1 i MAY 2005 -1 TWO WRE FI ELD- MOUNTED PROCESS DEVI CE BACKGROUND OF THE

| NVENTI ON The present invention relates to process devices. Mire, | .
specifically, the present invention relates to field-nmounted proce]slsM'I‘\Y 2005
control and neasurenent devices. Process devices are used to neasure and
control industrial processes such as the refining of petrochemcals, the
processi ng of food, the generation of electric power, and a nunber of other
processes. Process neasurenent devi ces-icl ude process vari abl e
transmtters, which neasure a process variable such as pressure or
tenperature and cOTWOMWARE t FdEERsSMGENTED | BBOCHESSa DEVEET: control | er.
Anot her type of process device is_an actuator, such as a valve controller

or the, like. Generally, erhed using a

conmbi nation of transm ttEes, praciamat odayeaniba pradeass cant rprdessd hat
communi cate  3gLoss A Progess cantLal: Jagn toR. COUIAIEr snbobly of ypes of
process devi ceS I'hteract w t thyS| ca process tshrougﬁ rocess
interface el emestatedrocess FirkrupvtedenePEscare de¢PREEOWhI c3nd el at e
el ectrical sigohals-dedh&wGaespr ocess condi tions, and include devices
such as sensors, limt switches, valve controllers, heaters, noto

‘{)r F?OIEVE{ is

controllers, and a numberrOTtSot KEYIFES cBES THREPr desTeEsH

typically a metocehpihdustotal edroneasesnsnoh meomtenayefimimg hef process.
The process co ecal Q6ES i3f erat i fre : nor e
process rreasur%%r%%éﬁédgj\:c/(?%legs’ gﬁﬁdé/%%fy a 21?. togb gggénglragl 55%ﬁ§lelcg{o one or
nore process coht SECHEYFCREVES | @icuendemass Mfociser PPty control

it. I'n order tpr&6&PsembasthiR@mBhOCRESrices include process variable
transmitters, which measure a process variable such as
pressure or temperature and communicate the measured
variable to a process controller. Another type of
process device 1is an actuator, such as a valve
controller or the like. Generally, process control is
accomplished wusing a combination of transmitters,
actuators, and a process controller that communicate
across a process control loop to a controller. Both
types of process devices interact with the physical
process through process interface elements. Process
interface elements are devices which relate electrical
signals to physical process conditions, and include
devices such as sensors, limit switches, valve
controllers, heaters, motor controllers, and a number
of other devices.

The ©process controller is typically a
microcomputer located in a control room away from the
process. The process controller can receive process
information from one or more process measurement
devices and apply a suitable control signal to one or
more process control devices to influence the process
and thereby control it.

In order to couple to the process,



I I MAY 2005 -2 transmtters and actuators are generally nounted near the
process in the field. Such physical proximty can subject the procegs MAY 2005
devices to an array of environmental challenges. For exanple, process
devices are often subjected to tenperature extrenes, vibration, corrosive
and/ or flamrabl e environnents, and electrical noise. In order to wthstand
such conditions, process devices are designed specifically for
"field-mounting."” Such field-nmunted dewvizces wutilize robust enclosures,

whi ch can be designed to be explosion-proof. Further, field-nounted process
devi ces can al sbranswidsiase®ndl t3rtdiatarist Byet geneira 1 lysimpunsgse near

“intrinsically spd @onoddysCh nmRaRS rtiBak. evedch unwles i daul grsongity s the
circuitry will nerally . not contain egough el e(‘ttrl cal ener?%yto nerate a
spark or a surf EE‘*g‘m)ngFur PIHETanER0E8% an “expPdsi oA*THY t hé*pr esence’
of an hazar dousermtimspiertal Fehrdaherngss.l |, eFect riecaimpilesl atpmrcasechni ques
are usually e ; t e t s+ gf ol i These are
& g@% %’ré. decen Q%b§EE€8& t8 t%h?agcha'(}, e él?d:ﬁnes, |

just a few exanpl esign considerations I stingui
fiel d-nounted PHRERISOHevFEESOFE B GOl iaBEabhfi @N Fermantsensor

characteri sticsa@idepeetirdealatrbiigidi catinveopder Such ebhahaetedi Sudks. Aside
fromthe environnental considerations . |isted above z%pot her.f:.hal l.enge for
i Sl R}

field-mounted HRACEL T HACH WTTHES S &HProfEss RNTEECHY | ocat ed
near the processof ar" fiegdm-moantomor. Sl r oburh | Digl dimeunted aevigfasen

required to coupl £ SUCN oHieM €82 1LALLRE CRRLER! 400 JeSHd NG, s are

costly to install and difficult to mainfain. One way to reduce the requisite
wiring is by (RIPIMIWEOIpr ocesEUgelPEes. THRESETREPIEEs RS to the
control room usiiégicded Wwoam B&spr @eesde igiaddolwith circuitry that is

said to be "intrinsically safe", which means that even
under fault conditions, the circuitry will generally
not contain enough electrical energy to generate a
spark or a surface temperature that can cause an
explosion in theipresencé of an hazardous atmosphere.

Further still, electrical isolation techniques are
usually employed to reduce the effects of electrical
noise. These are just a few examples of design
considerations, which istinguish field-mounted
process devices from other devices, which measure
sensor characteristics and provide data indicative of
such characteristics.

Aside from the environmental considerations
listed above, another <challenge for field-mounted
devices is that of wiring. Since process devices are
located near the process far from the control zroom,
long wire runs are often required to couple such
devices to the control room. These long runs are
costly to install and difficult to maintain.

One way to reduce the requisite wiring is by
using two-wire process devices. These devices couple
to the control room using a two-wire process control
loop. Two-wire devices receive power from the process



| oop. Two-wire devices receive power fromthe process 'I MAY 7005 -3
control |oop, and conmuni cate over the process control |oop in a manner
that is generally unaffected by the provision of power to the Pr OCES$MAY 2005
devi ce. Techni ques for comunicating over two-wires include 4-20 mA )
signaling, the H ghway Addressable Renote Transducer (HART@ Protocol,
FOUNDATI ON Tm Fi el dbus, Profibus-PA and others. Al though two-w re process
control systens provide wiring sinplifi-@ation, such systens provide a
limted amount of electrical power to connected devices. For example, a
devi ce that cofPRhreat 8°Pn 2RECEPHRARRECHE® HOURDOEMA RYQMFRTT iPRISL draw no
more than 4 mAoRbhemmMseandiee devhee' sscyeneptlionsuagfeenedawbyl dhaf fect the

process variabl e. The frugal power dget of two;wi.re pracess .devices has
traditional ly B5°%taq%t R& PINCTi 5r?a%%tey ptrﬁé:tesgoﬁegﬂlggpr gl\cﬁca"zl&.q%ﬁﬁot her way
the process corfiorol conaustirgthag epeducedtwdiel e rimelude byd pilovimdi ng

transiaitters wigha14%Q, S&IROM yi Ok & - AQHEBsEEBNS MEhBhe IeduicRide nunmber

of transmtters [sensof_and thereby Teduce . rl,ng costs as V\E%JE as overal l
system costs. CHERTEY anPret@Fobuc FOVNDRAASHN t t EfStdPPRe MotRtLRVSIARNY

Mul tivari abl e Eerpetakise Rlansiight @wo-aYakl ailoeelsomorResdmytemac. , of
Eden Prairie, Mnnesota.. Although rent nmultivariahle tr .tters can
reduce wiring &fsotvédgs “we PgaSSl%l\?éL(rig{%lca§§§Pémsluggstsgl?"t%ﬁlgy%qg)\?elde a
traditional ly Béevtleidn raguns &fpl id@dtadcalny@onary theo seamwmaEedThus, in

applications widdyigost eenrsensispl & or 2 exayRte, t8hdhtcomdilckdkisaliie:
transmtters would still be requi if different sensor groups

. . Further,
are i ndependenfSFOrgPBGRd&d, th her%gi @Aasﬁgé’?ﬁﬁf’ﬁi P 5that J¥ olifd 1°66p  errors
coul d occur andhadver set yobhéeeispr tbesslevieadsr enentent consumption

would affect the process variable. The frugal power
budget of two-wire process devices has traditionaliy
limited the functionality that could be provided.

