| MPROVED FORM FACTOR AND ELECTROVAGNETI C | NTERFERENCE
PROTECTI ON FOR PROCESS DEVI CE W RELESS ADAPTERS

WB2AOKERAWND | n i ndustrial settings, control sSyRCEDS2089/@03611

10

15

20

25

30

used to nonitor and control inventories of industria
and chem cal processes, and the like. Typically, the
control system perforns these functions using field
devices distributed at key locations in the industri al
process and coupled to the control circuitry in the

conIMPROVED FORIVDOFAGCTORt ANDI ]DD,EC'E'IR:!DMA@NETIC
generally performa function, such as sensing

par ANKFERKERENCE |BIQOEBEETI@N)F@RSBR(D€%S DEVICE
di stri buted control ﬁrocess nonitoring system Sone

field devices i ncl WIRELESS ARAPTERS ansducer is

understood to nean either a device that generates an
out put signal based on a physical input or that

generates a physi cal OUBEA‘@K@?@%ﬁNﬁn an input signal.
Typically, a transducer transtforns an input into an

out put Inamidngrial sktfifgs; eontrélosysteniFyresused to maorsthn G scontrol
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used, f or ni cati w.t h .a prec cont r ol om
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to deliver a regul ated current and/or voltage to the

f | diptaibytedicentrelar PHRsREY mﬁgltwf@ i’rMS@Iﬂd devi ce. The
pr OceSSS&RQtﬁreﬁi % ?e% 1§1L1§18e cefj %Qran%&cj% 18 h]?de?%lgod to

anal og or or nat . I ona ana

demearesitHeay eleblee tthat gmmmbedn bmptlhﬁgﬁ?ﬂ rhiaseml ol @pﬂydmal input or
t Wi re process. control current |oops, wth each
dﬁpt&@n&%@d{@dlcglooutput based on an input signal. Typlcally, a transducer

transforms an input into an output having a different form. Types of transducers
include various analytical equipment, pressure sensors, thermistors,
thermocouples, strain gauges, flow transmitters, positioners, actuators,
solenoids, indicator lights, and others.

Typically, each field device also includes communication circuitry that is
used for communicating with a process control room, or other circuitry, over a
process control loop. In some installations, the process control loop is also used
to deliver a regulated current and/or voltage to the field device for powering the
field device. The process control loop also carries data, either in an analog or
digital format.

Traditionally, analog field devices have been connected to the control
room by two-wire process control current loops, with each device connected to
the control room by a single two-wire control loop. Typically, a voltage
differential is maintained between the two wires within a range of voltages from

12-45 volts for analog mode and 9-50 volts for digital mode. Some analog field



the control roomby a single two-wire control | oop.
Typically, a voltage differential is maintained
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12-45 volts for anal og node and 9-50 volts for digital
node. Sonme anal og fiel ddevicés-transmt a signal to

the control roomby controlling the current running
through the current loop to a current proportional to
the sensed process variable. O her field devices can
petelvipesntransmait @i stgnali tedthe cohtrokcmotr by cofitralhing ¢en¢urmdnt running

ropm by .nodul at | ng .t he magni t ude. of. t current )
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end. The first end is configured to

SUMMARY

A process device wireless adapter includes a wireless communications
module, a metallic housing, and an antenna. The wireless communications
module is configured to communicatively couple to a process device and to a
wireless receiver. The metallic housing surrounds the wireless communication
module and has a first end and a second end. The first end is configured to
attach to the process device. In one embodiment, the metallic shield contacts the
housing second end such that the metallic shield and the housing form a
continuous conductive surface. The antenna is communicatively coupled to the
wireless communications module and separated from the wireless

communications module by the metallic shield. Preferably, the wireless



attach to the process device i one enbodi nent, the
nmetallic shield contacts the housing second end such
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conti nuous conductive surface. The antenna is

conmuni catively coupled to tHk-w rel ess communi cati ons
nodul e and separated fromthe w rel ess comruni cati ons
nodul e by the netallic shield. Preferably, the

wi rel essconmuni cations nodule illustratively includes

a qemimumdations sudduledhustiativedy inchsles a lpemtpdreitcittboard that has a
greater, than its.w dth.. BRI EF DESCRI PTI ON OF THE
DFL&W%&#? gLeatgr }"sﬂ“étde‘g ammatic view of an exenplary
field device with which a wirel ess adapter in

accordance wth thg}é)r esent invention is useful. FIG

2 is a bl ock BRIEFAEYFRIPHEON @QF JHEEPRAWIENGRN in FI G

1. FH GFI%}.llsisgd?a? rgfra?l%{i& Yiew +tea§( chemiﬁ]ar&%{cpge% ef\gftﬁnwhich a
factor wTeless adapter couple %6 pr ocess devi ce.
Flareldss &laptet st oriante withlkhaysresapefiventtorvisesefaf. t he

w reless adapter of FIG 3. FIG 5 is a sinplified

bl ock o l&yrRdpp&lock dirgamd thetigld devise sy ok iGhg-

syst em geal ik RGJHde s’ Whw Sl %ﬁ%mgﬂﬁf@g §5rm ﬁcﬁh WirdiSssthdapter
cross-sectional” view of a wreless adapter that

r esbupled ton peddess datiess el ectromagnetic interference in
accord with an enbodi pent of. the rogsent .
i nvent i 017 FFI5E COSSSCIQALRESRIEYE ) itBGyvareless adppipr of
W el @ss adapter that reduces or elimnates

el ectromagnetic interference in accordance with an

enbodi niElét. Sofs a simppified dhacki hisgami afra pfokcés @nirsl ar monitoring
si nmp| i ftihed. c\r gss-secsi on%I vi ew showi ng a wrel ess
adAPeR MALUBINEES ? 81L'SSP BLREL devi ce. DETAILED

DESCRI FRICON 6 aldrbddSEENIHaYEidWBOE WMisbiess Bakael tRhr&duebs or

the present invention generally include a wireless
eliminates electromagnetic interference in accordance with an embodiment of

p

the present invention.

