RF ADAPTER FOR FI ELD DEVI CE W TH LOOP CURRENT BYPASS BACKGROUND OF THE

| NVENTI ON The present invention relates to industrial process control or
noni t ori goyavwwsly More specifically, the present inverCrws2e0eloadses t o
field devices in such systens which are capabl e of Radi o Frequency (RF)
comuni cation. In industrial settings, control systens are used to nonitor
and control inventories of industrial and chem cal processes, and the |ike.
Typically, the control system perforns these functions using field devices
distributed at key locations in the industrial process and coupled to the
control circuitry in the control roomby-B process control |oop.. The term
"field device" refers to any device that perforns a function in a

di stri buted coRFADAPTERERRFIELD DEVICE WK DOORCURRENTIBYRERSSCes
currently known, or yet to be known, used in the neasurenent, control and

nmoni toring of industrial processes. Some field devices include a -
transducer. A transducer i sBAMICEROINIDIQF FEHENNVENEION devi ce t hat

generates an out put..signal based on hysical. j nput or t generates a
physi cal output baset St 1Ys ?n§?l§ﬁglt3./’%@gﬁn@jaﬁ%ﬁ?ssawphgﬁ%ﬂ'@ orng -
transforns an dysiebis. M@ spedifiallp Uhe pedseimdinderflioh frelarB tto fHelddevioen &8 sadh
transducers include various analytical equi pnent, pressure sensors,

therm stors, thsicmsadugl as capablepiRagiofyeguency R )comwymiqatien.s, positi oners,
actuators, solenoids, . i.ndi. .| idh t her i Vo 1€ ield
devi ce al so incl udcejlg1 1@8%%?%%@? Sh%gritlér%luss't;‘tr%rﬁgt%gt‘ﬁﬁds-[%&%%%rango%%}ﬂ{ cating
Wi th a processino@itbriedl of Gistrial afd Bemival Peddessgs, Mae thealike. OTRAGIIGO e Ol

| oop. In sone installations, the process control loop. is also used to

deliver a regutcatrel system @werforns thase Bnations usiwet firdd rewices distritaied: o kpower i ng

the field Vi : . I C | Qi?xé'% ' in an
anal og or gllegiltgg nog;“grﬁln%l’% ﬂﬁ@?@é{: @?%éﬁgﬁél(?&@}]egltggwf@éﬁﬁgw es ﬂ%a‘%/ogﬁgleen
connected to tivemcioni palcessommtrbl ldopoThd teem Pfiokdadesiceb rdferslto any devite thapps,

with each device_connected. to.the . Y
performs a function in a distributed control or process monitoring system,

including all devices currently known, or yet to be known, used in the
' measurement, control and monitoring of industrial processes.
15 Some field devices include a transducer. A transducer is understood to
| mean either a device that generates an output signal based on a physical input or
that generates a physical output based on an input signal. Typically, a transducer’
transforms an input into an output having a different form. Types of transducers
include various analytical equipment, pressure sensors, thermistors, thermocouples,
20 strain gauges, flow transmitters, positioners, actuators, solenoids, indicator lights,
and others. | |
Typically, each field device also includes communication circuitry that is
used for communicating with a process control room, or other circuitry, over a
process control loop. In some installations, the process control loop is also used to
25  deliver a regulated current and/or voltage to the field device for powering the field
- device. The process control loop also carries data, either in an analog or digital
format.
Traditionally, énalog field devices have been connected to the control room
by two-wire process control current loops, with each device connected to the

30  control room by a single two-wire control loop. Typically, a voltage differential is



control roomby a single two-wire control |oop. Typically, a voltage
differential ismaintained between the two-wires wthin a range of voltages
from 12- Asovod9s4140r anal og node and 9-50 volts for di giecaluscedmo3ctome

anal og field devices transmt a signal to the control room by nodul ati ng
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 loop. In addition to, or in the alternative, the
process control loop can carry digital si-gnals used for comrunication with
field devices. In sone installations, wireless technol ogi es have begun to
be used to commamtaing¢debetivedn the ol wies mathin a Famge of sojges fromnid-448 edlis far r el ess

installations are useq i pch the field deyice uses a ttery, soqlar
ol - or ot her St e SR EPIE R el e NBE Aipe Seid estcehirinsgnt
connection. "byigr‘{ﬁrto thid @Bl Rioht Yy Sﬁodﬁalaﬁhg ﬂ@&hﬁ%ﬁnﬁhﬁmgﬂﬁfdﬁ edcdrRnd

process control "room and do not use wi rel @ss conmuni cat’l on echni ques.
| ndustrial prolbepdop cumest pfopertiopalntozthe sensedl peatessovariablen OtheramalogSiedd fi el d

devi ces. y of .these fi.eld devices,contain sophisticated el ectrqnics and
ore abie to b BOIE SHOPEII o ian codd U el oF B Sttt ByGoeting
nmeasurenents. Eaerm@%.nua@@m@%u&aﬁmaﬁgh e 360p2 TP BAiiBETH, of BIthe Rit@RAtved0 nOt
t ake advantage of the extra data that rr‘aa/ be provided by such field

devi ces. This thapreacssgoatiobloppean dapy digited sighalsused donnoammiyraeation whithffiedd d
devices that cap.attach to the field devices and transmt data back to a
control system Or Other nonitoring or diagnostic systemor application via
a wirel ess network.Id Boe iBstslbiibhg Uk itélesnRchidlogits BARPb&unCRNbd @séprgIect ed
in series with the process control loop. In such a configuration, a |oop
current of 1& hecqmperisate ot fedd devigss. Farswampls, competely varaless ynstallations afg r el ess

et er S0 o LN ik 4SS0 008k REEL
coupl ed to thepdwer- witheutparycess of omired cotreotionn However, thegmajobiey ablfield
communi cat e us(iierlr?ceg ha(lare pﬁa?'g\%srgd Ctg n:;[l rp?l)celsé) %%htrol room and do not use. wirelesé
communication techniques. '
15 Industrial process plants often contain hundreds or even thousands of field
devices. Many of these field devices contain sophisticated electronics and are able
to provide more data than the traditional analog 4-20 mA measurements. For a
number of reasons, cost among them, many plants do not take advanfage of the
extra data that may be provided by such field devices. This has created a need for
20  a wireless adapter for such field devices that can attach to the field devices and
transmit data back to a control system or other monitoring or diagnostic system or
‘application via a wireless network.
In some configurations, an RF adapter can be connected .in series with the
process control loop. In such a configuration, a loop current of the process control
25 loop flows through circuitry of the wireless adapter. Should the circuitry of the
wireless adapter fail, an open circuit may cause the loop current to not have a
current path and any field devices coupled to the two-wire process control loop

will no longer be able to communicate using the process control loop.
SUMMARY OF THE INVENTION



SUMVARY OF THE | NVENTI ONA wi rel ess adapter for use with a two-wire process
control loop is configured to couple to a process field device in an

i ndustri avopoeeesssiocontrol system The wirel ess adapt er pcs/useaploestie o t he
two-wire process control | oop and provides wrel ess conmmunication to the
process field device. The adapter includes first and second |oop term nals
configured to couple in series with the two-wire process control | oop.
Wrel ess comruni cation circuitry is coupled to the first and second | oop
termnals and is adapted to provide wirel ess conmuni cation to the process
field device. Loop current bypass circuit¥y is electrically connected
between the first and second loop termnals and is configured to provide a
| oop current path tAeWi;’bbsaN@éapti:m f¢reg$ﬁoné@ a GWRFWITP ATOCHSS cm‘ntro} toopi tsel ess
comuni cation circui tr F CFE THE DRAW N ure S
STl ad i AR BRTSH g RGP o hBTSE AP eBeds BRI roRaA BBFPhg

syst em whi ch l@@deﬁﬂ%e%f&lé&sd ?t@ﬁs chpled the beb-Sdfe oedat ebtrol fb&p Al 2 is a
cross-sectional view of a field device of Figure 1 including a wirel ess

adapter. Fi gurIEQVIQAS aviteleB egrampnication do alfje aprecesh ofigld gdevige. eThe @daptere and
Wi el ess adapt EhuRRLPthd e Bn BBl ART B TH [ Blotk OP Rerid e SPOVS

an exarrpl e con]flf ess a I nc oop curren

bypass circui ttwb-wﬁe PrécesHloritfol dosy. 'Wirbl%bsﬁﬁbxﬁhhﬁﬂll’c@tﬁﬂrﬁh@cwmﬂg incoptal e of
the | oop current b{sgass Ci rcwtry of Figure 4. Figure 5B shqows anot her
exanpl e confi d¢b '%ﬁai)a@él a5 raélaptﬁiytor Provdey viselesss

adapter. Figurg, glgc%%na{b o@gsts' Had SR eI ?'é &Pﬁgﬂf b&géég c‘f}éhfu%ms bypass

circuitry in accor nce present 1 nvent
sinplified ci reﬂeuuhcaliyagdsmmbaﬂ 'aetWIeE:EI the sfirad apd egecomt Ilomb ngnanzilmoamdcw rent
Dypass ol r ol Yrigudd S provide 3 loop Butrint paih thaherween th Feeponse 1o 4 oger " ©
details gur p p p p p
circuit in wireless communication circuitry. _
BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a simplified diagram showing an industrial process control or
monitoring system which includes field devices having wireless adapters.
15 Figure 2 is a cross-sectional view of a field device of Figure 1 including
a wireless adapter. '
Figures 3A and 3B are wiring diagrams showing a field device and
wireless adapter coupled to a two-wire process control loop.
Figure 4 shows an example configuration of a wireless adapter including
20 loop current bypass circuitry.
A Figure 5A is a simplified diagram showing an example of the loop
current bypass circuitry of Figure 4.
Figure 5B shows another example configuration of loop current bypass |
circuitry for a wireless adapter. '
25 Figure 6 shows an alternative configuration of loop current bypass
circuitry in accordance with the present invention.

