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TRANSM T RrBod¥4bsy ELECTRI CAL Cl RCUI TRY FOR | NHI BI TI NG DI Scyéﬁg?%gg 2181 ORED
ENERGY BACKGROUND OF THE | NVENTI ON The present invention relates to
transmitters 5 for use in process control |oops. Mre specifically, the
present invention relates to isolating transmtter circuitry fromthe

control |oop. Process control syst ets 'are used I n manufacturing
plants to nonitor o&eratlon of grocess A transmitter is placed in
‘the field and nonit W§M3§?~'P§b?‘$ Bt EPEETBFSBESQR%FT%&M& pressure,

tenperature or flow INAEBITINGSDISCHARGEBUQFESTORED ENERGY! | oOop and

transmts infornation over#&};ﬁg& obFI 9&8 &ﬁ‘ 981[1rol | er which npnitors

operation of the 15 proce Cont 10T +00p r> a two-wire | oop carrying
a current which provi d€h@@mesendr ipyensironreiatés tq Arsmsnicters

Communi cad i Ongog Suéé”QHQBroéeE!sehQH%oit 2B6BEd WHoHR ispetiFidahaly,

conmmuni cati ons standard whi ch nore than one transm fter can b coupl ed

to a 20  si gt RIGASH "'r‘b‘fﬁi“’t’(?nc r%ﬁecs Jssé’r@é’d-“& Fressmittiedble to
the control cimamtry fiftom tisd aﬂﬁetrxdal iloagescri bed in | SA 50.02-1992
Section 11. - HART[err] | s anot her dar h al di al i

conmruni cati on over Eﬁ?‘fﬁﬁoro@@%‘s ri agyg’@éﬁﬁnal A{-’%’; S%C{

Circuitry i nnamdam:ms:mg uﬂ:arqm%s@nmgnlaqrexbpemtm @@aac[pn:mmscd[ err] to
the contygl |QoprafBideefy sDllabatd £ ERLS G3NA 4 CRoARUSERT ol N

transmitter to sfqQre energy across its connections to | oop. Thi s ener gy -
may di schar g&7a%HaRih (9 | BB®. PreRegpe 38Or fF&PH‘B&?!prGtrG&W‘rermltl ple

t ran;m‘ tt e{ s ﬁﬁx@e’ﬁé'fuﬁ‘&doi‘o il Sam’i‘l’ié)oﬁréﬂsmbﬁtefh% snteﬁo Claerr] f]f
nmay pe par i cu ar ge ave peen de to r uce e Slze O
Gorr] 1 and 9ty ek o0 KEBRBARE CPEPOTehEra Ottt SOORERY capaci ty

of the transnigdperto a controller which monitors operation of the

15 process. The control loop is a two-wire loop carrying
a current which provides power for operation of the
transmitter. Communication is through a fieldbus
standard which is a digital communications standard in
which more than one transmitter can be coupled to a

20 single control loop to transmit the sensed process
variable to the contrel room. This standard is
described in 'ISA 50.02-1992 Section 11. HART® is
another standard which allows digital communication over
a 4-20 mA process variable signal.

25 - Circuitry in the transmitter presents an
effective capacitance 'C,-,, to the control loop. Charge
may build up on this capacitance causing the transmitter '
to store energy across its connections to the loop.
This energy may discharge through the loop. - In the

30 fieldbus protocol, multiple transmitters are attached to
the same loop so that the combined C, may be
particularly large. fAttempts" have been made to reduce
the size oOf C, and thereby reduce the amount of
potential energy storage capacity of the transmitter.
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Addi ti oplosMseasl err] varies between transmitters. Thus, pefgisbsdetischange of
transmtters 1s limted. It would be desirable to isolate the

capacitance of the transmtter fromthe control loop. 5 This would
prevent energy discharge into the Ioog and provi de greater
I nt erchangeability between transnitté S regardl ess of their internal

