circuitry.
Fi gure 13wo=o0@/15o14¢ det ai |l ed schenmatic di agram of the wpcglss®aossps er of
Figure 12. Figure 14 is a sinplified schematic di agram showi ng intrinsic
safety circuitry showing active circuitry. Figure 15 is a sinplified
schemati ¢ di agram showi ng the wirel ess adapter using active intrinsic
safety circuitry. Figure 16 is a nore detail ed schematic di agram of the
Wi rel ess adapter of Figure 15. DETAILED DESCRI PTI ON OF | LLUSTRATI VE
EMBODI MENTS The present invention provides a field device and/ or adapter
configured to couple to a process contraly_l'oop which further includes a
Wi rel ess conmmuni cati on nodul e for one way or bi-directional wreless

communi cation. The W r elfgsifre ¢2HA BingAified Bchivpthtic &liapaaim show g o winelddsor
receive an RF signal froma renote device or |ocation. The nodul e can be
directly poweradapter inpludimgdntringie SpeECIFqURY-t he two-wi re process control

| oop, or can be povveredF\{\ﬂ % C ol | oop
and stored for subsequent ugégqﬁgoﬁgﬁb\gﬁgﬁ&ggﬁ%&%mvg%ﬁg“gn%%fe in
whi ch the nmoduligptaesFigied2coupl e to those field devices in which wireless
comuni cation is desired. The nodul e can be confjgured as,an adapter to

retrofit af existing trdnsuededsa sipnlified seRematic didgrameshoviig IpEsicnsi ¢
safety protect] LFi y - S| i.fj ed bl ock diagram of a process
control or mﬁ%@&?‘%&%g}ogrﬁgsa}‘%%}lﬁ'a control roomor control system
12 couples to a field déigue 134s avimmpleHietwohematie diagramsbowogttheiviletasp 16.
The field device 14 includes I/Q power .citrcuitry 18, actuator/transducer 20

and Wi rel ess GIARTERISERE 3GHNC AFRSIF SRGYBITCHIGL Wi r el ess conmruni cati on

circuitry 22 is ' Figure 16 is a more detailed schematic diagram of the wireless
10  adapter of Figure 15.
DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS
The present invention provides a field device and/or adapte_r
configured to couple to a process control loop which further includes a wireless
c'ommuhication module for one way or bi-directional wireless communication.
15  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
20 those field devices in which wireless communication is desired. The module can
be configured as an adapter to retrofit an existing transmitter. Circuitry is
provided for intrinsic safety protection.
| Figure 1 is a simplified block diagram of a process control or
monitoring system 10 in which a control room or control system 12 couples to a
25  field device 14 over a two-wire process control loop 16. The field device 14
includes /O power circuitry 18, actuator/transducer 20 and wireless
communication 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

30 display or "meter" which can be used for local monitoring of process



configured to send and/or receive an RF signal 24 using an antenna 26.
Currently, industrial instrunentation often includes a |ocal display or
"meter" wNDcbhoxEmrdee used for |ocal nonitoring of proceesirnfSesoombvicndr. The
meter can be quite useful in many installations, however, such a | oca

di spl ay configuration does have several limtations. A |local display
requires direct visual access to the field device. Further, typically an
operator can only view a single neter at a tine. The instrunments which
contain the nmeter are often not at a convenient |ocation or view ng angle.
One techni que which has been used to address such a configuration is the
use of a nmeter which is wired to a proceﬁf transmtter. This allows the
nmeter to be nounted at a nore convenient 7l ocation. Another technique is
shown and desGpih@gidd) The MetBodHbe R%Hfé' UseAfl (P Mha@ instdllabions, HBWevdt, 4&% filed
April 22, 2002, entitled PROCESS TRANSM TTER W W RELESS OOVMUNI CATI ON
LINK. Wth the pocakdisplayncafiguoationadod’Fhavsnsayaiat dimitations.ddl tocak dispidyuded i n
a field device, ar confjgured as an ad r.t.o retrofit a field deyice

whi ch can be J§%‘Hrqsrﬁ§ﬁtilgisllglnact°8“t Wet%ggﬁeh(ggﬂ%ﬁ f'ﬂ{}’ﬁr’p%lggli’é RoPEFDT 1 oop
such as | 00p 1Gn ohliEvikd 04 BE8 nfcé Bl Al thidd. I THR iifteikchts?WhieR RoRQiCBB mh@et ed t o
be conpact and | ower power such that it can be easily included in existing
field devi de casabfigumeitat 8 genveniant lasgtiprorviawhg ansted One teafinique sgych has
transm ssion af_information for usedn ni-{ Qr.i trol .a . di spl ay of
data. Such a ﬂ)aeaflgs‘i%rtgr?g%feﬁ SR eart]l}a ég Féﬁggog%\g}egeg “I]}ﬁ o{rs(r)r‘{'altr?do%’p

avai l abl e i n a proeek trahgAitteFThi€XdeWwd the raetér t0Peanbdiatel atch mpteagonyegibntas

di splay 32 can be provided and used to disglay information fromthe field

devi ce 14. Theloeatiop| Apother teshnigue dpshowyu rad deserifed pr 3S; PaeRtAPPlSHIaY om
several devic . ei thher i eo Y, uept i , 4 hr nds
provided to tﬁ%enél?sa}fbéy,Pdf/?r}é%%npﬁ%huséﬁgﬂagghngg{)xi n%fjt}ttfegugﬁﬁgs uttons
avai | abl e 100 aPRANSMITIER WHEHOWIRERESS T@MMUNIQATNEN IANKa fi xed | ocation

or can be a portable devjc uch that. it can be_garried .t hroughout the
process control system tW“ﬁoaﬁet Biese doyetiony an r%ﬂ“?’BPPIS?tI%?'POgHLB 15 el d

g ]g%vit ces. DepengtindePih 4 BeISIGEILE cBhfiglied BE af LaRAe: 184cRBSk 4 HRISERsEd | Vity

which can be used in addition to the connection to a process control loop such as
loop 16. The wireless communication module 22 can be configured to be
15 compact and lower power such that it can be easily included in existing field
device configurations. The module can be used for wireless transmission of
information for use in monitoring control and/or display of data. Such a radio
transmitter can make the field device information available in a local area. For
example, a single local ‘display such as display 32 can be provided and used to
.20 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 be carried throughout the
25 process control system to monitor and observe operation of various field
devices. Depending 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

30  control room 12 through individual process control loops 16. Each field device



transmt and receive circuitry, the area covered by the RF transm ssion can
be controlled as desired. For exanple, Figure 2 is a sinplified diagram of
a processwoanwish748ystem 50 in which a nunber of field a#eviusea9ohdicas e
coupled to the control room 12 through individual process control |oops 16.
Each field deviceld4 transmts an RF signal 24 for receipt by display 32. In
this exanple, display 32 is capable of displaying four process vari abl es
(P, PV2, PV3 and PV4) which are 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 display 32 is illustrgied as showi ng two process

vari abl es which relate to process pressure and two process vari abl es which

relate to proceSgarsgiRemARPERnalli forabidd¥ichyt fisplhi 8 MBI G@mpld digldy ovi de

information over the RF connection within a desired range, for exanple,

within a | ocal3?aﬁe@PaWGr0fe3%W@ foyr preeesdivapipblgs BVisP +RVA and Ef\é‘ff)er s of
a field devi Cewﬁé? e‘r@'efvre% tﬁgm? "f’tpeagjsla @efvu{eg G i mﬁ@rlgladk p&%‘}’ﬂeﬂgo

informati on from évi ce i Oona can e used

to, for exanpl#sbove &hedispra!pezfcaﬁ bah fﬁ:fedtdi?Iail &ridad\be atﬁvi‘tabreclﬁqﬁﬁy, vach abl e
di spl ayed, or used to |nterrogateaf|e device_ 14. Figure is a

si npl i fi ed Scutabangd hedd upis) Inythis,partaandar epméguistion, tb?éi;l}“é’lﬁy QHSdHB?ﬁaﬁQde?S 60
whi ch
iR o e ibriaeig Aadrcdini ST

two-wi re proces I ncl'udes "a
Pr ocess cont rofariablep wlﬁ:mlmi @process ‘eompenatiise. EFﬁlsmwaelmh ﬁpﬂdtdevmmm toboar d
58. A pressure sensor provi dg_ze one exanpl eﬁg%qe} transduc and |s

configured to It‘@Yn‘GFén Pﬁnﬁloﬁr%’% RE ponmegtion,w flesirgd Fanee cfor Fxample,
pressure occuryiing 4 8c4 O ¥65 Sxdnplb i tlTé"&is{S’l'zl%J BYis (vv‘itﬂfﬂ ﬁ@&e&%‘épé oMl 1S

provided to measurenent circuitry 66 which ples to field device circuit
68. The fi®l d dbswdeck, ¢i wdlib¢ c§blenpl eoeiving asip@splaymg mﬂofmatfloﬁ ﬁomeﬂhasuppl y
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control |00p 1rmat of the display, the process variable displayed, or used to mterrogate a
field device 14. ,
Figure 3 is a simplified cutaway partially exploded view of a
15 pressure transmitter 60 which is one example of a field device. Pressure
transmitter 60 couples to two-wire process control loop 16 and includés 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
20  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 device circuit 68 implements aspects of the /O power supply 18
shown in Figure 1. The wireless communication circuitry 22 couples to field
device circuit 68 and may, in some embodiments, couple to process control loop
25 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 wireless
communication circuit 22. When attached, the end caps provide a intrinsically

30 safe enclosure for circuitry within transmitter 60. The materials typically used in



The housing 62 includes end caps 70 and 72 which can be screwed into the
housing 62. End cap 72 includes an RF transparent w ndow 74 configured to
al i gn geneEpabiwiswis8h an antenna 26 carried on wrel ess ®ORMS200A03606)
circuit 22. Wen attached, the end caps provide a intrinsically safe
enclosure for circuitry wwthin transmtter 60. The materials typically used
i nend caps, for exanple netal, are not transparent to RF signals. However,
RF transparent wi ndow 74 allows RF signals to be sent fromor received by
antenna 26. One exanple RF transparent material for use with window 74 is
glass or the like. However, any appropriate material can be used. The

wi ndow and housi ng configuration can help,to neet intrinsic safety

requi renents and provide flanme proof (explosion proof) capability. Further,
the cavity w tdidncdpsUfor ReafipleCiaBtal ears @0t inGiHépREEnt Qo RO Yiglls AHBRSVErE REF

radi ation pattern of RF signals generated by antenna 26. For_ exanple, it
may be desi r adranspasentaviadewd4rilows s sienals énbozend froarer repeived by awgana

i npl enentatio r omidi Lonal i hi .at '|r’rﬂ4 lLans, the
cover 62 can B%Gngﬁge{ e %ﬁg&bﬁp%%n&gﬁé%ag%;&ﬁs%ﬁ%Q:ﬁl;ﬁlf)er| oﬁg%\g/i%%y%f or

pl acement of WikeelHRWReveQ Ay apgdpriae mitetal danbe. usEheThd wildessambhausitigcat i on
circuitry 22 can be selected as desired. One exanple circuit is the

"|-Bean" t Pansionfigaratige ¢ap belp\taimeal|intrinsisraakaty rewiementseand pigwide dlameot her

circuitry can . k 'tﬁlﬂﬁi l.So: ! olg contro
| oop 16 can be& ?gﬁ%ﬁﬁlﬁgg‘ﬁ ??gé\)(g?ngﬁaggggm ng ’%g®%1%@%% ié(?g%?%bne»
circuit 22 w tdoafigudstoupbiidg 20pesigdi adiatibn tpatepr of BFssignais rgeherhted byl 6 or
field device circuitry 68. The circuitry usq for wireless transm ssion
shoul d be suff%?l@ﬁt%ﬁy@ﬁﬁrmalﬁdﬁllawés\ﬁ&s’éﬁel’?60#‘FY6 fhet RF drapsmissioPsiccal  and
power constrai fif3iBal hOGHSS i h&%ﬂk fRbhSeor ontiEiretibAdl A bief2MAMbthier s are
configured to recelve an optioha éllsp ay arranged generally in the

posi ti on steowninfpdemenitatéinss shec oovarnéZ atnope déngthened 22 providegem eadditional such a
configuration,. the wireless congﬁnicat'on circuit .22 can used in place

of the |ocal dPERCRGAVITY{OEPlatEmeTt of WirclRss CORMUMCAHOR BNt e at i on wi r el ess

circuitry 22 sinply tranppg tireddss ReontindRRhtiod icaBui&9uRl efandbé aelebiedt & t he
process control | oop . ) _
desired. One example circuit is the "I-Bean" transmitter device available from

bt

Millennial Net. However, other circuitry can be used. Analog or digital signals

15 carried on process control loop 16 can be read and transmitted using the wireless

communication circuit 22 without disrupting operation of the process control

loop 16 or field device circuitry 68. The circuitry used for wireless 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

2 configured to receive an optional display érranged 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

25 16 and transmits an RF signal which corresponds to any analog and/or digital
signals carried on the loop 16.

