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I.SCLATI ON Cl RCUI TRY FOR TRANSM TTER ELECTRONI CS | N PROCESS CONTROL
SYSTEM BACKGROUND OF THE | NVENTI ON The
present inventy tes to process 5 control systens. Mor e

speci fically,. w@%g&s%fesent i nvention relates to isol at PERUSPY/RIAS: [y
for use in transmtters of a process control system

Process control systens are used in manuf acturing plants to
nonitor operation of a process. 10 A transfitter is placed in the field
and nonitors a vari abl e of the process, for exanple, pressure,

temperature or flow.  IROLATIONtCIRCUIIRY FOR TRANSMITTER oop and
transmts information r Q to a controller which
noni tors operation of ﬁ#gqﬁsﬁﬁgésg:ﬂ RW@&%,C@mmt BHSTB is a
tvio-wire |oop carrying a CgatRERoM W MO TRkENrdeR POwer for
operation of the transmtter, Comuni cati pn standards I ncl ude the

Fieldbus standard in which dtdft &Fesent | IpEMIQHYelatesnt % Precess
transnmtter. SHARPoBtrPl |systemsanot hMoret aspecilfidelly,al lthes present

conmmuni cati on over javén€fon reldPed’ e6°SiciakiiaR! Q:i%:icgl@.@k‘gr for use in

One type of process variable sensor is a resi stance ge Cli Fclrt in
whi ch” the resi st anf&28FmihEers of & PFgeeds, FeRLTRL (B&H®¥se to the process
variable. 25 Qher sensors Prudeste capatrbhncaystielsat i e beai@edolr in

ther. An input si ' | t ' e bri dge_ out put
s honi tored to defarbendeiiit bl ah8s' 06 ML BRA-hfon or B pEdResH! P!
Intrinsic Saf d®y sPafdapgaitter {fepdacgde ia tdd tfinld and "homibtonsd| 3"

electrically 30 isaraablle fobmthe pesdes, tFor t eXAMBLEl € pressSHEN
Ao Sossh, Babbelud o RO, oRSHign et LBl
St andard Associ at i SﬁFtF‘Pl% loop and transmits information over the control
loop to a controller which monitors operation of the

15 process. Typically, the control loop is a two-wire loop

carrying a current which also provides power for

operation of the transmitter. Communication standards

include the Fieldbus standard in which digital

information is sent to the transmitter. HART® is

20  another standard which allows communication over a 4-20
mA process variable signal.

One type of process variable sensor is a
resistance bridge circuit in which the resistance of the
bridge varies in response to the process variable.

25 Other sensors include capacitance, vibrating beam, or
other. An input signal is applied to the bridge and the
bridge output is monitored to determine the process
variable. To meet certain Intrinsic Safety standards,
the bridge circuit must be "infallibly" electrically

30 isolated from the rest of the transmitter. Such
standards are set forth by, for example, European
CENELEC standards EN50014 and 50020, Factory Mutual
Standard FM3610, the Canadian Standard Association, the
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-2- British Approval Service for Electrical Equipnent in

Fl ammabl e At nospheres, the Japanese |Industrial Standard, and the

St andar ds Assqghatl of Australia. The Intrinsic Safet
requirenents are“intended to guarantee 5 that instrunent WIRHR or
failure cannot cause ignition if the instrunent is properly
installed in an envi ronnment that contains explosive gasses. This is
acconplished by limting the nmaxi mum energy-stored in the transmtter
in a worst case failure situation. 10 Excessive energy discharge may | ead
to sparking or Britdebsidpprhval @hrvhceofibd Edecteieal cEghipsmerst in

envi ronment in whi ¢ amd@bl & AHIsbhere TR HREJIPS&ld ; The
prior art has prinar ialy ﬂse t sbh eu{&echnj ueségtéoﬂggﬁls%]\:/lea]iﬁl”-gf‘filaﬁ?'e
i sol ati on between W& 15 es%ﬁ%\%a&]d?c ???/c%ﬁc‘er“’tr’ne"Fr R EaER cir cTirery.
The first teclmtouwsis Safemovrieduisehénts axie hpténded do guarantee