FIG. 7 is a cross-sectional view of another wireless adapter that reduces
or eliminates electromagnetic interference in accordance with an embodiment of
the present invention.

FIG. 8 is a simplified cross-sectional view showing a wireless adapter

coupled to a process device.

DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS
Embodiments of the present invention generally include a wireless
adapter configured to couple to a process device and to communicate to a
process control room or a remote monitoring system or diagnostic application
running on a computer. Process devices are commonly installed in areas that
have limited access. Certain embodiments described herein include wireless
adapters having improved form factors. The improved form factors enable

wireless adapters to be coupled to process devices in a wide variety of



adapter configured to couple to a process device and

to communicate to a process control roomor a renote
WOorRmwondt7eng system or di agnostic application reCRUSIHODON3611

a conputer. Process devices are commonly installed in

areas that have limted accesé: Certain enbodi ments

descri bed herein include wrel ess adapters havi ng

i mproved formfactors. The inproved formfactors

enable wirel ess adapters to be coupled to process
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di%MIammti c and bl ock diagram vi ews of an exenpl ary
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i sexeggilarly . fidhd cleers wohtwidth ar wireless eddptey mystcerdahle with an

i ncludes a control room or. cantro stem 12 t hat o
10 ¢o P%ﬁm%t S eqpressir amyeriion S aosiub Prousstsarral or monitoring
UGl 80 RADERS S &difol %oth)lQQoﬁ@ol s!é?éém%pllfsha‘?fc_oﬁﬁl@g?oc%ne or

coritrol loop 16 include anal og 4-2 communi cati on,

hymoredfipldodayéess sl dnbvarha itwewittepisoess comérob docpn#6.dExgnpies of
communi cat i o uch. as. t Hi ghway, dr essabl e Repot e .

T BeRSc EinRAR9F 1§ imb oo - 40 5 S g oy hybrid
pr progseelsswhithhindRide o tir QuNEA TNtk EbindhBitation such as the

standard. Generally process control |oop protocols can
15 poHighpawedddrhssablecRematevTransduser GHABWR) tandaids sasiwell as all-

between the field devic mdevi.ces. In. thi
ex‘i‘\la"ﬁfﬁe?qucgist‘ff o eﬁO%&@@ci %ﬁ?}ﬁﬁﬁ/“i@da&%ué?’éﬁany
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16 via termnal board 2 1 in housing 23. Field device

14cqrampnicafsany batweerathe dielt devaessandantherislegicgener at or i n

t hat "UIn this example, field device 14 includes circuitry 18 coupled to

20  actuator/transducer 20 and to process control loop 16 via terminal board 21 in
housing 23. Field device 14 is illustrated as a process variable generator in that it
couples to a process and senses an aspect, such as temperature, pressure, pH,
flow, or other physical properties of the process and provides and indication
thereof. Other examples of field devices include valves, actuators, controllers,

25  and displays.

Generally field devices are characterized by their ability to operate in the
"field" which may expose them to environmental stresses, such as temperature,
humidity and pressure. In addition to environmental stresses, field devices must
often withstand exposure to corrosive, hazardous and/or even explosive

30  atmospheres. Further, such devices must also operate in the presence of
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thereof. O her exanples of field devices include

val ves, actuators, controllers; and displ ays.

Cenerally field devices are characterized by their
ability to operate in the "field" which nay expose
themto environnental stresses, such as tenperature,
hunbratioy amdorpredentiomagnetic adutrferamet Fieldvidevieae nefalthe sort

;NGRS SAGES ) o SR BB o PIRR i Sices
atwimisk Be RSignbitd dfkate SigerlRYlyGATedMahAna! SO operate

in thedfresence of vi brati on and/or el ectronmagnetic

i nt er f dlendds aprespectysviiew of an improved form factpstwizaless adapter
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"L SB35y VL VG KR PR R v

entiéw elf wdapterc3D0TAMABter 360 cliddes S RedtRhiAbafticheent fapic 301
an inproved formfactor w reless adapter 300 coupled .
t de&- [ FReas hapdpg e thysgled siuface)cthet jadtaghes to device 350 via a

Cl Patant ggféloggl?eg gselzcﬂﬁatc 85y eE)yndl.n%yFso g{ t%g it 1€ rcoﬁglgt connections

Adapt er I nc a mecha ment region
30dclode gl/2d4r SFTHNMEOKiI15g G100 r amllSds-48r NRTe) Adhgster 300 is

at.taches to device 35Q via a stapdard.field devic
cdﬁmﬂapv lyoattaghed 0 ek defpched; from Vt‘"&r&i{ﬂ by coAfias Alater 300

| npbiden %&%‘Jﬁroﬁl?ﬂ;n MO ttahmEh! ?egi(ﬁpgjo}g/issgr erdb1)- hollow in

Adapter 300 is illustratively attached to det ached
f raoderdeallow c8@Bdudigrs 344 &t couplaadapta 30800 deioui3SGn axi s

of rotajion 370 . Aftachnment. region 301 is preferahl
ol | ow Mgkt wEhgPF BT, BERHTE BT Loy FdNbSing D2 dnd end
aQﬁPtB‘i‘M. 3HYhsing 3BV b c3P B804 AffaRte lenIFOnBeth L fR%eckdn for the
encl osure mai n body or housing 302 and end ]g“acf) 304.