Cerr]. SU E | NVENTLON A - W I er el0 @
control 10 $1ﬁﬁ? %ii%? nganSE 2 %é%lﬂ%a%ﬁﬁgﬁgéﬁén1ﬁﬁér seﬁses a
process vaitextdangeraf tqanﬁmxhners ds - ligligedri cal representation

thereof to the |00p. 1 raghidy be t*a%stlrﬁmwtﬁ PESEaLe agng! fective
capacitance (err] |f connect ed

lrectly §¥the contr ol 80 The :
transni t t ercappcitange b %h%abéi??@&ﬁ%??s of i e nEPREFRA gSBBIed to the
circuitdy arhd avdied CoPévent énepgy dbschargdi tmts thecheopeantl energy

stored by the effective ca |ta h A op. I n
one enbodi mv;c{e]grqaé:ar Epﬁﬁrﬁ ?ﬁg&ég’}# |Bs%§'% i Ig'g%g?&'tlﬁlrtgggdl odes 20
connect ed iregeerdlesss roft Hehedinr ciottieamadf Cepprrent fl ow of | oop current. BRIEF
DESCRI PTI ON OF THE DRAW N%E*é% br ok ShimToRd bl ock diagram of a
transmtter in accordance venti on coupled to 25 a contro

| oop. .FIG 2 shows orfe *@Yﬁ)‘dﬁﬂ-#\%n?r%‘?s‘&l‘é%c??‘&ﬁﬁ%slﬁﬁl &t CRELTRt work in

accor dpgice 3 (beaﬁﬂyingp%eaeab clyeshton. Tﬁﬁ(irahsﬁﬂ3M%10@enGﬁbOdlnent of a

capacitance 20 ed SOISLHG18% oK | BrofEEOLIaNGR  VellletkiBayPr esen!

representation thereof to the loop. Circuitry in the
transmitter presents an effective capacitance Cy if
connected directly to the control loop. The transmitter

15 includes a capacitance isolating'network, coupled to the
circuitry and .to the control 1loop, which inhibits
discharge of energy stored by the effective capacitance
Cé ihto the control loop. . In one embodiment, the
-isolating network comprises at least three diodes

20 connected in series in the direction of current flow of
loop current.

BRIEF DESCBIETIONuOF THE DRAWINGS
FIG. 1 is a simplified block diagram of a

transmitter in accordance with the invention coupled to
25 a control loop. .
FIG. 2 shows one embodiment of a capacitance
isolating network in accordance with the present .
invention.
FIG. 3 shows.one embcdiment_oﬁ_a capacitance
30 isolating network in accordance with the present
invention. S _ _ . _
FIG. 4 shows one embodiment of a capacitance
isoiating _network. in accordance with the present
invention. .



FIG 4 shows one enbodi ment of a capacitanbe I solating network in
accor dangfp osiebdy the. present invention. WO 95/ 34027 permysesnsris

PCT/ US95/ 06718 -3- FIG 5 shows one enbodi ment of a capaci tance isol ating

netmork

in -accordance with the present invention. FIG 6 is a

cross-sectional view of the 5 transn1tter of FIG 1. For conveni ence,

itens in the flgures havi ng the sane reference synbol are the sane or
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transmtter IGdlatigubr dwteorl t it h@csogdencei nvakhi osheTr angmenter 10

i ncl udes sensQfyekd i@l sensor el ectronics 14 which couples to control
16. Electronics 14 include neasurenent circuitr 1?

circuitry X36- ﬁba%%réheﬁF°SE|FEGF%¥9a 187§ ffes tBPocessi ng
circuitry 22 ta:raﬁsnrﬂwe‘xa@ef @Ieeuilt.ry 24. Transmtter
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ransmit in accor&%nce with the present invention.
Transmitter 10 includes sensor 12 and sensor electronics
14 which couples to control loop 16. Electronics 14

include measurement circuitry 18 and capacitance

isolation circuitry 20. Measurement circuitry 18

includes processing circuitry 22 and interface circuitry
24.

Transmitter 10 is powered through electric
current I which is received from control loop 16 which
causes a voltage drop across transmitter - 10. The
voltage drop is typically between 9 and 35 volts. 1In
one embodiment, control loop 16 operates under the
fieldbus protocol and carries digital information.
Sensor 12 senses a process variable which is related to
a pérameter of the process, such as temperature,
pressure, or flow. Processing circuitry 22 processes
the process variable. For example, processing circuitry
22 may correct for errors'in the sensor or perform other
calculations on the. process variable. - Processing
circuitry 22 is coupled to interface circuitry 24 and
controls interface circuitry 24 to transmit the process
variable over control loop 16. In one embodiment,
interface circuitry 24 receives digital instructions
over loop 16 which control operation of processing

Process,
. . . 22 processes
limc exmrrpis apr ecmp&wgeal rmméky cﬁ%gmm cefrect for



calculations on the process variable. Processi ng 30 circuitry 22 is *
coupl edyhQsiipber face circuitry 24 and controls interfacgcﬁ%&&ﬂk%ﬁy 24 to .
transmt the process variable over control |oop 16. | n"one ‘enbodi nent ,
interface circuitry 24 receives digital instructions over |oop 16 which
control operation of processing WO 95/ 34027