segregation or sSpaghag iﬂné@ﬁxﬂ%ﬁﬁsoaf;éys‘eiwatozi_tf£§1ure éa{ga%%si flggd or a
conponent failure t,0 cayse electrica shorting to another comnponent or

ground. The second ¥E§1tigBHY i DSEFURERE o S FECRER 1Y dnsfetdRfs iR 2% hat

i solation is not remuiredmégt ushay conpairnt sxplosiveargasses. r arleds f bs

| di ssi . : onei o
arge power di ssi pldcBipsthed Eﬁ?%b:fi}&‘i/tnﬁ el SHRAMGRS ALEaGOBRLHLS oy

infallible. 2 emw S hnrques 1s 25
that they require &PSuftiansBRtrsT| dihet MoFSh t$age Tailgrri A4tEBEHPRYI de
the required gpgaci Excessiven energgorichargeomayneléead atovadpadidmge o ze of

the high power e%EF.QEl@Qt She% Uswhiéﬂ.u%é{){'di nié%f‘@éméﬁereg#gsive has
been limted when conmplying with Intrinsic Safety requi rement's_ using
the above two tech@fyt&enment in which the tramgpijtrer @AYTHE PROTAN TN

The prior art has primarily used two

techniques to achieve infallible isolation between the
15 sensor circuitry and the transmitter circuitry. The
first technique is to provide sufficient mechanical
segregation or spacing in the sensor such that it is
impossible for a component failure to cause electrical
shorting to another component or ground. The second
20 technique is to design the entire system such that
isolation is not required by using components which are
rated for large power dissipation such that they
themselves are considered infallible.
One problem with both of these techniques is
25 that they require a sufficiently large transmitter
housing to provide the required spacing between
components or the relatively large size of the high
power components. Thus, reduction in transmitter size
has been limited when complying with Intrinsic Safety
30 requirements using the above two techniques.
SUMMARY OF THE INVENTION
The present invention provides a technique for
meeting Intrinsic Safety requirements using a relatively
small area thereby allowing reduction in the size of the



The present invention provides a technique for meeting Intrinsic Safety

requi rements using a relatively smal | area thereby allow ng reduction
in the size of the WD 97/ 05588

PCT/ US96/ 12108 - 3- overal |
transmtter. WO¥Bksent invention is a transnitter PCAEISHRM2INS

el ectronic circuitry and a bridge circuit. The electronic circuitry
generates a-reference | evel and has a process variable input for
receiving an 5 i nput related to the procegs variable. Qutput circuitry
of the electronic circuitry transmts the process vari abl e. The sensor

bridge circuit has coreseddortiansigeter. | MTheé rdsenbri tgeemtiiqiit isThe
sensor bridge out p‘f:rrah§m1tter ﬁl R@n?g%%‘%ﬁ&%@%%ﬁ?@%té’ﬁ' agk'gd

I sol ation 10 circyitry cou I'C circul fe °S&Re
bri dge circuit. THEPLbE af neJc?‘?"cFﬂntlr%/cFﬁéPh’éPéﬁé gﬁnerateﬁ# §1efﬁrgnce
i npedance buffer caewveltendtlad beprotesenesriable liapat M@édﬂlﬂr\ﬂz Sna

buf fered referegnce.; [ | ato

buffered refer %ce t UE éjl%égcpgo %I%]%ﬂ@% 85 aé%oend L“fr‘fﬁf&&ﬁ

i sol ator couples ©f Fh@ tﬁl%é‘%?pu?lr@l#%céwénﬁmghsl rﬁi@janG'QCBan er.
The second hi gh i npedaasge bufrher s@nse: d&ngéecw@wit has ar@é:?é&dbmd Qe

process variable tqQ_the el ctronlc
DESCRI PTI ON OF THE a bridge outplt. éeﬁ‘:s% bridam H“FPB& is

schemat i ¢ di agr am afelated Foprthessepsadr @Irdc@sp i vdxistblat.i ve Isblpbienbl e