. 4, housing 302

Howsineges Mckyted veithia adaniero}0d A sean ibe saere i
pr ot ion for the co nent s, I ncl uded w.thi n _adapt e
Soge R ot e SRR et EorbRfhc b refif b o 10

S UEdchwirdsit B0&d 31 0D1IRiskhtivel e festaggiilatNisBaicdnd has h Getigth 312
boards 310. Each circuit board 310 is illustrati ve%
r dbatgxiends alapgsardp paraliphtoraxds ef 1otigniy 71Ghe g in EXg eheEach

g'l ;%Tloggfq{aé'al ShidfhO 39X RatOLxtERIP TRy 0t HOMEm' Br is
perpendicular to axis of rotation 370.

In an embodiment, circuit board length 312 and width 314 are adjusted
or selected to enable adapter 300 to be coupled to process device 350 in a wide
variety of environments. For instance, process device 350 may be in an
environment that only has a limited amount of space for the width 314 of a
circuit board 310. In such a case, the width 314 of the circuit board is decreased
such that it can fit within the environment. The length 312 of the circuit board is
correspondingly increased to compensate for the reduced width 314. This
enables circuit board 310 to be able to include all of the needed electronic

components while having a form factor that fits within the process device

environment. In one embodiment, length 312 is greater than width 314 (i.e. the



board 310 al so has a width 314 that extends radially
outward fromor is perpendicular to axis of rotation
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wi dth 314 are adjusted or selected to enabl e adapter

300 to be coupled to process-@evice 350 in a wide

variety of environnents. For instance, process device

350 may be in an environnment that only has a limted

amount of space for the width 314 of a circuit board

31r(anomf bogth o oadth 13 Igeealdr dthan 3m¢).oEmbhdingints @f tthe present
it can.fit

d d
erFgte AT SR BSTeTimisS o ahy @R, b 58 fifigusions. 1

cogmam:&dbméwd tHag HeieREth a8 d 0P HRESE S hoR§ing 362 and cap 304
reduced width 314. This enables circuit board 310 to

bearg dilastraivelycadiaged spchy that Hhe @&@r@&dle@gtbcandomametgr/w@th of
PRSI Be 8 LM [ RSl i B fhi 0

| eﬂ@lté’hpm aré sipeddinty aé hage wd fitdeedddHtd dccemnidtRteatheenefosed
length to width is greater than one). Enbodi nents of

th@n&%@ﬁ} di scl osure are not however limted to any

ot od thar 1 et TaREed MR Afam 01 o PRSI boRleBPoP gpitoring

angysteap 5604n avlach lal mitnbatroomlcy md}rulssmiemlﬁ)ﬂ ¢dmhumbet1vely
overal | | h and_dianeter/w dth r s .adapt er
SoRpples o el A R Wgﬁlgﬁ%a%ﬁ B B S5 aapter 300

howeiuaes 3%Ardad cofndfléatRdhs niddaRI3 ANha &% ahRheS 39@ W?reless
needed to accommbdat e the encl osed conponents).

i sccanmumpatldnsedocﬂlllo(ﬂdOdllsaog)uphddb moqznsacdesse cmntromr 3)56 and

noni torin em 500 i ch contr room

Comaris et Rt R eles efeRs e Ho P L SIRET Bag r other
d Wir@l@s@@&qéeb 0P Wethi tokin 8 |s?§§m§6§ﬂhﬁfrat3@@n FW% ! ) |8 antenna 320
adapter 300 includes a wrel ess comruni cati ons nodul e

31lonsadh gpem data tfeam gospollen\f56e Dependingipan %latapnh@atmdmréless
31 omr%u 1%2%?0 de)g lerﬂ%eﬁl% CLEVLCFa te Ot <r:(9n|u|n IC§€% m a(icorc}ance

er ac h ex eérnal eV|ces

syv‘vttﬁ Ahp @&itablle wirbREs mmhﬁﬁssnéiﬁp’ﬂot‘(ﬁ;&l ficludixy, bat hétdimited to:
systems as illustrated in vi a_antenna 320

ba¥&glespretwaring fachrolegics mctl 8P 1 EE 80Bd B yyirelgssiageess points
t hﬁlda\pﬁgl'egsaﬁét\ggrklﬁ\é E&ViE&Sbuilt by Linksys of Irvine, California); cellular

or digital networking technologies (such as Microburst® by Aeris

Communications Inc. of San Jose, California); ultra wide band, free space
optics, Global System for Mobile Communications (GSM), General Packet
Radio Service (GPRS); Code Division Multiple Access (CDMA); spread
spectrum technology, infrared communications techniques; SMS (Short
Messaging Service/text messaging); a known Bluetooth Specification, such as
Bluetooth Core Specification Version 1.1 (February 22, 2001), available from
the Bluetooth SIG (www.bluetooth.com); and the Wireless HART®

Specification published by the Hart Communication Foundation, for example.
Relevant portions of the Wireless HART® Specification include: HCF_Spec 13,
revision 7.0; HART Specification 65 — Wireless Physical Layer Specification;



comuni cations nodul e 310 may be adapted to
comruni cate in accordance with any suitable wreless
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wi rel ess networking technol ogi es (such as | EEE 802. 11b
wirel ess access points and wifel ess networking devices
built by Linksys of Irvine, California); cellular or

di gital networking technol ogies (such as M croburst(r)

by Aeris Communi cations Inc. of San Jose, California);

ul HAR Twbrreifiratian 76 -eEDYpa datapinkclsayeGSpecificaipnt (MM Arrefers
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Bl 0 . Specl f ' Ver sj E

203 Bl PG TP BE LA b BlsBleefrch P RRNGRY uffs can
( vewexist uwithiot Rvieddeds) opaating henWé r ef asg HAGRES. ) Such collision
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FORTRYRRtIOB £anf inEluds dispigea mahsy o iditfenent mdio-frequensy channels

W I al i-fication include: HCF_Spec 13,
re%n?éﬁﬁre?&gé%@g%g% Ication 65 - Wreless
Physi caWitelose coispamidationd moduldART cSpaddof inclatle aansdncers for a

T ta_Li.nk Layer Specificatiqgn (TDVA refers to .