Figure 7 is a simplified circuit diagram of a wireless adapter including a

loop current bypass circuitry.



regardi ng the connection of the wireless adapter to the two wire process
control loop in a field device. DETAILED DESCRI PTI ON OF | LLUSTRATI VE
EVMBODI MENVE 20éve15pr4esent i nvention provides a w rel ess asaptuseodooscuse W t h
a field device in an industrial process control or nonitoring system The
wi rel ess adapter couples to the field device and provides the field device
with wireless comrunication abilities. The adapter also couples to a
two-wire process control | oop which is used to connect the renotely | ocated
field device to a local |ocation such as a process control roomor the

| i ke. The adapter includes |oop current b4pass circuitry configured to
provide a current path for a loop current of the twowi re process control

| oop in response t oFignredhisia sunplitied schomatic diagrannshowing aenre detatls of t he

Wi rel ess comuni cat i circui.tr Thi.s,al | t.he two-w re proces ont r ol
| oop to conti nﬁfgarggngqﬁ?lg?rm?ﬁu?%gq the Vatrlse ag:)}'\ﬁ%{ tp Sl?q PR p{CﬁgSS\,ﬁopép ss
comuni cati on JoBp G 4 G¥ldtdeyicen the wirel ess adapter. Figure 1 is a
sinplified block diagramof a process control and nonitoring system 10. In

Figure 1, field dé&BTAILED DES IQN K HLYSTRAJEKEENB $hi ch
carries a process flqui . his exanple. . the fjield device.l12 i
I 11l Ustrat e&r as bei n’gﬁgagrpegs%éedslgenbglrlipégﬁg P awnlsr%“}\e%%t aedlg_apte{:g?r &ea% e ﬁ%ldp{ ocess

vari abl e transdsvidedn affiydusBiabpiotess cPhtdslas Snotiforin® byxted. THeOwREEsspidRptag 14
such as pressure, flow rate, tenperature, etc. Oher types of field devices

i ncl ude cont r otouglssi Wedhiuficld) dgvace,ad providsnt ths| fieldedayiconwish wirdlesa ri al
process 10. Ho icdifag : F@Fg@éﬁ gac/@gb{rlaga 40?%3{%% Lioted: bfoc&‘é%n@ofev' ce.

Field device 12 1s typica are ocation, "for exXxanple in a
field of an i nidopswhichlis pseticte conpdca tiie ramdtetylophted fitld deviceaah 1bcat Richtioh, such
as a control room 20 through a two-w re process control |qop 22. Control

room 20 i nt ud¥Eh 25| pREPCPEGoBah o en thndike: Fhinataris ingludesoisop TErettvowi r e

process contraoj h&%ca%x%gﬁgggﬁﬁ@&gromea%ﬁreﬂgﬁmfwagbof%&pefﬂm&t e

standard or techni que. typ comuni cat i ons standard 1 ncludes 4-20 mA
process cont r ovir¢ pmpessicontrdliledp ia rpspoossts anaipenbirenif ondijonds atierent lpatha
current |evel of the wireless communication circuitry. This allows the two-wire process control
loop to continue to function in the event of a failure of the wireless communication
15  in circuitry in the wireless adapter.
Figure 1 is a simplified block diagram of a process control and monitoring
system 10. In Figure 1, field device 12 is shown coupled to process piping 14
which carries a process fluid 16. In this example, the field device 12 is illustrated
as being a process variable transmitter. For example, a process variable transmitter
20 may measure a process variable of process piping 14 such as pressure, flow rate,
temperature, etc. Other types of field devices include control devices which are
used to control operation of industrial process 10. However, the present invention
- is not limited to such a device. Field device 12 is typically located at a remote
location, for example in a field of an industrial process plant and couples to a local
25  location, such as a control room 20 through a two-wire process control loop 22.
Control room 20 includes a load resistance 20A and a power source 20B. The two-
wire process control loop 22 can operate in accordance with any appropriate
standard or technique. A typical communications standard includes 4-20 mA

process control loops in which a process variable is represented by a current level

30 flowing through the process control loop. Another example includes digital



flowi ng through the process control |oop. Another exanple includes

di gi tal comruni cati on techni ques which may be nodul ated onto the anal og
current |woebowifs4t4be two-wire | oop, for exanpl e HART(r) PCorusaonooedseion
standard. Qther purely digital techniques are al so enployed i ncl udi ng

Fi el dBus based protocols. Typically, the field device 12 is powered using

power received over the process control loop 22. _ In Figure 1, a wreless
adapter 30 is shown coupled to the field device 12. Wrel ess adapter 30 can
be used for wireless communications, illustrated by arrows 32 and 34 with

ot her devices. For exanple, the adapter 33 can communi cate with a handhel d
comuni cator 40 or another field device 42 which includes a wreless

adapt er 44. Fi@nmngevitios tehnignes whivh reaypd mddulated oooatbe apileg agret6levéhe

Wi rel ess adapter, 30 can co ni cat e, t er devi.ces or Go ents as
desired and caf tB"e_t‘_Y?TW&IS %raetxﬁlalﬂle\lﬁ“f‘ﬁtr@ ?Oé’?mwc%&ﬂi%ﬁ?rﬁg%faw hostic
system or appl dighdll RRhniqIE GRTAKY CRlpgIGRdC atlREng FiglaBas dsHies IyRﬁi_fOQOﬁny
appropriate protocol. One exanple protocol such as wireless HART(r)

i ncl udes the fDymeallyothedielddendsh 1248 powkred nsingipower secaived opersthe grasessveen
W rel ess desvi ces iglﬁfc))r? r to expand and inprove the reliability of the
conmuni cati“on %°§?EP = gur'e 2-shows a sinplifired cross-sectional view of

field device 12 andmig@tass varkidt adapiét 3008 Bh&eh Esuplétbothd feldldesies 32cont r ol
|l oop 22. In the exanple of a process variable transmtter, field device 12

includes a pr oWarslessadaptenP@ caebesised o wikalesh commusicadenselustmterbisarasyfent
cireurtry 52 Pﬁ‘ix{dgg&% &ge{@e%%c‘é&%o? eRIRGE R YBDIPB3h Ban g&ﬁﬁﬁﬁ‘a&é Witha -
circuitry 54 is contigure O recelve the '‘process variabl e and conmuni cate
t he process. vatiindhdlé comhfunidagr t400orvinbehep fiokdedeice 4B whichlinelpdedZ wirklegs known

techni ques. The transm tter 12 couples to_the two-wi,re process control |oop

t hrough colfhecadapist ff-dagld derace 43vis shpwirupledta RFcess BPNEASo coupl es to
connection bl ock 1 ' , [ . ' for
exanpl e, through tgrﬁ%%‘ggal%%o;{ngr%g%% ?gﬁ%rpic%gﬁgﬁgk%&gg o?é‘é%g?r%qlcé{?s% %&’
coupling is thasodegirtedaand\E2h o imdebrhmanivgtionngiti @ YemAtesmonitoaing ce riddagnbstic

connection 109 is al so uEed. to couple to. conduit ;1 11 which car rthes t he

{wo-vi re proce5B0oF rBPLFRgR Jhe; FuFRPRiciRgh cam I accordance” with “any

appropriate protocol. One example protocol such as wireless HART® includes the

=0

15  formation of a mesh network in which data is passed between wireless devices in

order to expand and improve the reliability of the communication system
Figure 2 shows a simplified cross-sectional view of field device 12 and -

wireless adapter 30 coupled to two-wire process control loop 22. In the example of
a process variable transmitter, field device 12 includes a process variable sensor 50

20  which is connected to measurement circuitry 52 configured to measure a process
variable. Transmitter circuitry 54 is configured to receive the process variable and
communicate the process variable onto the two-wire process control loop 22 using
known techniques. The transmitter 12 couples to the two-wire process control loop
through connection block 106. The wireless adapter 30 also couples to connection

25  block 106 and is mounted to the housing of transmitter 12, for example, through
threaded connections 122 and 109. For example, the coupling is through an NPT
conduit coupling 109. A similar conduit connection 109 is also used to couple to
conduit 111 which carries the two-wire process control loop 22 therethrough. The
chassis of the wireless adapter 30 couples to an electrical ground connector 110 of