faul t . cong ti Q:'ii'cfﬂ{:r* raddyi@»s%ﬁlfe%\ec%asbdﬁﬁdﬁ}y to.the sensor
Figure 2 is a sinplified b a transm tter

ock.di agrams ovi
accordance with t h&¥pPE8eEICHY ntlo e 180y ’bdc%’é"%"%c%%% "t‘%ﬁﬁrﬁl
| oop. firetgbigh Jinpedarnsehbufifer donmecteditd ties reference

cCircuitry of the thgRel ikfdn ppevIabs £Rl'Feréd reference. A first high
impedance isoclator couples the buffered reference to the
15 bridge input. A second high impedance isolator couples
the bridge output to a second high impedance buffer.
The second high impedance buffer provides the input
related to the process variable to the electronic
circuitry.

20 . BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a simplified schematic diagram of
a process control loop illustrative of possible fault

conditions for Intrinsic Safety consideration.
Figure 2 is a simplified block diagram showing
25 a transmitter in accordance with the present invention
coupled to a process control loop.
Figure 3 is a schematic diagram of transmitter
circuitry of the transmitter shown in Figure 2.
Figure 4 is a schematic diagram of isolation
30 circuitry coupled to a resistor bridge in accordance
with the invention.
* DETAILED DESCRIPTION QF THE PREFERRED EMBODIMENTS
Pigure 1 is a simplified schematic diagram of
” process control system 10 which is illustrative of



Figure 4 is a schematic diagramof isolation 30 circuitry coupled to a

resi stor bridge in accordance with the invention. DETAI LED
DESCRI PTI ON OF THE PREFERRED EMBODI MENTS Figure 1 is a
sinplified schematic di agram of process control system 10 which is
illustrative 809705588  \z\p 97/ 05588 PCT/US96/12108
PCT/ US96/ 12108 -4- possible faults
for Intrinsic Safety certification consi deration. Process control
system 10 incl udes a transmitter 12 logated in the field in an

envi r onnent whi ch may contain expl osive gases. Transmtter 12 is 5

connected to contrpd:ss‘ﬂmm l4aabtisbaffon eIntrinsi¢ Bafety &dm-tc:tfmaet:simvm
general ly at equi valfdia&diG¥n.MY ﬂr”t{c?e%lsn contTL:'ag.F'sqllé'i:%m 10F Qg

barrier 16 may be a circuit resistors an zener
diodes to linit tra%'ﬂiﬁ’% rla"’n§1ﬂ°§§ﬁén1nCF¥1€uf%?3yd 137 130 | TRRIMERtas a
30 10 volt sourcewhBclnmay Gaftgity kekplesiséogagds. C Tranduittkd 1@ is

connected to téansg%ﬁxfxf e":f {] Hﬂgﬁiéi"o Melﬁu%ﬁntbarner' WR g WhieCh

carries |loop curren connects nput term nal's 24 of
transmtter 12. Trépkeh axe shown genqnﬁludé‘é %mmemtercly:%%mrﬁﬁ{#zs

model ed general |y ilﬁ ﬁfgursze.ner FdrOdgarﬁﬁlétﬁCba‘x&ﬁ&Q—l _U.Gl’hm_SQ-bE@C&ifm:Q:S 26
connect to in connect i o g0sQr ich is si st.or.

bridge circuit hav ﬂ 1‘? 1% t%r quZa %§QB °§§ca3%dz%3%lr émdaessgtns Y Al so
has out put termni naezsem@rraaemesepoxa Clrcgigmllﬁ/ﬁéreﬁe!mdu asrasfonse

to a sensed ppgcesgoP sdlﬂ:rdeabh%.nd Bopsexpeksestbt: DMe cﬁreestﬁyqyl%Za 32d
is a resistance str.ai