In genéral, 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

30 analog current level is varied between 4 and 20mA to transmit information. The



16 and transmts an RF signal which corresponds to any anal og and/ or
digital signals carried on the |oop 16. In general, the process control

| oop di scwe=ea/13eT46i N can conpri se any type of process ®omtusedo9loossps f or use
in industrial process control and nonitoring systenms. Such | oops include
4-20MA current loops in which a analog current level is varied between 4
and 20mMA to transmt information. Thesane control |oop can be used to
provi de power to the field device. Another type of process control loop is
i n accordance with the HART(r) conmunication protocol in which digital
transm ssions are superinposed on the 4-20MA signal for transm ssion of
addi tional information. Another exanple gwo-w re process control |oop uses
a protocol set forth by the Instrunent Society of America (ISA) which is
cal | ed the Fi ghrle Bustr@Ro6p pawbeaskd tMpmm’rdfr powe:rdtosuhgrfidld dgvipe. otmtodhercan be

used. Sone process. control Ioops are confi to t to nmulti

field devi ces 'Hecf Rrpgass comirgl; lappy isyim accerd mg mé CRMpREAtio not her
or nonitor tr h WcH g ARRishsids Sk sRMitBsed 6h BR1EDGIA gB¥alt YPE Of
i nformation t?)%zg&rﬁit%t ggéc lgm pr oceSISsscon%Lgﬁ of)%s or avail ab eal or
gener at ed i nt doma@hrsynissionr eﬁeddmdndi;inﬁmhhmml Mmﬂnea’eqxample)tWQmeswou@ed to

control a field devjce or other t I nf on n_.be t smtted
usi ng the wir &PREY 1OBRHSRT ééf@t%%%ﬁf‘& a'tﬁnﬁlsh'gmﬁmeggﬂftyl ﬂ{/gﬁ?‘?r’(?ﬁ I'n
anot her exanp (SISA PwhfRdishalidd 4nt tFiQa BIRVEBSD PetscdloHeWEYWhE dipeiEgdevi ces
can be carried 1nto the field by an operator. The operator uses the hand

hel d devi ce t pratecnl can beawsed.vEomae pracasst ¢optrol tpops TaIQaWilf@lec@ (\‘Mﬂ@ncttthe ‘hand

hel d d hi N
operator o oRtHEPe il dRkicR it s dfs BeFLIRIGK SR onbtnRemcliinielfi ng 1o

physi cal |y coupbtBet & thb@itdtamns@istiont fidnPivtthe: dHelddOGES In genérabny ope. | N
sone enbodi nents, it is also desirable for conmmunications from a f| el d

devi ce, orl0toof ifasmatiore\iransmittest @ar puchaEACEsss FPRITAl nfosPrmeT @iailatle or

addr essing | nf.of Rl e 6afly BE rdARici Ry Bl luchBE U1 QuskhE, LaARTY SSi on
or. the intende€d Tecrpien ST TRE T AR §si 6N, W rel’ess conmmuni cati on
circuitry can field device or other type of information, can be transrmtted 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

15 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 program a
field device without having to physically couple to the device or the physical
process control loop.

20 ' In some 4"embodiments, it is also desirable for communications
from a field device, or to a field device, to carry addressing information. The
addressing information can be indicative of the source of the transmission or the
intended recipient of the transmission. The wireless communication circuitry can
transmit continuously or on a periodic or intermittent basis, as desired. In

25  another example, the wireless communication circuitry only transmits when
activated or "polled". The activation can be from a source internal to the field
device, received through the process control loop, received from a wireless
source, or received or generated by another source. In environments in which
multiple field devices may transmit simultaneously, the transmission protocol

30 should be selected to avoid or address any type of collisions which might



transmt continuously or on a periodic or intermttent basis, as desired.

I n anot her exanple, the wireless communication circuitry only transmts
when actiweted/du748pol | ed”. The activation can be from aCTase@e/0d3stier nal to
the field device, received through the process control |oop, received from
a W reless source, or received or generated by another source. In
environnents in which multiple field devices may transmt sinmultaneously,
the transm ssion protocol should be selected to avoid or address any type
of collisions which mghtinterfere with the transm ssions. For exanpl e,
different frequencies or frequency skipping techniques can be used, random
or sem -random transm ssion wi ndows can e used, repeated transm ssions or
t oken based techni ques can be inplenented or other collision avoi dance

t echni ques as ifiRsfereeslith tHe tidnemissions Farsixamplendiffedas feqnenciatairdoiguencyor
correction information, this infornation can be used to detect an error in

the transm ssi%ﬂpﬂﬁjﬁeébm&‘éﬁsrcé%lbeé‘ﬁ?ﬂ’. W@P&?‘i §ypHan %Hé?ﬁnélé?’%g’.mqofwsa_n .
error 1s not Cc%égpgt%h?’re ifed GERSMABYNbE 5R r‘tfaagé@st&ctﬁii#u& M Ssi on

of the corrupt a or,’ can indicate an error, or can walt Tor a subsequent
transm ssi on dnpldigerntat aor other akallisibheavailaps tshuigees ed. desitpdr elf3thel so

shows an exanpl e hand hel d device, 80 for comunication.with circuitry 22
over RF cornedFansmisson pgludes -IrqY dtaetieR o BORerbOy H&%‘?‘k%‘?lé&“%&nﬁw user

i nput 86. O hez;mtb\é&@éd faf%étéb@aﬁgnapql Dl RHESisGBR ah@of Bttt 88y bRoRaR thenel d

device 80. Preterably, the hand held device 80 is battery operated and can
be carried i ntteansimissfonel if abyersom i9peftr cirmectabte; theomgpeimingamitoranviieqest B ¢-d
device 60. Information f ﬁ{?the field device .60, or from other aﬁo%rces, is

di spl ayed on dfasmassioR,0 FTERY RE Engdicate #1L S8 Mot d s 1R dt i nput

86. Commands ofyhddueht tahbRisIRhl STThE ddta ke tilkeUsdHistdpe ds Bysifele hand hel d
device 80 to field device 60. In one configuration, the wreless

communi cat lton circuitry Figue Beslsposkawsnancexanpl hasdnhelde dpor 80 for
constr Sl bRl s PSP TRl g0
transmtter whinghdésa gisplahiee agll ueganmiti 96g Otitr kyplds BEirpiuts ahd outputs can be
included in hand held device 80. Preferably, the hand held device 80 is battery

operated and can be carried into the field by an operator for communication with

15 field device 60. Information from the field device 60, or from other sources, is

displayed on display 84 and the hand held device is 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 communication circuitry

20 requires power which is within the ﬁoWer‘conStraiﬁts- 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 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

25 example, the wireless communication circuitry is powered directly from the

process control loop, for example using 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 approval requirements and provide an

30 indefinite field life without battery replacement or maintenance. In



enpl oyed, the wireless conmunication circuitry can replace the LCD neter
and use the sane power source that is used to drive the LCD neter. In

anot her ewerzpdoeis4148e wirel ess conmmuni cation circuitry i PCpaseeMozbis ect |y
fromthe process control |oop, for exanple using the voltage devel oped
across a diode drop connected in series with the process control |loop. In
enbodi ments in which no battery is used with the comunication circuitry,
the circuitry can nore easily neet intrinsic safety or other safety .
approval requirenents and provide an indefinite field |ife without battery
repl acenent or maintenance. Inconfigurations in which the wireless
configuration is only for sending inforqyﬁjon, power requirenents can be
reduced. In another exanple, if a greater transm ssion range is desired, a

stationary devhfifesbGshsasn dnBRha¥he3 2witled |cofifipabfion i B bhBurfer lseaaimgi ncl ude
an RF repeater for re-transm ssion of data received from or sent to, a

field device. ifffoemiion, geoeer erequimemenss | cappbep aeshiced], Imanether ¢sample, iif 8 power

fromother sources., Further, once the RF data is .receivead,._ j

ref ormatted f(ﬁr‘?a?‘?r LS8 2B 15 %?Sf{g& a}r%a lﬁnﬁr? g Sglgggl\é%p eh%%lgg{} %te)arﬁ net
connection, i nfigsu@XddSin' Piguftal &ah iAA168E 96 RN réfeatee tfor estrarsatlssiéd bf datar ocess
control systens, over an extended range RF _commrunication_ link such as a

cel | phones orrecedvesyfrony, erssentytonadiglddeviee nihegRiE remsates can bejleoppaysiedsi f i ed
di agram of a procesg controller or I.1Qr] S | Ll ust r at es
anot her aspect® of* a%mfc?r P ‘?rn@(érrr\ltrr? @ﬁ% %P{rll&gsys?{em ’Oégpea\ﬁ@i e ddédgvﬁce 14

connects to a re@iNddolt cay bt esfoirdatied for glangmniesion svarathérahedimmp fot @xampleugh
junction box 102. In the enmbodi nent of Figure 4, a field device 104 couples

to the processncBiiermst comsgtian @%?*lﬁ%?&ég@_m@lsé% HONTHERS E%?fii Yihin
e Y22 gl M SR B PSS iR oSk [
the proces® candeligphohgap rdléyinpusmgssothericciniqed i ncl udes a power regul ator
100, 2 shunt o bybase i a0e, HBSaERAGILR! of b pr i) Dt on.
regul ator 110 hyniHsingGyQ¥mEE0D 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
15 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.
Process device 104 includes a power regulator 110, a shupt or
20 bypassl1l2,anda supér c.ap-ac'itor 114. Duﬁng operation, fhe supér capacitor 114 -
is slowly charged (trickle charged) using a power regulator 110 by usihg excess
voltage tapped from the process control loop 16. The bypass 112 allows loop 16
to operate normally and is connected in series with loop 16. Communication
circuit 122 includes circuitry for receiving analog and/or digital information
25  carried on process control loop 16. The circuit 122 can responsively transmit an
RF signal 106 based 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

30 can be configured in accordance with any type of topology, including point to



vol tage tapped fromthe process control |oop 16. The bypass 112 allows | oop
16 to operate nornmally and is connected in series with |oop 16.