Ti R, P T q%ﬁﬂ@&é};%}@ﬁﬁﬂsﬁmﬁ%wmw gireless
- éﬂ?ﬁrﬁﬁﬁibaﬁ@ﬁaggﬂﬁmbép%&tﬁhﬁ&i ' %Bihg"%ti%&c' {dngat §Rfnce
155 - Wreless Coommand Specification; and RT
Spawirhimiaaticaon n&glods, \Guck | ass 394 o dsPRSpewihfilecat seoondary, or

Further, . known data colljsion hnol o be , ..
cristdfn SR eRE o e “Beld P dwoated e reimipigns. or
W GRY£68 reREth8 uhOudimd iR eRAmPREIEFDRHEN 1b StUBRetooth.
collision (freventl on can include using a nunber of

di f f er elield adfiviser r35§udhilerc Heglnddss paMer ofirepirradS2 and an
t echni . Wrele ni.cation .
S AR EEI: 335 n o STt PR IREIP 383 Brrgives

W ¢omitrodier COFBTULY Cadtératt Neith 0dstuafodftragsdud®d €3540r @ Wireless
wi rel ess, comruni cation coul d be performed using )
r efoRRmyicytiqns nodplet 3 He e Pewsintrone anpdiHe mdx2h sy, alscenergize

asco%n%ﬁtsg?%rel%ialdgpt@r §65 PRIXs¥ deflbe controller 356 and wireless
communications module 310 illustratively interact with each other in accordance
with a standard industry protocol such as 4-20 mA, HART®, FOUNDATION™
Fieldbus, Profibus-PA, Modbus, or CAN. Alternatively, the wireless adapter

may be powered by its own power source such as a battery or from other sources
such as from energy scavenging.

FIG. 6 is a cross-sectional view of a wireless adapter 600 that reduces or
eliminates electromagnetic interference (EMI) in accordance with an
embodiment of the present invention. Adapter 600 includes wireless
communications module electronics 602 (e.g. one or more printed circuit
boards), antenna 604, metallic housing or enclosure 606, a metallic shield 608,

non-metallic end cap 610 (e.g. a plastic radome), and a conductive elastomeric



addi ti onal conmmuni cati on nethod could be provided for
techni ci ans, or operators near the unit, using for
we@x@apse44 EEEE 802.1 | b or Bluetooth. Field der¢TmESBBV003611
further includes power circuitry 352 and an
actuator/transducer 354. |n ohe enbodi nent, power from
nmodul e 352 energi zes controller 356 to interact with
actuator/transducer 354 and w rel ess conmuni cati ons
modul e 310. Power from nodul e 352 may al so energize
c ogasketdrils Mstallis eeglogise 06 ps éms@@welmdeﬁgnuwta@éed plastic
conty oIIer n reless nunj cati. ons
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s pover edalikel 52 SURANGH BARE At enolRLiBEY Gt 612
from ot her sources such as from scave
Fli&in Gomtactawith bs&-metethooamlos\de%%céndanmrlel mad 60& Bl€H that
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i 18 rtRESE SOEWODEINE O 2, QI IYRT SORUCH V& SIS0 dibie endyictive

t NG REERRMcrd MHERA A ARRIGH: ORI g@i H&%&amre' ess

conmuni cat1 ons no ectronics one or
rmr e prMetaict chieklic08 ﬂmarajsmallahnlemraa;&ﬁMIe 1609 alAlpeture 609
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f r dhiermatieslnl atenria §94 adannbe fermaed intagrally cyit m:ioqhdal602 for
ustr at v

OB Bt SioEke, Sl eutd 4P haBlde Y oF B igh §8hra.
melnaduch l:thls@&h& aegaly Toeedd dmémla. 6048iS katsel ¥Broukh Shield 608

within an annul ar ring 613 of encl osure 606. Gasket
15 g1thrqughjapergyrtoQ8+ with both netal lic encl osure 606 and

met al | 'ﬁoﬁ‘ e%lﬁc gg(?c 851 %H‘hleiizﬁ Ell]é &% tenna 604
ng ? ﬁace ﬁ%%ls coﬂguc

forma continuous co ctive sur

S udrfdamrevide phesital proteeli@s . € nRiTohaedthlops tattiohi ﬁr @EbZantenna
fromEM . Metallic shield 608 has a small hole
apg’,l{el[ﬁsg sgggls %@} £ i passghbrough non-metallic end cap 610 ThlS allows

for antenna 604 to transmit and receive wireless signals. In an embodiment,

20  shield 608 and antenna 604 are designed such that shield 608 is part of the
ground plane of antenna 604.

Metallic enclosure 606 has a small hole or aperture 607. Aperture 607

allows for electrical conductors or connections 611 to pass through. Connections

611 illustratively couple wireless adapter 600 to a process device such that

25  communication signals may be transferred between wireless adapter 600 and the

process device. Adapter 600 illustratively communicates with a process device

in accordance with an industry protocol, such as those set forth above (e.g.