PCT/ US95/ 06718 -4- circuitry 22. Furttfer, interface circuitry 24 includes a
power supply output which powers processing circuitry 22 and, ot her
circuitry i RIEFHAERYt Eer 15&1'1% dptesiace FREGELIERY othitetedesice 5
circuity 24a pbwvectsopply &ttpmlwnﬁ@x-pawaeeepfscwésﬂgrmmﬁmﬁt ance,
capaci tance,gngd_i.n n .Jhese. c t resent an effective
capacitancezgfgn?ogﬁgég §§?c&fE?§1l%h§€§§%$ék€#$ec ive capacitance Cerr]ff
across measurenent chkeepitcprrest I Cidoms ithrqudiseninteriacd0

capaci t gncech $8LAEY0P4CI I BUEEE¥or Ve N ACLREHRIES Mripbrdifed MM on. I n
operation, jnterface 24 transmts digital infornption related to an out put
f r om sensor 18%et YRGSy 182PAC+EERCRs & %PE‘F%W?' datesRuest ,

wher eby 15 comppaentet presenscan byfsensive IPaparitddes glattto Icog ransmtted

over loop 1 I'n lor art systens ner. stored.in capacitance Cif could
be di schar ggg'thrgéghll 585vs161€ éflf%c%’%é C&%&‘:glrﬁ?n‘%en eht3 oSS _

capaci t ancemeasunement ci cdrcuiygry? ﬂQOIategagapéSLt@mpseﬂﬁéﬁrinqIoop 20

16 to Ebe?’e?é;r:%;éiéaﬂé?C*ﬂé&-ﬂstionH@ Eﬁﬁtrga%c'iha%%dz%%ﬁ%é Qi reuitry 20
does not interfere with operatron of neastrement circuitry 18, allow ng

| oop currenthe %@anﬁMP&nd digital information to be exchanged. FIGS. 2
through 5 show vari OU§ncepé2fg@£&a;'méﬁac@fz@ws}ﬁw digi@di on ¢

circuitry 20. | n FI GS. _
y ?nformatign related to an output from sensor 12 through

loop 16 in response to a transmit data request, whereby

15 a parameter'Senséd:by sensor 12, or other data, is

transmitted over loop 16. 1In prior art systems, energy

stored in capacitance C, could be discharged through

loop 16. In the present invention, capacitance

isolation circuitry 12 isolates capacitance C; from loop

20 16 to prevent this discharge. However, capacitance

isolation circuitry 20 does not interfere with operation

of measurement circuitry 18, allowing loop current I to
flow and digital information to be exchanged.

_ FIGS. 2 through 5 show vérious'configurations

25 of capacitance isolation circuitry-zo} In FIGS. 2

through 5, the effective capacitance and resistance of

measurement circuitry 18 are modeled as'capacitor C.s and

resistor RmQ respectfully. In FIG. 2, isolation

circuitry 20 includes diodes 30, 32 and 34. Diodes 30

30 through 34 are connected in the direction of current

flow I and placed in series with loop 16. Diodes 30

through 34 prevent a discharge of energy stored in

capacitance C, through loop 16 by blocking current flow

through loop 16 against the flow of current I. The use



Z'throu_gh 5, the effective capacitance and resi stanee of neasur enent _

Ci r.cuMM!fls%ﬁ,e nodel ed as capacitor Cerr]ff and resisﬁ; ﬂs@ h

s respectulTy. In FIG 2,. .isolation C|rCU|try 20 incl ude | odes 30, 32
“and 34. Diodes 30 30 through 34 are connected in the direction of current
flow | and placed in series with [oop 16. Diodes 30 through 34 prevent a
di scharge of energy stored in capacitdgre ([err]ff through |oop 16 by

bl ocki ng current flowthrou%h | oop 16 agai nst the f] ow of current |. The
use VO 9%yf34mxee diodes 30 through 34 provides. three lewels®f; 06718 of

three diode e%n“d&rn h Jhypradd &35 divdss | 3 e er g esind@ycgaifny two of
di odes 30 throu may f.ail