Another way the process control industry has
reduced field wiring is by providing transmitters with
two sensor inputs. Such transmitters reduce the
number of +transmitters/sensor and thereby reduce
wiring costs as well as overall system costs. One
example of such a transmitter is the Model 3244MV
Multivariable Temperature Transmitter, available from
Rosemount Inc., of Eden Prairie, Minnesota.

Although current multivariable transmitters
can reduce wiring costs as well as overall system
costs, they have traditionally been 1limited to
applications involving two sensors. Thus, in
applications with sixteen sensors, for example, eight
multivariable transmitters would still be required.
Further, if different sensor groups are independently
grounded, there is a possibility that ground 1loop
errors could occur and adversely affect process
measurement.

Current methods used to overcome the problem

of coupling a large number of sensors to the control



Current nethods used to overcone the problem of coupling a | arge nunber of
sensors to the control 1 1 MAY 2005 -4 room i nclude coupling the Sen%ﬁF§
directly to the control room For exanple, if a situation reqU|res m@e
nunber of tenperature sensors, consunmers generally create "direct run”

t her nocoupl e configurations where thernocouple wire spans the distance

bet ween the neasurenent "point" and the control room These direct run
configurations are generally |less expendtrve than the cost of obtaining a
nunber of single or uaI ensor transnjtters, howev a SI nlflgant Wi ring

effort is requiv&H é’ﬁﬁ P %cecsqé“plr’r@ﬁsupé‘?rerﬁeqsé’rrsen éf‘@ﬂt}rﬁr SudcEptible to
el ectrical nousnmdu& troothe |Fong exempleThe fprocasmatdenr alequidest ry has

al so reduced tihg eﬁ}] ot g W g Mol pggﬁgérsslcorgorngfum@ésprovi di ng
eV|ces

fiel d-nount ed at are capa perform ng control functions
Thus, some asﬁﬁﬁﬁgaéﬂYproc§§§aééntrold%ﬁ%FQran§ﬂ§?red|§hﬁ¥m999UPfﬁeld

t her eby provi dldtgqulglu@léeﬁoh@sr)m&@etl merh@&Supn@I [ am@e ug@ankhe @i n
process control and g %ater %LGXI %%W qé her . qurnat on regardlng
such control éﬁiSﬁs fi Y FPel ﬁnu%?%ﬁF Ae cdPBE" f &Y iSHSUni t ed
St at es Pat ent M:Qnt&08257;<ﬁ<ﬁ4 t o Y¥ese odirettalyurentphf ddufs ELOR MOINEED
CONTROL UNI'T, assianady b RossmunliLneaanotatedoh Laough mmlitipvari abl e

transmtters Procéss devi c&s | nplenenting control functions have
advanced t he aﬂﬁmﬁﬁrpﬁécéé@géGnPFoﬂua¥h%?%SQ% D3P §IL t Seed R ¥EComodat e

applications regqusidiirikadte! alimel Yeffsge ﬂSIHEGQuQEe&en&QHS,pr&ﬁ:é&e| | as

?Pg:hcﬁghﬁ?zdrgrggégg g@?ggc%dnﬁggg&okoég L& dielshe SRR ALYo-wre
noise due to the long runs.

The process control industry has also
reduced the effects of long wire runs on process
control by providing field-mounted devices that are
capable of performing control functions. Thus, some
aspects of proceés control are transferred into the
field, thereby providing quicker response time, less
reliance upon the main process controller, and greater
flexibility. Further information regarding such
control functions in a field-mounted device can be
found in United States Patent No. 5,825,664 to Warrior
et al, entitled FIELD-MOUNTED CONTROL UNIT, assigned
to Rosemount Incorporated.

Although multivariable transmitters and
process devices implementing control functions have
advanced the art of process control, there is still a
need to accommodate applications requiring a
relatively large number of sensors, as well as
applications requiring enhanced control in the field.

SUMMARY

A two-wire field-mounted process device is
provided. In one embodiment, the process device
includes multiple isolated channels includes a channel
that can be an input channel or an output channel.



provi ded. In one enbodi nent, the process device includes nultiple isolated
channel s includes a channel that can be an input channel or an outpuday 2005
channel . MAY ?005 -5 The given input or output channel can couple to
mul ti pl e sensors or actuators, respectively. The process device is wholly
powered by the two-wire process control |oop. The process device includes a
controller adapted to nmeasure one or nore characteristics of sensors
coupl ed to an input channel and to cont®ol actuators coupled to an out put
channel . The process device al so includes a |oop comunicator. that is
adapted to conmitfi ct&SBvet PHE to- T EWooFRaPReAnoEARr SR nemt, the
two-wire fiel dnuinipiied peasess devwi ceturtloudes aespattbdvéeéky. t hatThes
adapted to exe us erate o] it at rocess
Q2R sUSBL9EDET AL %t&smé{) mlggggggamggpp tgbating pro

i nput informati'on Wi th process outpu rocess _device of this
enbodi ment al sPrageeiSudednter PoopoeBmMmikec RBICaItat IPE aRlapPeduegs 2

ponnug!cate OVQﬁxﬁhélué@%Mﬁb@abQQE- BiRbEF EFSEB&BTlONn@r Thz DRAWMNGS Fi g.
is a diagrammtic view of a process contro tem enploying.a twa-wire
field mounted FROGSSETdsiice Ph ACROPHAnteRATh S SAbUH Hort Bt the
present inventian te gonZriod acsystensbtoghlell age aamodutpet pravesls devi ce
shown in Fig. lendigrockds aepyst el bbockcdliagsam ofodp MELRfthi&lrdy ovi di ng
a process variable wth a field-nounted process device In accordance with
an embodi nent ofhathds HdePERe LRV ERMMBALICETY. OVeT sthe sTEe e 1 okICRt agr am of
a method of operating arth edfbtmaint efb@gdoeass deMecaworwiaecofelze W th an

enbodi ment  of trrboeunq:re%seﬁlgoccaisnsvecpé\irfyé includes a controller that is
adapted to execute a user generated control algorithm
relating process input information with process output
commands. The process device of this embodiment also
includes a loop communicator that is adapted to
communicate over the two-wire loop.
BRIEF ﬁESCRIPTION OF THE DRAWINGS
Fig. 1 1is a diagrammatic view of a process

control system employing a two-wire field mounted
process device in accordance with an embodiment of the
present invention.

Fig. 2 1is a system Dblock diagram of the
process device shown in Fig. 1.

Fig. 3 is a system block diagram of a method
of providing a process variable with a field-mounted
process device in accordance with an embodiment of the
present invention.