Comuni cavoanoscisu®i t 122 i ncludes circuitry for receivieo@/seabogecand/ or
digital information carried on process control |oop 16. The circuit 122 can
responsively transmt an RF signal 106 based upon the received information.
I f operated as a receiver, circuitry 122 is capable of nodul ating data onto
the electrical current carried in the loop 16. This can be either anal og or
digital information. This configuration allows data to be relayed over a

wi rel ess communi cati on network. The network can be configured in accordance
with any type of topol ogy, including poLHH_topoint, spoke and hub and nesh
t opol ogi es. Process device 104 can be positioned at any |ocation along the

| oop i ncl udi ng,GAN§JRELEE hab aAd neBlkopotbiads. BRCEGeviten 0aTah Bapotitibaed r at ed
in Figure 4. Li sone installations, the field device 104 should be field
har dened and crhy dpeation Alongithe loopdnduding configireday an individua) deviee isech 104

can al so be positiane i {hin anof her fi el vice, 14, r

junction box 1”(5??‘“6&%93\@”‘# 1"0@% Wi lflﬂ%ﬁa‘glc?ﬁf’ﬁg? %F %@‘?ﬁv\?ﬁ% %%ﬁihggﬂsdes
control systengelield RiRiché Bl ERifptfdlfof inkdsi pRefel opetatival Thé Bévicon® RF
circuit 122 and/or nore than one process control |oop 16, either

si mul t aneous| ycapralsorbeopegitieried widhin smother field| doviaesl 4 s rREL 2 jBBeHANRRS. The
use of a super ][(ﬁggf’lgw'éetcrﬁfﬁulca%lg% e ggﬁ’thﬁ Gob \gﬁ@ﬁ sl ‘{og\fl%gf %slf%xg rgal

batteries or o e use of a capacitor al ‘Char gi ng

and the st or agehefield deticei 1©atday coffi@® t6 A€ thap@ine RE aircuit V¥R and/sethorel a
hazar dous environnment, |arge energy . storage nmay not be acceptable in_order
to neet intri nbpE oBGPEICESS CRERIrlaeD 1fpaitheE simy 315‘1‘%}&@%“88@2@ °tan be
noved away from,i: r yvironment, such as at the junction box 102,
where intri nsirghfélgfeé(?%zoﬁgﬁg%?ecgglq |$ed. Figure 5is a sinplified schematic
di agram of idi el d devi ce Thélushefd supes uggeritaagipeistthe ddvide inoppraevathodet ai |

hi this exanple

configured to @géiﬁ%g%ﬂgjg %gl : éfo%q%ﬁﬁﬁgg{h’:ﬂeﬁs t \ﬁ?salgﬂgﬁ%ﬁggéﬁg@gﬁ"i‘{} r Znt
capaci tance Ofcléréiﬁé 345 th stt&fage 8f ylﬁ{ﬁt':iently large energy potentials. When used in a
hazardous environment, large energy storage may not be acceptable in order to
meet intrinsic safety standards. However, the process device 104 can be moved
15 away from the hazardous environment, such as at the junction 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 conﬁgu-red to each carry a 2.5 volt
20 potential. This yields an equivaleﬁt 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 volts, the available energy from
each of the 5 Farad capacitors is Y%*C(Vi2-V¢?) which is Yy*5%(5%-4%)=22.5].
Figure 6 is a graph of voltage versus time measured across super
25  capacitor 114. In this example, 600mW wireless transmitter which transmits a
burst signal for a period of t4 of 1 second will require 0.6J/S*1s=0.6J of energy.
Thus, there is ample energy available for operation of such a communication
circuit 122.
A typical power supply used to provide power to a process

30  control loop provides 24 volts DC. However, in a 4-20mA system, a transmitter



potential drop. Assum ng that the wirel ess communication circuit 122 is
capabl e of operating at a voltage of between 4 and 5 volts, the avail able
energy frwonzeaxis4m8 the 5 Farad capacitors is 1/2*C(Vi PCVRIS2009xwE6a6 | S

1/ 2*5*(52-42)=22.5J. Figure 6 is a graph of voltage versus tine neasured
across super capacitor 114. In this exanple, 600N w reless transmtter
which transmts a burst signal for a period of t of 1 second will require
0.6J/S* 1s=0.6J of energy. Thus, there is anple energy available 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. However,
in a 4-20mM system a transmttermy only reqwre 12 volts to operate.
Wring |l osses in the process control Ioop nay cause 2 to 4 volts of voltage

drop. Assuni ngnﬁplom@reqqlrbazlmta\falobaxtakee W%gqbéheghrnmetﬁisce%y@sﬁu&a@aﬁI tor
114 and that the process control |oop is operating at a low current” | evel

(i.e., 4my), t n‘@b'@aus Zta #vokerefivaltage divpe Assunaing ogly b velts uﬁpevallahbraf@rt or

114 Because o was cons e transm

avai | abl o 2 areede MBr ERBRUEIA dag I F ol B Aol lopSi pbiting e
tc=0. 6J/ 0. 02W-30s low Rafrehtokeel @S MnRAY, Ghéredy salli 20 W dvaillifle GoRARIR |BE
transmtting a signal having a -1 second duration every 30 seconds. Assum ng

t hat the bahdwbubehceafactiorel Ido Becaiise anlyohsl yiagmsmn@dﬂmﬂ@ trangmat w@ket
f 200b,
fleéﬁl ?I ng t ran{sh%e \Bﬁ%@é th{{g ‘8@1 élgagggg% %]u%ef’” %lato{:g)n rpa?tgug adumanost 1 C

data can easil %=06J/0r02NB+3 (st EThdrefore)seudit d Sconfipuration Mllmbe:rctatpaslal offat ur e.

However, if sufficiently fast charge tinmes are avail able, control and
process vari abansspifig & sigaal bavieg Bl s5cand wiuration suiereP@ Se9ands AASHIIBE a

SUDeT £ aPeC! Ol SRSV g 0@ Dia BRI ALt S el i U v
st orage devé ce20Gly the batsetimd satedocedngom iilliaewbnd camdbthe dresultneg transmit
time is 0.03 seconds. In such a configuration, diagnostic data can eésily be
transmitted becalise it is not of a time critical nature. However, if sufficiently
fast charge times are available, control and process variable signals can also be.
transmitted wirelessly. |
15 _ 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 the storage device can be electrical or magnetic and can be derived or
collected from any source.
Figure 7 is a simplified diagram of process controller monitoring
20 system 150 which includes a control 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 is modeled as
including a power supply 160 and a load resistance 162.
The field device 154 can be of any conﬁguiation and is not
25  limited to the specific schematic shown in Figure 7. RF communication circuitry
170 is shown coupled in series with loop 156. Circuitry 170 c_ali 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.



collected fromany source. Figure 7 is a sinplified diagram of process
controller nonitoring system 150 which includes a control room 152 coupl ed
to a fielwodew/ise74¢54 t hrough two-w re process control PeoES&8/00F1OCESS
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
resi stance 162. The field device 154 can be of any configuration and is not
limted to the specific schematic shown in Figure 7. RF comunication
circuitry 170 i s shown coupled in series with loop 156. Circuitry 170 can
be inplenented in a term nal block of a field device. For exanple,
circuitry 170 can be configured as an ad_q39n nodul e such that the two-wire
process control |oop 156 can connect to existing transmtter circuitry.In

the configuration ill UStﬁﬁﬁﬁ%dnﬁgﬁ{aﬁ@ﬁ%lﬁstra&&?hﬁ?%@b?ﬁki &inkbhiehtidd Y 170
| e

enabl es wireless comuni cation abilities to be ad to a new or existing

process cont r otirduittyp 140 efidbddsavielesscepmmigicationcaliilitigs fosbecadded dorawwt or be
powered by the process control., | oop an be.installed an ere i.n the
o0p. rangh ng | POMHERR O EPEFoL 588 r 1 ABRe el ey o SIS B 1t he
i ntrinsic saf efowdreBShy g proBéssVonirbNop @Rd k@ beIfstaldd hywiaRinadhensop i el d

device, or included in another field device. The circuitry can be

confi gur ed 5 orrangipgtijgre ths codrahupemaanisvher¢ieloagdhe loap 1(§3¢éf &1 sl iatrinsic
configuration, ' | L nfi.gur.ed SHIE Lhe cur.ren arried
I n process con%atrf%ﬁ (\@3%%}}?&8%;%8@? gﬁ’é rlngg’ - Sc%;d]t%p%?% g?lgtdg‘éﬁf ’oortlﬂ‘glu‘a%gsur ed
current to a winr eh@tb& fieldedwdte. ThE NdiftgithoWah beORBnHigEEd ffof RIFbEGenBNt Of
circuitry 170 shown in_Figure 7, a sense resistance 180 and a power supply
di ode 182 coupfenmpnisiqne sHQWeYETH iR QD$s sigatle reomiigugonshe THeEUS elyde is

resi stance 180 v e &urrk d.J S I 1 IsRg e
current |evel (foq% r_{éiﬂetc? |ﬁ{r‘13 t gr{gé ocesgt g%%%?o Pfé%f)éél %1.&0,& ltgglg'?lsgi %ﬁdi(; 184

i s al so coupl ewarismitsar owputuwelhteditt éhed megsuicdGuaredt foraowvireles racdiest poi nt 186.

This can be used to cal igrate or characterize a field device f_})ugﬂ ed to
circuitry 170. An intri nsVRINEHY {0 ARG ERECHIGFmbedimgnt ofggustey 170 Shown

in Figure 7, a sense resistance 180 and a power supply diode 182 couple in

series 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

15  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 characterize 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

20 182 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

25  signal. Although a specific power supply implementation is shown, any
appropriate power supply configuration or embodiment may be used as desired.

In this embodiment, input circuitry 218 includes sense resistance

180 and is configured to measure the current I flowing through loop 156. Input

circuitry 218 also includes a filter 220 which provides a differential connection

30 to an OP amp 222. The OP amp provides an amplified input signal to an analog



provi ded which includes diode 192 connected as shown across di ode 182 and
isolation resistors 194 connected at opposed ends of sense resistance 180.
D ode 182wo=oparst748f a power supply 196 which incl udes eapas2e000bd8, i nput
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 VDD relative to a
circuit ground for use by circuitry in neasuring the |oop current and
wirelessly transmtting a resultant signal. Al though a specific power
supply inplenentation is shown, any appropriate power supply configuration
or enbodi nent may be used as deS|red I n ahIS enbodi nent, input circuitry
218 i ncludes sense resistance 180 and is configured to nmeasure.the current
| f1owi ng throgatigitd@Bnvérter 226 RitliclE iy Bbtratyd dslBardbbsa mﬁ%fﬂs&%s& Dyl wer 220
whi ch provides a differential connection to an OP a The OP anp
provi des an angpek ¢iesyitiZ23us peivades andgised tfaml*’@gtaocldq‘—l‘gmgaal te.ofov example226

A R T Ca e T

m croproc essortoaaﬁ:mpwdswiaﬂu (IS)6 fcloRR Tifchit 228 anGGRI RE tfank@itiréceddl
connects to m croprocessor 224, _E 156, clock circuit 228 and an RF

transmit/r cei Geuliz3duilhe QBQOMM‘EAB ® reat MR?(CPPﬁEWPé@@ fechE 4 digital -

configured to
m cr opr OCESSOI‘J Té%ﬁgléhpélérg(h:)u%{bhgéﬁﬁl' 9%%3?1 gur edﬁo r eggr?e\l/lé 2a325(laspar ate
digital chip seinfighredi gnalec¢i@s2) S$eparateri digicgdr empsseleCtZ%iﬂgnaBo(fdszp h&oART( )

circuit 230 and.the RF circuit 232 are configured tqQ communjcate with the
mi cr opr ocessorMERPIRsessey Bd: Bagh thegH I ® Q’C‘tb‘ﬁz\%ﬂlaélﬁ theiR glepwb 237 areact j ve.

