-1 - IMPROVED FORM FACTOR AND ELECTROMAGNETIC INTERFERENCE PROTECTION FOR
PROCESS DEVICE WIRELESS ADAPTERS 5BACKGROUND In industrial settings, control
systems areN3@80P!PdHitor and control inventories of industrial and chemBaTFrSW4R36Hnd the like.
Typically, the control system performs these functions using field devices distributed at key locations in
the industrial process and coupled to the control circuitry in the 10 control room by a process control
loop. Field devices generally perform a function, such as sensing a parameter or operating upon the
process, in a distributed control or process monitoring system. Some field devices include a

transducer. A trangFPR O VIED #eyR 14 nga@f'@Rr gﬂqyiﬁﬁm@ﬁ&@wggnal based

on a physical input or 15 that generates a physical output based on an input signal. Typically, a

transducer transfoOINTERIPERENCED RROFEEOCTI0NcRORPR OMESSIDEMIEE's include
various analytical equipment, pressure sensors, thermistors, thermocouples, strain gauges, flow
transmitters, positioners, actuators, SOIMJB@IHEQ&A%ETMStherS. 20Typically, 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 tdsdeliver a regulated current and/oBYdiRGROQUWMNTTield device for powering the field device.
The process control Ioolg)1 alnscpug@lrgiegeg% eith roip an anal%g or Ze%d{gital format. Trgdf'tionally,

analog field devices have been connected to the con rs(g rrrtl)som‘i)y Wo-wirrréog}g)cre%%dcg?l rol current
loops, with eachideenterssnof codusioi thend thehrsanpoycassivsy lentdvdheitikeolypidaldy. thepically, a
voltage differentigl {3 maniained beween (e MG MARSWIYHE21PI9% XV RIRISI IO key
locations in the industrial process and coupled to the control circuitry in the
10  control room by a process control loop. Field devices generally perform a
function, such as sensing a parameter or operating upon the process, in a
distributed control or process monitoring system.
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
15  that generates a physical output based on an input signal. Typically, a transducer
transforms an input into an output having a different form. Types of transducers
include various analytical equipment, pressure sensors, thermistors,
thermocouples, strain gauges, flow transmitters, positioners, actuators,
solenoids, indicator lights, and others.
20 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
25  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

30 12-45 volts for analog mode and 9-50 volts for digital mode. Some analog field



3012-45 volts for analog mode and 9-50 volts for digital mode. Some analog field - 2 - devices
transmit a signal to the control room by controlling the current running through the current loop to a
current prop¥RidHel e sensed process variable. Other field devices canP$drioY84M%&elibn under
the control of the control room by modulating the magnitude of the current through the loop. In addition
to, or 5 in the alternative, the process control loop cah carry digital signals used for communication
with field devices. In some installations, wireless technologies have begun to be used to
communicate with field devices. Wireless operation simplifies field device wiring and set-up. However,

the majority of figld gevigansaia Rangnilad iRACHARIPRSSE B9NEERItFORRgAMNE eeﬁerﬁ%ﬁﬁﬁlﬁvireless
communication techniques. Industrial process plants often contain hundreds or even thousands of

field devices. MRIPBEHBESHERILIRARLS BSHEFRiRToRREonRld 2 fbe:ssRRed RrRrate Wsiabs provide
more data than fbﬁxHﬁﬂEi@ﬂﬁ'v@éb@'@ﬂrﬂp@ﬁdﬂﬁ HACRHIME MRINS tHe R iTHTRhO EHRae RS 0RPSt among

them, many plants do not 15 take advantage of the extra data that may be provided by such field

devices. This ha@Ycraadulptingthg mrepithdsadsthe spresniothserehribie 9epicls afdition o @ich to the
field deviceg andgransalteaaigveatkd HroeaRled RYsICBbAr Qi JarpRrilpHAY SEHRIBsTIGstystem or
application via a wireless network. 20SUMMARY A process device wireless adapter includes a
wireless commuRREBTBRLCATNE T, 514 468 Susing, and an antenna. The wireless communications

module is configured torgimms HiRedIvRBEOUPIEIEsR RINERISHEY REvNkLiRR WIrBlEasdegsiver. The
metallic housing surrounds the wireless communication 25 module and has a first end and a second

end. The first entPREHifRIF I 1 atteldh {6 Yirssorotusleste AReratirEn SR nfisld #VifRtallic shield

contacts the hougipmsesRNseeng. SHew et e meipilieysbielanddbrAous nefawiraicNtinuous
conductive surface. The antenna is communicatively coupled to the wireless communications module

and separdi®d fBPCasE ORERISOTAN Fori Lol dNe YEIET mAmumicatinn terigUsSeferably, the

wireless 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
15  take advantage of the extra data that may be provided by such field devices.
This has created a need for 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.