Fig. 4 is a system block diagram of a method
of operating a field-mounted ©process device in
accordance with an embodiment of the ©present
invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
A two-wire field mountable process device 16

shown in Fig. 1 1s provided which can be adapted to
execute sophisticated user generated control



DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS A two-wire field nmountable
process device 16 shown in Fig. 1 is provided which can be adapte FHAY 05
execut e sophi sticated user generated control | "I MAY 2005 al gorithns, ?‘pu

| i ke those used with traditional programmble |ogic controllers. Enbodinents
can include input channels, output channels, and any conbination of the
two. General ly" each channel is isolated fromthe renai nder of the process
device. Such isolation renoves ground-lbeop errors that currently limt
multiple input transmtters. Finally power managenent is such that

enbodi nents of2 Wl%entﬂthvehﬁ%ntﬁ‘Pée\AhW?@ poviEr ed 1A {omewi r e

p][ OCﬁSSf|OOp %O%ﬁﬁﬁ@kﬂ@? ouggic(;jf ealomteslNets. bemdgfamafsent dapon review
of the figures, ar e relate esrlptl rovi ow. Fig. is a

di agrammati c vi evr;o pro e%s con?r of’ sy s‘{ &m 10 \ﬁn%%gzﬁtilghcl G es coﬁ’trol room
12, process combiglatioep of amg pt‘%es@e@%mb]e’,weaPhoc@E%nn%bntlﬁol system

can conprise a §HNH & PELGRSEhdeVerBingOHPLEd the GOidMs raem de, however
system 10 can al so |ncI ude hundreds of process devices coupled. to one or

more control rI¥Ms ovEPLAtHRMbef HIVSS ocERICont AP | EEPSTS oSl room 12
is typically acxizamdﬂltw lﬂm&amdtapmg ft@m dendneemit@etrisat imiclaldes a

m cr oconput er. ?‘ﬁ el a%ta% %"%H%d 1:9 QR Olt{xélgor%nﬂ]i‘?odﬂféﬁé he A r.econput er

to interact wi ous oCess devi ces through process control |oop 14
and thus contPegsenthe iprenbiet esyef riiplie ROMTSS Pyond TEoOrwdrgrity,

control room lgrdedd | sdy atsed Thede Shagbendy GdetUri@wevan,] idkceaie control
system enbodi nents, control room1l may lfact co c% groczlit ontr ol
loop 14 to a ﬁ%e%%@%?%rrﬁgf%rﬁf %ﬁc& 25 ERe ‘VE et § hat users
wor | dwi de couldescription provided below.
Fig. 1 is a diagrammatic view of process
control system 10 which includes control room 12,
process control loop 14 and process device 16. Process
control system can comprise a single process device
coupled to control room 12, however system 10 can also
include hundreds of process devices coupled to one or
more control rooms over a number of process control
loops. ,
Control room 12 1is typically a facility
located away from device 16 that includes a
microcomputer. A user stationed in control room 12
uses the microcomputer to interact with various
process devices through process control loop 14 and
thus controls the process(es) from the control room.
For clarity, control room 12 is illustrated as a
single block. However, in some control system
embodiments, control room 12 may in fact couple
process control loop 14 to a global computer network,
such as the internet, so that users worldwide could
access process device 16 from traditional web browser
software.
Loop 14 is a two-wire process control loop.
A number of two-wire process communication protocols



access process device 16 fromtraditional web browser software. Loop 14 is

a two-wire process control loop. A nunber of two-wire process CO”“WP%@?%M?”

protocols | MAY 2005 -7 exist for comunicating on |oop 14, and any y

suitable protocol can be used. For exanple, the HARTO protocol, the
FOUNDATI ONr ~'  Fi el dbus protocol, and the Profibus-PA protocol can be used

wi th enbodi nents of the present invention. Loop 14 provides power to

, connected process devices while providtfhg conmrunication between the

various devices. Process device 16 includes cover 17 and base 19 which are
preferably con$&igEt EQrf CoOmmENigrEHM eonplasPi d 4mat®td afYB&Sétedles adapt ed

Ejo matg \évith a@roitgab@t:'&argt apglar gdsdd N r ai Fof or ex®tipl e Ng. tAS wﬁfxr{me
escribed in npre, detai evi | .Srma to__operate so upon

el ectrical pom@f%@%%?ﬂ/eah?h%@ggﬁ%ﬁé&%p %ﬁ,e5§§asi ?raoggﬁtoéd f%lj%& the

fi el d- mount i ng Profigbys-RRevpretd®l sczmnbegused two bl t ¢bediments| afi vel y

l'arge tenperatyhg r@aeSuechvas.rdl 1o gxeds Glovid®shaivedl vbbrations,
and relative hunldltg in excess of 90% Such environnental resistance is
effected pri n&PPRFCERTE oughPTRESSRI ect FON-HS r obudt tonpon8APEIding wi|| be

descri bed | at ercomfuhbeatsi@ciddte@bhothe wWpticmaldearicdeasure 18 (shown in-

phant om) provi des addedPLégéggIdé§£0%2q6c§9 diggyﬁéﬁgfn%ﬁgﬁkgsgggesuch as

a National Electrical Mnhufacturers Socia qu@#é osure, or an
expl osi on- pr oofl Seridhtigdurare Theefprales scoesi vectgmbodraBdnta showhabhe Fig. |
has a nunber  @fi aisBPYt fa PO DUt PUisse a iNCEHUIRSE S U abh€e COIPNL EMNY
circuitry (shown in Fig. Zé to ex ute.f ser e erated contr al gorithm
The al gori t hm i*&IE5hHr PEB d%?ja:ﬁ§n5%+ 0 ¥089§ gf%?eneﬁV% Y&tht Phg
speci fi c input desentibed 0 iout pots centid) | etbvbycedetbcels adapted to

operate solely upon electrical power received through

loop 14, and is adapted for field-mounting. Thus,

device 16 is configured to withstand a relatively

large temperature range (such as -40 to 85 deg. C.),

mechanical‘vibrations, and relative humidity in excess

of 90%. Such environmental resistance is effected

primarily through the selection of robust components,

as will be described 1later in the specification.

Optional enclosure 18 (shown in phantom) provides

added durability and can be any known enclosure such

as a National Electrical Manufacturers Association

(NEMA) enclosure, or an explosion-proof enclosure. The

process device embodiment shown in Fig. 1 has a number

of inputs and outputs, and includes suitable computing

circuitry (shown in Fig. 2) to execute a wuser

generated control algorithm. The algorithm is

comprised of a number of logic statements relating

specific input events to outputs controlled by device

le. The user can change the algorithm either by

interfacing locally with device le, or by

communicating with device 16 over control loop 14.

The algorithm can be generated using conventional

logic generation software such as Relay Ladder Logic



16. The user can change the algorithmeither by interfacing locally with
device 16, or by communicating with device 16 over control |oop 44 MATI,
al gorithm can be generated using conventional |ogic generation software
such as Rel ay Ladder Logic 1 1 MAY 2005 and Sequential Function Charts
(SFC s). In this sense, device 16 can be considered a two-wire field-
nount abl e programmabl e | ogic controller. Al though the description wll
focus upon the enbodi nent shown in Figs8-1 and 2, such descriptionis
provided for clarity, since enbodi ments enploying solely inputs, or

out puts are exphéssPgTeeomtadl HwEtithadriioiml | PFCd6vi-ces Wit hthie
conput ational pewek, oljederica 6lbcart obl detidi dee-epes at we-wipan f1erav re

process Control |opo0 due to_prohjbitive power nstrajnts. Process device
16 i s coupl ed WBuggﬁgg?spﬁa,gra%i‘?b 2, R%%fc Z%O%W%%t?rasaﬂ‘m%qoué’sh actUators 32
and 34. Sensopgs@@ipﬂﬂoandd24 aﬂankhemm®tpup$esmboﬁimaQWnShpwpe;hmhich are
coupl ed to variys precessypoj nts. i 9 BEoyifs Mol tage $ighaksgbassd upon

process variables at the respective process points._ Resistance Tenperature
Devi ces (RTD sFl2eityg ghBCS0eHPRINIYH S CHRPBPEHNE 0SQaR+BUS PR oTes?t poi nt s
and provide a ou@pustangeet hatprtssdlasedodpoipIHRESS t erpaiaiomgl By the
respective procgcess points. 26 is coupled.to__device 16 throu a known
three-wire connggtllcgﬁ a‘“r’fdth ﬁq%lﬁast F3 %%tﬁé)tna\}ar?%ﬁ%rmo% ngegéﬁgi %? ations
can be used wicokldnbodi neat opsfratkd prevetwd-widet i RYRCesAct garbrsl 32 and 34

are coupl ed to)prpsedsedeyi Seobhiad aelHAt & sitidakig val ves, switches and
the |like based upon contro siggg%f?%r? devi ce not ed ve, device
I