HART®). Connections 611 may also supply wireless adapter 600 with electrical

power (e.g. current or voltage).



allows for an electrical connection 630 (e.g. a
coaxi al cable) to pass through shield 608 and to

W@ orwest74ant enna 604 to wirel ess conmuni cat i oNBCTOMIDE003611
602. Alternatively, antenna 604 can be forned
integrally with nodule 602, f®f exanple in the form of
traces routed around an outside edge of a circuit
board hi such a case, the integrally forned antenna
604 i s passed through shield 608 through aperture 609.
Non- rretgli(} it lsenobrgsspsesnmaéndewmfaamthﬁr@mrelbss giygter 700 that

sur.r,ound f enna and vi de | SIC r ot.ec

° ore Bt s PR ML AT BeRiaes Syl iR s BhRN S 1 bresent
Wmebxﬁﬁ)sl ldaprl Fooriaclbse nady RFthe tsBmeUssifeRar &Bﬁl@bhérﬁs as
end cap 610. This allows for antenna 604 to transnit

antflaptes 10Peang e nusbersdgacsprrdingly. dyslapiep o@Onders, nefhinsjude a
60 t
5 PR AT SN0 U 90E S B S0 BBy

e ncdrﬂact[\& 86 diaﬁ)rﬂlgSﬁﬁgérs IvaBe Faigeapdi 8 UfitewitBlih the enclosure
Aperture 607 allows for electrical conductors or

c oMM i s 7 b2 Buch éhasabield 108 and. ensdenvee /PBrferm 2 gontinuous
' 'éd{ﬁih&@ éﬁﬁ%a}ée QHszi olhi€ l\ﬁfé?es@%@%ﬁ&m@ﬁgng Qn@dule 782 The

process devi ce suchlﬁ%at comuni cat1 on signal's may
t rmsfuadmgcbdnduwa&nsumfacel;ﬁetectadeimtmmc&O@lthndrrIokiale 702 from
ﬁﬁﬁss devi ce. Adapter 600 illustratiyvely
10 nicates with a process device in accordance with

an | NAUR{ 36t nlimeftUsia %reié&@%ﬁap?@xt th® Efeetréﬁl@é/ Enclosure
(e.g. HART(r)). Connections 6 11 nay al’so suppl y

Wi (eed. essloau‘aﬁﬂé in §0G. 6v|at1¢1 electlemrq: 7@@In BEwet) i maglc from a non-
urr or, V. S. &, &ross- sec i ew

of eRBlciBpelifh AP SRk lesSprpt ot N R e aogps (o € Hhodul
el 600 ke 6Ed mBdde CORdANE. W hit iB0steRen profictedf fréAeEEMI
present invention. Adapter 700 includes many of the

15 sabe agrepariate matallicofpeldethet isawithimathe egle@mmicsnenciosure and that

y. Adapter 700 does not include a

coﬂgﬁ ??%@ﬁ%ﬁ%&éﬁgFlke adapter 600. Instead, netallic

shield I}szetmt}ﬁ:k Qﬁﬂfokiﬁﬂéﬂt}bf@ﬁ'ﬁi@lb%ia ‘ﬁ&a;itabShd)ﬁder di@s not
fingers 718. Fingers wi thin the encl osure
antGlude ap eRd cm@ %584 C@m@eo glrﬁ 16 &) thagengleses Ae ppisHp% [nstead,

708 <L RHB Budk® r&wlgm antenna is used. The whip antenna is positioned or
20  placed adjacent to the adapter shield (é.g. shield 608 in FIG. 6) and is left

exposed to the environment.

Wireless adapters are illustratively made to meet intrinsic safety
requirements and provide flame-proof (explosion-proof) capability.
Additionally, wireless adapters optionally include potting within their electronic

25  enclosures to further protect the enclosed electronics. In such a case, the metallic
shields of the wireless adapters may include one or more slots and/or holes to
facilitate potting flow.

FIG. 8 is a cross-sectional view of wireless adapter 800 coupled to a
process device 850, in accordance with one embodiment of the present

30 invention. Device 850 includes an actuator/transducer 864 and measurement



conductive surface that surrounds wrel ess
comruni cati ons nodul e 702. The surroundi ng conducti ve

wabasE4pr ot ects el ectronics within nodul e 702CTH/D82009/003611
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EM . In another enbodi nent of a wireless adapter, the

el ectronics enclosure (e.g. -éfiel osure 606 in FIG 6

and enclosure 706 in FIG 7) is made froma

nonnetal lic material. The w rel ess adapter

comuni cations electronics (e.g. nodule 602 in FIG 6
arpdrentiriuBe6. WiEasuramentircujtrn 866 icbhiplss tatfieldtevipr otrewtryEB68.

R S B R B e Condio! Ko, et Sohndetion

elg6dK 806 & wirbleyidapiee BDEIFRiHRA oViv@ s sdhptar B0¢ 6 to the
adapter, the_adaBter does not include an end cap (e.g

erfpusiag of devica 850 dn thy exsrapleshewn s EIGnS.dhe epuriing is through
I nst ‘rub " y whi nt.en i S. us

|8 S8 SISl 508V e AR AL ARl e s
t hdustetapeBr colpled (8. gectiibileg@duhd Lonfedtior 88) ofindtvice 850
| eft exposed to the environnent. Wrel ess adapters are

i abitge PYS-midgaice o 8pk dnclpdes: jan §We-WgEF grgeess control loop

il
. . ) Losi on-
SRR BB (AT . 65% AL
i NBdoude ihadttatedginii IGh Bnwirakess adalpeee t800 wan be nialeaddbi e sectived in

further protect encl osed el.ectronics. I n such a .
ca@e?u Bietin D RN ats fearigie 2640 SHRATEFiEcuitry of
MByiréles HESHIQNS0®T Fries, §JI1: Qd apdkok &l 88 skRably coupled to

facilitate potting flow FIG 8'is a cross-sectional
vilowsm 840r anideallova transnaissi® 0f wanglese dignals dhgetheegh. Note that

S 58 B3Rk SSELIEPES S TR 2L B8

aGkitalesy htismes 800 e@.e8 ﬁ”émamﬂ)éﬁea&wcﬁmtaﬁhr SMlidldctrical ground
866. Measurenent circuit r% 866 couples to field device

ci qonnpetiop)-sHigese plspirical 880 meshptieal qopneationvichempy axselipvever
Cogt riﬂﬁsda?lgg ﬁg&%g@%&%@%@&@&étdfot%egérgéc’f;gn %Q‘?enggtg are not

W rel'ess a W reles pte

caitplted tb cadyhpahivuiir ngleaficalevt eoecBaficall Boritetiéx ashéme, and

shown in FIG _ 8, the coupling is thraough ) )
embodiments illustratively include any electrical or mechanical connection
scheme.