M croprocessor 24 x'eﬁ & $8 id R, he Yd piee ?sozhﬁﬁ4 %%55@23%15%' ch

operatlonal anpliTier 222. croprocessor |nc es a nmenory
is used foro stdepemijngpogriachehip selasttis activeoh'ﬁcropmmpsmafz% inalspeonfrynesdt

vari abl es and ot her. i nf tion a ncl.ude tile and
non-vol atil e rf&?ﬁ?‘ﬁ} e?ﬁg ‘E@WG} %nto i9 %ﬁadﬂ%al W%@&gﬁ%w@?@%@w 4and can
contai n addr esgtinded 2fREABY 936 W&hlwﬁée@l%k Ytdri@npioot R8mgl ﬁﬂtrﬁétibnlm RF

circuit 232 couples to an antenna 240 which can be configured
temporary and permanent variables and other information and may include both

volatile and non-volatile memory. The memory can include, for example, an
15 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, 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
20  transmitter or process controller. |

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 does not require the use of an external antenna. This

25  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

30 information related to the sensed process variable, or other information. If the



as an internal antenna, external antenna, or conbination, as desired.
Circuitry 170 is configured to couple across the two-wire process control

| oop 156 wochowisatsst he | oop 156 can term nate at anot hePClriusk@odessi€e such
as a process transmtter or process controller. The circuitry 170
illustrated in Figure 7 can be inplenented on a single printed circuit
board such that RF antenna 240 is forned integral with the board. This
configuration allows the circuitry 170 to be easily inplenmented in existing
field devices and does not require the use of an external antenna. This
reduces installation conplexity. The optional HART(r) transmt/receive
circuit 230 can be used to nonitor digi t_q#_ signals, such as a process

vari able, carried on the process control Toop 156. Based upon the sensed
digital signalgART® bdRdifr) isCinipléthéntyd 38 QeectBarkeni it tho RempldtO HARTRNE RF
transmt/receive circuit 232 for transm ssion of information related to the
sensed processProweplainé appropsiatee RE rifretosel: istapks, | the t GlEGYMRT (4N BNPlemicRl y i s

i npl emented in I
appropriate RFgager%g%lgo q&ﬁh&"ﬁ%ﬁgﬁlg%{u r %I‘(I@(@ %a%{e?q‘? Cogagl\}\n/ay 9 evel
functionality Mhacﬂil—dwed:tioxﬁl Intutingr HAGUEH )thm mwcga’fawy Qaveei With a

bi -di rectional__manner through the RF HART(r) gateway device wth a HART(r)
capabl e fi &l d HART&: capable dickt devise Q%’oﬁlerbqoc?séd‘r?n@é looph136aiThisnallows el ess
conmuni cati on [ n

di agnosti cs, o%%lg?hgé@lﬂ%&ﬁ%%tﬂ ﬁg?r&at#giﬁbo&dﬁ t8 glftérlqijf%quen%fn atlon
process controdlagrosmnotardha@eafsithérlmfomalmnmda(merator IS requi red to
physically access a field device . or the process control Ioo?aé%n order to

exchange information wi tFreavently; dp Praesss contrehios meRiRIng MSt3EraY o t o
repair equip rdodisde ﬁE&i’ Fd"?h%’ | 418 S8R GBIG0AVIRE oL 4 HBBE - comi?6l

W rel ess communi cati-on onflgu on“set forth herein allows the operator
t o interrotpat elobp eh d)rdb\/tpcwhaﬁgecimfm;atlba with Ithec fieldodeyieehiTdhlis alewslithie i cul t
to access. Further, even.in conf |g?ﬁ§fﬁa?ons in which the field devices are

easi |y accessiREEALOL RIERFF saURTIEp Bﬁetvf:%thvecl?l? TAPSF Y FPPE Ui re an

operator tO  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

15 accessible, the wireless chmunicatibn circuitry does not require an operator to
remove covers on equipment such as transmitters or junction 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

20  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
to power itself. For field devices that employ a common electrical ground,

25  circuitry 170 can be inserted on the high voltage side of the loop connection.
This configuration allows access to other 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 capacitance of zero as measured

30  at terminals 181 which connect to loop 156 in accordance with intrinsic safety
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noi se in the HARIL Blode 182. The input filter 200 can comprise capacitive, inductive and

resistive elements and is used to isolate the loop from any noise or load
fluctuation generated by circuitry 170. This also suppresses noise in the HART®
15  extended frequency band in order 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. Filter 206 is used to store energy and
further decouples circuit loads from the regulator 202. The output voltage of the

20 secondary 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

25  into a sleep mode or low power mode during periods of idle operation in 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 is allowed to
settle before the A/D conversion occurs. After the A/D conversion is completed,

30  both the loop measurement circuitry and the A/D converter are turned off to



extended frequency band in order to conformw th HART(r) standards. The

vol tage regul ator 202 can be any appropriate voltage regul ator such as, but
not |im two 20@/1semaear or switch node regul ators and is msedscaosogspéy t he
voltage VDD to the circuitry. Filter 206 is used to store energy and
further decouples circuit loads fromthe regul ator 202. The output voltage
of the secondary filter 206 is allowed to sag by several hundred mllivolts
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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. '

15 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

20 board. The RFA' cir‘cqitry 232 can, in some embodiments, include a wireless |

- receiver such that the circuitry 232 can be configured as a transceiver. The same
antenna 240 can be used for both transmission and reception if desired. A typical
low powered transceiver may have a cominunication range of about 200 feet,
however other ranges can be achieved using different power requirements,

25  circuit 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 from antenna 240. For example, as

discussed above, a glass window can be used. Other example materials include



m croprocessor 224. The RF circuitry 232 can be any appropriate circuitry
or configuration as desired. In one sinple form the RF circuitry 232

si nply t rapemys4Esmeasured variable to a wrel ess receiPcerus200bmozmme enna
240 can be used to broadcast the RF signal and can be fornmed integral wth
the circuitry 170, for exanple in the formof traces routed around an
outside edge of a circuit board. The RF circuitry 232 can, in sone
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be achi eved using different power requirenents, circuit sensitivity,
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act as a secondary master on the current | dop. This, In conjunction
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enables bi- directional communication and configuration of field device from a

wireless master unit, for example a hand held device 80 shown in Figure 3.
Microprocessor 224 can also preferably be used to implement

15  diagnostics functionality. 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
using the HART® transmission capabilities provided by circuitry 230, or by

20  setting the current level cafﬁed on loop 156 to-an alarm >\'fa.lué 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

25 190, 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 voltage that can enter this circuit in an
intrinsic safety protected system. Similarly, the sense resistor 180 can be used to

30  limit the maximum current that can enter the circuit 170 and snub any discharge
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devices include the cost savings of installing hundreds or even thousands of feet
of wire or to ease the task of "connecting" to and communicating with the
15  process transmitter. For a wired communications system, any host whether it be
a process control system, or a portable handheld communicator, must physically
connect to wires that are connected to the process transmitter in order to
communicate with it. In contrast, with a wireless communications system, the
‘host may wirelessly "connect" to a desired process transmitter from any location
20 inthe prbcess plant within communication range. Furthér, in a wired system, the
user must remove the cover from the device in order to gain access to the
terminals for connecting a handheld communicator to perform diagnostics or
commissioning of the process transmitter. Removing the cover may require the
user to take several safety precautions to ensure that the safety features of the
25  process transmitter, or the facility, are not compromised. Further, removing the
cover from a process transmitter may require special work procedures, or even
process or partial plant shutdowns, if the transmitter is used in a potentially
hazardous area in the process plant. A process transmitter with wireless

communications capability does not require the removal of the cover, and the
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is not required. The
module should operate from the same power that is already provided to the
process transmitter, while not negatively impacting the power available for the

15  process transmitter. This communication device may operate from solar power,
but that is not practical in many installations. It may also operate off a battery.
However, batteries have special safety drawbacks when used in process plants
adding to their expense, and also require periodic replacement, making them
undesirable.

20 Since process transmitters may be scattered across a process
plant, it is convenient for the users if they can communicate on a wireless mesh
network. A mesh network is one in which each wireless device may serve as a
router for the other wireless devices. This ensures that each device in the
network has the most reliable communications path back to the host. These

25 communication paths are established when the network is initially established,
as well as whenever a new device joins the network. In many instances, it may
be desirable that a process control transmitter which is coupled to a two-wire
process control loop be also able to communicate information on a wireless
network. It may also be desirable that the device function as a router in a "mesh

30 network." Further, in many instances it is preferable that the device operate



nodul e shoul d operate fromthe sane power that is already provided to the
process transmtter, while not negatively inpacting the power available for
the procewe 200%ussTa8t t er. Thi s conmuni cati on devi ce nmay epenst@ofoozsms sol ar
power, but that is not practical in many installations. It may al so operate
off a battery. However, batteries have special safety drawbacks when used

I n process plants adding to their expense, and al so require periodic

repl acenent, naking them undesirable. Since process transnmitters may be
scattered across a process plant, it is convenient for the users if they
can conmuni cate on a wireless nmesh network. A nesh network is one in which
each wirel ess device nay serve as a routgy_for the other wireless devices.
This ensures that each device in the network has the nost reliable

conmuni cat i onsygigd thaf: o thd'PrétRsd codtbsiSRop QaINePitha! r&uimed ASscphfite
establ i shed when the network is initially established, as well as whenever
a new devi ce jwures afppewsst work. I n many instances, it may be desirable that

a process control trans '.tter‘a(‘j\/%‘%%‘ig-I i s cou Ie(rat a.t Wo-wWiJd e process
control |oop be also ablniélgf“oe% Epcsz‘f)‘év tl“;l’%)fe(%( ?el ?)V#ngcagd\ﬁufa&ogggornaetmr K.

It may al so bewfteisés adbptert 0 it Becobdiice Bviftl B¢ ieRimpR émbédiinent. iWiralesgTesh
network.™ Further, in many instances it is preferable that the device

oper at eusi iy pasiagter BPOin shRemnospled o 2 praced coneblopRPRE Whitthis PoBIARdIhg a
separate sourcg P?r pg&wwéu&p@s gb'zi.en%o%i} gagl%sﬁ%‘ﬁ’ &"@gﬁg@% &a‘ﬁ" febiSfdnce

configurations 2 adapter I n accor one exanpl e
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he’ ot ocess ( reNEIFER BIovRAEnRHonAl N Recess dapter 308, e SAFeIcR Baigr O
300 includes a third connection (labeled HART®) which couples to the other
loop connection of the process transmitter 308. In the configuration shown in
Figure 8A, the Loop- connection of adapter 300 couples to the plus connection

15  of transmitter 308 while the HART® connection of adapfer 300 couples to the
minus connection (labeled "Test+ or - Power") connection of transmitter 308.
The arrangement in Figure 8B is slightly different in which the Loop+
connection of the adapter 300 couples to the minus connection of transmitter
308 while the Loop- connection of adapter 300 couples to the power supply 304
20 and the HART® connection couples to the plus connection of transmitter 308.
The adapter 300 is also illustrated with an antenna 310. In the configurations of
Figures 8A and 8B, the adapter 300 is configured as a three terminal device
through which all of the loop current I flows. The separate HART® connection
is used to provide digital communication on the two wire process control loop
25 302. Although the Figures are labeled HART®, the adapter is not limited to
operating in accordance with the HART® communication protocol and may use

any appropriate protocol including Fieldbus protocols.
The adapter 300 is powered using power received from the
process control loop 302. The loop 302 is also used to provide power to the

30 transmitter 308. In one configuration, the adapter 300 regulates its voltage to a
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conmuni cations on the
communications (the specifics depend on many parameters related to the

wireless network). As this current draw does not occur at all times, it is possible

15 for the adapter to store power until it is needed to support the wireless
communication. As discussed above, a super capacitor can be used to store
power. These are relatively inexpensive and have relatively long life times.
Super capacitors may supply current as high as 1 amp for short periods of time
and may therefore be used to power the wireless communication circuitry.