20 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
25 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

30 communications module by the metallic shield. Preferably, the wireless



- 3 - communications module illustratively includes a printed circuit board that has a length that is
greater than its width. BRIEF DESCRIPTION OF THE DRAWINGS 5FIG. 1 is a diagrammatic view of
an exemplaPWqiéM%dicd with which a wireless adapter in accordance withRA& BRR&EM I &ntion is
useful. FIG. 2 is a block diagram of the field device slgown in FIG. 1. FIG. 3 is a perspective view of
an improved form factor wireless adapter coupled to & process device. 10FIG. 4 is a cross-sectional
perspective view of the wireless adapter of FIG. 3. FIG. 5 is a simplified block diagram of a process
control or monitoring system that includes a wireless adapter. FIG. 6 is a cross-sectional view of a

wireless adapterciinhig@sdagsmRmodaliginaiaatlene s o HiedesROsR Boaecaislanzeawith an
embodiment of the present invention. FIG. 7 is a cross-sectional view of another wireless adapter

that reduces or effgiRa iezairmbmits Widherence in accordance with an embodiment of the

present invention.

BRIEF DESCRIPTION OF THE DRAWINGS
5 FIG. 1 is a diagrammatic view of an exemplary field device with which a
wireless adapter in accordance with the present invention is useful.

FIG. 2 is a block diagram of the field device shown in FIG. 1.

FIG. 3 is a perspective view of an improved form factor wireless adapter
coupled to a process device.

10 FIG. 4 is a cross-sectional perspective view of the wireless adapter of
FIG. 3.

FIG. 5 is a simplified block diagram of a process control or monitoring
system that includes a wireless adapter.

FIG. 6 is a cross-sectional view of a wireless adapter that reduces or

15 eliminates electromagnetic interference in accordance with an embodiment of
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.

20 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
25 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

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



20FIG. 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 geNerdPikdiide a wireless 25 adapter configured to couple to aRSr&AE8MERE bind to
communicate to a process control room or a remote r?onitoring 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 30wireless adapters to be coupled to process devices in a wide variety

of - 4 - environmgRisernedueingrRNIdIABMNVISIRALMAVRAL AileMbsectlomiied aNgielgss adapter to
be coupled to a process device. Process devices are also commonrl)érinstalled in environments having

electromagnetic THEEIRSFeALRPIEIME) RacAMREdeltvRIPSRSD AGVINE JE6rssatRdSF Feralidn of a
wireless adaptercsnrasngyan¥atin N desanat hareiy Bckteamuriecs rdaRiefr S arig)electrically

conductive enclosures that reduce ar eliminate negative effects from EMI. FIGS. 1 and 2 are

diagrammatic anth¥134 RsgRUNEVidmeRt dhe H)9retd qReTREQRiS WdrElestirdaRieadapter in

accordance yvith Suink0 embedimertt ofdairmsedetdreve ninlidd SefirelBOCcagaptanRtraiAnmponitoring
system 10 includes a control room or control system 12 that couples to one or mare field devices 14

over a two-wire ISR LY SRS & BEshs dabrssheteet ContPaitRaEAE Meflrisafiamg 4-20 mA

communication, gwhrid protocols which include both analog and digital communication such as the 15
Highway Addressable Remote Transducer (HART(r)) standard, as well as all-digital protocols such as

the FOUNDATION' FiellgS- starftish o s et AT HroRals @rrBl9sk pdingtarbiyiedss oth3ower the
field device and allemigiaR MidRicaéwadamearion feldiftisadniatheraderi8isce with an

10  embodiment of the present invention is useful. Process control or monitoring
system 10 includes a control room or control system 12 that couples to one or
more field devices 14 over a two-wire process control loop 16. Examples of
process control loop 16 include analog 4-20 mA communication, hybrid
protocols which include both analog and digital communication such as the

15 Highway Addressable Remote Transducer (HART®) standard, as well as all-
digital protocols such as the FOUNDATION™ Fieldbus standard. Generally
process control loop protocols can both power the field device and allow
communication between the field device and other devices.