The term "field device" as used herein can be any device which is used
in a process control or monitoring system and does not necessarily require
placement in the "field." Field devices include, without limitation, process
variable transmitters, digital valve controllers, flowmeters, and flow computers.
The device can be located anywhere in the process control system including in a
control room or control circuitry. The terminals used to connect to the process
control loop refer to any electrical connection and may not comprise physical or
discrete terminals. Any appropriate wireless communication circuitry can be
used as desired as can any appropriate communication protocol, frequency or

communication technique. Power supply components are configured as desired

and are not limited to the configurations set forth herein or to any other



an NPT conduit connection 809. The chassis of wreless

adapter 800 illustratively couples to an electrica
w@e@ansh7epnnect i on 810 of device 850 through WeBHUSDB/003611

Devi ce 850 includes a two-wire process control |oop

connection bl ock 802 which edlipl es to connections 812

fromw rel ess adapter 800. As illustrated in FIG 8,

wi rel ess adapter 800 can be threadably received in

conduit connection 809. Housing 820 carries antenna

8 a@rtienlaryppdrguratione g tsopneoembpdimientss tlad figtde dedo@ includes an

noaPst vt SbERueH ISRl PEFERiaR SieP I8 e lreran be
t hdetifivdo S@hilaiNgt ach hiat addiedsh@nabd astae@EadtemMAYNS iaNreceived

FIG 8, five electrical connections are provided to

wi Sghadsssinteaded & thapagticudar deyice. Howpvaroinether gpkodimgnts, no
5 a”aaﬁ}e%gt f% Git1i 84 Ot‘m&’ aagn%‘tgi&g)y %&%ﬁﬁuéﬂ ebh GRL Fiess

mechani cal connection schenes are however for

| | donghigitativn Rircpiose svithuy . alynxddicssing Sinddmidt@npriassath a

invention are not |limted to any particular electrica

orcOREgHAHPRAM TECHiPlek A 1S drtited; annacceisd dlatemay not include

iIA Sdski i & i - ﬁl any L1 I r (o '

corﬁfr(:l e‘%:stE l|ﬂ nl\ﬁs(%: 8 lrtrlg ' #ﬁgsot er r%ﬁ{bﬁ glgfeg&gé\l}gcg{;?aig@% g table. In
hestheém, ather dddreasiyg dechnomes\br whnti ficatiss technigaepcacisssed such
control or nonitori stem and does .not ssari

[ S nec ly.
10 | it ASFIEN B BARIGH A {TGORENSY P FommUBicaion RERIPA 4o a particular

| Nghvitde assTEri W patticM dr afh @ Rlot BF oVRpARPhISr device or other
transmtters, digital valve controllers, flowreters,

artgchriigwesc ofpyit eppropridtte demiswicetion bprotasoht eatl/emnyndtepeking

in the process control syst including .in a cqntrol .
- Qs R AR R Sy e B e FRken st et st SREA Rloken i
COotHnged offobdtieerP H&EEEStoCBeb P lallbROParisBiflont & ARdY¥ption for the
el ectrical connection and may not conprise physical or

15 dipaetietler dediogi nal s. Any appropriate wrel ess
communi g, 06| HENILEY SALRGMISE B pHSSA SRR Hbrove
any appropriateée conmuni’cati on protocol ;7 Trequency of
C owirelessC edrhminicatibry Gith. a Provess Sevidd. YCeeip emdodisneitLreduce
configured as desired and are not_ limted tq_the

Coﬂpth@pt&] gntgréfrep.%ﬁ Whh\.@yr@lpﬁ; adaptess g}ﬁ)provifling a conductive
?Lﬁﬁ{a?éel{tgétgé&?déug‘a? %dg g{éozédéﬁ fhe leHcIBE RERRY TBRinfunications
20  modules or components. Antennas of wireless adapters are illustratively placed
outside of the conductive surface such that they can communicate wirelessly

with a control system. Antennas are optionally environmentally protected by
enclosing the antennas with a non-metallic end cap that allows wireless signals

to pass through. Additionally, embodiments include improved form factors that

25 enable wireless adapters to be attached to process devices that are in confined
environments that may not otherwise permit attachment of a wireless adapter.

The form factors are illustratively improved by reducing a width of the wireless
adapter and compensating for the width reduction by increasing a length of the

adapter.



address which can be included in any transm ssions
such that the device can be identified. Simlarly,

WG awb/1s4140ddr ess can be used to determine if aPCERUSI00E3611
signal is intended for that particul ar device.
However, in other enbodi mentd2-no address is utilized
and data is sinply transmtted fromthe wrel ess
comuni cation circuitry w thout any addressing
information. In such a configuration, if receipt of
dat a i sAlkestighetde present doeéntiod hist beemagesoobed mathutiderence to
addressing jnformation. In.so nbodi npnts, thi
e, ppiBEA Atkers gRRTH Rort el g dentdt ol Bhenees
Ormhyl B8 intdlde G fdrod ah® @611 GHigout ABpRREng HRch MeCirdSand scope of
assigning a particular frequency or conmunication
prifedBENte a particul ar device, assigning a