34 di od t
di schar ge. esmexg&eshsﬁoéma}hﬁ?éﬁéﬂﬁss#éfégﬁ“déécw Iui try 20,
In FIG 3, i soI ati oFIGci Bcshbwg B0otherudmbodiment 4f, igolahions
connect | réﬁ%d-‘?‘%a)msw 1 OOQ[I%6FII& thghdl rsf‘&ltdﬁrbrpf c&%’iﬁ‘.'&tr flow, as

current 71 enteéer al so i nclud es di odes 46, 48
and 50 conndaxcdades sié-lold@§ 4R/t & epd 44 F@EFPSHeéf 1RUFREMEST YdhPas current

| exits tranyyg us ik0thel a:.'i-le@u%n bEOEQErGﬂtCEﬂ.GWI tay eQrakae includes RF

filter capacitors 52 and 54 wh o Iti v p the | oop to
el ectrical GOGEFE Tr3PPRLELEey, i@apac&%ﬁrcéu%f%angbl fre %é?i{lﬁg% cenltoer
wal | 56 of l-ﬁ.oddg ansr,n t4®r & ais® hevenecteducinf sdwias 2i000the. |In
operatiQn, GARAGLLQLS 522 @%Irgﬁ AR cfi‘PréﬁﬁCf Gy ﬁ?QﬁEmEQtGi'Ound for

hi gh frequency naI S Interfere wt eratiqn measur enment
circuitry 18.0. sdlnaf‘ifﬁn 3i rxselation qinquidey tz\ﬁgaéépslﬁf: ndseaRFon 20

diodes. - fHhiter R torJisIchaddies 4 obhieneegpacipivappccbapte Clerr]
into loop 16 thro

h th th el | d
capaci tor 540% EH?E'&SFO %e{:gu%ﬁ&%eﬁgi}?a%‘g{}ggg Iglild 2R3y, tor 52 or

capacitors 52 and 54 are set in a center wall 56 of
15 transmitter 10 and have a value of about 2,000 pF. In
operation, capacitors 52 and 54 provide an electrical
short to ground for- hlgh frequency RF 51gnals ‘which
1nterfere with operation of measurement circuitry 18.
Isolation circuitry 20 includes two sets of_lsolatlon
20 diodes. This prevents discharge of energy in
capacitance Cg into lobp 16 through a path through
electrical ground and capacitor 52 or capacitor 54 in
situations where one wire of loop 16 is grounded.
Again, three levels of redundance are provided by using
25 two sets of three diodes each (40, 42 and 44 or 46, 48
and 50), one set for either path. Discharge could occur
if either capacitor 52 or 54 failed and provided an
electrical path to ground.whlch 1s typlcally the chassis
of the transmitter (not shown in FIG. 3).
30 'FIG. 4 shows another embodiment of capacitiVe
isolation circuit 20 which includes'only three diodes
60, 62 and 64 to achieve the desired isolation. Diodes
60, 62 and 64 are connected in series in the direction
of loop current flow I along the incoming path'of the



Again, three |levels of redundance are provided by using 25 two sets.of
three dvodessgnch (40, 42 and 44 or 46, 48 and 50), onepgfissspierRi t her
path. Discharge could occur if either capacitor 52 or 54 failed and :
provi ded an electrical path to ground which is typically the chassis of the
transmtter (not shown in FIG 3). 30 FIG 4 shows anot her
enbodi nent of capacitive isolation cT9Cui t 20 which includes only three

di odes 60, 62 and achi gve the desjr i sQl at.i on. i o 60, 62 and 64
are connect$iPy n cs‘lg?:ie%%’i nt én‘d?fec‘f?]z*m ?6 I%%p'- clt‘j"rsrieﬁ‘%)I fggalt?ral ong the

i ncomi ng patdpagfitars 52 Vinds554402Resistors 66 and 68 have been

PCT/ US95/ 0 -' Pin&H t ef 56eas k RF filter
capaci tors@%‘%gng%zsg Jﬁgg?é%ggsa%% oan 'ég{%gelghgéegegggggitegl%’ﬁe i ncom ng
and out goi IRf pEthsioPRSFUEERRE| ¢ of THREAddy e ehesistanssiehl 1y, the
resi st @ce réfsistor 6% $50théane asetRanesistdrtce e Teaietopl 68esi stor 68

and has a valyue of 5. 5[err]. . | St or ' 68, ar elected to have a
val ue. . | arag‘éyeﬂ%ﬁgﬁ t%ﬁﬂﬁ Pfarl:\%‘%g%t engegﬁ'sgrglgfsgységt gpégef’eél:nafﬁpaci tors 52
and 54 fromdisiated repi laye di svhingedangeo enoagh t6. limdintaey, 10