30  transmitter 12 through wire 108. The transmitter 12 includes a two-wire process



chassis of the wirel ess adapter 30 couples to an electrical ground
connector 110 of transmtter 12 through wire 108. The transmtter 12

i ncl udes wotew/1s474¢ processcontrol connection bl ock 102 pamiuskoooogsies t o
connection 112 fromthe w rel ess adapter 30. A housing 120 of the wreless
adapter 30 carries an antenna 126 which couples to circuitry of the

w rel ess adapter 30. An RF transparent end cap 124 can be seal ably coupl ed
to the housing 120 to allow transm ssion of RF signals therethrough. In

t he_arrangenents shown in Figure 2, five electrical connections are
provided to the RF adapter which include-6-our | oop connections along wth
an electrical ground connection. Figure 3A shows a sinplified bl ock diagram
150 which il | usintel esnriettioreblock 102 avhichaonples itm oenneetioneEl? fréra thomireless r oom
20, the field device 12 and the wreless adapter 30.. As illustrated.in

i gur o 3A, t heAleePRsA haums A0 Sshs IEBapiGRter 10 Sarietdn R I28 it oss
control |oop 2 : ; e N ' Loop
- (al so identi%?%gkEg9@?%@§3P€@$w§%%ﬁg%ﬁyggg %?5Qfﬁe ?2?%”%33?324?§pis

al so coupl ed ibe sealabdg onirpled i to sthp| hewsipgwe0 tndllow rranspisson efoRFesgnans. -

HART ' ' ti ' db h t 30 t uni t
on the’ pr ocks o UEBHIEPBR: KB4 STOEEAFTh ORI EIGHE 20 T HEABrtlcoS0ROHe at oo
using current &Ml -RORMAdSHES Whith frchiieTBur 186 Beihettiths RIGHESBith &PNt T O

loop 22. In Figures 3A and 3B, the load resistor ZOAis illustrated. Load
resi stor 20A ie¢lecigeal ghound genqeceess control systemto sense the current |IL

P flow ng through the pro¢cess control. 2... For l.e., . rocess
control system can g’(gﬁ\%e?‘g Oﬁgaasﬁ"é}llﬁlﬁﬁﬁ%é(edg%?ﬁ%%é@sﬁgtﬁ Gnce to
a val ue whi ch élactiiedi cophdctibndbetivién BHeOsRES] ¥ 20 BeTRld devien $2And tha
process variable transmtter. This variable may be related, for exanple, to

process pr Essuyvielessadeptendiras illpgtated infRigie 34 theomieeless adaptercisis caepl
paramneter. Typi cal. . | : en the
P ocess. cont 1 off Piievith BE prBs CaRbARAPZEbARANYBOAE: e tilberel' Y |
1.0 vol ts. Si mdlar)and Iwbp A (dlseidpitifisd Serefoay L9 cohr@otiorisand de fidld depicen1 20 mA,

the voltage drop across the resistor. is 5 volts. ) i
is’ also coupled in series with its plus power and minus power connections.

HART® ‘communication connection is used by the adapter 30 to communicate on
15  the process control loop 22.
During operation, the adapter 30 operates using current from the 4-20 mA-
current flowing through the process control loop 22. In Figures 3A and 3B, the .
load resistor 20A is illustrated. Load resistor 20A is used by the process control
system to sense the current I, flowing through the process control loop 22. For
20 example, a process control system can convert a measuréd voltage across the load
resistance to a value which is indicative of the process variable being sensed by a
process variable transmitter. This variable may be related, for example, to process
pressure, temperature, level, flow, or some other measured parameter. Typically,
the load resistance has a value of 250 ohms. When the process control loop is
25 carrying 4 mA, the voltage across this resistor is 1.0 volts. Similarly, when the
process control loop is operating in 20 mA, the voltage drop across the resistor is 5
volts.
As illustrated in Figures 3A and 3B, the loop current (I or Iiop) flows
through the wireless adapter 30 which is electrically coupled in series with the

30 process device 12. If the wireless adapter 30 should fail in a manner which causes



As illustrated in Figures 3A and 3B, the loop current (IL or ILOOP) flows
through the wirel ess adapter 30 which is electrically coupled in series
wi th the woao@ss4devi ce 12. If the wirel ess adapter 30 ®hoaisdobadicisn a
manner whi ch causesan open circuit to occur in the process control |oop 22,
the field device 12 will | ose power and wll not be able to comunicate
with the control room20. Figure 4 is a sinplified block diagram show ng
the wirel ess adapter 30 including a redundant |oop current path 164 which
is also referred to herein as | oop current bypass circuitry. Wreless
adapter 30 includes wireless comunicatieh circuitry 155 which is
configured for use in transmtting wreless comunication signals based
upon data commamépeatciduiia dcctthim the ptodesieontra loop 20, deuficld devbolzwilVibse! ess

conmuni cation circuitr coup led in series w.t the oop + and Loop -
terninal s thrRYHFT ragé“gltl tif@%letgﬁ miLcets Wil ge cprttol raof 2004 nduct or  163.

Loop current bypassrigufeCsiid bYsirhfHifiddSbieel Aladfhr Bhdddhg!the wididsh aa;k}ﬁerLsmp +
and Loop -term nals. The various conponents are shown as exanples only.

However, if annylcledelg@rredm@alstéom@lrmhpam d64 whichnelalse mfgrenise harsih 45d6op

6, n houl d
st otor 1, R AR mbl, VOSSR b

there will be @fRulty 15 whichio daifiduie fok 16¢ BSGarRfEhe fvirelist Rofnhiusicefién
circuitry condition, the loop current IL would normally not be able to flow

through the fi egrwISdéasp@ &parp data sommainigatadewith éher fiddfl devieq iag diseussobabarel ose

power and not ¥y t Hovvever vm th
this confi guraw?r ?%rﬂéﬁ}u%%p cu?i?(gfrllt?ywﬁg W%lkﬁloﬁ {ﬁrougﬁ%ﬁ Bf}pa
circuitry 164. Lc\@i:t—htehhhﬁlsmhglgwsﬁtdm% dnfifddcid| 188 dfavé TE1 eirRlinﬂddtorllmam eto
continue operation and function normally even t hough the wrel ess

comuni cat 1%n Ia‘??&pﬁ“@ien%maés%‘qtﬁ’nb@rlsﬁw mypgralle] wih tmLeanit andbegionent s
may be used in %e r‘fﬂé{r oﬂeﬁts'ﬂr@ﬂ{e%nl%sekﬁﬂ%wﬁl Hofends 137 may

be present int adapt er ot ect t el ectrohics from noi’se,
el ectrost ati ¢ ahesfhlze sgpeleaurdnpmnm(mduaotsﬁéﬂ and ) 63 aesistonH G, fiese t16b,-omithiee

process contr 0 The resistance 15 be. present to al]ow.the
circuitry tos h@% ?F@W"EH’F‘? Hewpy. gtfor'r‘f%faéln@ﬂng 9%@“8P£t¢%mr€ fo
gfggft teol gnggl Aedam B cahdeYanSEed R Ghere Tl BlRS chdnt GRISUBE tRY Qybrsd in

15  adapter. With this open circuitry condition, the loop current I;, would normally not
be able to flow through the field device 12 and therefore the field device 12 would

lose power and not be able to communicate with the control room. However, with

this configuration, the loop current I will flow through the bypass circuitry 164.
With this configuration, the field device 12 will be able to continue operation and
20 function nonnally'ei/en though the wireless communication adapter 30 is no longer
operating. Although other components may be used in the circuitry shown in
Figure 4, inductors 158 and 163 may be present in the adapter 30 to protect the
electronics from noise, electrostatic discharge and transients that may occur on the
two-wire process control loop. The resistance 156 may be present to allow the
25  circuitry to sense the loop current I, or to enable the electronics to operate in an
intrinsically safe manner. The fuse 161 can be provided in order to enable the
electronics to be intrinsically safe and disconnect the electronics if there is a short
circuit.
Figure 5A is a simplified block diagram of adapter 30 showing one
30 example configuration of loop current bypass circuitry 164. In Figure SA, loop



el ectronics to be intrinsically safe and di sconnect the electronics if
there is a short circuit. Figure 5Ais a sinplified bl ock diagram of
adapt er 39o=hevisspoone exanpl e configuration of | oop curCceniS2mypPEES9
circuitry 164. In Figure 5A | oopcurrent bypass circuitry 164 is
illustrated as resistors 170 and 172 arranged in parallel wth a precision
shunt regulator 174. The shunt regul ator 174 can conprise, for exanple, a
TLVHA31 regul ator available from Texas Instrunments. Resistors 170 and 172
can be configured to adjust the voltage at which the regulator 174
operates. Typically, this voltage will be8selected to be slightly higher
(0.25 volts, for instance) than the operating voltage of the wireless
communi cati on @me@ubwayss mmﬂh@eﬁaﬂlesﬁam]eas tdsistons 420 rapdilg2 avfangethpt er 30

are operating nor nt 174 not. conduct..an rre ver, if
one of the serPdd F@o%‘inaeﬁf%mé%ﬁ ‘gg Fegula f%l ¥]P|‘HE §t°i|_%\ﬁ68?“ 163,
fuse 161, or seipridtfr ekQHPRNE ML VHUIN feghRfos 2O ir6 A Tk ‘Iﬂsﬁﬁﬁiehfsy 155
is caused to fail and results in an open circuit, then shunt 174 w |