20 Figure'9 is a simplified block diagram of the adapter 300 which
shows various circuitry blocks. A super capacitor 320 is illustrated and the
device 300 is configured for HART® communication as well as wireless
communication.

As illustrated in Figure 9, adapter 300 includes a microcontroller

25 340 which also includes a memory and a modem for communication. The
memory is used to store programming instructions, configuration data,
vaniables, etc. HART® analog circuitry 342 is configured to couple to the

- process variable transmitter 308 through a DC blocking capacitor 346. A radio
module 344 is provided to enable adapter 300 to communicate using RF

30 communication techniques. A regulator 348 is provided which is configured as a



| oop 302 as well as wi reless conmunications. A typical wireless radio may
require up to a 3 volt supply and draw between 15 mA and 50 mA duri ng
conmuni cawDen®/158118 speci fi cs depend on many par amet er s PCelisb@d/003516¢ he
wirel ess network). As this current draw does not occur at all tines, it is
possi ble for the adapter to store power until it is needed to support the
W rel ess communi cation. As di scussed above, a super capacitor can be used
to store power. These are relatively inexpensive and have relatively |ong
life times. Super capacitors may supply current as high as 1 anp for short
periods of time and may therefore be used to power the wreless

communi cation circuitry. Figure 9 is a shyfiplified block diagramof the
adapter 300 which shows various circuitry blocks. A super capacitor 320 is

illustrated amtthOHCeyheeteB0R dufrefOsHungdiradt 850 id-¥dibeeled dopatalieL aithon as
well as wireless communication. As illustrated_ in Fi giure 9, adapter 300
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bl ocki ng capacitor 346. A radio _nodule 344 is provided to enab{a&razgﬁpter

300 to conﬁum%‘&i‘%%%ﬂ%dﬂpol%bﬁm regulatos 36801 drrpout L@y ey 8 is
provi ded Whi clhrbAdGORTHEMERE 230 Eowed slagpgyow 8 e/ fidtbhRRLssn g,

circuit 350 i connecte par a ator 348 and includes a
bypass transi s}LQRT&ﬁZlo(g@n'cumd 34ﬂ;lrdssytcarcﬁt3£8@pn65\4)CGQOarrp 354 oper at es based
upon a difference between a referenc&bxol ta %Vr efé)ézand %re volta

applied to the regul at or | B4@HTeRE oy as 3sod fosphargg, ut to a
| ow dr opout ((l)sQ@r Ldpats &tﬁo 380 vol-tu%ﬁ QJIQME slib&Qapa&itdH 3¥001s s%@%ﬂ%%v' des a

regul ated 2 v r supply outp to the m croprocessor anal og
circuits 342, Vrodatsge: clarpc 3V0. B@Qemwlﬂnhemagd'w@.mmrca@rhe thrtou?gh voltpass

transi stor 352 is, us e th u |tor The vol t age
across the sud%?o%%fpﬁg op%gf e§te§ 7§ aﬁggreﬁ Sep up ‘cofiverter

provides a regulated voltage output of 3 volts to a low dropout (LDO) regulator

374. The output of low dropout (LDO) regulator 374 is set to 2.8 volts and used
to provide regulated power to radio module 344. ’

15 The microprocessor 340 is connected to a analog to digital
converter 380 which is used to monitor the voltage of super capacitor 320.
Microprocessor 340 is also connected to a reset circuit 382. Microprocessor 340
provides data to the radio module 344 through a level shifting circuit 384.

It is preferable that the circuitry be able to support the maximum

20 amount of wireless communication activity while dropping a minimum amount
of voltage in the loop 302. Therefore, the adapter 300 is preferably configured .to
use power from the loop 302 in a very efficient manner. In one specific
configuration, this can be achieved by using a low power microcontroller 340,
for example, Texas Instruments MSP430F1481 and by using low power analog

25  circuit components. These components can be powered by a low supply voltage
to also minimize the total circuit power consumption. Further, the
microcontroller 340 can be configured to enter a "sleep" mode if desired when
certain functions are not needed, for example communication functions. In the
configuration shown in Figure 9, a separate modem is not utilized. Instead, the

30  microcontroller 340 is used to provide modem functionality.



vol tage clanp 370. For exanple, the voltage clanp can be set to 2.2 volts.
Anot her DC to DC converter 372 is configured as a step up converter and
provi des wonregulsats@d vol t age out put of 3 volts to a | owpdTaseem/0(3shO)

regul ator 374. The output of |ow dropout (LDO regulator 374 is set to 2.8
volts and used to provide regul ated power to radi o nodul e 344. The

m cr oprocessor 340 is connected to a analog to digital converter 380 which
is used to nonitor the voltage of super capacitor 320. M croprocessor 340
is also connected to a reset circuit 382. Mcroprocessor 340 provides data
to the radio nodul e 344 through a level shifting circuit 384. It is
preferable that the circuitry be able t o, gupport t he maxi num anmount of

Wi rel ess conmmunication activity while droppi ng a m ni num anount of vol.tage

in the | oop 302. Ther ef gf & albd'SrefdMIL 86 pRAAE the PARb Mclle/3400{th GURRE t O use
power fromthe loop 302 in a very efficient manner. In one specific

confi gur at i on,amdung of powees. Abisi aews myorasfreqyent tewmppisetionriapd doeisased) | er
340, for example, ..Tex | ngtrunments MoP4A30F1481 ang. Si | ow r
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vol tage to al spnginiierizog, slky kg adaptdrr300i tb HROYYEA a§ ANBUIERfbOBtheF Pfdcbar , t he
m crocontrol l er 340 can be confi gured to enter a "sleep" node if desired

when certaisn ftememittons forr exampile ieemesh netgrorie edvpllew bighet pRsif BAWELMCL i ons
ot oot e AT TR T Sl ;O BRERE SeFRAETI mod Bl 22,

I nstead, the r i'sTuse rovi ironality. It

i s al so pref erabiter Wirefsodbvee tHioughatheadapietiBe0 ¥4 hudtinhayabé alogeraiablent of
power. This allows nore frequent comunication and increased reliability.

The addi t i onalthgothepathanhish igdieestly drogu Biei detice i@ Bred@st on from t he. :
transmtter 308, allow tlmhé‘gﬁlBFcﬁFneﬁPQf ﬁ%uﬁee%{ﬁ@ga(ﬁénﬁ‘)gﬁ%ﬁzﬁris&)%vepédher
e I1n a mesh network and allow

process transmtters, for exanp i gher
transmt pmwerbyt sugee capsdtor B20s Tharefores un torder ta imoreaser el power mihddh et wor k,
as the path from rel ess devijce t

may be nore r é?rP‘éigg‘gttoPtﬁgﬁaV&i%E‘oﬂH ef?’%ltéﬁpﬁegr%qgg’c{npﬂe?a%? : fe’}rng?%g(ﬁtdg@'at 20;5 the
host . super capacitor 320. In the configuration of Figure 9, this is achieved by
arranging the super capacitor 320 as a shunt element for the regulator 348 which
regulates the voltage drop across the terminals which couple to loop 302 in
15 - conjunction with OP amp 354 and shunt transistor 352. In Figure 9, the voltage
across the loop terminals which couple to the process control loop 302 is
regulated to one volt. This is achieved by adjusting the current going to the
super capacitor using OP amp 354 and shunt transistor 352. In this
configuration, regulator 348 operates in series with the loop 302 and is in the
20 feedback loop formed By OP amp 354. In a less efficient configuration, a
separate one volt shunt regulator and super capacitor charging circuit may be
implemented. However, this requires additional components and additional
power to operate. In contrast, in the configuration set forth in Figure 9, any loop
current which is not used by the circuitry of adapter 300 is directed into shunt
25  capacitor 320 for increased efficiency. This results in the maximum amount of
power being available for radio module 344. The voltage clamp 370 determines
the voltage to which capacitor 320 is charged. Once the super capacitor 320
reaches the voltage set by the voltage clamp 370, the excess current flows

through clamp 370 rather than into capacitor 320.



In the enbodi nent of Figure 9, the radio nodule 344 is powered by super
capacitor 320. Therefore, in order to increase the power which is provided
to the r awpDaommidui4e 344, it is preferable to increase tireTS2E0/083606 €ed by
super capacitor 320. In the configuration of Figure 9, this is achieved by
arrangi ng the super capacitor 320 as a shunt elenent for the regul ator 348
whi ch regul ates the voltage drop across the term nals which couple to | oop
302 in conjunction with OP anp 354 and shunt transistor 352. In Figure 9,
the voltage across the |l oop termnals which couple to the process control
| oop 302 is regulated to one volt. This is achieved by adjusting the
current going to the super capacitor usigg;CP anp 354 and shunt transistor
o]

352. In this configuration, regul ator 348 operates in series with the |oop

302 and is in the feedbapk thaE chbavdrRe 308 i BorTRretdss a Iow poweSSst&f fip'ci ent
configuration, a separate one volt shunt regul ator and super capacitor
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circuits are configured to have low power requirements while maintaining

acceptable communications integrity. The memory in microprocessor 340 can be

15 used to store programming code and temporary variables. Timers which are

internal to microprocessor 340 can be used to provide a "software” modem

functionality. The memory of the microprocessor 340 may include internal flash

memory, RAM as well as EEPROM or other non volatile memory. The

microcontroller 340 can be configured to monitor the voltage access super

20  capacitor 320 using ahalog to digital converter 380 which provides a digital

output to microcontroller 340 representative of the capacitive voltage. If desired,

the microcontroller 340 can be used to determine whether the capacitor has a

sufficient voltage to support radio transmission. Reset circuit 382 can be used to

ensure that microcontroller 340 does not operate when the voltage is

25 insufficient. For example, the reset circuit 382 can be configured to reset, or turn

on, the microcontroller 340 when the supply voltage from LDO regulator 360

reaches a sufficient voltage level. The circuitry can also be used to reset the
microcontroller 340 if a power "glitch" occurs.

Radio module 344 operates on a stable voltage of 2.8 volts

30 provided by LDO regulator 374. As discussed above, if the super capacitor 320



regul ator 360 is used to power the mcroprocessor 340, HART(r) anal og
circuits 342, nenory, reset circuitry 382, and analog to digital converter
380. HARMWO)o@wiaktag circuit bl ock 342 can conprise, for pexamspéogoozmicarrier
detect circuit, a receive circuit and a transmt circuit. Preferably, these
circuits are configured to have | ow power requirenents while maintaining
accept abl e communi cations integrity. The nenory in m croprocessor 340 can
be used to store programm ng code and tenporary variables. Timers which are
internal to mcroprocessor 340 can be used to provide a "software" nodem
functionality. The nenory of the m croprocessor 340 may include internal
flash menory, RAM as wel| as EEPROM or Qb@pr non vol atile nmenory. The

m crocontrol l er 340 can be configured to nonitor the voltage access super

capaci tor 320 YSiHagsed™B! 29 Jolisdiit bl 16 DY Rbh@drted Fozhtof 37D QsdGS tige
digital output to mcrocontroller 340 representati vée of the capacitive
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340 does not of1s¥180LB VdI&Mo theradR modelei 334! Prefdrhblg] RBhilatdr 372 X ssitigred he
reset circuit 382 can be configured to reset, or turn on, the
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on a stabl e volutgff citbuitydfyalié oduRv34dsd tHey o2 ¢Hel sapér cagdcdtor A0 is
di scussed above, if the super capacitor 320is charged to 2.2 volts, the DC

to DC convert elesy®aul ¥or 372 steps up the voltage to 3 volts. During use,
the vol tage on the superyg Lo Wyhl | verter
N

is needed. The LDO regul ator I's used to pro ts to
t he radi o modulaelddsly Wigd ethabkadio regdllet 644 362 cemmanicatng esver odigital at e
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operates from a 2.8 power supply, the digital communication lines between the
two components must be level shifted using level shifting circuitry 384. For
15  example, this can be performed using very low power level translator circuits
such as Texas Instruments SN74LVC2T45DCU.
In one configuration, the microcontroller 340 can be configured
to adjust the voltage drop across the loop terminals which couple to loop 302.
For example, an optional qontrol line 341 from the microcontroller 340 can be
20  coupled t6 the invérﬁné input of OP amp 354 of the shunt circuitry 350 In'such
a conﬁguration, additional power may be made available to the radio by
increasing the loop voltage drop under appropriate conditions. Similarly, if the
impact on the process control loop of the circuitry of adapter 300 needs to be
reduced, the voltage drop can be decreased. However, this will provide less
25  power to the radio module and other circuitry of adapter 300 and may degrade
performance.
Figure 10 is a cross-sectional view of one embodiment showing a
process control transmitter 400 coupled to a wireless adapter 300. Transmitter
400 includes a sensor 64 and measurement circuitry 66 as discussed above.