resistors %ﬁ&é@i ?ﬂﬁ%%&q 5% %;g&tﬁwl@ %gu%ii ?'gﬂt ly |arge

to reduce arisorr.to thecircuit of Fl , e circuity of
FIG 4 inched®d okpPidhvecddpchargett oaftir difORnilibe pr o¥RBFRBTt hree | evel s
of redwndan@sistors 66 and 68 BhG capabeweransthandesoshseld Bé circuitry
capaci tor s S SEIGIRRER Py SPUFE 4 T Rros TRUFPRRADEBR: e 1 ect 1 e
70 havi ng dhedesiré2it74f FaGand,78he ThecuitpuofoFIB:i ¢dgeéndDudes connect ed i
to 20  digigBhnrdd r&Hb4EYvePebe Fufops WMENY Sroviuthd PR Le
' levels of redunda_i;_cy. ) : _
15 FIG. 5 __shows. another embodime_n.t_:__' of circuitry
20. FIG. 5 shows is_b,l_ation. circuitry 20 in which center
wall 56 carries céb_a-citors 52 and 54. 'Circuitry_ 20 also
includes full wave bridge relcti_fi;er 70 having diodes 72,
74, 76 and 78. The out_piit of bridge 70 is connected to
20  diode 80. Circuitry 20 of FIG. S opei_‘ates. in a manner
similar to c_:ircixitry 20 of FIG. 4. However, bridge 70
allows the connection between transmitter 10 and control
loop 16 to be inverted _without. .af.fecting operation of
transmitter 10. Further, bridge 70 and diode 80 ensure
25 that the path of curreht I through transmitter 10 always
flows through at least three diodes thereby isolating
measurement cifcuitry 18 and providing three levels of
redundancy. Using the example of current flow I in the
. direction indicat'_ed in FIG. 5, ‘loop current I passes
30 thr._'ough diqde 72 of bfi_c;lge 70, diode 80, measurement
circuitry 18, and diode 76 of bridge circuity 70.
Again, if any two diodes in the current path fail, the.
remaining third diode 'prevents the undesired discharge
of energy stored in circuity. 18 through loop 16.

i



Sinmilar to ci'rcuitry.20 of FIG 4. However, bridge 70 allows the

connecti gn transmtter 10 and control loop 16 to '

Wi t hout S‘P’f)@ctl ng operation of transmtter 10. Further, b&?ﬂ@@‘gé&gﬁd di ode
80 ensure 25 that the path of current | through transmtter 10 al ways
flows through at |east three diodes thereby isolating nmeasurenment circuitry
18 and providing three |evels of reduntancy. Usi ng 't he exarrpl e of current

flow !l in the direction indicated in FIG 5, |oop current passes 30
through di ode 72 of br¥d§e 706 dil§de B0, creasuseRtabnails ch{Q"ﬂ/ 18  and

di ?ﬂef76| oftlhtrﬁéiﬂs@mﬂure&w P)r? 705th , tHe atnﬁeﬁ@wh gdﬁésigugﬂi\e ﬁﬂrrentf

. pa al e re | I O ent s n e IﬁC arge o

ener gy store(fll LFY rk%y cﬂfbcﬁ"? eﬁf Hevd e?%éoz?

PCT/ US95/ 067 x> anpmifEit@r lﬁodys 103 whixts- sectdiorfaded vinto & fimssmitter

10 shovm g | 1q11V [ 0 enter
g dnly e&e 1¥1a’ and % éé&&;}d éq%%ﬁ% ZB%aEQn@éraGQ 1§

wal | FI G hows transmitter ivided into a first 5
chanber 101 a 4nd aF%’é%%n‘ah%‘h%%eio?'@lbsb?eééﬁfiePvaqd P 19?2 san@hanber

10la is seal %d@hdar&hﬁtﬂibrl%mdl§eﬁéaﬂieﬁhﬁﬁfb%hd Qap izogeal pdrdy end cap
104. First chanber Iléléa carrtes OCESS.Irb%&? nterface circu try 22/ 24.