becone conduct Resistersdl 79apnd, 172 ecan desp configuead: ta Edjllﬁeﬂiét‘ml@gghlt withieh \thﬂ t age

drop across;t th v al ong
W h 51 stor SETBRETA dksey S EAN L INF Vo s Rl péBettERg B o gty e

possi bl e for tmwtfofﬁﬂuhaé)%mﬂﬁéobﬁaﬁ:@g‘l'oltaFe aNthe Réifelésh ESHimunicatigh t i on.
For exanple, if the |oop current is exceptionally h‘Ngh for a tenporary

period, for ex#fE bt Therefaaeevhan the elerwrenies ofradaptsns( pigppsratinanpenal, t he
shunt regul at o | V}F}elﬂ ng is
corrected, the§ ypgégﬁ%ﬂléc%ghé}d&t%&%?ﬁtﬁ@ﬂéﬁ%%?ﬁon og‘gﬁsggﬁl n(I{)sn hi
order to pr evemchiaklreswfordliﬁhmﬁmc&misngs ardibi3t fiseabl mrrscmetothers&ﬁpéhdnﬂui:l gure
5B can be used hi gure 5B, .the bypass circuitry %&4 i.ncl ydes a transistor
165. The t FansWVEFIGH GQBmpRIFationnGrquatsy 153 s sausep |t f qnﬁhpeﬁqlt&rfglagtepen a PNP
Dar | i ngton tragghst Men Dunf 190370

hi gh current . S|tuat|(§:¥1l when, for eefgﬂrr%%?use 1%% 'S opene8p reguﬁ a{tor 174
begi ns cond uctuhntgﬂmugheﬁhe vdltalgs dwipl dcrass the shust 17dtis kstablishedobyt thg @alaes ofs s

resistor 167 &) he Vi nsi r 165 to thereby cause transistor
165 to conduct f@r‘?ﬁ f:l?sreﬁlrs{%% 72} 173

In the configuration of Figure 5A, it is possible for the shunt regulator 174

15 to fail in an open circuit condition. For example, if the loop current is exceptionally
high for a temporary period, for example 500 mA, due to a failure or miswiring
situation, the shunt regulator 174 may fail in an open condition. When the loop
wiring is corrected, the bypass circuitry 164 will remain in the open condition. In
order to prevent this from happening, additional circuitry shown in Figure 5B can

20 be used. In Figure 5B, the bypass circuitry 164 includes a transistor 165. The
transistor 165 can comprise; for example, a PNP transistor, a PNP Darlington
transistor, or P-channel enhancement mode MOSFET. Thus, in a hxgh current
situation, when, for example fuse 161 is opened, regulator 174 begins conducting'
current. This will continue until the voltage across resistor 167 exceeds the Vi, of

25  transistor 165 to thereby cause transistor 165 to conduct current. Once transistor
165 conducts current, it will pass all of the current, except for the bias current
flowing through resistor§ 167, 170 and 172 and shunt regulator 174. Thus, the
bypass circuitry 164 will be able to pass the amount of current for which transistor

165 is rated. Transistor 165 may be rated at, for example, 0.5 amps or higher. On

30  the other hand, shunt regulator 174 may be rated at only about 80 mA. Note that in



165 conducts current, it will pass all of the current, except for the bias
current flowi ng through resistors 167, 170 and 172 and shunt regul ator 174.
Thus, thewbypass4nwrcuitry 164 will be able to pass thepPamuspeood36eur r ent
for which transistor 165 is rated. Transistor 165 nay be rated at, for
exanple, 0.5 anps or higher. On the other hand, shunt regulator 174 may be
rated at only about 80 mA. Note that inthis configuration the voltage
across the Loop + and Loop - termnals is still determ ned by the val ues of
resistors 170 and 172 and the reference voltage of regulator 174. Figure 5B
is a sinplified schemati c di agram of adagt-er 30 show ng anot her exanple
configuration of the |loop current bypass circuitry 164. In the -

confi gurati on tbis ¢infignration thehwoltagemerass tharoby pased diopp ui terminaB4isi sidl udes

series resisto 180,,.,182 and 184 al.gn ith .t sistors.186 ang 188. In
Thi s cont gur diGERIE e dAet 88 125889 o' dhal [ B bR irmen Pllegs o
transi stors 18@gamdr I8 so that both transistors are off in nornal
operation of the wi rel ess: communi cati on adapter 30. However, if resistor

156 or inductor 15FipareSids agimplified sehamagictdiagrave ef adaptes B8 skpwinggnotherhi ased
of f but transistor,186 ] L ase | t vol t | | ow. In

this confi gur at !e' -tcggfr_l]é]“ g or ¢ 88’%\;31??}; céaurn}%;ﬁ?:l? g%sf ﬁ%‘él— oggh'cﬁgr (ka}}?t I-L

t her eby enabl igagfifiatidn of Gighey 6¢ thelldop Querantt bypdss Eiesuitey 164 @ichided3eriesOn t he
ot her hand, if fuse 161 or i nductor 163 gégeriences an open circuit

condi tion, trdeEsterEon8d,gd8i md HS4phpleagdwint transisiersel 86 tandndf&t dp thEg wi | |
be bi ased on ' N I LOh 1. ' & t hen
passes all of a@ﬁé@@é@%ﬁ%ﬁs}’sﬁg&? %E&rﬁ%??%%%ﬁéﬁﬂﬁp (g%ebrlgl?%ﬁfs%%ﬂsé%g devi ce
12. Typical val88eso othar wmils ttaansistdB? aenbffl4 nerynabeopebnion ofigh& \Wireldss
resistor 180 may be about 47 kW Transis%or,186 may .be a high gain PNP
transi storl0 a JoRPBAFAORgHaRier 3 HAvERVEh Thresisiop 18 4 irucion A ah CeFRERS ode
MOSFET transi sfiaf oirdlif MdnSiisisth? & 885 bilSed bt hrBidistor NEHVid Bigdkali oif &its an NPN
Darlington transistor, or an N channel enhanced MOSFET transistor. One
advant age of thHase valtaze gupuled dow shdlus comfiigrirgtionetransister 8hevillchtrpgh ofittep of
the w rel ess communi cati ons, adapt.er .30 be r for this circuitry in
conpari son t Oﬁpmfmgquimtgf,rﬁwaé% g §}g ﬁqu\t/iewce U) }/(\)/e conLnue normal opergtlons.

On the other hand, if fuse 161 or inductor 163 experiences an open circuit

15 condition, transistor 186 will be biased off, however, transistor 188 will be biased
on as its base voltage will be pulled high. Transistor 188 then passes all of the loop
current I} enabling normal operation of field device 12. Typical values of resistors
182 and 184 may be about one k and resistor 180 may be about 47 kQ . Transistor
186 may be a high gain PNP transistor, a PNP Darlington transistor or a P channel

20  enhancement mode MOSFET transistor. Transistor 188 may bé a high gain NPN
transistor, an NPN Darlington transistor, or an N channel enhanced MOSFET
transistor. One advantage of the configuration shown in Figure 5A is the voltage
drop of the wireless communications adapter 30 may be lower for this circuitry in
comparison to that shown in Figure 5A.

25 Figure 7 is a more detailed block diagram of adapter 30 showing wireless
communication circuitry 155. A capacitor 220 is illustrated and the adapter 30 is
configured for HART® communication as well as wireless communication. As
illustrated in Figure 7, adapter 30 includes a microcontroller 240 which also
includes a memory and a modem for communication. The memory is used to store

30 programming instructions, configuration data, variables, etc. HART® analog



Figure 7 is a nore detailed bl ock diagram of adapter 30 show ng wirel ess

communi cation circuitry 155. A capacitor 220 is illustrated and the adapter
30 i s convoguesed4fsor HART(r) comuni cation as wel |l as wPCEIUS3®9/003619
comuni cation. As illustrated in Figure 7, adapter 30 includes a

m crocontrol | er 240 which al so includes a nenory and a nodem for

communi cation. The nenory is used to store programm ng instructions,
configuration data, variables, etc. HART(r) analogcircuitry 242 is
configured to couple to the field device 12 through a DC bl ocki ng capacitor
246. A radi o nodule 244 is provided to enable adapter 30 to communi cate

usi ng RF comruni cation techni ques. A regulator 248 is provided which is
configured as crddiirt 24206 configieed tor coupledtatheefield dbviog 12 threught a PEMblocking

connected in paral.lel wth regulator 248 and inc¢l ydes a pass transistor
252 control | edcaBﬁ‘“E?rOz-Xénﬁ 0 ’ﬁ?‘?‘é{ﬁpz‘gﬁzis cﬂS%Ylé?(t§°b‘éI§?Eey@a€mera3 i }% erence
bet ween a ref egpRGen¥aL LRBE I(I\/'E:&fxﬂmﬁfb‘&i&ﬁ"?ecﬁﬁhﬁé%g% fég\[}\}ak&dzkoistﬂziﬁwb%ﬁﬁ‘“ at or

248. Regul ator 248 provides a 2.3 volt output to a dr opout
regul at or 260. whighy isrcopbgired 2D®@) DCetpu DAl conv2Ber. pk euitcmsshant egaliaEMi2 vol t