5 particular tinme slot or period to a particul ar device
or other techniques. Any appropriate comruni cation
prot ocol and/ or networking techni que can be enpl oyed
i ncl udi ng token-based techniques in which a token is
handed of f between devices to thereby all ow
transm ssion or reception for the particul ar device.
As has been di scussed, enbodi nents of the present
i nvention inprove wreless comunications with a
process device. Certain enbodi ments reduce
el ectromagnetic interference with wirel ess adapters by
provi ding a conductive surface that surrounds and
protects the enclosed el ectrical comrunications
nodul es or conponents. Antennas of w rel ess adapters
are illustratively placed outside of the conductive
surface such that they can communicate wirelessly with
a control system Antennas are optionally
environnental |y protected by encl osi ng the antennas
with a non-netallic end cap that allows wreless
signals to pass through. Additionally, enbodinents
i nclude i nproved formfactors that enable w rel ess
adapters to be attached to process devices that are in
confined environnents that nay not otherw se permt
attachnment of a wireless adapter. The formfactors are
illustratively inproved by reducing a width of the
Wi rel ess



adapter and conpensating for the width reduction by
increasing a length of the adapter. Although the

w@e@gam744 nventi on has been described with ref PCBEOSEIY@3611
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particul ar enbodi ments, workers skilled in the art

wi || recogni ze that changes-ddy be nade in form and
detail without departing fromthe spirit and scope of
the invention. WHAT IS CLAIMED I'S: 1. A process device
wi rel ess adapter conprising: a wireless comruni cations
moWil AT 9L 180 communi catively couple to a
process device and to a wireless receiver; a netallic
housi ng that surrounds the wirel ess conmuni cat i ons

nod W BroctRelenite avitdl€ss haamen@nipsingg a first end and a
second end, the first end confi gured to attach to the

pr ocess? Waglesscommpaicationsanedilecenfignsed osemamunicatively

housi ng Sec ocgbqllp Sﬁggsisg Ia%;lc d gea lrgfegs I%Qél% d and

t he housi ng |nuous conduct i ve

surfaces mafatlilcﬁlliblanigahdit&uﬁﬁﬁiiﬂﬂ'thé amemh yorafiuplcadoisombile,
W rel ess communi cat.i ons .nodul.e and separated fromthe
wirel ess contigmnetallic Jausingbaying mﬁr%twedﬁ%@msmoed@nﬂéha first

2. The pr oCesry &%Yé&g\g%n%ﬁ%%?gtﬁ%ﬁgt%éﬁ% gl aiml1l,

wherein the wrele e conprises a
pri nt eda mietatlid ghi¢ld aliad comthets e htusthgesecand dndisaelt that the
havi ng a Ien h.an th exten

| |
bet ween ¢ he TERHHY TSI HE MEgopPPe (S@Aa SRAALY Continuous

metal i ¢ housiadcsRcp@cengdd and wherein the length is
greater than the width. 3. The process device wireless

adapt erarpdnterinai conpunigrtivelyrcoupledp thel wigeless communications

S T M T TN ——

a length an dy’rltHéﬂrﬂétb]],hctsHi%ld ength of the second printed

{14 Shogmercandoramirsless adapter ofclaim 1, wherain the whraloss '~
communications module comprises a printed circuit board, the printed circuit
board having a length and a width, the length extending between the metallic
housing first end and the metallic housing second end, and wherein the length is
greater than the width.
3. The process device wireless adapter of claim 2, wherein the wireless
communications module comprises a second printed circuit board, the second
printed circuit board having a length and a width, the length of the second-
printed circuit board extending between the metallic housing first end and the
metallic housing second end, and wherein the second printed circuit board
length is greater than the second printed circuit board width.
4. The process device wireless adapter of claim 1, further comprising:

a non-metallic end cap that attaches to the housing and that encloses the

antenna.



nmetal li ¢ housi ng second end, and wherein the second
printed circuit board length is greater than the

waewons7ps i nted circuit board width. 4. The prBCEES2009/003611
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device wirel ess adapter of claim1, further

conprising: a non-netallic edd-cap that attaches to

t he housing and that encloses the antenna.5. The
process device wrel ess adapter of claim4, wherein

the non-netallic end cap is a plastic radonme. 6. The
pr-‘o ddsprepess devies wistlessadanigpobelaiot 4cwhgreinithe noremeitallic end

ea ﬁggg{ Sglgralaglgﬁ%l ng conprises alumnum 7. The

e PERVs BE°Whr el ess adapter of claim1, wherein

t h&? The haddeb£ddvadesw irelessaitiapies 66claii &) WEGdinthastetallic Bousing
The process device wrel ess adapter of claiml,
\/\/ff‘@?@qﬁe% HEMRIR | ¢ shi el d conpri ses st arrped net al .

9.7 -&I?L% l?%c%gse&ecvl%e\yﬁgl@s Vﬂda 8§cl§1ql§lﬁ)t\9fxer in t@!e ﬁ'le[ﬁlﬂ'(% h%usmg

wher el npri ses
vmdolm;ﬁlses)mmzed/plastaterl aI 10 The pr ocess deV| ce

Wi ess adapter of claim1l, erein the netallig
hf{ tha PEQSTFSAFVace: WielREs AdapisT 9@@6&% 1 afberemythe gﬁtaéb? shigld

rge %l/\tﬁ%m g(pgle ocess device wrel ess adapter of
a| Peln e netallic shield contacts the

h dudihe @rmmwlwlrelhsmdgpteaoﬁdaiﬂm ¢t whereml the trepadlic shield
adapt er

ket d |
ggs HrtsF?léas%F Iﬂgﬁﬁgp"{l %Eﬁﬁg Ihg\?ﬁs a length and a

I aglj. Uhe prodesd dHvRE wiré1644i ddaprepb it N whdrbg tH@h@{duh&smeld
housi ng, the printed circuit board having a wid and

a qo@tﬁgtsﬁhe hh'esnllgem@hﬂ orid thnelgbrsmng dingénscui t boar d
r unn the |e i ¢ _.hqQusin e

| oS IRE pib B iR v EQeiheRbiet OE R Pt RIp iyt e
t hedn¥iicel the ﬁéugiﬁgesdabnm tiedlthedughld donde@ivé, eldshingtid gisRét.
circuit board confi (Izjur ed to be comuni catively coupl ed