30 Measurement circuitry 66 couples to field device circuitry 68. Transmitter 400



|l ess than 1 volt. Mcrocontroller 340 can be configured to transmt

I nformation wirelessly using the radi o nodul e 344 by comruni cati ng over

di gital cwomewisaBon |ines between the radi o nodul e 342Cani$2000803616

m crocontroller 340. As the mcrocontroller operates froma two volt power
supply while the radi o operates froma 2.8 power supply, the digital
communi cation |ines between the two conponents nust be | evel shifted using
| evel shifting circuitry 384. For exanple, this can be performed using very
| ow power |evel translator circuits such as Texas Instrunents
SN74LVC2T45DCU. hi one configuration, the mcrocontroller 340 can be
configured to adjust the voltage drop achoss the I oop termnals which
couple to |l oop 302. For exanple, an optional control line 341 fromthe
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the shunt circuitry 350. In such a configuration, additional power nmay be
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and other circuitry of. adapter 300 and may degrade performance. Figure 10
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300. Further, an RF transparent end cap 424 can be sealably coupled to housing

420 and allow transmission of RF signals therethrough. Note that in the
arrangemént shown in Figure 10, five electrical connections are provided to the

15 RF adapter 300. These include four loop connections as illustrated in either
Figures 8A or 8B, albng with an electrical ground connection.

As discussed above, in some installations it is important for field
equipment such as a wireless adapter, to be intrinsically safe, that is, to be able
to be operated in environments in which the atmosphere is ﬂammabl_é- or

20 explosivéﬁ For example, circui"try in the de.'vicvex can be configured to hmlt the '
amount of energy which the device is capable of storing and/or which the device
is capable of discharging at any given time. As illustrated above, the wireless
adapter is connected in series with a field device such as a process transmitter or
control valve and operates using power drawn from the current flowing through

25  the two wire process control loop. A small voltage drop occurs across the
wireless adapter. This voltage drop may be as low as 1.0 volts. However, as the
current flowing through the two wire process control loop may, in some
instances, be as low as 3.5 mA, the instantaneous power available may be as low |
as 3.5 mW. However, in some configurations, the wireless adapter may require

30 more power. For example, the device may require 60 mW of power (3 volts at



connection 410 of transmtter 400 through wire 408. The transmtter 400

i ncl udes a two wire process control | oop connection bl ock 402 which coupl es
t o connecwDan®/¥B1A8f rom wi rel ess adapter 300. As il | ust ratrams2000/0b36gar e 10,
the wirel ess adapter 300 can be threadably received in conduit connection
409. Housing 420 carries an antenna 426 to support circuitry of the

W rel ess adapter 300. Further, an RF transparent end cap 424 can be

seal ably coupl ed to housing 420 and all ow transm ssion of RF signals

t heret hrough. Note that in the arrangenent shown in Figure 10, five

el ectrical connections are provided to the RF adapter 300. These include
four | oop connections as illustrated in gther Figures 8A or 8B, along with
an el ectrical ground connection. As disclSsed above, in sone installations
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two wire pr ocess control l0op. Typica

intrinsically safe manner. Although wrth a super capacitor, the amount of energy
coming out of the device must be limited, even if the standard capacitor is

15 employed intrinsic safety requirements still require limitations on the amount of
energy coming into the device. The voltage across a given capacitance must be
kept below a level that could result in the capacitance creating a spark if the
capacitance underwent an instantaneous short circuit. Therefore, limiting the
maximum voltage which can be applied to the dev1ce allows larger capacrtance -

20 values to be used wh11e still meeting intrinsic safety limitations. '

Figure 11 is a simplified diagram similar to Figure 8A showing
the wireless adapter 300 coupled to a two wire process control loop 302. In
Figure 11, an intrinsic safety barrier 450 is shown as coupled to the two wire
process control loop 302. Intrinsic safety barrier 450 limits the voltage and

25  current which can be supplied to any field devices coupled to the loop from
power supply 304. Further, in such a configuration, the field device, such as
process transmitter 308 can be configured to limit the amount of energy which
can be stored within its circuitry. However, as a capacitor, or a super capacitor is
capable of storing power, additional circuitry must be provided to ensure that

30 any power stored in adapter 300 cannot be discharged from the device. In



time required for wireless conmuni cation, both transm ssion and reception,
is relatively short while the power avail able fromthe process control |oop
i s avai | aWbeodwidm4a conti nual basis. This energy can bePpsrarsea9ionscas
capacitor for subsequent use. A standard capacitor can be used or, in sone
configurations, a super capacitor having a capacitance greater than 0.22 F.
However, a field device which is configured to store energy nust contain
circuitry to prevent excessive discharge of such energy if the device is
desired to operate in an intrinsically safe manner. Al though with a super
capacitor, the anount of energy com ng out of the device nust be |limted,
even if the standard capacitor is enploygd intrinsic safety requirenents
still require limtations on the anobunt of energy comng into the device.
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for exanple, by using a capacitor.
with the two wire process control loop 302. Diodes 470 and 472 are coupled

across the loop+ connection and the HART® connection to the field device 308.
15 Similarly, diodes 474 and 476 are coupled across the loop— connection and the

HART® connection to the field devipe 308. Resistors 480 and 482, and

capacitors 484 and 486 are connected in series with the HART® connection to

the field device 308. In one embodiment, resistor 480 has a value of 49.9 ohms,

resistance 482 has a value of 248 >o_hms, capacitor 484 has a value of 2.2 uF and
20 capaéitor 486 has a value of 2.2 pE.

In order to ensure that the wireless adapter meets intrinsic safety
requirements, the intrinsic safety circuitry 460 is configured to limit the voltage
and current that the circuitry within the adapter 300 is capable of applying to the
two wire process control loop 302. This limiting must occur both under normal

25  operating conditions as well as during a fault. Further, the circuitry should be
redundant and continue to operate as desired even if some of the circuitry
components should fail. In one specific configuration, it is preferable to limit the
voltage to less than 1.5 volts and the current to less than 100 mA.

Zener diodes can be used as voltage limiters for the intrinsic

30  safety circuitry 460 and can be configured to conduct current only during a fault



hi one aspect of the invention, circuitry is provided to limt the anount
of power which the wireless adapter 300 is capabl e of discharging back into
t he procewe 2oontssaB | oop 302 or el sewhere. Figure 12 ispatdisomiodiceel bl ock
di agram showi ng wirel ess adapter 300 including one exanple configuration of
intrinsic safety circuitry 460. In the exanple of Figure 12, zener di odes
462 and 464 are provided which can conprise, for exanple, zener diode
having a 6.2 volt bias voltage coupled across the | oop+ and | oop-
connections. A 5 ohmresistance 466 is coupled in series with the two wire
process control |oop 302. Diodes 470 and 472 are coupled across the | oop+
connection and the HART(r) connection tqsbhe field device 308. Simlarly,
di odes 474 and 476 are coupled across thé 'l oop- connection and the HART(r)

connection to ¢dagitfonelrfotemi6Rs 388 Zeﬁéi&}o?ﬁa%é s BRBteans bé 8RghtB Nl ghaNRG] t Or S
484 and 486 are connected in series with the HART(&%@Fonnectlon to the

field devi ce 3beop¢mtingroltagsaditheeircuitry dhghis waygtheZzenendipdesdo nét Mat® ohns,

resi stance 482 hasﬁla val ue fc'r24 ohns,.. capaci t.orr(f.8€f E&E t‘@e\(’a ue of 2.2 nF

and capaci t or 286" HIETE VEIUSBH opeaLion, oF der b e tr tRatst e
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circuitry 460 is configured to limt the voltage and current that t
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operating conditions as We as durin her?, e circuitry
shoul d be redwulapé which canipplied beoverpahalsopas adesooped tevdnals f SiadlEyof t he
circuitry conponents should fail hi_one specific_ configuration, it |
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intrinsic safety circuitry e co to conduct current
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Thus, in ordergib@esviill donitk@ aH@KRRES 1ifithe voltage value. However, during normal
operating conditions, the diodes are not conducting and therefore will not have
- any affect on operation of the circuitry. The resistance which is added in series
15 with the capacitance acts to reduce the amount of charge which can be
instantaneously removed from the capacitance, and therefore reduces the chance
that a capacitance may cause a spark. For a particular voltage level, additional
capacitance may be used in circuitry if there is additional resistance in series
with the capacitance. The larger the resistance, the larger that the capacitance
20 may be. The resistance that is connected to the HART® terminal also limits the
amount of current which can be provided from that terminal.
Figure 13 is a more detailed block diagram similar to Figure 9.
Some of the elements have retained their numbering. In Figure 13, the HART®
analog circuit 342 is illustrated as two separate components, receive circuit
25 342A and fransmit circuit 342B. The HART® receive circuit 342A couples to
the HART® connection through resistor 490 which can comprise, for example, a
10K ohm resistance. Further, the input to the differential amplifier 354 is
provided by variable voltage circuitry 492 and also couples to the Loop +

terminal through resistor 493. The variable voltage circuit 492 couples to the



or out of the wireless adapter 300 to be less than 1.5 volts, the operating
vol tage of the wirel ess adapter electronics nust be less than 1.5 volts. In
oper at i orw@enerisaisedes 462 and 464 operate to limt thepreolusage/ovdsieh can
applied between the loop + and loop - termnals. Simlarly, diodes 470 and
472 operate to limt the voltage which can be introduced into the circuitry
by the |l oop .+ and HART(r) termnals. Diodes 474 and 476 |limt the voltage
whi ch can be introduced through the loop - in HART(r) terminals. If the

vol tage applied across these term nals exceeds the thresholds of the

di odes, the diodes wll conduct and thereby Iimt the voltage val ue.
However, during normal operating condltlgqs t he di odes are not conducti ng
and therefore will not have any affect on operation of the circuitry. The

resi stance whichop ScRglegsbn trou@hir8sistéf 491 Whith P 86pARS fordxampld) 129%uce the
anount of charge which can be i'nstantaneously renoved fron1the capaci t ance,

and t herefore olsotices t he chance that a capaC| tance may cause a spark. For

a particular voltage |ev additio cit e used | ci rcuitry
' Phere i additional rEspeRifibusABsys BRIt gl 2h i iddes

| 'arger the resiglafCprovidiciltangedllyt bark élmltﬁ}amWE@ﬂC%MH&edlo-&Q@ are

resi stance that is connected to the HART(r) termnal also limts the anount

of current Swhigmerdly téedopiodiSdualts obrhighrat Whishnexrepds megdmreishmgs dorore
det il ed bl ock,th aqr ams! Byl el BB Sl ST B SB) OETARRRRE, |

retai ned thei r'™fURDert A gure anal og & YeHeF

illustrated aslefshafieRarailte is adNRBERtSe sh@fteleyelatord distdad 3sf22erdibdeansm t
circuit 342B. The HART(r) receive circuit 342A couples to the HART(r)
connection t hrB@F@ﬁ regdatersgrandrosahte dmit e Y3Rge 1o 241 olts svithayt EeqUINNEK ohm

resistance. temﬁlr‘%sfsfépéjtorttg mgl%§wfg%§aﬁ§}d§%§ RERLL bF $sisted ih § e

provi ded by varla e voltage’circul 0 couples to the Loop +
term nal t o ougicuiteys iBdvoeved Sthe diaevbaelt taabsing actiteagmnc lrefg:ﬂatd)rséi@Zhamh@} es to
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are to 0.25 watts. Therefore, the power that they dissipate must be limited through
the use of a fuse or the like.
Figure 14 is a simplified schematic diagram showing wireless
15  adapter 300, and wireless adapter circuitry shown generally at 300A, which
includes three active shunt regulators 500A, 500B and 500C connected across
the loop+ and loop— terminals. A fuse 502 is connected in series with the loop
connection. The shunt regulators may comprise, for example, TLVH431
regulators available from Texas Instruments. In accordance with intrinsic safety
20 principles, as the shunt regulatdrs are active circuits, three shunt regulators must
be provided for redundancy. The regulators are arranged so that they limit both
the voltage that can be applied to the two wire process control loop 302 as well
as the voltage which is applied to circuitry 300A.
However, one additional complicating factor in providing
25  intrinsic safety by limiting both voltage and current that the wireless adapter 300
can place on the control loop is that the adapter 300 circuitry includes a third
connection. This is the communication connection identified as the HART®
connection in the description set forth herein. Intrinsic safety requirements
require that the voltage and current which the adapter 300 is capable of