I t put th 1 CI 24Q, . I i it 42,
Pose oi rodtt Sunisth inpel MRHEBAR, e ¥ BERCDFpRoty Fafien 237 252 i <
used to char gecdnitll6@BRCd OF ardg0254T P \agpt Qﬂ@oﬁ&ﬁ%%a&&ﬁuf&?%%iff@[en&zo i s

set using a voltage clanp 270. For exanple, the vol t.gge clanp can be set to
2.2 vol ts. AndegtweerDereferencs voliager(Ver) anfzthe yoliegef anplieddo g regulatop 248.

converter and ovi.des regul at: vol t out put, of S tp a. aw
dropout (Lp0) RS R R A LI b BEF g iR el o fobfeab Bt 2P0, 274
is set to 2.8 Newidfopaut( D@ reflatdf 260 srovidegs tepuRebdIOVEI pdwerlsaslp otipdul e
244. The m croprocessor 240 is connected to a_analog to digital converter
280 whi ch 10 u@dhe mucrapiioresser 249 BART avplogyeirquitp 242.t185et pirenit 232 ashpBEessor
240 is also ¢ cted to a reset circuit 282. M croprocessor 240 provides

data to the radi o nodul e 244 through a level shifting circuit 284. It is
preferabl e that theThs curtsnt khtough bypass transiatBH2tis ubel toechiargenthe oapaditor

220. The voltage across the capacitor 220 is set using a voltage clamp 270. For
‘example, the voltage clamp can be set to 2.2 volts. Another DC to DC converter
15 272 is configured as a step up converter and provides a regulated voltage output -
of 3 volts to a low dropout (LDO) regulator 274. The output of low dropout
(LDO) regulator 274 is set to 2.8 volts and used to provide regulated power to
radio module 244. _
The microprocessor 240 is connected to a analog to digital converter 280
20 which is used to monitor the voltage of capacitor 220. Microprocessor 240 is
also connected to a reset circuit 282. Microprocessor 240 provides data .to. the
radio module 244 through a level shifting circuit 284.
It is preferable that the circuitry is able to support the maximum amount
of wireless communication activity while dropping a minimum amount of
25  voltage in the loop 22. Therefore, the adapter 30 is preferably configured to use
power from the loop 22 in a very efficient manner. In one specific configuration,
this can be achieved by using a low power microcontroller 240, for example,
Atmel ATmegal281 and by using low power analog circuit components. These
components can be powered by a low supply voltage to also minimize the total

30  circuit power consumption. Further, the microcontroller 240 can be configured



of wireless conmunication activity while dropping a m ni num anount of
voltage in the loop 22. Therefore, the adapter 30 is preferably configured
to use powerodviewiabhe | oop 22 in a very efficient mannercCTIus2am0m03peci fic
configuration, this can be achieved by using a | ow power mcrocontroller
240, for exanple, Atnel ATnmegal 281 and by using | ow power analog circuit
conponents. These conponents can be powered by a | ow supply voltage to al so
mnimze the total circuit power consunption. Further, the mcrocontroller
240 can be configuredto enter a "sleep” node if desired when certain
functions are not needed, for exanple comunication functions. A separate
nodem can al so be utilized if desired. It is also preferable to provide the
radi o nodul' e 2dentért & "sle¢pdrmodaibdesired wifenpeerfain fuldtisnsaheaws mEedel, ffor equent
comuni cation and increased reliabi]ity. The additional power can be used
to publish infSRmps SAMPRGRtAR fiRctiens A sspargte mederg,panalse hesitdizedaf t o be
used as a routg;fgr other process transmtters, for exanple in a nesh
network and allow higher transmt power to be used. This can result in a
more reliable nesh let also prefersblehe ppatide the oadianoddoer 244i with @ dargd axonsnt

t hrough the adapter 30.to0 host be nore relj.able than the path which
is directly fr%ﬁ?%"é- i %’Z’WSd“PWengg‘;}?PF-»C?WaB%GBﬁi wereased rehapllity 7, the
radio modul e 2t hadiRGHRR pB%eP Yart 88304 & paBkn HREAALGA Sron) T klRimiler

i ncrease the power which'is provided to the radio nodule 244, 1t 1s
preferabl e to 1Zhelewshe adaptgsdRgp betusedds pyouterfac pther pdRess ttansmitters, for

configuration of Figure 7,.this is achjeved,by arrangin he ca L tor 220
as a shunt el e‘?@ﬂ’tpll%&a%ééhrng u?f&%‘?‘."’gl%" &*ﬁhg%trﬁ%s&ﬁ?g?@gr_ {Onﬁf-3 \‘}ﬁpd??&és drop
across the terginnebft hh Gkbors QblPdtEe hiftsh @ik, adtheqRith Aokl Sfbiiért Wirbea 254
and shunt transistor 252. In Figure 7, the voltage across the | oop

ternminal s ¥hi cdevicsuthmongh theradepisr 8@ éxa hess maydie morspeliablé than ghppath sthicho one
volt. This is .aghi [ st current going to the capacitor
usi ng OPanp ZSlg%ta}hﬁwseﬁﬂlﬁ%{h%?%&n%{gpg?ﬁgeg?. In this configuration, regul ator

248 operates in serinethewrnitodiment 6OPigdZe anthe Madic niddalel 20 Raghwérea@mbyf or med

by OPanmp 254. In a |less efficient R L )
capacitor 220. Therefore, in order to increase the power which is provided to the

radio module 244, it is preferable to increase the power stored by capacitor 220.
15 In the configuration of Figure 7, this is achieved by arranging the capacitor 220
as a shunt element for the regulétor 248 which regulates thé voltage drop across
the terminals which couple to loop 22 in conjunction with OPamp 254 and shunt
transistor 252. In Figure 7, the voltage across the loop terminals which couple to
the process control loop 22 is regulated to one volt. This is achieved by
20  adjusting the current going to the capacitor using OPamp 254 and shunt
transistor 252. In this configuration, regulator 248 operates' in series with the”
- loop 22 and is in the feedback loop formed by OPamp 254. In a less efficient
configuration, a separate one volt shunt regulator and capacitor charging circuit
may be implemented. However, this requires additional components and
25 additional power to operate. In contrast, in the configuration set forth in Figure
7, any loop current which is not used by the circuitry of adapter 30 is directed
into shunt capacitor 220 for increased efficiency. This results in the maximum
amount of power being available for radio module 244. The voltage clamp 270

determines the voltage to which capacitor 220 is charged. Once the capacitor



configuration, a separate one volt shunt regul ator and capacitor charging
circuit may be inplenented. However, this requires additional conponents
and addi twornady/i3emer to operate. In contrast, in the coRrCrgisc@pioossiset
forth in Figure 7, any loop current which is not used by the circuitry of
adapter 30 is directed into shunt capacitor 220 for increased efficiency.
This results in the nmaxi mum anount of power being available for radio
nodul e 244. The voltage clanp 270 determ nes the voltage to which capacitor
220 is charged. Once the capacitor220 reaches the voltage set by the

vol tage clanp 270, the excess current fld®s through clanp 270 rather than
I nto capacitor 220. DC to DC converter 248 is configured as a | ow power
"step up" swi tZ3 regchesgh¢ aoltagetsetby dheveltags ol 236, thepucesy ochtrefeflofs 1

volt. Regul atog 24 ncr e 1 volt voltage to a sufficiently

hi gh vol t age t%‘oﬂﬁ%@ Zﬁ?ﬁéﬁrgﬁlwn@?ﬁgﬁ?{]‘g&ol n the exanmpl e of Fi gure 7,
this is 2.3 volts. pblets PUesdnVErt&ansPes aonfigtuieiess GARAE ipoRier I"6RY up
converter, an i nduct or based -boost converter, a transforner based converter

or other appr owtCérmg reghlatoyhattapgratesTwish am@plégrelt@gmf bgolt.rRegulaton24d he 2.3

I f 4 I h
{rom Che v dgul SEEP AR kel A ofeds ¥ R ERRATIRRY 43 Hoberil) [0 °°

power the mi crx@ﬁfaﬁﬁﬁgaﬁcuxﬂr§01n tHARE frinpleasTaiggreC, 'tlﬁb'h§232v%2ts TESBSvertee s et
circuitry 282, and anal og to digital converter 280. HART(r) analog circuit

bl ock 242 can %83 g\@tclwércamﬁbwe canyertar @y indugtecbased g@@ﬁttcoméprtewe. ve
circuit and a ffaRSHE GIEE Yohve Jre&e %?érya E';ﬁa?a‘?e Cdoﬁl‘ﬁgh% oft §uEOnpipur ed

to have | ow power requ1 rements mali nt acce € conmuni cat i ons

integrity. Theregﬂamn%()rregmmreomeozesxmoﬂﬁﬁk gan rbgﬂﬂlﬁ)ﬁd48@09t03ﬁ/@1ts and
progr amm 'ngécode and tenporary variables. Tinmers which are internal to

m cropr oceSsorTPRYCT ARy ShichEpgnoise Fom e Fegwator 343-dkheputpufram the LRGHem
functional ity e 2iiofDR01Y ullt thBEwE HOBIRGESR-AR, FARTEGhiE dirBhifl nal

flash nenory, SAM as vvel as or ot Her non ‘volatile nenoPy
m crocont r ol | 24224@nway, rbeet cmuﬁh'gaséphndcanaMgltb digitaheonwveltéreR9. access

capact tor 220 usi o ARAl S dndi%g ik Mok oML Lordiee ko I8
detect circuit, a receive circuit and a transmit circuit. Preferably, these circuits
15  are configured to have low power requirements while maintaining acceptable
communications integrity. The memory in microprocessor 240 can be used vto
store programming code and temporary variables. Timers which are iﬁternal to
microprocessor 240 can optionally be used to provide a "software" modem
functionality. The memory of the microprocessor 240 may inclﬁde internal flash