16, As
16 can execute a user geh&PSEed atYoFPYRIRY oF ¢ P ER %Dt fi ¢ i nput
conditions to 2g8pecidf,i @6puizButancorBifards weEdbr agxaoph&toxdeviLeard® dhy sense a

process fluid teppetat Y@, 38d GANSSACLHAl @hermocouples, of known
type, which are coupled to various process points to
provide voltage signals based upon process variables
at the respective ©process points. Resistance
Temperature Deviées (RTD’s) 26, 28 and 30 are also
coupled to various process points and provide a
resistance that is based upon process temperature at
the respective process points. RTD 26 is coupled to
device 16 through a known three-wire connection and
illustrates that various wiring configurations can be
used with embodiments of the present invention.
Actuators 32 and 34 are coupled to process device 16
and actuate suitable valves, switches and the 1like
based upon control signals from device 16. As noted
above, device 16 can execute a user generated control
algorithm to ©relate specific input conditions to
specific output commands. For example, device 16 may
sense a process fluid temperature, and cause actuator
32 to engage a heater coupled to the process fluid in
order to maintain the fluid temperature at a selected
level.
Fig. 2 is a system block diagram of device
16 shown in Fig. 1. Device 16 includes loop



32 to engage a heater coupled to the process fluid in order to maintain the
fluid tenperature at a selected level. Fig. 2 is a system bl ock diagran1of
device 16 shown in Fig. 1. Device 16 includes |oop 1 MAY 2005 -

communi cator 36, power nodul e 38, controller 40, and channelsidZWM%%&§46
48, and nenory 52. Loop comunicator 36 is coupled to process control |oop
14 and is adapted for bi-directional data conmunication over |oop 14. Loop
comuni cator 36 can include a known comfduni cation device such as a
traditional FOUNDATION TM Fi el dbus communi cation controller or the |Iike.
Additional |y, CERRHICROT 3 caPisicITR es & -abFeP et Ei% ofiOci RBHitry to
facilitate conmpthaiiaa s W) tha, |nus;ns4$ saﬁﬁiyn&meewfleatlon asopet forth

in the Factory J:\/&Ttmlljuan 4 propar ajtshgz%%% e% %I gd I%Hﬁic%ég ??fe

Appar atus and ASSocia
Division 1 Hazaamrtdusgs (a@amgdf ifed) kLJorﬁan?ﬁGhsOﬂaU é§§aNLﬁﬁ§§Nn36§@lopubl i shed

Cctober 1988. Rower 'TBQF!' e 838 | S, LRHPLGHnIQ cheep 1ﬂ6 S%B ih@tueowgr nodul e
38 provides power to all conponents of, devi ce 16 based &\%on ;%vier recei ved

from | oop 14. PHOUGHEBRECAA A0 e9%BLFRas B nGiSe & r dWASETPRAL cat i ng
that power nodur@INRTIOONVT desepavwes tammalicatdpponeittsolilieri somotked t hat

such power can P?f ugr OV';Q%%.@ n@ihg(' pl goﬁﬁﬁlm%%%%rt Farg exanpl §, . gﬁect y nodul e

38 preferably in a i ng~ powe hat™ provi des cal
power at a plursitaplsr isolatigss. cmwstrzoﬁ@ e‘@@péﬁéﬁf@ SGERL1asnepe A/ D

converters and 1 i SRt ALAEEi RS I BEELMUP @péume:ratlwl tagesstiCioasn4. 9
op communi catdr S6 r CRIVE R MEEWG Sy iiogty TRTRHa? AN
“Intrinsically Safe Apparatus and Associated Apparatus
for Use in Class I, II, and III, Division 1 Hazardous
{Classified) Locations,” Class Number 3610, published
October 1988.

Power module 38 is coupled to loop 14 such
that power module 38 provides power to all components
of device 16 based upon power received from loop 14.
Although power module 38 has a single arrow 50
indicating that power module 38 provides power to all
components, it is noted that such power can be
provided at multiple voltages. For example, power
module 38 preferably includes a switching power supply
that provides electrical power at a plurality of
voltages. Thus, some components such as the A/D
converters and the isolators can receive a higher
voltage such as 4.9 volts, while low-power components
such the controller 40, memory 52 and loop
communicator 36 receive a lower voltage such as 3.0
volts. Additionally, power module 38 is preferably
programmable to such an extent that at least one of
the voltages provided can be wvaried. The selectable
nature of power module 38 facilitates power
management, which will be described 1later in the
specification.



volts. Additionally, power nodule 38 is preferably programmable to such an
extent that at |east one of the voltages provided can be varied. The

sel ectable nature of power nodule 38 facilitates power nanageneht MAWIIMEHh
will be described later in the specification. I | MAY 2005 10 Controller
40 is coupled to nenory 52 and executes programinstructions stored

therein. Menory 52 is preferably | ow power nenory operating on 3.0 volts,
such as the nodel LRS1331, available freppSharp Electronics. Additionally,
menory 52 can be "stacked" nmenory in which both flash nenory and volatile
menory are provided on &ogsitoglléemeridr yisrodaheledhéousmmonyen®? aged contr ol

al gorithm of 'fi00iaat (Sxesubed 00660l Lebrdl ¢aB:benchanged:ly a user

ei t her by coupl ng to device 16 |locally, or by accessing device 6 through
| oop 14. In som® efPodiRf@Rie pPORPART | REPOHES IPFEErUREi s £hdt relate
process event ivuts stehoutspuls: d@ti@&nmasmml, c&mstjrlﬂdldl@r f40m Bhatpi s

sense, device ]hge L{hng%lllgrsjl (s::%rcr%l I % aiﬁh)%’? rooq:ra bI £ og,ls%facg){ngjr,ol | er,

which is a devi een enou
fi el d- mount i ngmereryaliine Wh)lclbpl@@%h ef orsht h@emoaw mﬂervql@\te § Jemorywo-wire

field devices.,oweyeriaby 2 PEOWidigN8 thEndNChbQRse Of arhepr qgeamabl e
| ogic controller, nuch nore sophisticated progess control hnms can be

ori
i mpl ement ed t hr¥SgH 2 t8 AU S A le RGP HLATEY £ 88e, PEGER2ES %Fﬁ?gf‘éd &r Logic
or the |ike. Cmﬁntaiollé_lear404Geo&n/esepoamng‘aﬁonbynoml @s88, eidnibrcobhwyuni cates

with | oop comnggugﬂtiglr Q:h ﬁo mo%%l fogr yadc’é“s's'iﬁss vaLQW power
mcr Ooprocessor su S M cr oprocessor_ aval l'e from
Motorol a I nc. oOf6 SEmERFHur éOOPL Ldagdin | 8AEE | TOCESRERT | BRC 4ABYPRERBr abl y has
a sel ectabl e i nfreylndles instructions that relate process event inputs
to outputs determined by controller 40. In this
sense, device 16 functions similarly to a programmable
logic controller, which is a device that typically has
not been robust enough for field-mounting, nor able to
operate on the Low power levels of two-wire field
devices. However, by so providing the functions of a
programmable logic controller, much more sophisticated
process control algorithms can be implemented through
a user friendly interface, such as Relay ladder Logic
or the like.
Controller 40 receives power from module 38,
and communicates with loop communicator 36. Controller
40 preferably includes a low-power microprocessor such
as the model MMC 2075 microprocessor available from
Motorola 1Inc. of Schaumburg, IL. Additionally,
controller 40 preferably has a selectable internal
clock rate such that the clock rate of controller 40,
and thus the computing speed and power consumption,
can be selected through suitable commands sent to
device 16 over loop 14. Since higher clock speeds
will cause controller 40 to draw more power, clock
selection of controller 40, and selection of the
voltage level ©provided by power module 38 to