In 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



In 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 ger¥thi8p9dhAtit couples to a process and senses an aspect, sudi¢ A/ R2ABEPl e,
pressure, pH, flow, or other physical properties of the_process and provides and indication thereof.
Other examples of field devices include valves, actuators, controllers, 25and 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 deyigagsnushafien WéhstabrAOSHR IR CANOS ¥eelaZfdess aTd/MHee\@pt explosive
30atmospheres. Further, such devices must also gperate in the presence of - 5 - vibration and/or

electromagnetic HitSHRiRhtIer o1 TRRURSER!GY TR akarasialied bese pLirgacr dgWstsively large

installed base ofi@garyre Qeiiesedvd epattcdasirRat k) oRaaienanasrentirely wired manner. FIG. 3 is
a perspective view of an improved form factor wireless adapter 5 300 coupled,to a process device 350,

and FIG.4 is a cross-sechomal R RISREAVGiI&E S d Pyt dAaapdactiovtelsstadamsi chanical

attachment segigu@RoUSIH fbrepiRdia\ibeice thsedrd Bl ace)dhbatiacieadppieyiest 30 via a
standard field device conduit 352. Examples of suitable conduit connections include 1/2-14 NPT,

M20x1.5, G1/2, ¥V 28 PRgAdkRte0d R nslidetamemarcrl itrebBridesRRFHbm device

350 by rotating qdgptar 2gdhabritiag axitrehdetaliartte). hiinahaaet regigeviRl 1sErefgrably hollow
in order to allow conductars 344 to couple adapter 300 to device 350. Adapter 300 includes an

enclosure main SBAYBANEIdiA5 368 SARALHd Egamnisssifosutobln feagrtosoprssiins

environmental pigédedionifor the PTOMIZMENSS ianlednditBrs adapter30A dptenn3oe spen in FIG.
4, housing 302 encloses or surrounds one or more wireless communications circuit boards 310. Each

circuit board 3131 staLYsX aRPFBEE Ry o Astashsde ramadaKcs fa0ghy F90tng: adarisEs’dfbng or is
parallel to axis oietatian a1 ¢shevition BIO. Atiiehehp26disA Bolseshpe Rl ihat extends

radially outward grr?irer} g)r ;ia?low conductors 344 to couple adapter 300 to device 350.

Adapter 300 includes an enclosure main body or housing 302 and end

cap 304. Housing 302 and cap 304 provide environmental protection for the
15 components included within adapter 300. As can be seen in FIG. 4, housing 302

encloses or surrounds one or more wireless communications circuit boards 310.

Each circuit board 310 is illustratively rectangularly shaped and has a length 312

that extends along or is parallel to axis of rotation 370 (shown in FIG. 3). Each

board 310 also has a width 314 that extends radially outward from or is
20  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

25  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

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



20 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 environm®REYitEkhince, process device 350 may be in an environméetft THAY28AKIPd 1a [imited
amount of space for the width 314 of a 25 circuit boqréi 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 deviggigOoFNMgiHNeNtwid@Nes egrbasiMes, BRYINEHBoG seatebinar Wekikesl4 (i.e. the
- 6 - ratio of length to width is greater than one). Embodiments of the present disclosure are not

however limited f3SSIRFYErAERIBPY X IERIFRHED R A0S ARSI Wl BE I HRAERReTEndth and/or
diameter of housiRgukd 315 BeCad stlth @t ehidl st patki valy arcliugtedes Wembushif e oveandlldgngta and

diameter/width of 5 wireless adapter 300 is minimized (i.e. the length and diameter of housing 302 and

cap 304 are sizefforilPSEAUrGE Adusted dughotictinAuerale irethapdeiaprgoniibPiric. sis a
simplified blgck diaaass siaRIOTESSCANHR2EdNQRItaN G:ayaieidSdiditih shideanl dopom or
control system 502 communicatively 10 couples to field device 350 through wireless adapter 300.