20 memory, RAM as well as EEPROM ‘or other non volatile_ memory. The
microcontroller 240 can be conﬁguréd to monitor the voltage acbess capacitor
220 using analog to digital converter 280 which provides a digital output to
microcontroller 240 representative of the capacitive voltage. If desired, the
microcontroller 240 can be used to determine whether the capacitor has a
25 sufficient voltage to support radio transmission. Reset circuit 282 can be used to
ensure that microcontroller 240 does not opefate when the voltage is
insufficient. For example, the reset circuit 282 can be configured to reset, or turn
| on, the microcontroller 240 when the supply voltage from LDO regulator 260

reaches a sufficient voltage level. The circuitry can also be used to reset the

30  microcontroller 240 if a power "glitch" occurs.



m crocontrol l er 240 representative of the capacitive voltage. If desired,
the mcrocontroller 240 can be used to determ ne whether the capacitor has
a sufficiwotomolstage to support radi o transm ssion. ReseCTaiSc@Qiod3c2B2 can
be used to ensure that mcrocontroller 240 does not operate when the
voltage is insufficient. For exanple, the reset circuit 282 can be
configured to reset, or turn on, the mcrocontroller 240 when the supply
vol tage from LDO regul at or 260 reaches a sufficient voltage |level. The
circuitry can also be used to reset the mcrocontroller 240 if a power
"glitch" occurs. Radi o nodul e 244 operated3on a stable voltage of 2.8 volts
provi ded by LDO regul ator 274. As discussed above, if the capacitor 220 is
charged to 2.2 vol t Radio meodd{e 244 Operetes werat stable egitdgetafi2.® v8lts pepysdedbyt he

| t to 3 . ' ..t h t t he . it il |
hd the step DDoseAs s AR diteleed A P B Rt 2 i chattid da 2o °%%°
provide a stabj@s24 PO {SDOCSTREAKRIBANT 2 siefd up RREHBIAK 1o 3R] at or

272 is configured to operate off a mininumvoltage of about”1 volt up to a
maxi mum vol t ageuafg uigo the Wwlage ohitke capackemwilicdaefdagriand therstep un conyedert r ol | er

240 i s confJj gured r f_.ci.rcuitrny of di o dul e 244.if.the voltage
on the capder i Bresds: 15eTa3Q rpRuRY 27al Shed B uRuErriE Sagblb g
configured to fadnaiddilel D4Qr PRfdrably Mrdgll£6:S DY2 Usicogfiflied radoperate ik e 244 by
conmmuni cating over digital comrunication |ines between the radi o nodul e 244
and the ni cr ocEUMYM valtaga of aboait d yeltipcle daptimym valtage ef ahas 212 vlisalnt wo

vol t power sup | he_radl o e fro 150 ROME d he

di gi tal com’runsl%(k% ‘lv'g(yrﬁ gﬁ{aﬁlggs,b@&\%\%cgﬁﬁgﬂg ?@)Isc?% nerdlﬁ g nus{’fftsfgl%ﬁ%l&e?ft
shifted using dagieahodilie 244 ITghevoledgelonhythe apaciksr 220X alepd than 1 hiokt. can be
performed using very . |low power |evel translator circuits such as _Texas

| nst runent ¥ SN74LvAHAtiasesatollgs 24fheancsgonggured ite fransnpip informationa YFdessier oss
the loop term j © 2 C; ' | ' i ng
B A T S Ry
250. In such cbetwedn ghe atadin, maddlet idalanjotier mixyodoatrofiecte 2#0ai Aablkle to t he
radio by incr er%sclrgc%n'%rgﬁerl c%%?ates from a two volt power supply while the radio operates

from a 2.8 power supply, the digital communication lines between the two
15 components must be level shifted using level shifting circuitry 284. For
example, this can be performed using very low power level translator circuits
such as Texas Instruments SN74LVC2T45DCU.
In one configuration, the voltage drop across the loop terminals which
couple to loop 22 can be adjusted by adjusting Vgrgr coupled to the inverting
20 >input of OPamp 254 of the shunt circuitry 250. In such a configuration,
additional power may be made available to the radio by increasing the loop
voltage dfop under appropriate conditions. Similarly, if the imi)act on the
process control loop of the circuitry of adapter 30 needs to be reduced, the
voltage drop can be decreased. However, this will provide less power to the
25  radio module and other circuitry of adapter 30 and may degrade performance.
Also shown in Figure 7 is the arrangement of loop current bypass circuitry
164 which is coupled between the Loop + and the Loop - connections to process
control loop 22. Loop current bypass circuitry 164 operates in the manner
discussed above. Note that Figure 7 does not explicitly show resistor 156, inductors
30 158,163 and fuse 161 illustrated in previous figures. However, these components



vol tage drop under appropriate conditions. Simlarly, if the inpact on the
process control loop of the circuitry of adapter 30 needs to be reduced,

t he vol t age 2desos4an be decreased. However, this w || provriuseodvpsmipower to
the radi o nodul e and other circuitry of adapter 30 and may degrade
performance. Al so shown in Figure 7 is the arrangenent of |oop current
bypass circuitry 164 which is coupl ed between the Loop + and the Loop -
connections to process control |oop 22. Loop current bypass circuitry 164
operates in the manner di scussed above. Note that Figure 7 does not
explicitly show resistor 156, inductors 188, 163 and fuse 161 illustrated in
previous figures. However, these conponentsare |ocated as individual itens
and not shown am lédatpdras ifidividnalaitemscandt rait skeivi i Figarev or atescontairediin thd ocks

shown in Figure 7. Figur IS a .e detailed schematic di agram show ng

t he connection§m5@§ﬁggﬂﬂ§ﬁ§sﬁﬁwﬁ?ggéggﬁggter and the process control |oop
22. As illustrated Fiufd 94 @ nlore!detuildhisehdn®dtidl di NghoWily HeQPnAKBhdal of
the adapter 30 are coupled to the + Power and - Power term nals of the

field device 1betwatrethef wirelesst adapter iand dhgprosedsi ¢ontryl deat22a Asorlpsirated irf ai | ur e
in the adapter.30 a shqrt aincuit of .the_.supply voltage provi ded
Lo the 1ot dEB b TERRT fping b e Ttp - Bmibd o BBt ) il

vari abl e bei ngtonmasWeebr Bid t IPewkt RhdirdRVdfaRe Hikld| debRe 10! ThéreidteS thedd i 4 he

field device 12 wl|l not be able to comunicate to the process control room
20. The ci r cui Pesyibdityihat pgomperans faluze i the gdapternismay: eaise prsbort cisct gfire 8,

di odes 300, 30 E OV . 'ﬁqk- r tlon. . re
configured to %lre g@%ﬁ@@%&gﬁ%ﬂ% ée?%‘%%‘{%‘?egﬂ? Vo S%ﬁée%hg’%gﬁlél%c}{s}g%ﬂﬁt may
be induced in theprgescesiable beingahecasmef by Zhe fidlé devitk ailebe Interuptelhad\igd t age
transients to |.ow vol tage levels that can be tol erated by the_ adapter

el ectroni c¥ Dieldslevise 32 il o be able to) commuynieats {o therimeccsseeontiol &am ¢0acr oss
the power termpal; fi ' jf only a single

transi ent protect |u($)cn isr(l)1 Snmlggiggrrf{)?%%(ggﬁseiﬁ% tcﬁgt lode failed in a short
circuit condition, IntFigmel8drides B0Q, 362 pand804 preqproddetl foo trahsiertt ipedtectidayvi ce

12, In Lhe conpigured S 0 ELOU S dipitsd BN oh Ol AR O

be induced in the process control loop 22. These diodes limit the voltage transients
15 to low voltage levels that can be tolerated by the adépter electronics. Diodes 302

and 304 are electrically connected directly across the power terminals of the field

device. No,fe that if only a single transient protection diode was employed, and that

diode failed in a sﬁort circuit condition, it would short the power provided to the

field device 12. In the configured shown in Figure 8, a redundant diode is provided
20  to help prevent such a failure. _ | »

In Figure 8, the HART analog electronics 242 shown in Figure 7 are
illustrated as three separate components, HART transmit circuitry 242A, HART
carrier detect circuitry 242B and HART receive circuitry 242C. These circuits
operate at a very low DC voltage relative to the Loop — terminal. If the node shown

25 in Figure 8 identified as NODE 1 is shorted to the HART terminal due to a
| component failure, the field device 12 would receive a very low DC voltage across
it and would probably not be able to operate correctly. Therefore, redundant
capacitors 310 and 312 are provided to connect the HART communications

circuits 242A,B,C to the HART terminal. If one of these capacitors fails in a

30 shorted condition, the voltage provided to the field device 12 will not be effected



In Figure 8, the HART anal og el ectronics 242 shown in Figure 7 are
Illustrated as three separate conponents, HART transmt circuitry 242A,
HART carrwenodetsend circuitry 242B and HART recei ve cir @airtusgood423619 These
circuits operate at a very low DC voltage relative to the Loop - termnal.
| f the node shown in Figure 8 identified as NODE 1 is shorted to the HART
termnal due to a conponent failure, the field device 12 would receive a
very |l ow DC voltage across it and woul d probably not be able to operate
correctly. Therefore, redundant capacitors 310 and 312 are provided to
connect the HART communi cations circuits1®242A B, Cto the HART termnal. If
one of these capacitors fails in a shorted condition, the voltage provided
to the field dedithe HARTvcbimuaoicatiensefifceittyeiathel atépgert-BRWilt alsmenntatei tons

circuitry in the adapter .30 will al cont inuye f.ypcti.o orrectly.