clock rate such that the clock rate of controller 40, and thus the
conputi ng speed and power consunption, can be sel ected through {suMAaRIe
commands sent to device 16 over loop 14. Since higher clock speeds wll
cause controller 40 to draw nore power, clock selection of controller 40,
and selection of the voltage |evel provided by power nodule 38 to 1 1 MAY
2005 <controller 40 are preferably perfornmed in tandem In this manner the
processi ng speed and power consunption -1f- device 16 are sel ectable and vary
together. Controller 40 is coupled to the various channels through
interface bus Spntweildkri 40prefeerratsifgrablgepeafornes dgsitgrdenfor hhgh speed

data communi caky;Qn 4 Rher kntenkasst{SK! ) -
Channel s 42, 4}?h%%H%ﬁﬁgfg%gge§&?%E%?gﬂyﬁﬁﬂgﬁs%%4 ?%yiggh conngﬁication

i solators 56, °38de8aCEndbearereehrsctardl §rdwrith WA HEEFerably  known
opt oi sol ators, but whichcoarrbelany i tiabl eoupsad atticon titevi eesisush as

transforners or_.c itors. n.sonme.enbqdi ts noel 46 and 48
provi de data iﬁh %%%ﬁﬁe&% 8Pﬁ# éﬂgeﬁ%ﬁ%ﬁféﬁéﬁﬁgfigpgggoggeﬁféﬁgrgﬁl%re used
to transl ate thke dsexibdt webns sedésilgredd pbeml | diidhor nspepdef edabiy,

converters 64 QffuRickensal Asydichr gaous, RegehMerdldansmpbi-ephers UART' S) .
Channel 42 is coupled to controller 40, and |ncludeagsens r termnals | -
e

n, multipl exer {9%FacEs, (3RL) og- t GPERYESal 4€ay Dt rcohferdst 48, are
conmuni cat i on icxaipdiear ta6, bwandSpokerougdpl@immuniBation Lsotandespbéf ed t hat

communi cati on iS5l atgr a p i or 7. can C L {p a single
circuit. Chanﬁ%ﬁ 4%8is§§%eg%?icgpﬁéeggg%%:d tgg}%€a§§$% gggg%g%?¥?c sensor
type such as tHeéYardcofpressokaert.anbet wWaipRr £a%r ePBeVAdes SUstRAIA gauges,

pressure sensorisola@iocdt hRivizeRsuchyRe tzasbreensss ber gupakitsradapt ed
In some embodiments, channels 42, 44, 46 and 48
provide data in parallel form, and parallel-serial
converters 64 are used to translate the data between
serial and parallel forms. Preferably, converters 64
are Universal ‘Asynchrénous Receiver/Transmitters
(UART's) .

Channel 42 is coupled to controller 40, and
includes sensor terminals 1 - n, multiplexer (MUX)
660, analog-to-digital (A/D) converter 68,
communication isolator 56, and power isolator 70. It
is contemplated that communication isolator 56 and
power isolator 70 can be combined in a single circuit.
Channel 42 is specifically adapted to measure a
specific sensor type such as thermocouples, resistance
temperature devices, strain gauges, pressure sensors,
or other sensor type. Each sensor terminal is adapted
to couple a single sensor, such as a thermocouple, to
multiplexer 66. Multiplexer 66 selectively couples
one of the sensors to A/D converter 68 such that a
characteristic of the sensor (voltage for a
thermocouple) is measured and communicated to
controller 40 through isolator 56 and UART 64. Power

for <channel 42 is received from power module 38



to couple a single sensor, such as a thernocouple, to nultiplexer 66.

Mul tipl exer 66 selectively couples one of the sensors to A/D converter
such that a characteristic of the sensor (voltage for a thernmocp NML%E}
measured and conmuni cated to controller 40 through isolator 56 and

Power for channel 42 is received frompower nodule 38 | MAY 2005 -12

t hrough power isolator 70. Power isolator ~Ois preferably a transforner,
but can be any suitable device. Those ski4{led in the art will appreciate
that conmunication isolator 56 and power isolator 70 cooperate to ensure
t hat channel 4thieughedtaweasal Hypoliasekat el fr oRrrhe rieselajfordeviceid 6.

Channel 44 is sigrdaipip @ar&&%sigméﬂd dutke cegnponentss, aka;iossher ed
simlarly. Channel 44 “can to measure sensors of g%dlfferent

coO
Cype. than t hat SOT EhannERoas Kol eharpl Gie AT one | le REBAPRERLS Ehbnnel 42 i s
configured to owasuticdthicon volsapetaf tHer necduppeser andlscharmel 4% i s

conf gured {ocmeastie. e reslslanse of RIDS, Gach; seasgec termpal in

channel 44 is |gured 0 cou
four-wire (KeIV$©}at%®nﬁ@@ﬁr@ﬁ3Jﬂﬁﬁaaéédéﬁaﬁﬁelﬁ 42 and 44 are each

el gctrlgallly i sol at defr@mﬁmlre;sat hpé cé?wl@arlﬁuo eRHphéNg 4@dflér$d |
i ndependent | y rounded sensor to chanpe second indepepdently
grounded senso ?ocﬁﬁgﬁﬁ§ng4‘ﬂﬁﬁan € %%uFFmF aa%% geﬂg} g‘ %?
undesi rabl e groandbeooporfimrs:d Atdi tieanakey sesisnce ofach dhdheeénttan be
confi gured for: gospegihi Ciapeoe! crieReer i Chogan.fgli mzeshd or a

specific applitation, paraneters such AI'D precision and “conversion rate
can be tail or eBMPRFLiNGRE s pstRPNEL s@nsb? WﬁélgFB?de%Qnﬂ%as%ech%
designed for hbDbageesfsthorfByoei Oy ay Aareenvant es ebnfigured

to measure the resistance of RTD's. Each . sensor
terminal in channel 44 is thus configured to couple to
an RTD in a two, three, or four-wire (Kelvin)
connection. Because channels 42 and 44 are each
electrically isolated from the rest of device 16,
coupling a first independently grounded sensor to
channel 42, and a second independently grounded sensor
to channel 44 does not result in the generation of
undesirable ground loop errors. Additionally, since
each channel can be configured for a specific type of
sensor, which <can be optimized for a specific
application, parameters such as A/D precision and
conversion rate can be tailored for the specific
sensor type. For example, a channel designed for
high-precision may employ an A/D converter of
configured to provide a very high accuracy having a
relatively slower conversion time. Conversely, a
channel designed for sensors that measure a process
variable that can changes quickly can employ a lower
precision high speed A/D converter. Essentially, any
sensor input can be switched between operation with
resistance~type sensors to operation with voltage-type

sensors based upon configuration information received



configured to provide a very high accuracy having a relatively slower
conversion tinme. Conversely, a channel designed for sensors that nfz§@&§m§
process variable that can changes quickly can enploy a |ower prec

hi gh speed A/D converter. Essentially, any sensor input can be sw tched
bet ween operation with resistance-type sensors to operation with

vol tage-type sensors based upon configuration information received | | NAY
2005 -13 fromcontroller 40. Controll efrl30 can provide the configuration

i nformati on based upon information received over |oop 14, or through a

| ocal input (néEomsheamroldddi t #Bnal | gongemitles | €0 gencHFPricE dehe
configuration icdh@hBBERONcHO tHerhaRABhS R UStpor@naliagokRa€igh t al
sanpling rates for eagh channel, QL even for_ each gen or, This,is
particularly 5&95ﬁ?8§e6ﬁ?rwﬁéF§’s s oPF r Y &h Wﬁila}%Pu nf?%¢ pat ed
based upon i nf shoeti) on knéwaiiabontlipe qorooedderChdfnekan6 psosiﬁé!ar to
channel s 42 and 44 uQQ‘é%ﬁr.i%{ﬁb%?a‘E%H”eéo 4bné s o g%b&}yr% L1945 g&€l ve
digital inputs, it does not include an anal og-to- digital converter. As

il Tustrated, imp@legrto-gdigikal ceappeing or#As i Prexerchechpmrdl coPieys t he