Wireless adapteP3063Rclided s siredicadcailatanidhidResdrstineesammedas dhteiossd. wireless

communications doegheieert§) is coupled to process device controller 356 and

FIG. 5 is a simplified block diagram of a process control or monitoring

system 500 in which a control room or control system 502 communicatively

10  couples to field device 350 through wireless adapter 300. Wireless adapter 300
includes a wireless communications module 310 and an antenna 320. Wireless
communications module 310 is coupled to process device controller 356 and
interacts with external wireless devices (e.g. control system 502 or other
wireless devices or monitoring systems as illustrated in FIG. 5) via antenna 320

15 based upon data from controller 356. Depending upon the application, wireless
communications module 310 may be adapted to communicate in accordance

with any suitable wireless communication protocol including, but not limited to:
wireless networking technologies (such as IEEE 802.11b wireless access points

and wireless networking devices built by Linksys of Irvine, California); cellular

20 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

25 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,
30 revision 7.0; HART Specification 65 — Wireless Physical Layer Specification;



interacts with external wireless devices (e.g. control system 502 or other wireless devices or
monitoring systems as illustrated in FIG. 5) via antenna 320 15 based upon data from controller 356.
Depending WA%E EIptication, wireless communications module 310 may6& He9ta9 1611
communicate in accordance with any suitable wireless communication protocol including, but not
limited to: wireless networking technologies (such as [EEE 802.11b wireless access points and
wireless networking devices built by Linksys of Irvine, California); cellular 20 or digital networking
technologies (such as MicroburstS by Aeris Communications Inc of San Jose, California); ultra wide

band, free spaceRIEsSfdeifiRh iy teM-faDioRiBLOMRNKAIS (B MbroasrahRackst Radio
Service (GPRS); Cade Division Mulﬁ‘g Access (CDMA); read spectrum technology, infrared

communicationsfechifuddivasiea (dyHpie I@‘@E?ﬁ:@m F\l;lclgﬁé%‘r‘i‘?é@hﬁﬁg)‘ FkBluetooth

Specification, sUMuASgement Specification; HART Specification 155 — Wireless Command
Specification; and HART Specification 290 — Wireless Devices Specification. Further,
5  known data collision technology can be employed such that multiple units can
coexist within wireless operating range of one another. Such collision
prevention can include using a number of different radio-frequency channels
and/or spread spectrum techniques.
Wireless communications module 310 can also include transducers for a

10  plurality of wireless communication methods. For example, primary wireless
communication could be performed using relatively long distance
communication methods, such as GSM or GPRS, while a secondary, or
additional communication method could be provided for technicians, or
operators near the unit, using for example, IEEE 802.11b or Bluetooth.

15 Field device 350 further includes power circuitry 352 and an
actuator/transducer 354. In one embodiment, power from module 352 energizes
controller 356 to interact with actuator/transducer 354 and wireless
communications module 310. Power from module 352 may also energize
components of wireless adapter 300. Process device controller 356 and wireless

20  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.

25 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,

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



Bluetooth Core Specification Version 1.1 (February 22, 2001), available from the Bluetooth SIG
(www.bluetooth.com); and the Wireless HART(r) Specification published by the Hart Communication
Foundation W& ¥R&i1fd4 Relevant portions of the Wireless HARTS Specifi®&tidHSHIUBBOMCF Spec
13, 30 revision 7.0; HART Specification 65 - Wireles_sSP_hysicaI Layer Specification; - 7 - HART
Specification 75 - TDMA Data Link Layer Specification (TDMA refers to Time Division Multiple
Access); HART Specification 85 - Network Management Specification; HART Specification 155 -
Wireless Command Specification; and HART Specification 290 - Wireless Devices Specification.

Further, 5 knownggiia ealtisiaatigcbrataeyueaadreic Mpiayad shicthidatfrovtipleditd gassgeexist within
wireless operating range of on arégther. Such collision prevention.can include using a number of

different radio-frGENBARS Y GIUPRYE dpdcasm A mdgeRssiare detdlin shisltations

module 310 can gigoigntilusieatiassdutels fasm A GpistialifyaeddwWwiale ss anianetRicatiasrnediods. For
example, primary wireless comQ:BSunication could be performed using relatively long distance

communication eMRdRe@l sHelas ErMBEEHIed MR a secondary, or additional communication

method coull be providggstast ©Lh il aishiar HPAAHEE MER6 ICofEhclsing ieUe @isRie 6EEE 802.11b
or Bluetooth. 15 Field device 350 further includes power circuitry 352 and an actuator/transducer 354.

In one embodim&ht® SERFHEHR e mResb L aReinsEe C0RAIEMSERS Thteld, 0% ifHch that

actuator/transduges Bdeadshyibaiess commuoisatiarmmesidectle. faemes. frris reslet’R2 may also
energize compone%ts of wireless adapter 300. Process device controller 356 and wireless 20

communications THOHAE 1% VR RIS RS ReA A Tert 5 nce with a standard

industry protocol such ag&a2RcnshidiABIErhds QUMBMITHON Tén Birkaibies 6B90fiRperfafs Wasbus, or
CAN. Alternatively, the wireless adapter may be powered by its own_power source such as a battery or
from other & urc%ﬁoﬁftxgésaﬂcﬁlﬁ%ﬁg?bf%’&%%f@ngg €.g."a coaxial cable) to pass through

shield 608 and to connect antenna 604 to wireless communications module 602.