RF filter ca AFAEEXCE, ‘b%"sﬁ’r r:rni-.&rfaggnf:éfc t¥56 and
coupled to azcﬁ/mﬁw tRDoﬁuh‘.emladpmtdm SBrange5 4 exte bpsntiﬁnedAml rcuit

board 1 S SEg0 t@ﬂ&ﬂ n t’l:% d ) 5 whi ch
coupl e tjig) curcr%g{\t{érfgééﬁmggn%gﬁh ent ?é?ogs%r%g teiorough conlgw t 108.
- Circuit boar @amqswmm pectifingrtWWs  H6 cdrFuigs boardrr bk nist er

housi ng 100da&xqfédaqbﬁcgé&nﬁframnﬁau81m 186a WohEuges r tesmegasor 12 (not

shown in FIG As shown in FIG . 6 acito
hE:iL)ch couple to current: ioop p16 r:mcir which enter housing

100 through conduit 108. Circuit board 110 includes
15 resistors 66 and 68. Transmitter housing 100 is
attached to sensor housing 106 which carries sensor 12
(not shown in FIG. 6). As shown in FIG. 6, capacitors
52 and 54 allow current I to enter circuitry in first
chamber 10la but filter high frequency RF interference.
20 Bridge 70 and diode 80 prevent discharge.of enerqgy
stored in circuitry 22/24 back into current loop 16, as
explained above. The particular transmitter 10 shown in

FIG. 6 is for measuring a differential pressure.
The diodes should be selected to provide a low
25 forward voltage drop, for example Schottky barrier
diodes. It is desirable to select diodes for bridge
rectifier 70 which provide low reverse current leakage
to reduce apparent transmitter current. In a preferred
embodiment, the diodes of bridge rectifier 70 and diode
30 80 are Schottky barrier diodes. Diode 80 should be
selected to provide linearity through its operating
range. Because diode 80 is in only one "leg" of the
path of current I, non-linearities may cause signal
distortion. In one embodiment, diode 80 has a large



52 and 54 allow current | to enter circuitry in first chanber 10la but

filter vhhgdaspsequency RFE interference. 20 Bri dge 70 ap@r/dssaee7180 prevent
di scharge of energy stored in circuitry 22/24 back into current loop 16, as ;

expl ai ned above. The particular transmtter 10 shown in FIG 6 is for
measuring a differential pressure. The diodes should be selected to provide
a low 25 forward voltage drop, fo®~exanple Schottky barrier diodes. 1t
is desirable to sel ect dl odes_for bridge rectifier 70 whic rovi de | ow
_reverse cuFMERENteAGRACUTY %‘Eﬂéee§ﬁﬁﬂag‘ént %r ABA ) 1 B9 3&?%%‘ In a
preferred %h@dg@erampt hes cinpalels af the dbhewr eurrentr 18@ednd ofi &de 30 80

are Schottﬁ, gﬁr Ler, n%qﬁiter [?4 209 %)sggoukgwggefel gﬁ%gg i@ Ry ovi de

Ilnearlty |tt§o perat1ng range cause d I's 1n only one

"] eg" of the'aparhféf lwwm forwaxd| i Yeltsde cSreRy aBfdscleakans

di st or gl oncyrrkRtone enbodi nent, d| ode 80 has a l.arge WO 95/ 34027

PCT/ U895/06718 - 8- current capac for exanple.. 30 a S%M o that the

vol tage drop is smal fPrEhopgR | & cuP FE0t e %erbt?loe{'xt\';%g i re Tt ansmitter
(4-20 M) . deHe\toﬁbed whene re;fa-érrmletoffpbefeeeadfommwﬁ.mntsa,ge drop and

| eakage 5 rren h h %@Een descri bed
wth refergﬁf °t3 %}%ﬁ\lél% gg %%d?ﬁ%g‘%gffn}e #}‘{f{%( 1?Fbed Int art will
recogni ze mAyt behamagies imayfaran mise detaidy M%‘Het‘%ﬁﬂa%’t%lﬁr%partl ng
~from 3§  the §19ifi€ Al s%.rdgi@oef théeln\fédﬂﬁtdrpn FoEoexaxpnal ethé he
invention can bée ,used in a central controltl er. n%ﬁ_é%ount e{j c]r(ptrol | er,
confi gur at ABYeBEPRe c@é‘uc}?‘F aised nif e SR LAt COMERIMTE I devi ce
whi ch coupméantedt heoritaoMiers, coonfiguiavion dewdicei o(rmmly asi sl ation ‘
hand-held unit), modem or other dev1ce th.ch couples to
the two-wire current loop. Addltlon_al,_ly, isclation
15 elements other than diodes, such as FETs, could be used.