t ol Za Approeess slevisg wareless adapter comprising:

a metallic housing having a length and a radius;

a printed circuit board within the metallic housing, the printed circuit
board having a width and a length, the length of the printed
circuit board running along the length of the metallic housing, the
length of the printed circuit board being greater than the width of
the printed circuit board, the printed circuit board configured to
be communicatively coupled to a process device;

a metallic shield that forms a continuous conductive surface with the
metallic housing, the metallic shield having a first side and a
second side, the printed circuit board positioned proximate the
first side; and

an antenna electrically connected to the printed circuit board through an
aperture in the metallic shield, the antenna positioned proximate
the metallic shield second side, the antenna configured to

wirelessly transmit communications to a wireless receiver and to



a netallic shield that forns a conti nuous conducti ve
surface with the netallic housing, the netallic shield

whaons7ad fi rst side and a second side, the prPeI/Es2009/003611
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circuit board positioned proximate the first side; and
an antenna electrically conndéted to the printed
circuit board through an aperture in the netallic
shield, the antenna positioned proxinmate the netallic
shield second side, the antenna configured to

Wi rel essly twaelssily reseiveienmpamications from thi matedsss receiver.

TG WP Bres il e sabEr et offof BTG Bt

adaﬁg&&dgék”ogmkm}ﬁgam\eﬁﬂ,ei n the antenna is a "rubber
duck" style I p antenna. 14. The process device
wi e [Ths prosgsgdavicegrirelpss adanter ollainel  wheseinghemetadlic shield

SriLS%rqokﬁw@’g@é@wfélgﬁ@&t%%ﬂnf' ane of the antenna. 15.

The*proces W reless adapter of claim12,

Whies. @hB pasietd deyideswirglessiadapteinb dlait 1 avigéialpottihg is included
hou,si,n%. 16. The process device wrel ess adapter of

c | ithin the metalligkqusigapr i si ng a nechani cal att achnent

r ; fi t . i . .
o8, e SRS LB 250 0 g LSRR g
clmechaiisal ataehment repenmenfignred & atcaohne a pravesy dayic@rconduit.

i ng es a threaded. surface. 18. A nethod of inprovin
w 1B Srctshimrcat s agaT o1 S8y ﬁquaerﬁpalaee@gchamca
deynféctioRTRgiba iftGudes QURILACH &rfiké el ess communi cations
nodul e to the process device; coupling an antenna to

t hisS. vi methed ©f croproimi gowiirélessscompuluni egtioatcapatzbtiespefra pratdsy
su(#r oundi ng. t he wirel ess comruni cati ons nodule with a
c oA tfEtCTRSHEf ace to reduce el ectromagnetic

i nt er f egoRPERg Wiwiktldsh Rommelini @tioAKlo8@Sitd HPro&kst Bsvice;
antenna outside of the conductive surface to enable
coupling an antenna to the wireless communications module;
at least partially surrounding the wireless communications module with a
conductive surface to reduce electromagnetic interference with
the module; and
positioning the antenna outside of the conductive surface to enable
wireless communications between the process device and a
control system.
19. The method of claim 18, further comprising:
enclosing the antenna in a non-metallic cover that environmentally
protects the antenna and that allows wireless signals to pass
through the cover to the control system.
20. The method of claim 18, further comprising:

reducing a width and increasing a length of the wireless communications

module such that the length is greater than the width.



wi rel ess communi cati ons between the process device and
a control system 19. The nethod of claim 18, further

W@ uwpns«Eing: encl osing the antenna in a non- meREI/UB109/003611
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cover that environnentally protects the antenna and
that allows wireless signal slfe pass through the cover
to the control system 20. The nethod of claim 18,
further conprising: reducing a width and increasing a

| ength of the wireless communi cati ons nodul e such that
t hel. lAevr@ms|dQVJg¢enateé¢ssaﬁ%meItq¢mmsmgh 21. A process

devi ce a}lerr%ieescs ada fgtrmﬁ:so Iﬁ. eI ess 1
comuni cat'1’ons %‘a‘ﬁ & conf:TgLﬂl%ﬁo Y ﬁ%‘t‘r}%aé’lvfy
couple t0 a PLER PIOVdss evbeaidton WirtRbLRseivagel Ver ;
a nmetallic housing that surrounds the wrel ess

conmuni & Betalishonstng that sueunds the Mireless gempynicatiprigmgdule,
first end anﬁte?‘n&ﬁﬁgﬁgusqﬁ]%ha\}lnéa?lrgt%hdg{} gg&)ﬁ‘lh%ﬁ?,%ﬂe first
to attach to the process device; a prin ed “Eire

board wi t hi neﬂdk&mlﬁghﬁaldlto@tth@mithkgprobm devicet ed circuit
board having.a width and_a | ength, the |ength of the .
print ed? Elinﬂté‘é Fircybbeard mithwn the nafrtsl}lfg th%n&éﬁ@tnﬂms# cHreyt

metal | ic houﬁda?@ha\tlﬂgﬁlvﬁﬁ ﬁdqlaﬁ%ﬁo@ylﬁlgﬂ%ﬁ gg’hied

board bei ng greater
circuit boardrcuutrtmapi runheg aiong:nheﬂertgdaoﬂhema‘talguhmimg) the

be communi c coupl e ) rocess device; and.
ant enna. co G ES el b BriBE afeatar ddn e Wil of
comuni cat | 0!1‘1% p%%@’éd' GrclibodRp ﬁ{efﬁrﬁx@ed‘ é1§8ﬁlttﬂb§rd%6nﬁ|gﬁ&?l to

comruni cati ons rnodul e.
be communicatively coupled to a process device; and
an antenna communicatively coupled to the wireless communications

module and separated from the wireless communications module.