Alternatively, antenna 604 can be formed integrally with module 602, for

example in the form of traces routed around an outside edge of a circuit board.

In such a case, the integrally formed antenna 604 is passed through shield 608
15  through aperture 609.

Non-metallic end cap 610 and metallic shield 608 surround antenna 604
and provide physical protection (e.g. environmental protection) for the antenna.
Wireless signals are able to pass through non-metallic end cap 610. This 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).



25FIG. 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 60NRAMESHWitkless communications module electronics 602 (e.©HEBPIEPEGtinted
circuit boards), antenna 604, metallic housing or enclgsure 606, a metallic shield 608, 30 non-metallic
end cap 610 (e.g. a plastic radome), and a conductivé elastomeric - 8 - gasket 612. Metallic enclosure
606 is illustratively made from metalized plastic or from a metal such as aluminum and has a
cylindrical shape. Metallic shield 608 is illustratively made from a plastic plated with a conductive

material or from a metakggcety as stanrped&iRphMmeial 26 askeid Lwilitiewdtainmeranoylaiating 613 of
enclosure 606. Gagket 612 is in contact with both metallic enclosure, 606 and metallic shield 608 such

that the three coFiPBFRSN®S RIrmitateHEIbIR aerrIdance Bittage erhotmmat el dheuprssenbrotects
wireless communisatieios. AeRRlerc A0S  dviaiplie ghieidh@Bhamalamedhijiastanerture 609.

Aperture 609 10 allows for an electrical connection 630 (e.g. a coaxial cable) to pass through shield

608 and to conn@CPRTeRAS 889 iS MHmbeed pfrrrfirsio R daRIgHId B sloftdittiteliS enna 604
can be formed indegdabyiveibnsrediile: Gadpier 0@ M, thecfonme chisRCeos datcdewisatyan outside

ege O G et st “or i finoas 180 Finsers 118 Bt Withis e enclosus et 608
annular ring 712 such that shield 708 and enclosure 706 form a continuous
conductive surface that surrounds wireless communications module 702. The
surrounding conductive surface protects electronics within module 702 from

10 EMIL

In another embodiment of a wireless adapter, the electronics enclosure
(e.g. enclosure 606 in FIG. 6 and enclosure 706 in FIG. 7) is made from a non-
metallic material. The wireless adapter communications electronics (e.g. module
602 in FIG. 6 and module 702 in FIG. 7) are illustratively protected from EMI

15 by a separate metallic shield that is within the electronics enclosure and that
surrounds the electronics.

In yet another embodiment of a wireless adapter, the adapter does not
include an end cap (e.g. end cap 610 in FIG. 6) that encloses an antenna. Instead,
a “rubber duck” style whip 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



15through aperture 609. Non-metallic end cap 610 and metallic shield 608 surround antenna 604
and provide physical protection (e.g. environmental protection) for the antenna. Wireless signals are
able to pasXr&YH Httmetallic end cap 610. This allows for antenna 604PfoTtREI8MAIP B dreceive
wireless signals. In an embodiment, 20 shield 608 ar}%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 transferrgeciryaus MEAIRTSASRIERICRRE 816 tBsuBIes es SHdRYigevied piari RYGBdsIstratively

communicates with a process device in accordance with an industry protocol, such as those set forth

above (e.g. HARTBE SRNRANEs L1V 4R BTSSRI MHAL LR BER SPeE s MIBERHSR power
(e.g. current or I43RRN6-a9d wirdhdés-allipterBOSSFREHPNH MRS AldapRihgu0\dsIsRs aslarier 700 that

reduces or eliminates EMI in accordance with an embodiment of the present invention. Adapter 700

includes many oRPHE1R8 AEdsY Al -onbo e lesshaumdr B dhdhe rerpbagt feosdingly.
Adapter 70G doemniPcludaduf conshicivy 08ebet The ackaRtes 660. Wistead, mpisc Jueld 708 has

electrically conductive tabs or spring fingers 718. Fingers 718 fit within the enclosure annular ring 712

such that shield FESUEHY ERcRRRES 38 Rinf IS tBrth SEINEoroRRERPRUFLR TP YsR ot flis wireless

communicationstriegitie wakt B08.SWEidiBgicaneluatyeasUac e REOBISesie B aRS Wipin module
702 from 10 EMI. In.another embodiment of a wireless adapter, the electronics enclosure (e.g.