signal of a sehegtedrbaputedcd busehdo hr oughrrgemmuns cala@BicusrBy or 60 and
UART 64. In sone di%ital i_nput. enbodi nents, _the in%#t liﬁﬁ! may_be such
that the digi £5vep ngguéoulw({moree pr%@ri’%f)erd df ¢ %?Iy o VARTF%4 "Thy ough

i sol ator 60. Diagittisipptpdt sbased gewponal iyfonmediicat | keowt labght-tylpe signal s
such as contactyyqel@sure in limt switches as the like. However, digita

inputs 1 - n can also be coupled to, digital outputs oi oa er grg&ess
devi ces such that the inftednetefPedentifolfic T f&es8chcad™@l arns or
ot her Bool ean Home®esi gpah8e channel 46 1is configured to receive

digital inputs, it does not include an analog-to-
digital converter. As illustrated, inputs 1 - n are
coupled to multiplexer 66 which conveys the signal of
a selected input to bus .54 through communication
isolator 60 and UART 64.  In some digital input
embodiments, the input level may be such that the
digital inputs could be provided directly to UART 64
through isolator 60. Digital inputs are generally
indicative of 1logic-type signals such as contact
closure in limit switches as the 1like. However,
digital inputs 1 - n can also be coupled to digital
outputs of other process devices such that the inputs
represent logic signals such as alarms or other
Boolean type signals.

Channel 48 is similar to channel 46, but
essentially operates in reverse compared to channel
46. Thus, serial information sent to channel 48
through the UART is converted into parallel form, and
conveyed across communication isolator 62 to set
individual actuator outputs. Thus, logic signals are
sent to the terminals labeled ACTUATOR 1l-n to cause
actuators coupled to such terminals (not shown) to
engage or disengage as desired. Such actuators can be



Channel 48 is simlar to channel 46, but essentially operates in reverse
conpared to channel 46. Thus, serial information sent to chann?Léﬁg 05

t hrough the UART is converted into parallel form and conveyed A g@
conmmruni cation isolator 62 to set individual actuator outputs. Thus, |ogic
signals are sent to the termnals |abeled ACTUATOR 1-n to cause actuators
coupled to such termnals (not shown) to engage or di sengage as desired.
Such actuators can be I MAY 2005 -14 any4suitable device such as val ve
controllers, heaters, notor controllers and any other suitable device.
Essential ly, amnyevieetalbt i deudideessabhe dsasedalippn gohbgbtlenpe out put

s an actualof pElired | RoRosySLEALbborkrdll agIAM-GY 2oRRLROdsupfapIovi ding a
process variable wth'a tield-pounted process deV| cejn aggordance with an

enbodi nent of t%"lcﬁr eseﬁ?sﬁﬁ*&éﬁﬂi’)n afhe RNERGd WEGi nsS afIBFBRIEBE where a
fi el d- nount abl eoﬁezte@;@ndeva@glbswbel bytpyovier edh layctazattm-vm re process

control |oop. At block §2i ut Clhrocesl %vgggcksdggé%ﬁgd %éﬂ}{%} sensor

through a first isolated’i S acqwredthrough
the first isol akdrrapidinghanpalocentsi clardpgrgl Wish mli Eaei9denwintedr ocess

variable. At bloededd ddigdr AGLST8MaEBel #iERAURhCEMbbAI BeSECONG HRENSOr

through a second isol ated in ut chap In.order to _ac econd sensor

signal . Since RFEEFIY sf‘ngﬁa $8Bond Hﬁutmectmaﬂ?ﬂ %Egépé q‘%soggl?gg B

i ndependent gr omlmizrmg aof ﬂlh?dd-lm‘CSmt@mﬂe sptonedssengevscai Iis nothalduse

undesirabl e grogé&ge e&{r&r,géwfg béﬁ&é%sgﬁ,cgl{l&ﬁoi: g Ge KQputes a
ased b

process vari abl on one or t he sensor a Mbr eover,
al t hough the neBhodthe @&seesBedeMiiaeh FespetRled £Ro asefrfs‘iﬁ S%Psrﬂlfnber of
addi tional senspfsugoukd bersised ssushetihatngdie phaass.var habdensor

signal is acquired through the first isolated input
channel, which signal is indicative of a process
variable. At block 84, the process device is coupled
to a second sensor through a second isolated input
channel in ordeflto acquire a second sensor signal.
Since the first and second 1input channels are
isolated, independent grounding of the first and
second sensors will not cause undesirable ground loop
errors. At block 86, the process device computes a
process variable based upon one or both of the sensor
signals. Moreover, although the method is described
with respect to two sensors, a number of additional
sensors could be used such that the process wvariable
would be a function of any number of sensor signals.
For example, the process device could average the
values of the sensor, provide their difference,
standard deviation, or any other appropriate function.
At block 88, the computed process device is output.
Such output can be in the form of information sent
over the process control loop, a local display, or a
local output effected through an output channel.

Fig. 4 is a system block diagram of a method
of operating a field-mounted process device in



woul d be a function of any nunmber of sensor signals. For exanple, the
process device could average the values of the sensor, provide their
difference, standard deviation, or any other appropriate functijonMAY 205

bl ock 88, the conputed process device is output. Such output can be in the
formof information sent over the process control |oop, a |local display, or
a local output effected through an output channel. Fig. 4 is a system bl ock
di agram of a nmethod of operating a fiel-dsarounted process device in | | NAY
2005 accordance with an enbodi nent of the present invention. At bl ock 80,
the device is whotédydgpover edrithy tae twmmwﬁdmepmocesé caher ol prexmt At bl ock

92, . Lhe devi ce, faoel e aAtnB%ckSs'gh m@uaeé;@?\? Es! ool \P ARl signals

recei ved throug]%jé gut channel s suc e I_sol at i nput
channel s descri 8bdve- WH¥qfﬁ?qc%ﬁ%n%ﬁ“$ﬁﬁke%%°9nfo@ﬁa@ﬂ@ﬁ k fcei ved

through the twotnér gepiogeseceaRiesolard opud.n tbﬁcﬁoﬁ.ﬁpuﬁf canl oealini nput, or
any conbi nati on_of |ngwg %i nal s , and infor | on At . %ng rha the devi ce
Be in

executes user- E?%gfg %ﬁﬂ?}ﬁ()?%ﬁaie |$ﬁﬁn of 1% 't o one or
More process outpcit sas Thee usekt lmkemﬂsnﬁﬂabﬁelhOQKCCbannbstd¢ﬁﬂn§hﬁd conpl ex

al gori thns sucsrb@@ela%eruhgglﬁm&&s rbu2zy Iﬁm&ma%%atw&el%atrol or
neur al netmorks and the |ike. At.block 96 t he dgvhBQP pr ovi he out put
C.

det ermi ned via CRBRIHE i U oFWEHEL KR LTS SREEP 1Hh % YR can be
a |l ocal output,ogiaheocdlgihphtor canahggcombindbonudpuinpan digyredst as

information over, kNg lWos Wire progess,contre) "Eﬁg ﬁﬁ*&%“gélféch&e%r esent
i nventi on has beéen escrlbeg Wth reference to enbo nts two-wire
process device Wae¥ TR IDLRTEHakMel sLow? kerts skiFekate i n e ardnyy |
recogni ze that chepgerst &Y H6 SBEeoF ModOpPorREsdetaphtwl t hend eparting

from the Splrltp?bgrammable logic can be simple or complex algorithms
such as ladder logic, SFC's, fuzzy 1logic, Adaptive
Control, or neural networks and the like. At block
96, the device provides the output determined wvia
operation of the~user-prdgrammable logic. The output
can be a local output, either digital or analog, or
the output can be sent as information over the two-
wire process control loop.