Capacitors 320 %1?2,&3?&?3"3%?“5‘% g&@ %or?ég’wi?’#g Mdgé(f@ﬁcg’gl%% 163
and 332 are usgfhcidts PSb9andB32 e AKCHIRVIBOREL ottt foel@irohft§ ofiRPL er
30. Al of these capacitors should have an AC connection to earth ground

t hrough t he chdapers3®biAll ofthestaqapanitogishonlddrage an tAC cormgeteorstocarth @meundat h t o

earth ground for the radio f uency interference. However. in sone

st ances, °t haBPELBEccasHE oF T aupter SO Pl geted vkl BBt for
safety reasonsgolrd fot tBOTHEB fr&fuedcy & fdidncelUHoRRVerl @PRoie MStakcRk! the
grounded at the mnus term nal of the power supply 20A. A redundant

capacitor to @uereeceontied leun ispilen eenresied dapahtaseund: for tsaetyt Frasenss lofs t he

adapter 30 is also iJlustyated | i 8 . | 336
reduces the p(?ggﬁnbolnlﬁoff'bjffoas of |%tg?o%{oe?%%ﬁ%ﬁérﬁﬁ?@%%gg}'?@g&%&elvﬁ:fe 12 in
the event of aghd poler SusPly R0A.0A rethénddid capacit@Cld eonmeap @Rl RBT protdiaiod t hat
I f capacitor 320 is connected directly to the chassis of_ the adapter 30 and

t her ef or e 1@onapacarsite theghapsiypiothn adapigrcd Ot in else Abpied in Figuredial demerthor ¢ ed
Con L1 CUERS BN ) AL S SO IO R
ground and t hejevicelRimtht evéref péuilare aflgneloy thei RiIpratectivacapanitonst Nptetkat suppl y
o the i el d QEAPEBIL32P o CPRPILAONGN hercBrRi el ¢ BB FRD a0 floatple
capaci tor 336 dofndted s ealth §rdun@Vardf thOCapaeiibefled 1 P4ted condition, current
15 would flow from the power source 20A to the Loop + terminal of the adapter 30
through the shorted capacitor 320 and to earth ground and then return to the power
supply minus connection of power supply 20A. Thus, there would be ho current
flow through the adapter electronics or the field device 12 for this component
failure. However, with the capacitor 336 in place, the flow of DC current through
20 the adapter 30 and the field device 12 will not be affected by a short of capacitor
320. A short of capacitor 324 would cause a similar type of failure. A short in
capacitors 322 or 326 will result in the flow of current through the adapter, but the
current would return to the minus connection of the power supply 20A and bypass
the field device if capacitor 336 was not present. Similarly, without capacitor 336
25  in place, and if the plus terminal of power source 20A is earth grounded, should
capacitoré 328 or 330 fail in a shorted conditioh, current would flow from the plus
output of the power supply 20A through the shorted capacitor 328 or 330 and back
to resistor 20B through the HART terminal. Thus, no current would flow through
the adapter electronics 30 or the field device 12 if capacitors 328 and 330 were
30  shorted without the addition of the redundant capacitor 336.



the adapter 30 and the field device 12 will not be affected by a short of
capacitor 320. A short of capacitor 324 would cause a simlar type of
failure. woshevits4i4m capacitors 322 or 326 will result i mCcrhis2d0003609
current through the adapter, but the current would return to the minus
connection of the power supply 20A and bypass the field device if capacitor
336 was not present. Simlarly, wthout capacitor 336 in place, and if the
plus term nal of power source 20A is earth grounded, should capacitors 328
or 330 fail in a shorted condition, current would flow fromthe plus output
of the power supply 20A through the shortid capacitor 328 or 330 and back
to resistor 20B through the HART term nal. Thus, no current would flow

t hrough t he adapt er Thisan tlioncadigtation dftiégire &8, chedwiteless ddipiek 30apadeenr s 328

and 330 were shorted wi.thout the addition of the redundant capacitor
336. Thus, in tﬁﬁl%‘&ﬂfsfl@*hﬁﬁf PRANEe Gempoment ?ﬂlfrﬁéaq\mw@s@ﬂ%a tle% CugtFmhas
been desi gned ﬁHﬁ'hottﬁkaﬁeld‘ﬁe\lﬁbé?gl RodARARP BFPHss ERitUrBteC@ L BNRR RBafndi thlr € of

the current flowto the field device. A Tedundant bypass circult protects
t he devi ce agafailyre eftanyfserigsipomponerdny theesl¢atronics npadapter 30 rSeviral sddendandni cs

of adapter 30. Several redundani c onents are als | oyed pt ot ect
agai nst  cur? enf"PPER R % S%HH‘P{%XS‘??‘? Bfo%hg%ﬂ‘%sif’"qﬂg ﬂt%g’)’?ﬁ X‘PF@‘& g‘e ce' as
used herein cagehg. any device which is used in a process controller

moni tori ng system and does not necessarily require placenent in the
"field." The devi ceThaterme"fiedd deiee azs uied herdim cambe pny dewise wduidhr islused st em
including in a.cqn r 00 . control circuitry., The termnals used to
connect to themp(rg ljggésssc%?r???g?r FOBHoTag SySER %Iﬁ%; d@Fse@Pf OSSN €8IS 0 and
may not conpri placehitiiifiahe Ofieldi"sTheldevice dah ! BeatbdingRhérRAhi Ak §ro@dt O
frequency communication circujtry can be used as desired as can any
appropri at & cofeRwdl SxstemAnglndmgdp|a conteq] repmyororoniehmiiewitst The teravnals que.

T pover suBokikaS il hpEREL GHEAPL8 P89 AL (TS, 0,
i ncl udes an adnhiagssotwebmprisa rphysicaln @ir udiscketen tamind®: ANgNIppropii@ABSr&lEh t hat
the device can_be identified. Simlar|ly, such an address can be used to

determne if alfequency communication circuitfy can be: used as desired as can any

-appropriate communication protocol, frequency or communication technique.

15 The power supply circuitry is configured as desired and is not limited to the

configurations set forth herein. In some embodiments, the field device includes

an address which can be included in any RF transmissions such that the device

can be identified. Shﬁilarly, such an address can be used to determine if a

received signal is intended for that particular device. However, in other

- 20 embodiments, no address is utilized and data is simply transmitted from the

wireless communication circuitry without any addressing inforniation. 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

25  as assigning a particular frequency or communication protocol to a particular

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

techniques. Any appropriate communication protocol and/or networking

" technique can be employed including token-based techniques in which a token is

- handed off between devices to thereby allow transmission or reception for the

30  particular device.



received signal is intended for that particular device. However, in other
enbodi nents, no address is utilized and data is sinply transmtted fromthe
Wi rel ess wormaniseabi on circuitry w thout any addressi ngpcmfuseonaodisne | n
such a configuration, if receipt of data is desired, any received data may
not include addressing information. In some enbodi nents, this may be
acceptable. In others, other addressing techniques or identification

t echni ques can be used such as assigning a particul ar frequency or

comuni cation protocol to a particular device, assigning a particular tine
slot or period to a particular device or-1Gt her techni ques. Any appropriate
communi cati on protocol and/or networking techni que can be enpl oyed

i ncl udi ng t oken- basatthoughhthieqpresent rinvigritioh bast béeandéssribrahshath odféreivet veeen

devices to there | | ow.transm ssion.or. .recepti for .th rticul ar

devi ce. Al t houg?fef%rgg Wg’gélme“fgn%?ﬁi osﬁqlﬁe_ smg}gee%& H@ZE?P%‘EGC &F{)‘ﬁ%apﬁ?sép@hce to
preferred enbosd FRAE $n BT kRd Se@li Witsht idepdrtify &ofn Wel éphﬁteﬁﬂgwo?@ offiRd
changes may be made in formand detail w thout departing fromthe spirit

and scope of tmaentioneAsivsed hexeiny RadionFeguency R eanFromprisa clectrim)agnetic

conprise electro- i 1. SSI,0 f . f.requency and is not Limted
to a parti csﬁl aé&ﬁg%%%%%f&f %ﬂég l%ﬁléi&z:g , Qfdagsg-gggﬁl@gegqﬁe ﬁcf{%@cug?r 55%}11)0? ef
limtation. Anfrequengies)irgigdel 6 fipq@inoiedlorCay Seruidtaticis A5 béBfunicagddidi ng

| EEE 802.11b, 802.15.4, or other protocols, including proprietary

comuni cat i on Petcelceansbe used ps desiedsEcdmgpBRE 892}21‘M$ 6556 erdatherer

provi des a di g| i . gmi:m' i i for C I .1 he two
W re process g%%ﬁrc %1?’ %@&% ) |ﬁ&g%n‘%ﬁg%%|%§%nﬁ§fm@8'm%%%&ﬂ Sﬁé‘gﬁ‘%"
accordance wi tdboviahdigless) adapterproiviies b digital sigreat odbmmithieatidtpg@in@ectivafobe
configured to ext ernal | gﬂ%opa process_control, transmtter,  for