enclosure 606 ir"ERBCHIOn Plocki Sdnabiss iﬁol‘l‘l’(}:e.s?))iﬂﬁﬁ%lﬂ%]gyn Gomerdnflessatdarictrne

wireless adapterspomANimiGasaes RITIRICH{RBsHadplerd itahte BraagdaB19duiRived in FIG. 7) are
iIIustrativeIi ﬂorotected from EMI| 15 by a separate metallic shield that is within the electronics

enclosure afld AW SARREH SO HIRRIINE 820, GAITISH AT EE A URPEFLIREIRS S dapter, the
adapter does nowiiteluske atagieel gap. (Fartred aapeadOdipFi4 By erellsr acoaptenns. Instead, a

‘rubber duck” St¥1lce>uvsvikr]1i£ 862n(}earr]1 aail?o%\??rddnlrkr]l?sg}lgrilpo r&?rré?eass!Sspégféot%gge&rrough. Note that
in the arrangement shown in FIG. 8, five electrical connections are provided to
wireless adapter 800 (i.e. four loop connections and an electrical ground

15  connection). These electrical and mechanical connection schemes are however
for illustration purposes only. Embodiments of the present invention are not
limited to any particular electrical or mechanical connection scheme, and
embodiments illustratively include any electrical or mechanical connection
scheme.

20 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

25  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

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



20 placed adjacent to the adapter shield (e.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 flant¥MB¥Y 1&kdtbsion-proof) capability. Additionally, wireless adaptéryBpAHANssiHclude
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/transduggiBGrhrRedfigasiemant sok2 -&HBSEMERE- Mras¢Ia @ reitnad&scouples to
field device circuitry 868. Device 850 couples to two-wire process control loop 888 through a

connection blockRSFESTERefaRLEdapIs0E F iransiiiseis sughfhat Sor d9ipfedtoe housing

of device 850. InjdeatHicanBignsasynsich!@ &dtiessianling istaresaleanmPiT aorduive@nnection
809. The chassis of wireless adapter 800 illustratively couples to an electrical ground connection 810

of device 850 thib&if WitRtersdERY gt tisRlgHaE ViRV BLOWRY Hrd B orBP BBl USnARction block

802 which ceuplggdegonseatianged 1 Adoni i elgssagapteirdiéinAgdIugbatedin Fidrefoswireless
adapter 800 can be threadably received in 1Q conduit connection 809, Housing 820 carries antenna

826 to support cHeMRPUFaiAde STSH e MBI E e raddressingaréonatinthe Lbatisly Gupled to

housing 820 andcaflagutasinissiestiph wifelessisidesiedharmstheynidNnta Malindbendiiregement
shown in FIG. 8, five electrical connections are provided, to wireless adapter 800 (i.e. four_loop

connections and®ATERSEECHHGBIAtER 5 1R oPRTRE iEMPORHIER!S  Shi cH12h P fn dEFERIRBIF c dAnection

schemes are howgiégs, ohdtusimrbaimpUeRAnesI08 b idepbigdinen & afiifda dy ess Beinvanhtigesnhare not
limited to any particular electrical or mechanical connection scheme, and embodiments illustratively

include any BlecficATBFHIE AT HER fERIRRSL e RRMBRHFHCAHAPIRIRS YeticR PAEGUL herein can
be any device whishds, Wssigning 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
15  particular device.

As has been discussed, embodiments of the present invention improve
wireless communications with a process device. Certain embodiments reduce
electromagnetic interference with wireless adapters by providing a conductive
surface that surrounds and protects the enclosed electrical communications

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.