30 outputting at any time be limited for any combination of its three terminals.



used to provide intrinsically safe circuitry. However, the Zener diodes are
generally rated at 3.3 volts or higher, which exceeds the desired limts
for intriwei2zesEiasy. One such techni que which can be u®etd/useomiondetic t he
voltages to less than 3.3 volts is to use active shunt regul ators instead
of Zener diodes. These regulators can be set to limt the voltage to 1.24
volts without requiring any external resisters, or to higher voltages
through the use of resisters in the circuitry. However, one drawback to
using active shunt regulators is that they are typically only rated to
handl e relatively small power levels, for exanple 0.20 to 0.25 watts.
Therefore, the power that they dissipatq3 ust be limted through the use of
a fuse or the like. Figure 14 is a sinplified schematic di agram show ng

Wi rel ess adaptEierstBfd, a@ivé shitelefslatorsl et A%o B hisedi witly the TPAR T@Ehattion at
300A, which includes three active shunt regul ators 500A, 500B and 500C

connect ed acr a#ssillusfeated spFigarrl 16 ods-illugratedhin Eigure f hsvaadditignal getseef ed i n

e, Lyt A SEREbs B reied il RO RUDATRIOH &S C e P ance

Wi th intrinsicconpédtéd/ bpfweafii tht d8op-A SeritifalSitdN the! HAR B® Oefmidkhle Siﬁﬁliaiolg,
circuits, three shunt regul ators nust be provided for redundancy. The
regul at or s Sar eaCHVe sy gegidatensarl 26 Sy 2Bi apdt5 186+t axe cpmnagtadt hefueanhhie leeir be
applied to th i cant o) I e<Vvol1age
whi ch is appl ﬁglé}@%lm%édrag%r Wo&%&%&&e&?“%ﬁ% %?d. 45%%%21%%%%6?8%i ng
factor in prowrdiided agMdis¢ussédcabeogéety by |imting both voltage and current

that the wirel ess adapter 300 can place on the control loop is that the
adapter 300 circuitry i nehefhgrsmethad; that aeaynbe tyseh to THRY the quppent that a
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description set eln. Intri c safety requirenents require that
t he vol t age andsistancecatt anyhpatin ftone thxd eqyptaeitor3@0the dogm panieml o fHowmtveuat thisng  at

ary, L Pe 1med Lor Gt ARRLasOR ol L6 g2 LeLalnaka. ThPrel o e
1):( lustrated i ncabh@tér o kit the clitrbmtStbr 1BORAAI whith 9K eshift inaWRrpddpd powal sets
loss. Less power is lost if three voltage drop Schottky diodes are placed in series
between the DC to DC converter in the capacitor. An example of such circuitry
15  is illustrated at Figure 16. In this configuration, the connection to the HART®
terminal can be limited by using a sufficiently large resistance 518 and 520.
Three Schottky diodes 522A, 522B and 522C are used to couple the DC to DC
converter 384 to the circuitry of the wireless adapter 300. An example Schottky
diode is an RV161M available from Rohm of Plano, Texas. Other potential
20 paths from the capacitor 320 to the terminals include high resistive elements
such as the connection through amplifier 354.
In the above discussion, capacitor 320 comprises a ‘“regular”
capacitor having a capacitance of, for example, 10,000uF. However, in some
configurations, it may be desirable to store additional energy. In such a
25  configuration, a “super capacitor” can be used which may have a capacitance of
0.1 Farads or more. If a super capacitor is used for capacitance 320, alternative
configurations must be used to provide intrinsic safety. This is because the
maximum discharge from the circuitry must be limited. In general, the lower

value to which the voltage and current are limited, the less energy the circuitry

30  will be capable of providing back into the process control loop. For example, it



active shunt regulators are required. Shunt regulators 510A, 510B and 510C
are connected between the | oop+ termnal and the HART(r) term nal.

Si m | ar | ywoaotyse74shunt regul ators 512A, 512B and 512C ace/useem@aiceel

bet ween the | oopterm nal and the HART(r) termnal. A capacitor 514 and
resi stance 516 are provided as di scussed above. Another nethod that nmay be
used to limt the current that a capacitor can place on to the process
control loop is to insert an electrical resistance at any path fromthe
capacitor to the loop termnals. However, this requires a resistance
between the step up DC to DC converter 384 and the capacitor to limt the
current to 100 mA which will result in a yery | ar ge power | oss. Less power
is lost if three voltage drop Schottky di'odes are placed in series between

the DC to DC GOAMEIbR tolihil HR VMABE L P5-voftS ofXRETRhE RS ikl tE 1 0GHALdrY 1S
illustrated at Figure 16. In this configuration, the connection to the

HART(r) term fess. can be limted by using a sufficiently |arge resistance

R

the DC to DC converter W SS er 300. An
exanpl e Schot tysye16is @eBintumhicafioRWithbalplosass ivadhble tlahgitisp The@irchitdnvan bEexas.

QG her potential paths fromthe capacitor 320 to the term nals include high
resi stive él erenfigursdidh apsratth drome pewet ivdrich iy gligrdyaayailablecto gmaprocesst he

above di scussi on,,.capacitor 320 ¢ I.: "regular’ ARy i,hg a
capacit ance of‘ﬁan?gf%p& e&,éiﬁ%éﬁ%m%\?egﬁg#%ﬁé%b c%?#%t glﬁregl ns, it
may b e desir afjrged elehicat @s addinint ietherni@r gYloop shentcregalatarnfA dsteptipdn, a
"super capacitor" can be used which nay have a capacitance g"rfg 1 Farads or
more. |f a supegulatapsgan berprpeded adhighois parp 8Eithe fredbagkpcireyy £ jshrunt

configuration ek ' | L Rsd Yarhild S ause
t he maxi num dﬁggﬂ%%%g?#@m%th&é ch;i r%iﬁ%ﬁﬂymﬁaésat@%bgf@n@ %ev(‘zl&.u-ﬂlf1 rﬁé%decﬁl rgflé, t he
| ower val ug t cwuwlibiee bf tdigporehtsaggquiredd current are linited, the |ess energy

(he cireurty wil be copable bl rovdl 0, back Lo Lhe pLogashepn ol
and the currenjej th 3 BE888seontroller 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
15 | 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
20  configurations set forth herein. In some embodiments, the field device includes
an address which can be included in any RF transmissions such that the. device
can be identified. Similarly, such an address can be used to determine if a
received signal is intended for that particular device. However, in other
embodiments, no address is utilized and data is simply transmitted from the
25  wireless communication circuitry without any addressing information. In such a
configuration, if receipt of data is desired, any received data may not include
addressing information. In some embodiments, this may be acceptable. In
others, other addressing techniques or identification techniques can be used such
" as assigning a particular frequency or communication protocol to a particular

30 device, assigning a particular time slot or period to a particular device or other



| ess. The above configuration provides an adapter which enables wrel ess
comuni cation with a process variable transmtter. The circuitry can be
conf i gur estot200903eT4at € from power which is al ready avail ablrast@onbisier ocess
variable transmtter. Increased efficiency can be obtained by placing the
energy storage elenment as a shunt elenent in a |oop shunt regulator. A
"step up" regul ator can be provided which is part of the feedback circuit
for the shunt regulator control. This configuration increases efficiency
whi | e reduci ng the nunber of conponents required. The term"field device"
as used herein can be any device which is used in a process controller

noni toring system and does not necessariky require placenment in the
"field." The device can be | ocated anywhére in the process control system
including in ateclgnigues A@prraﬁrowéreémﬁiuhﬁuﬁéﬂ Yprotdt8l t idIbm adetwbik@fh t O
connect to the process control loop refer to any el ectrical connection and
may not conpr i Selpdiesiande eapleyeddnepding dokenrhased tegniqugsiin oyhi¢hna tokends o
frequency co i ' LLCWI . esired as_can an
appropriate %ﬁ?égﬁ%ﬁéﬁ g‘%‘}é{%’l t?qp?lgqﬁéﬁg‘g t%%s%bs%n?rc%af icpgﬂnont 8&#’1‘% qgue.
The power supppartiqildradevicey i s configured as desired and is not limted to
the configurations set forth herein, hii sonme enbodinents, the field device
i ncl udes ar® address whi ciltbenghihe presentdayentian has bewn desermbad widh s3{erenerch -t hat
t he device ca ' | £ I g : to
determne if gt oﬁgﬂgﬁ@@éﬁn‘g?%ﬁ% g) olkl?\t{rée%lagg&l or @Eﬁi&%%??g@%?@??%@ﬁ%e_
However, in otiey bemixddiindots and detail dvidsmt depanting fraarthangiritaind scopesdéfpl y
transmtted fromthe wirel éss comunicatign circuitry wthout an

addr essi ng i nf GF HAYGERD. s %iﬁéhheaeleo#fa%?aeapmy {RE) exfe ppmpEse gleeo 5
desired, any r | . : ' afdr, | [ PR sone
enbodi nent s, . tIﬁligge‘rflgsragghgggg%?gﬁyeﬁg@ﬁﬂgfher s,&ﬁﬁiﬁg}gdéggﬁassi ?fg%’%%m ques
or identi fitcatéfdrequendies, tangs of ficqencissed asy othenEmitstiom M mygcanpanicatean ar

frequency or C;())rg{cr)ucgf 82%[ {)g rlllsgc{, Oa;[socfe%ir ,Oingluggxrgth%Lg §62.11b, 802.15.4, or other

protocols, including proprietary protocols as well as standardized protocols such

as the wireless HART® communication protocol. In the discussion above, the
 wireless adapter provides a digital signal communication connection for

15 coupling to the two wire process control loop and, in some embodiments,
communicating in accordance with the HART® communication protocol. This
connection is illustrated in Figures 8A and 8B as being a parallel connection

with the process variable transmitter and which does not carry substantial loop
current. The power connection is illustrated as being in series with the process

| 20 control loop. As used herein, bypass circuitry includes the bypaés
configurations shown in Figures 4 and 5, the shunt configurations shown in
Figures 7 and 9, or other circuitry. The adapter can be configured to mount
externally to a process control transmitter, for example, through a threaded
coupling to NPT fittings in the transmitter housing. In the above discussion,