Although the present invention has been
described with reference to embodiments of two-wire
process device having four channels, 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, which are defined by the
appended claims. For example, although various
modules have been illustrated and described
separately, it 1is expressly contemplated that some
such modules can be physically embodied together, such
as on an Application Specific Integrated Circuit.
Further, although controller 40 is described as a
single module, its functions can be distributed upon
multiple microprocessors such that one microprocessor

could provide low-level I/0 interaction, such as



scope of the invention, which are defined by the appended clains. For

exanpl e, although various nodules have been illustrated and descri bed
separately, it is expressly contenplated that some such nodul es can be
physi cal |y enbodi ed together, such as on an Application Speci fiiq MAYL8@r at ed
Circuit. Further, although controller 40 is described as a single nodule,
its functions can be distributed upon mnultiple mcroprocessors such that
one m croprocessor could provide |ow | etéF 1/0 interaction, such as MAY
7005 calibration, linearization and the |ike, while a second nicroprocessor
execut es the usealijerrfrigired ldewerédkasigori &ndh Radi t Lbhat | ywhialehough the

description hasséegussedidpoprddiibdcy anskuitul s PeENgusR-oYkdedatdy ough the
di scl osed channels, it i

it is, _expressly con ated that s process inputs
or process out PARS Toul FFFSHruni cat e%gﬁgggh??%l herafgg?s%‘é s Ui ces
t hr ou_gh th_e pr odescsrimxﬁtamIhalso@mou:bs_iedwmﬁoﬁomﬁppt&7amﬂabutputisabeiadgi s: 1. A
two-wire field-gpupiabl e phogess Jenkoe GQRRBLELNTichA-Rouer mmdul £
couplable to a two-wire | oop and adapte to- ol 'y power 't he process
device wi th powerPIeTey vEERLPBR2RRd t \id\Ak r OTMBoPLF S Top 1EEHTENI @&t or

coupled to the ppyessdodukputandtodiel Nge Cepimableatedt herdmyo-oM 6€héHOOP tO
comuni cate on_the ts\,mdvg;.re I(%%g'b a cg}%rol Ié—:-r Scouc’ol e% tqt he | oop

comuni cat or anar?)%?ﬁer Todiie; P?Ps ¢ HRNAeT® opcernécﬁQ co&BI’ed to the
controller and the power nodule, the first channel configured to couple to
at least a first process interface elenment through at least a first
termnal; and a second channel operably coupled to the controller and



t he power nodul e, the second channel being config- ured to couple to at
ond process interface elenent through at |east a second
termnal; and wherein the first and second channels are substantia{k Y 2005
electrically isolated fromeach other and fromthe power nodul e, oﬁﬁ

| east a sec

communi cator and controller.

2. The device of claiml1l, wherein the first

process interface element is a sensorl7-and the device further includes: a

first multi

anal og-to-digital

mul ti pl exer
fromthe at

digital si gnala ﬁ@ﬁ%p@%% 5‘?@#@516 B a S WEY S a%adfgﬂgﬁ 12, wherein the
1

flce e hL | o] levice further
a se Bh&’%@m}iﬂﬁ%‘ér EoBPPEESt SVHE A PeBSWLecond terninal; a
¢ dMBWV ISR to the con- trolier and the

second proc
i ncl udes:
second anal

pl exer coupled to the at least first term nal;

a first

converter coupled to the con- troller and the first

, tWat iy slaiwgdvisi ter  being adapted to convert an anal og si gnal
lleastwé-iwise fickt-moaitable processdiegiitatompirisengind t o convey the

ess s a sens

o0g- t ceR1yed rom

second nul ti plaelcep, comensecotod coaplest teethe peireg mddpleedntio convert an anal og
signal from t he kaing keaglabke et tworiviralloopnooc@mengiita val ue and to
convey the di gigalheShaiabhird Qodfie controller. 4. The device of claim 2,
wherein the secon E(\(mocess eqﬁ Rtbﬁ{?f ace el enent ﬁéovi es.a digital output, and

t he process

FeSAREONGE ST Q9P £OTATHIC

I EPDIPEREF coupled to the at

| east second tePHHE; to receive a plurality of digital inputs and convey
signals to the fimtichahhelr oparabl) equpiedttoltbasiontmodler aindtthe di gi tal inputs.
MAY 2095 As 5. phieerdavilcR, de fisathudac osifigiured ke coeslend process interface
an ach PB’ﬁrgeAﬁoEE'% PRQEESESe e BY 8hrdudhl t8Eadtncl udes a second

elenent is
mul ti pl exer

provi de a plurall

based upon

Coul%'ﬁ t &

a setond chab
the power module, the second channel being config-
ured to couple to at least a second process interface
element through at least a second terminal; and

wherein the first and second channels are substantially
electrically isolated from each other and from the
power module, loop communicator and controller.

2. The device of claim 1, wherein the first process
-interface element is a sensor, and the device further includes:

a first multiplexer coupled to the at least first terminal;

a first analog-to-digital converter coupled to the con-
troller and the first multiplexer, the first converter
being adapted to convert an analog signal from the at
least first terminal, into a digital value and to convey
the digital signal to the controller.

3. The device of claim 2, wherein the second process
mterface element 1s a sensor, and the device further includes:

a second multiplexer coupled to the at least second

terminal;

- a second analog-to-digital converter coupled to the con-
troller and the second multiplexer, the second converter
being adapted to convert an analog signal from the at
least second terminal, into a digital value and to convey
the digital signal to the controller.

4. The device of claim 2, wherein the second process
interface element provides a digital output, and the process
device further includes a second multiplexer coupled to the
at least second terminal to receive a plurality of digital inputs
and convey signals to the controller based upon at least one
of the digital inputs.

I'P‘t troller and the at” | east second ter_rri nal to
Sl er BV RBLBION S e Bl angeoond termi nal



a command signal fromthe controller. 6. The device of claim3, wherein the
controller is adapted to conpute a process variable as a function of both
signals relative to the first and second process interface el e 90057. The
device of claim1l, wherein the first process interface elenent provides a
digital output, and the process device further includes a first nultiplexer
coupled to the controller and the at f1&ast first terninal to receive a
plurality of digital inputs and convey signals to the controller based

upon at |least one of the digital inputs. S. The device of claim7, wherein

th d P f t put dth
process. devi 8 2t 1B2EE gf:%laﬁbe@e%%qé BEr &@3% (R estol €0 to Trie

control | er alHdCHAEe &emggétlss%cﬁ% %IBF nfA é plurality of
di gi t al |npuﬁstlamdlrxgmd,@ya§egﬁadsmuhlplﬁéet@ﬁuplﬂd tq éke [¥@8ed upon at | east
One of the dirgileaknd mpeitsleadSt sedvmddevingealoto wroxide 7 plwaditei n t he second
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13, wherein {16, 1048 YordeSof the digital inputs.

8. The device of claim 7, wherein the second process
interface element provides a digital output, and the process
device further includes a second multiplexer coupled to the
controller and the at least second terminal to receive a
plurality of digital inputs and convey signals to the control-
ler based upon at Jeast one of the digital inputs.

9. The device of claim 7, wherein the second process
interface element is an actuator, and the process device
further includes a second multiplexer coupled to the con-
troller and the at least second terminal to provide a plurality
of digital outputs on the second plurality of terminals based
upon a command signal from the controller.

10. The device of claim 1, wherein the controller is a
IM1CIrOpProcessor.

11. The device of claim 10, wherein the microprocessor is
a Jow-power microprocessor.

12. The device of claim 10, wherein the microprocessor
has a clock speed that is user selectable.

13. The device of claim 1, and further comprising memory
coupled to the controller and adapted to store a user-
generated control algorithm.