15 el enents other than diodes, such as FETs, could be used. WO
95/ 34027
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process; neasurenent lm”m"] d to the sensor provFeh
transmtter output relatedtto?the process variable, the abllBSHEEEﬂt HAS BEEN

circuitry powered with the l.ogp current and presenting an| ef f e®EPLACED
capaci t ance CMQ-ELMACI tance isol ati ng networKk '
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through the control |oop aénenergqrsswmhgra CQaaxieple2of a procdse;
transmtter of «claim mléfa ?Eﬁﬂe t gl?c'ui%:?; :dg,trﬁﬂ%tdv\qc}( ﬁ@pgéﬁggrf our

di odes connected in a f wave e rect havi ng input termnals
.connected to the control | ooBrQNé‘daﬁgo@t (REANSIHALRN QiR tedreba2tedift h

di ode which is connected to Ebetﬁew@é@@tvacmramlet I ¥he3measuremedte
transmtter of <claim . 1 whe t he | ati o He{:wor | ncI udes
he ﬂ?tter of

filter conponent coupled to FﬁgcgbﬁFYopoY’SBﬁ ‘ﬂlt PR FYERS

claim3 wherein the RF filteandoppesenting anneffeectiiverocspachtaneasur enent
Cq; and ' '

a capacitance 'isblating"network operably
coupled between the interface circuitry
“and the control loop, the isolating
network comprising at least three diodes
connected such that the 1loop current
flows  through the three diodes
simultaneously and inhibits discharge
through“fthe control 1loop of energy
stored in Cg. '
2. The transmitter of claim 1 wherein the
isolation network comprises four diodes connected in a
full wave bridge rectifierf'having input terminals
connected to'the-control'loop and an output terminal
coupled to a fifth dJ.ode th.ch is connected to the
measurement circuitry.
3. - The transmitter of <claim 1 wherein the
isolation network includes an RF filter component
coupled to the control loop. '
4. The transmitter of claim 3 wherein the RF
filter component is connected across the measurement
circuitry and the three diodes. '
5. ' The tramsmitter of claim 3 wherein the
isolation network includes a resistive element connected
between the RF filter component and the control loop.
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CII‘CUItI‘y and the three di odes 5. The transmtter of claim 3
wher eiwo okBd27 S Includes a resistive el pgpRisofigAfiect ed

bet ween the RF fi I ter d the control loop. This Sheet  Has Been
Repl aced [err] mm&m‘ P N
PCT/ US95/ 06718 6 ransmtter of cllai HSSS%% HAS BEIET RF filter

conmponent is pl aced |n a center wall0sf the tr par ates t he
measurenent circuitry fromthe control | oop A transmtter for
use in a ftocess co | EERRERHT LRGN BE |sﬁ'JT‘Pgm 3 s¥hesripothenkFng a process
vari abl e; a]tﬁemso@mpeneiﬂbuwsngplmd\gln fa reéntémnipal laraf atkecond chanber
divided b h'C dregs Ik eflrst
chanber X-' ou5| ng‘ﬂﬁ' ?%Ai\./\ngérbe con%J gggﬁr&héﬁ %‘cggﬁ%g

measur enerftr%‘l rul tqojltmflerléwpby | oop current flovm ng thr ough t he Ioop and
transm tting the proceassanyaitdide £yerubBe inoap, p¥beess Ncbhergtasur enent
circuitry has an ener storage means for storing energy; energy isolation
circuitry S¥5 4o qﬂ?gy &1 3Her of the housing coupl ed between the
nmeasurement  Circui ta sensod folre seasting al pepcess| vdrigbae;| east three

rectifying el enments aMyi s %?‘sg‘l%%létrﬁﬂghg%ﬁg ﬁg@ﬂlge [ E&Qs£h8hﬁﬂ.§££°| | oop from

t he neasur ement circu €l é ST connect ed
wher ei n : and a second chamber d1v1de by a wall

operably coupling measurement circuitry
in the first chamber of the housing to a
two-wire control loop and the sensor, '
the measurement circuitry powered by
loop current flowing through the loop
and transmitting the process variable
over the loop, where_in the measurement
circuitry has an energy storage means
- for storing energy; _
energy isolation - circuitry in <the first
chamber of the housing coupled between
the  measurement circuitry and the
control loop including at least three
rectifying elements which block energy
discharge into the control loop from the
measurement circuitry, the three
rectifying elements connected wherein
one of the elements blocks energy
discharge during a failure of any of ‘the
. two-'otheif: elements.
8. _ The transmitter of claim 7 wherein the,
rectifying elements comprise diodes.
9. .The transmitter of claim 7 wherein the
isolation circuitry comprises four rectifying elements
connected in a full wave bridge rectifier having input
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one of the elenents blocks energy d| scharge during a failure of any of

the two nts. 8. .The "transmtter of erein
1 he rect %@%ﬂel enents conprise : Chetritosisie