25 when a capacitor which is not a super capacitor is employed, for example on the
order of 10,000uF is used to store energy, the intrinsic safety circuitry of the
present invention operates to limit the maximum available energy which is
entering the circuitry of the adapter. This is because in accordance with intrinsic
safety standard, the voltage across a given capacitance must be kept below a

30 level that could result in the capacitance creating a spark if an instantaneous



device, assigning a particular tinme slot or period to a particul ar device
or othertechniques. Any appropriate conmuni cation protocol and/or

net wor ki ngotzeamsuyse can be enpl oyed i ncl udi ng t oken- baget/use@aniipues i n
whi ch a token is handed off between devices to thereby allow transm ssion
or reception for the particular device. Al though the present invention has
been described with reference to preferred enbodi nents, workers skilled in
the art will recognize that changes nmay be nade in formand detail wthout
departing fromthe spirit and scope of the invention. As used herein, Radio
Frequency (RF) can conprise electro magnetic transm ssions of any frequency
and is not limted to a particular‘grou939f frequenci es, range of
frequencies or any other limtation. Any conmuni cation protocol can be
used, as desi rspest cirdGit 6eéured Ehirs, 30 Zhelabdve dBddssiéh, by RhithighBE nitkeh@@ol s,

i ncl udi ng propnle;arY protocols as well as standardi zed protocols such as
the wirel ess HAREEVpltagenivhichcan ibgaeqaimdduptircultry imiedideptes shosizapbthe, t he
wi rel ess adapt er QVi a digit i l..C kcatio i for
Coupl i ng to- ¢ 1EPediated FE e ptaled KR R b EonB OGS o filsy o
communi cat i ng ijen“supeOcapasicss WitidcdpBeitdrAiiEl be treQsduirt aidrOystpragt dedke. Thi s
connection is illustrated in Figures 8A and 8B as being a parallel,

connect i on 5w tIR sugh cgpﬁg@@gowrtg%n@nﬁlﬁaﬁamtC@réuma/naf Wifi Breses davesioncar ry

substantial 1q reent .. Jk Cld ISk r ing in
series with the f)ar%ctéglg% gotirl%-??% oop%ﬁ%ﬁuiﬂe%@@fgﬂﬁ?lu%%p%gggﬁf%ﬁﬁery

i ncl udes the ludppes cirouifriygiir dtid abvesdiooussion, thegmaeisnuin antteft, arid@olsdpent
configurations shown in Figures and 9, qr other circuitry. The_adapter
can be confi gu¥ligh e ?ﬁ)ﬁfﬁguﬁﬂtlé’r‘géf‘ﬂi‘ipt?rds gmb‘?@é‘é%@“é@ﬁf F%‘i YQQ%IﬁhPﬁ’er, f or
exanpl e, throygh a:h e cafed £ AHRY d1ght Brd¥Bht bidtidiOSpdrated BE 6 AL €7
housing. In tﬁe gggve g?s?ﬁgsggﬁ? whengg caﬁ%c%tor a%icﬁ I's not a super
capaci t or i0s enuineyattpefiding epantihlesizenftircapadancoémpldyedO/i F is used to
store energy, the intrinsic safety circuitry of the present invention
operates to limt the maxi num avail abl e energy which is entering the
circuitry of the adapter. This is because in accordance with intrinsic



safety standard, the voltage across a given capacitance nust be kept bel ow
a level that could result in the capacitance creating a spark if an

i nst ant arwous®iau4sci rcuit occurred. Thus, in the abovepdiramsaasioassic by
limting the maxi mumcircuit voltage which can be received by circuitry in
the adapter, the size of the capacitance can be increased. However, for
extrenely | arge capacitance values, i.e. "super capacitors", the capacitor
must be treated as an energy storage device. In such configurations, the
intrinsic safety circuitry of the present invention operates to limt the
maxi mum anount of energy which can cone out of the adapter circuitry. In

t he above di scussion, the naxinun1curreq§ and vol tage whi ch can be produced
by the adapter is limted to 1.24 volts ﬁd 100 mA. Thus, the intrinsic
safety circuitry of the present invention operates in tw different manners
dependi ng upon the size of the capacitance enployed. WHAT IS CLAIMED | S: 1.
An adapt er forWHABIS 64 ATMED BS:0ocess control transmitter of the type used
to nmonitor a process variable in an industrial process, the adapter
conprising: a first connection configured to couple to a first side of a
two wire proceps CORfL@ApthORP codplHRae Athre s e6htrdlRramsemitted T ek fyPe ased! € to
a second side of the two wire process control loop and in series with a
first connect itormemnitor aProsesteatablednianandustriah pracesse the agaptisr eempmsingct i on
configured to couple nd _cqnn jon of the process caontrol .
transmtter; wrel e%ﬁrééo%%lﬁu%gﬁgoa et |e(rat:t°| tccr“P 1%5?1fai gﬁsr esz&t 8?& %WI? are

Wi rel ess comuni cation fgiocédeomesldess control transmtter; and intrinsic
safety circuitry coupled to at | east one of the first, second and third
connecti ons confi gu 8eFong qoppeation fepfgured 4a coupletty & seeand sidgpL e B9 ess
than an intrinsic safety I ; . AR in. the
intrinsic safety circui t?v@é’ggr%?%%%“??’?%%%ﬁ%? H%g&g?pg}rsgf %ﬂsh%(%ﬁ&gfoai m 2
wherei n the di ode conpritheprecezecvmtrotirahenitter;

a third connection configured to couple to a second connection of the
process control transmitter;
wireless communication circuitry configured to provide wireless
 communication for the process control transmitter; and
intrinsic safety circuitry coupled to at least one of the first, second and
third connections configured to limit energy transfer to a value
which is less than an intrinsic safety value.
2. The apparatus of claim 1 wherein the intrinsic safety circuitry comprises a
diode. ‘
3. The apparatus of claim 2 wherein the diode comprises a zener diode.
4. The apparatus of claim 2 wherein the diode is connected between the first and
second connections. ‘
5. The apparatus of claim 2 wherein the diode is connected between the second
and third connections.
6. The apparatus of claim2 wherein the diode is connected between the first and
third connections.
7. The apparatus of claim 1 wherein the intrinsic safety circuitry is coupled
between the first, second and third connections.
8. The apparatus of claim 1 including a capacitor configured to store energy for

use in operating the wireless communication circuitry.



4. The apparatus of claim2 wherein the diode is connected between the
first and second connections. 5. The apparatus of claim2 wherein the diode
i s connecwedoiersween t he second and third connections. @CTHseo@ppiwiat us of
clain?2 wherein the diode is connected between the first and third
connections. 7. The apparatus of claim1l wherein the intrinsic safety
circuitry is coupled between the first, second and third connections. 8.
The apparatus of claim 1l including a capacitor configured to store energy
for use in operating the wireless communication circuitry.9. The appar at us
of claim8 wherein the capacitor conprises a super capacitor. 10. The
apparatus of claim1l wherein the intrinsbg safety circuitry conprises
active circuitry. 11. The apparatus of cl"aim 10 wherein the active

circuitry is cmfﬂe@fga@ats%fpraﬁmi@I@hérefn&h@cép%éw%ﬂﬁﬁﬁseéag&ﬁzpeitfaeftér. 12. The

apparatus of claim wherein the active circuitry conprises an active
shunt. 13. ThelGpPr appasatu$ of ckeimm 1 wherdindhe) inteindic sefetyo apptwitty i qonypeisees wi t h
at |east one of .the.fi.rst, second and third connections. 14. The apparatus
of claims8 mhe%@?ﬁcFﬁghyhtrinsic safety circuitry is coupled in series

bet ween the caprCThebpputstus RE Min 20Skhatia BE dchife fdifchitry ReEGHTbusRidd hird
connections. 15. The apparatus of claim 14 wherein the i'ntrinsic safety

circui try conpPio¥igs taplgiredimdaney of empepends-at us of claim 14 wherein the

cllai m 1 wherof 1 b SR BESR AR R EAARE St SRR 2t o
el ectrical enestgyt.stored in the adapter to a value which is less than the
intrinsic saf eitgf T\il?:laggératus of claim 1 including a fuse coupled in series with at least one |
of the first, second and third connections. -
14. The apparatus of claim 8 wherein the intrinsic saféty circuitry is coupled in
series between the cépacitor and the at least one of the first, second and third
connections. '
15. The apparatus of claim 14 wherein the intrinsic safety circuitry comprises a
diode.
16. The apparatus of claim 14 wherein the intrinsic safety circuitry comprises a
resistance.
17. The apparatus of claim 1 wherein the intrinsic circuitry is configured to limit
storage of electrical energy stored in the adapter to a value which is less than the
intrinsic safety value.
18. The”app-a'ratu.s: of claim 1 wherein the wireless communication circuitry is
powered with electrical power received from the two wire process control loop.
19. The apparatus of claim 1 including communication circuitry configured to
communicate with the process control transmitter.
20 A method of coupling a wireless adapter to a process control transmitter of
the type used to monitor a process variable in an industrial process, the method
comprising: |
coupling a first connection to a first side of a two wire process control

loop;



18. The apparatus of claim1 wherein the wireless conmunication circuitry
is powered with electrical power received fromthe two wire process control
| oop. 19.wobheoszspasat us of claim 1 including communi cat POm/USRE000DI6NE
configured to conmunicate with the process control transmtter. 20 A nethod
of coupling a wireless adapter to a process control transmtter of the type
used to nonitor a process variable in an industrial process, the nethod
conprising: coupling a first connection to a first side of a two wire
process control |oop;coupling a second connection to a second side of a two
wire process control loop and in series with a first connection to the
process control transmtter; coupling a _t3lgi_rd connection to a second
connection of the process control transmtter; powering wreless

communi cation ci r cUtduplinpal §ecBRAIRbNAREBh S sdcond SRR 419 tWh Wird PRERES
control loop; and Iimting energy transfer to a value which is I'ess than an
intrinsic safety val ue. controffieoprand iuisasfes ovith anfixet coimaeation toi the prengsener gy
transfer conprising lim¢i y, going into circuitry of the adapter.

22. The nethod of clai m%@r\%g@@s{ 1gm’ti ng energy transfer conprising ,
limting energy congou@lifgh thitd ebrrebiid 1 d secbitPcahRONEN of tBS proths dBRiBpd of
claim20 including storing energy in a capacitor. 24. The nethod of claim
23 wherein the capacitor"@$aH¢Ses a super capacitor. 25. The met hod of
claim1l wherein the of il t . ack] cieecultry. 26. The method
of claim2 1 incl udh 02% .gm&%‘{cir?gg ts?%’%?%g’z&%? 1€il'ec%l((a“\é%'ryiﬁ {(’:Vétﬁ peoh"éérfgr;?c?“r'le% é’n,’adapt er
to a val ue which'is | esstheltwo witepreadsseomttoltibsp;iandri nsi c safety val ue. 27.
The net hod of cl ai r’%}éo._i ncl uding comuni cating with the process control
transmitter using t 1ting; engrgyinansier tgp valug which 1s less than an intrinsic safety

value. _

21. The method of claim 20 wherein limiting energy transfer comprisiﬁg

limiting energy going into circuitry of the adapter.

22. The method of claim 20 wherein limiting energy transfer comprising

limiting enérgy coming out of circuitry in the adapter.

23. The method of claim 20 including storing energy in a capacitor.

24. The method of claim 23 wherein the éapacitor comprises a super capacitor.

25. The method of claim 1 wherein the step of limiting user active circuitry.

26. The method of claim 21 including limiting storage of electrical energy in the
~ adapter to a value which is less than the value of the intrinsic safety value.

27. The method.of claim 20 including communicating with the process control

transmitter using the third conn_ection.