14. The device of claim 13, wherein the control algorithm
comprizes a sequerce of logic conditions.

15. The device of claim 13, wherein the memory is
low-power memory.

16. The device of claim 13, wherein the memory is
stacked memory.



stacked nmenory. 1 MAY 2005 19 17. The device of claim 13, wherein the
controller is adapted to continuously execute the control algorithm 18.
The device of claim1, wherein the power nodule conprises a switching-type
power supply. 19. The device of claim1l, wherein the device is h\(msgg(

wi thin an expl osi on-proof enclosure. 20. The device of claim1l, ilﬂﬂft he

power nodul e, | oop conmunicator, cont ré?1er, first channel, and second
channel are intrinsically safe. 21. The device of clairo 1 and further
conprising a base adapted to mate with a standard size rail. 22. The device

of claim1, whelédi dbendevicesef gploaedsd, Whewindbe eprifeher is a Resi st ant
Tenper at ur e Dedapted(tBTd@ntinu@dslyThredaeithe cohtol algorithmherein the first and
second channel sgampei g&)iat st BiAPY OvdR &l péddrer mbaied re
fiel d-nount abkg o] ?%SS\gﬁXI'[lﬁ]%- g) dwer wp ., a power nodul e couplable to a
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recei ved from thé ARV PoopUD 25 Ke1ed VeSt 6t PEBM ed to the power
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the controller e,i: nory bei.ng, ~adapted.t.o store a user-generated
control algori t A ET’ ggi"lﬁ? @gg 1é‘§§t&r@ﬁé COFHIEY88\ZaPE%bl e to the process

out put; and ahdapipdttoghatenetithopetaaislayd stagptaeld t o the controller and the
power modul e anZelldet deerkl yfidaimt Bd wheeeint iee fentgrokesy and the power
modul e, the ippuifa&@RA&!nt is a Resistant Temperature Device (RTD).
' 23. The device of claim 1, wherein the first and second
chlanncls are 1solated by optoisolators.

24. A two-wire field-mountable process device compris-

ing:
a power module couplable to a two-wire loop and adapied
to wholly power the process device with power
received from the two-wire loop;
a loop communicator coupled to the power module, and
being couplable to the two-wire loop to communicate
on the two-wire loop; _
a controller coupled to the loop communicator and power
module, and adapted to provide a process variable
output based upon at least one process variable;
a memory module coupled to the power module and the
controller, the memory module being adapted to store
a user-generated control aigorithm relating the at least
one process variable to the process output; and
an input channel operably coupled to the controller and
the power module and electrically isolated from the
controller and the power module, the input channel
being adapted to receive at least one sensor input;
and

wherein the controller computes the process variable
based at least in part upon a sensor signal received
through the at least one sensor input and the user-
generated control algorithm.

25. The device of claim 24, wherein the device is housed

within an explosion-proof enclosure.



bei na adapted to receive at |east one sensor input; and wherein the
control l er conputes the process variable based at |east in part upen MMY?MS
sensor sicynail received through the at |east one sensor input and the
user- cyenerated control algorithm 25. The device of claim 24, wherein the
device is housed w thin an explosion-proof enclosure. |I | MAY 2005 -20 26.
The device of claim 24, wherein the pdﬁ@T nodul e, | oop comruni cat or,
controller, nenory nodule, and input channel are intrinsically safe. 27.
The device of claim 24, wherein the user-generated algorithmis expressed

as Rel ay Ladder R@giThe @8vicdhsf eaithc4 ofvhetedh thehowdremeidnld,he
user - gener at ed lﬁgé%%%ﬁqﬁ%dﬁo?%% fe‘if ﬁx%n?or%eﬂib%ﬂtlé ainﬁﬁﬁ'on Chart. 29.

The device of ¢ hory operates oximately 3.0
volts. 30. The& égp%]ea@fméqlgﬂﬂﬂb(x a\ﬁff‘rer ein the power nodule is
programmbl e. 3127THdedevice oF ckillmi A 3w honpiar dienusaregeasiatedl | er i ncl udes a
m croprocessor abeorithgn as sepeestsatilas Relagr baddar oogic. rat e~ 32. The devi ce of

claim 24, wherei ngt iy ecaddicel dElajigned UdsR réinniher erosersaedhavi ng a
sel ectabl e int i h%%lév\gf@sts‘é? a]:g?’a Séﬂ{l%\ﬁb%m F?n ﬁ(ﬁi @hrgpynt abl e process

devi ce conpri s- -W re |oop and adapt ed

to whol Iy power £ eTBFé%é%%e feGiadE it ?)‘i?\’f&é? c Pég?eq)r\ye%)efr?@ﬁ the two-wire
| oop; a | oop coOmppreximatedpbletpliso t he power nodul e, and being coupl abl e
to the two-wire BOoﬂhEQkﬁ@mﬂbhbhanEZ40whbhﬁnuhaymwnﬁrhodmkia control |l er
coupl ed to the rgon@ABII cator and power
31. The device of claim 30, wherein the controller
includes a microprocessor having a selectable internal clock
rate.
32. The device of claim 24, wherein the controller
includes a microprocessor having a selectable internal clock
rate.
33. A two-wire field-mountable process device compris-
1ng: T
a power module couplable to a two-wire loop and adapted
to wholly power the process device with power
received from the two-wire loop;
a loop communicator coupled to the power module, and
being couplable to the two-wire loop to communicate
on the two-wire loop;
a controller coupled to the loop communicator and power
module, and adapted to provide information relative to
at least one process variable;
a memory module coupled to the power module and the
controller, the memory module being adapted to store
a user-generated control algorithm; and
an output channel operably coupled to the controller
and the power module and electrically 1solated from
the controller and the power module, the output
channel being adapted to provide an output based
upon a command signal from the controller; and

wherein the controller provides the command signal to
the output channel based upon the information and
the user-generated algonthm.

34. The device of claim 33, wherein the device is housed
within an explosion-proof enclosure.



nodul e, and adapted to provide information relative to at |east one process
vari abl e; a nmenory nodul e coupled to the power nodul e and the con{r?*yﬁﬁ,
the nenory nodul e being adapted to store a user-generated control 1 MAY 7005

al gorithm and an out put channel operably coupled to the controller and the
power nodul e and electrically isolated from the controller and the power
nmodul e, the output . channel being adapféd to provide an output based upon a
command signal fromthe controller; and wherein the controller provides the
command signal to the output channel based upon the information and the

user - (Yener at ed 3% gPhk tdaicSbf cThien BBV ivkerein BhepBvds.mubielesi n the device is
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fi el d- mount abl ﬁrgglygﬁm]mﬂepr ocess device conpris- ing:
40. The device of claim 39, wherein the controller
includes a microprocessor having a selectable internal clock
. rate.
41. The device of claim 33, wherein the controller
mcludes a microprocessor having a selectable internal clock
rate.
42. A field-mountable two-wire process device compris-
ng:
means for wholly powering the process device with power
received from a two-wire loop;
means for communicating over the two-wire loop;
means for performing input/output; and
means for performing a user-provided control algorithm
based at least in part information received from the
means for performing input/output.

43. A method in a field-mouptable two-wire process
device for providing a process variable, the method com-
prising:

wholly powering the process device with a two-wire loop;

selectively coupling the process device to a first sensor

through a first isolated channel to measure a first
characternstic of the first sensor;

selectively coupling the process device 10 a second sensor

through a second 1solated channel to measure a second
characteristic of the second sensor;

computing a process variable based on at least one of the

first and second measured characteristics; and



means for wholly powering the process device wwth power n received froma
two-wire | oop; neans for communicating over the two-wire |oop; neans for
perform ng input/output; and neans for performing a user-provided EYAY 206D
algorithm based at least in part information received fromthe neans for
perform ng input/output. 43. A nethod in a field-nountable two-w re process
device for Providing a process variabl€2-the nethod com prising: Z~ wholly
powering the process device with a two-wire |oop-, selectively coupling the
process device to a first sensor throog E%Lg f'{rst L sol ated channel to neasure
a first charact &FPYERE G PEGRESH; Yasia g pu %’@F‘é‘itqr\/ % C@Blipl i ng t he
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vari abl e based devict forepsividing af ptdvess fiarsiblegnithesmetnal teasur ed
characteristicgprisigptd MAY 2005 -22 providing a process variabl e output
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