I

t
exanple, tH ou‘g)r?l‘ggnﬁ 1 a6 Oc B WQ?%SOCWPI flpeR jangs i ﬁoﬂ?eeﬁlpmﬁsi er
housing. Al t NOUmidiCating S EREIANRN WA O FIARSEN cSRRGhiAR Bloidbol SR ence

to preferred enbodi nent wor kers skilled 1n the cogni ze t hat
changes may beadaptdecimbe anfigened tol etomnt extemblbuto dpyoeess icomprd] mansrhitter, S ri t

and scope  of tgx%mippe\,/ﬁm%lilg%nd tmégec{ c%u}%rf\gl P(;FI&'} }Sﬁtings in the transmitter housing,.
Although the present invention has been descﬁbed‘ with reference to
15  preferred embodiments, workers skilled in the art will recognize that changes may
be made in form and detail without departing from the spirit and scope of the -

invention.

20



1. Awreless adapter for use in a two-wire process control |oop configured
to couple to a process field device in an industrial process control system
whi ch i s woupéseid4149 t he two-wire process control | oop amdTaSenvmesens r el ess
comuni cation to the process field device, conprising: first and second

| oop termnals configured to couple in series with the two-wire process
control |oop; wireless comunication circuitry coupled to the first and
second | oop term nals adapted to provide wreless conmunication to the
process field device; and | oop current bypass circuitry electrically
connected between the first and second |loop terminals configured to provide
a loop current path therebetween in response to an open circuit in a
current path of the wireless communication circuitry between the first and
second | oop termnals. 2. The apparatus -8 claim 1 wherein the |oop current

bypass circuit ' ¢ i_cision shunt regulator. 3. The apparatus of
claim2 wherei hunt regulator is configured to conduct
el ectricity, conduct the |loop current in response to the open circuit. 4.

The apparatus of claim1l wherein the |oop current bypass circuitry includes
a transistor. 5. Thi vapgless ataptenfor gseiima tvawsaregirocest eontral dedpseantigured

configured to caonduct -the | oop qurrent. in.response to-the ppen cikrcuit. 6.
The appar at us g0y gitt?nafr?ci‘?éﬁ ﬁ‘a]l%n%vﬁ:es}géﬁr\%‘?‘isﬁ_gﬂgpgf%rc.on F’P%ﬁge“éﬁ%%f at us of
claim 4 haw ngsachipial Rbagrd twaswROYplddesst camedlSlicvp iandNProvi@ duizélestg When

electrical current is flow ng.through the w rel esscomunication circuitry
and bi ased t o JemrewHenion; tathapresess ield daviesl corppiisers: i s bl ocked fromthe

wi rel ess comuni cation ChiEybd iieodk 106 AR dotfigBlea®lorbdliphe i Ghidl N9
gure 0] ,
with the two-wire process contro!l loop; '
wireless communication circuitry coupled to the first and second
10 ~ loop terminals adapted to provide wireless communication to the
process field device; and '
loop current bypass circuitry electrically connected between the
first and second loop terminals configured to provide a loop
current path therebetween in response to an open circuit in a
15 current path of the wireless communication circuitry between the
first and second loop terminals.
2. The apparatus of claim 1 wherein the loop current bypass circuitry
includes a precision shunt regulator.
3. The apparatus of claim 2 wherein the precision shunt regulator is
20 configured to conduct electricity, conduct the loop current in response to the
open circuit.
4. The apparatus of claim 1 wherein the loop current bypass circuitry
includes a transistor.
5. The apparatus of claim 4 wherein the transistor is configured to conduct
25  the loop current in response to the open circuit.
6. The apparatus of claim 4 including a second transistor.
7. - The apparatus of claim 4 having a base biased whereby the transistor is

not conducting when electrical current is flowing through the wireless



electrically couple to the field device. 9. The apparatus of claim8

i ncl udi ng comuni cation circuitry configured to comrunicate to the field
devi ce t hwougdy/tskmot hi rd connection. 10. The apparat us eCTaisasomodscnher ei n
the transistor conprises a PNP transistor. 11. The apparatus of claim4
wherein the transistor conprises a Darlington transistor. 12. The apparatus
of claim4 wherein the transistor conprises a MOSFET. 13. The apparatus of
claim4 wherein the transistor conprises an NPN transistor. 14. The
apparatus of claim 11 including redundant conponents to provide power to the
field device in the event of a failure of circuitry in the adapter 15. The
apparatus of claim1l wherein the two-wire process control | oop conprises a
4-20 mA current | oop. 16. The apparatus of claim1 wherein the two-wire
process control |oop carries digital conthdni cation in accordance with the

HART(r) communj cation prot.ocol. 17..A nethod o rovidin i rel ess .
Commin, cat on toRRUGPuECaRERE atd bised T BE Foriiefie WnehSftelical pite i
control |oop usloBkedafroh iR Wieled@RhBinicaitchitRg: coupling first and
second loop terminals of the wirel ess adapter to the two-wire process

control |oop; $rovi Ghergrpasele afcclain d instndingrauthird aganpectionr cerifiguyeds toom t he
two-wire pr‘oce;?lgcqua r ol qu'?ﬁéﬁélﬁgi%h' the first and second loop terninals;

R . } cou e. . . . . .
provi di ng wireless tontiRiccat T on i3 process field device using wrel ess

comuni cat iopn ¢i r cuTheé Ypraemes eflclaim 8 Poling @m@higbationosrdultey by gtiré®e
process control |oops; electricall y,bytgglssi ng the wireless communication
circuitry by ploserunyacaie tothe &isld dayies thequgh die thivd conpestiornd second | oop

10.  The apparatus of claim 4 wherein the transistor comprises a PNP
transistor.
11.  The apparatus of claim 4 wherein the transistor comprises a Darlington
10  transistor. | |
12.  The apparatus of claim 4 wherein the transistor comprises a MOSFET.
13. - The apparatus of claim 4 wherein the transistor comprises an NPN
transistor.
14.  The apparatus of claim 1 including redundant components to provide
15 power to the field device in the event of a failure of circuitry in the adapter
15.  The apparatus of claim 1 wherein the two-wire process control loop
comprises a 4-20 mA current loop.
16.. The apparatus of claim 1 whercin the two-wire process control loop
carries digital communication in accordance with the. HART®- communication
20  protocol.
17. A method of providing wireless communication to a process field device
coupled to a two-wire process control loop using a wireless adapter, comprising:
coupling first and second loop terminals of the wireless adapter to
the two-wire process control loop;
25 providing power to wireless communication circuitry from the
two-wire process control loop through the first and second loop

terminals;



termnals in response to an open circuit in a current path through the

W reless communi cation circuitry. 18. The nethod of claim 17 wherein

el ect ri cavbyodysamsisi ng i ncl udes activating a precision fowns2eegodeas or. 19.
The met hod of claim 17 wherein electrically bypassing includes activating a
transistor. 20. The nethod of claim 17 including comunicating wth the
field device through the third connection. 21. The nethod of claim 17
wherein the two-wire process control |oop carries digital comunication in
accordance with the HART(r) conmmunication protocol. 22. The method of claim
17 wherein one of the first and second loop termnals directly couples to
the process field device and further including coupling a comrunication
termnal to the process field device for use in conmunicating with the
process field device. : —U-

providing wireless communication to the process field device
using wireless communication. circuitry powered with. power
received from the two-wire prdcess control loops;
electrically bypassing the wireless communication circuitry by
5 providing a current path between the first and second loop
terminals in response to an open circuit in a current path through
the wireless communication circuitry. _
18. . The method of claim 17 wherein electrically bypassing includes
activating a precision shunt regulator. _ _
10 19. The method of claim 17 wherein electrically bypassing includeé
activating a transistor. |
20.  The method of claim 17 including communicating with the field device
thrbugh the thlrd connection.
21.  The method of claim 17 wherein the two-wire process control loop
15  carries digital communication in accordance with the HART® communication
protocol.
22.  The method of claim 17 wherein one of the first and second loop
terminals directly couples to the process field device and further including
coupling a communication terminal to the process field device for use 1n

20 - communicating with the process field device.