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, WA Pputers. The device can be located anywhere in thBGFEER889¢WAHd| system
including in a 25 control room or control circuitry. The terminals used to connect to the process control
loop refer to any electrical connection and may not bg prise 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 3QaRguatE fhet freliad thikawaniigyratiensiset Ao hatrinegétmanyigther
particular configuration, In some embodiments, the field device includes an address which can be

included in any tPARSAHIEE BROQERF Sy RIkRIsiskilled e thfentiind! Ssenemye dbehhangfdress can be

used to determinga§ déataiehh FermalisdiaatedifRsdb abpaticy g6 SEMeSpifRMaTScdpoTer
embodiments, no 5 address is utilized and data is simply transmitted from the wireless communication

circuitry without S/ RYHE¥Ling information. In such a configuration, if receipt of data is desired, any
received data may not include addressing information. In some embodiments, this may be acceptable.
In others, other addressing techniques or identification techniques can be used such 10 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 15particular device. As has
been discussed, embodiments of the present invention improve wireless communications with a
process device. Certain embodiments reduce electromagnetic interference with wireless adapters by
providing a conductive surface that surrounds and protects the enclosed electrical communications 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. -12 -



Although the present invention has been described with reference to particular embodiments, workers
skilled in the art will recognize that changes may be mgy&g_in form and detail without departing from the
spirit and scope of the invention. - 13 - WHAT IS CLAIMED IS: 1. A process device wireless adapter
comprising: a wireless communications module configured to communicatively couple to a process device
and to a wireless receiver, the wireless communication module being configured to be powered, at least
in part, by the procega-feyigs end pgarpufigured to interact with the process device in accordance with a
standard industry protocol; a metallic housing that surrounds the wireless communications module, the
metallic housing having a first end and a second end, the first end configured to attach to the process

device; an endcap hpvingradesiadis/dueldrthas sefastertbeipHsing: second end such that the metallic
shield and the housing form a substantially continuous conductive surface; and an antenna

communicatively coupled 8 HEGRSISQEEBHIHEAHRARRSHHISHERI Rl S 32 SHRRENEMe wireless

communications module by the mﬁﬁawl‘éYtbiQ'@ro%egb%lW&ﬁ@'%iﬁw'@!%&éﬂﬁé%i@él@@gﬂ 1,
wherein the wireless communications module comprises a printed circuit board, the printed circuit board

having a length and a width, the ISRIMERIEANAMYBRHVSE RRINY ReRlaLRSURS MeeriEAT the metallic
housing second end, and whereingifigalenghtie gieresdhrvike avdthisS cORBJuiERsEEEVIRA Wireless

adapter of claim 2, wherein the wireless communications module comprises a second printed circuit
board, the second printed circuit BB&A ASERTE Yyt SRECLARRRR, WS R BN H#R I ¥econd printed
circuit board extending between theofaetsillic housing first end and the - 14 -

a metallic housing that surrounds the wireless camaations module,
the metallic housing having a first end and a sdard, the first
end configured to attach to the process device;

an endcap having a metallic shield that contag$ittusing second end
such that the metallic shield and the housing farsubstantially
continuous conductive surface; and

an antenna communicatively coupled to the wiretessmunications
module and separated from the wireless communitatizodule
by the metallic shield.

2. The process device wireless adapter of claimhgrein the wireless
communications module comprises a printed circogrt, the printed circuit
board having a length and a width, the length editepnbetween the metallic
housing first end and the metallic housing secord] and wherein the length is

greater than the width.

3. The process device wireless adapter of claimh2rein the wireless
communications module comprises a second printeditboard, the second
printed circuit board having a length and a widlie length of the second

printed circuit board extending between the metdlbusing 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 devic](Te wireless adapter of claim 1, further comprising:
a non-metallic end cap that attaches to the housing and [f%ét encloses the antenna. 5. The process
device wireless adapter of claim 4, wherein the non-metallic end cap is a plastic radome. 6. The process
device wireless adapter of claim 1, wherein the metallic housing comprises aluminum 7. The process

device wireless adaﬁﬁ@faﬂf&mﬂﬂsﬁaW@Hﬂ@ﬁdﬁ@ﬁﬁ"ﬁ/ﬁ'@@mﬂwQ%Pﬁﬁﬁﬁirﬁﬁ&li?%é}@StiC- 8. The
process device wireless adapter of claim 1, wherein the metallic shield comprises stamped metal. 9. The

process device wirel@88tHda G tiaan NG AeramRE AtRLRitwHEIW hhprises plastic plated with a
conductive material4 1Pnd peoeeseas deyigarulieleag Astepier QhRtaimet coRfygimige metallic shield

contacts the housing second end through spring fingers. 11. The process device wireless adapter of
claim 1, wherein the metalft{MeTREBIGRER% M JiRiRjtaERBR IR PHEIIPR 2bRRHOSES digstomeric

gasket. 12. A process deviggtaigiess adapter comprising: a metallic housing having a length and a
radius; a printed circuit board within the metallic housing, the printed circuit

5. The process device wireless adapter of claimhrein the non-metallic end

cap is a plastic radome.