Todes. 9. '~ The transmtter of
tlaim 7 wherein cﬁ"ﬂ' CUI try conprises four

el ements connecte Hmllm lﬂg % ridge rectifier havi ng
Has Been Re |l aced [®rr] t 402711PCT/ US95/ 06718.
to the control |oop and an ;ern1nal coupled to a fifth é ............ :
whi ch is confermiqals qan - diferkhe i gNRRQY 1ogp an anTﬂ i

of claim 7 ﬁél@l(ﬁiarl cbhglleaotataomﬁm tdduifying edemeat WEithl isr

conponent . transm tter of cI erein the RF filter
conponent is c@dﬁ’;ﬁcé:tfd[ B:C‘[ e gﬁa's&refnggp angg}l% %ree rectifying el ements.
12. Tha &.r ansni t thire oftransmitter wodr echaimhe?i swharesn chéui try

further incl dt it réﬁffc\ﬁ&t@yerﬁ@ma@@naﬁt R¢ BehweenchbhipoREnti ! ter

conponent an e cont Ioop

tt f_cl |
wherein the FlF1 filter CSOfpoHERSRILLRT,RF Fﬂai‘ﬂe Sn"}he&?erlt’ﬁe ﬁ?ghg] tter.

14. A Gantded doa@bn%\tl g8 toupledpts nthe womtinud- lwopeandnthel | oop
carrying a | q curre c I’el Si & connection for coupling to the
two-wire cont ST i rcuitry for communi cati n%

i nf or mati on d&sr the t\mhe/\n rte'auenult(cbrl 0eh im prlds e whieF@inanthef f ecti ve

isolation circuitry further includes a resistive element
connected between the RF filter component and the

tifyving

control loop.
13. The transmitter of claim 10 wherein the RF
filter compbnent is placed in the wall of the
transmitter.
14. A control loop device for coupling to a two-
wire control loop carrying a loop current, comprising:
a connection for coupling to the two-wire
control loop;
communication circuitry for communicating
information over the two—wire control
loop and presenting an effective
capacitance C,; and
a capacitance isoiating network operably
coupled between the communication
c1rcu1try and the connection to the two—
wire control loop, the isolation network
comprising at least three diodes such
that the loop current flows through the
three diodes simultaneously and inhibits
discharge of energy stored in Cg.
15. The control loop device of claim 14 wherein
the isolation network comprises four diodes connected in
a full wave bridge rectifier having input terminals
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capacitance Cferr]; and a capa0|tance i sol ati ng network operably coupl ed
bet weewo 9sizli27 itry and the connecty gg_%gg;@ two- w.re
~control loop, the isolation network conprising at |east three di odes such
that the |oop curLﬂﬂl h the threep
i nhibits discharg c din derr]
devi ce of- cIa|n114 wherel n the |sola%?on net

Ut ternlnals Thi s Sheet

connected in a_f bridge rectjfier h Vi

o Bocn RESPAgEReS Bl sAsT 1ooh =7 output termin

PCT/ US95/ 06%upledr tjo -a2fifth diode whiREP|LASErarmewtad:dtbo tthee control

| oop and anﬁHﬁHﬂEaﬁféﬁ18§fcﬁf%9§ed to a fifth diode which is connected to

t he conmuni cation circuit The contraol | oop device of claim14
wher ei n t h6 rsolat|oﬁhﬂeFﬁBFR°inéPBBegeHACRFOfl cdaimc didpohareigoupl ed to

the COﬂtrOthéOQBoléilon netwobR dnelbaks! @Bpr¥e\HiQeed’ OmBdRelk Wherein the
RF filter nt gn£ |§ connect e f cross the communication circuitry and the
u o th g

t hree dlodgg € TR2ALHAL r Bt° ?bop device of claim 16 wherein the
i sol ation betwork i N”Thedeentrobsiioopvdevlicaenf cdaimciléd wheinsden t he RF

filter compgpentr angs g CoabighndEP 1 corilitfled P2 Reblercod

communication circuitry and the three diodes.

|y and

NQSSHEETHﬁ% ntrol | oop
rk coﬁﬁPF%% f Ol i odes

18. The control loop device of claim 16 whereln

the isolation network includes a resistive element

connected between the RF filter component and the ' ‘
. control loop.
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