6. The process device wireless adapter of claiwhgrein the metallic housing

comprises aluminum.

7. The process device wireless adapter of claimhirein the metallic housing

comprises metalized plastic.

8. The process device wireless adapter of claimhgrein the metallic shield

comprises stamped metal.

9. The process device wireless adapter of claiwhgrein the metallic shield
comprises plastic plated with a conductive material

10. The process device wireless adapter of claiwhgrein the metallic shield

contacts the housing second end through springifing

11. The process device wireless adapter of claiwhgrein the metallic shield
contacts the housing second end through a con@uekastomeric gasket.

12. A process device wireless adapter comprising:
a metallic housing having a length and a radius;

a printed circuit board within the metallic housitige printed circuit



- 15 - 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 bo_alrgl being greater than the width of the printed
circuit board, the printed circuit board configured to be communicatively coupled to a process device to
receive power from the process device and to interact with the process device in accordance with a
standard industry protocol; a metallic shield that forms a continuous conductive surface with the metallic

housing, the metallic shield having@amsﬁmqvﬁjﬁeg%daq@%mqmq@gﬁﬁr@;ﬁﬁﬁ@d positioned
proximate the first side; and an antenna electrically connected to the printed circuit board through an

aperture in the metallic shield, the"HAWHPRASSHBNEY BIBREER IBROMALIRE HBHULIBNd EiRe, the

antenna configured to wirelessly y@qgmbreapHpieat@nuiesOUiEIRsJ iR asbtiairelsssly receive
communications from the wireless receiver. 13. The process device wireless adapter of claim 12, wherein

the antenna is a "rubber duck” styREASIPEHEIRAAT RoAFH IS BEBLRLENFRL PERILUHSHER of claim 12,
wherein the metallic shield is partygp$ H@ﬁrgf@plmghnmy dubfeanteanFodéssiferiegeredyias wireless

adapter of claim 12, wherein potting is included within the metallic housing. 16. The process device

wireless adapter of claim 12, furtHEPBIRHRERRS SIS R LR HGHAsh VLR BPERRFIRYSE 15 attach to a

process device conduit. - 16 - 1jctoedaifsesatHeyisandetessdadagierstbelsim 16, wherein the
mechanical connection region includes a threaded surface. 18. A method of improﬁ\é}ﬁﬁ wireless
u

communication capabilitie2dNS A SNEL I UMY MR G dReuEEes Hi€tions module

to the process device to metallic housing, the metallic shield having atfle and a
second side, the printed circuit board positionexionate the
first side; and

an antenna electrically connected to the printeclitiboard through an
aperture in the metallic shield, the antenna pms#dl proximate
the metallic shield second side, the antenna cordajto
wirelessly transmit communications to a wireleseneer and to

wirelessly receive communications from the wireles=iver.

13. The process device wireless adapter of claimvh2rein the antenna is a

“rubber duck” style whip antenna.

14. The process device wireless adapter of claimvh2rein the metallic shield

is part of the ground plane of the antenna.

15. The process device wireless adapter of claimvh2rein potting is included

within the metallic housing.

16. The process device wireless adapter of claipfutther comprising a

mechanical attachment region configured to attachprocess device conduit.



power the wireless communication module, at least partially; coupling an antenna to the wireless
communications module; at least partially surrounding_t?g 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 environmentatiyedpptReisstiae noieninaians HriAde ws MRS IANAL ivceAgRidrPugh the

cover to the control system. 20. The method of claim 18, further comprising: reducing a width and
increasing a length SPINEFHRILEIIBHRGIHFESR IR RAIRAS AT hat the length is greater than the width.

18. A method of improving wireless communicatiopalailities of a process
device comprising:
coupling a wireless communications module to tloe@ss device to
power the wireless communication module, at leasiaily;
coupling an antenna to the wireless communicatioogule;
at least partially surrounding the wireless comroations module with a
conductive surface to reduce electromagnetic ieterfce with
the module; and
positioning the antenna outside of the conductiréase to enable
wireless communications between the process devidex

control system.

19. The method of claim 18, further comprising:
enclosing the antenna in a non-metallic cover énaironmentally
protects the antenna and that allows wireless Edaogass

through the cover to the control system.

20. The method of claim 18, further comprising:
reducing a width and increasing a length of theel@gss communications

module such that the length is greater than théhwid