sense a process varTaPTE < gt?)?semslg% S throug%a%wo'w,&rr? nber- e(ﬂ‘t
different electri chdJongiUwhlch Camﬁfﬁeépppr%umtsliﬂm LoppR2grannectsa ound
36 is a 25 chassi§ i ffhRUBErmSrell 2aSof tiRinsmiae8kS12 OF TrARSNit&r 12
includes transmitter electronics 26 modeled generally as
15 Zener diode 28 and capacitor 30. Electronics 26 connect
to input connection IN of sensor 32 which is a resistor
bridge circuit having resistors 32a, 32b, 32¢ and 32d.
Sensor 32 also has output terminals which develop a
gsignal therebetween in response to a sensed process
20 variable. For example, if one of resistors 32a-32d4 is
a resistance strain gage, bridge sensor 32 c¢an be used
to sense a process variable such as pressure.
A number of different electrical ground
connections are shown in Figure 1. Ground 36 is a
25 chassis ground such as the chassis or body of
transmitter 12. Ground 38 is a power supply voltage Vg
which is used by internal circuitry in transmitter 12.
A power sharing resistor 34 has a resistance
of 135 . Registor 34 1is provided such that the
30 electronics in transmitter 12 are exposed to a limited
maximum amount of the power that can be delivered to
transmitter 12. The maximum power dissipation is
realized when the electronics impedance R; matches the



transmtter 12. Ground 38 is a power supply voltage V[err] which is
used by internal circuitry in transmtter 12. A power
sharing resistor 34 has a resistance of 135 Q Resistor 34 is

provi ded such that the 30 el ectronics in transmtter 12 are exposed to a
limited n2 2P nount of the power that can be deliver &FHUS96/12108
transmtter 12. The maxi mum power di ssipation is real i zed when the
el ectroni cs i npedance R err] matches the WO 97/ 05588

PCT/ US96/ 12108 -5~ -5- i npedance of the
power sharing resistor 34 and the barrier resistor 20: R err]
= R%err} + R[e{r] 1mpedanc[:e of the power sharing kfsidtor 34 and RER&r] =
135[err] + 250[err . Eq. 2 5 The
total power avail alé’ rrtggﬁt eéjfsrtaorfsn%otter 26 will be assunmed to be
0.9W  The power sharin8e = Ris+fesistor 34 linmits the maxi mum poweBaP[&rr]
to the remai ni ng ect.r.Qy i by Plerr] =

I [eryr] R err] eé” 13%9%?1&539 3%5% I[err] = [err] Eq. 2
Eq. I:_4 . r? For thme/cﬁdtagepwgrgevaﬂlmaltd :th%ot‘tﬁhbﬁuaﬁe:

in Figure 1, the p r a el ectronic i ven
by Plerr] HBF Wl o¥E aggﬁtﬁég 89 Y 6h§W The p%wer Shigl hus,
if resistor 34 |&egdr5P¥er¥d ilAMALEi btke maximum aE@U?ﬁarRm wteh the
Intrinsic Safety r%ﬂhﬁﬁﬂﬁ@téledd%nlcs as given by

Py = I2 R, Eq. 3

\ 4

I -
10 L (Ryg+ Ry +Ry)

Eq. 4

For the voltage source 18 equal to 30 volts as
in Pigure 1, the maximum power dissipated by the
electronic is given by:

P _( 30V
wax 2500 +1350Q + 3850

2
- 3850 = .584W Eq. 5

15 Thus, if resistor 34 is considered infallible in
accordance with Intrinsic Safety requirements, the
maximum power which components in transmitter 12 will be
required to dissipate is 0.584W. Figure 1 shows example
faults 46 which could occur and short electrical

20 circuitry in transmitter 12. An intrinsically safe
design isolates energy storing devices such as
capacitors, batteries, inductors, or other devices.
Energy storage devices can be isolated with infallible
components such as resistors, series capacitors, dicdes,

25 or other devices which block or 1limit the energy
discharge path of an energy storage device.

The present invention provides isolation
circuitry (not shown in Figure 1) between transmitter
circuitry 26 and sensor bridge 32 which maintains the

30 infallibility of power 1limiting resistor 34. The



maxi-mum power whi ch conponents in transmtter 12 will be required to
dissipate is 0.584W Figure 1 shows exanple faults 46 which could
occur and short electrical 20 circuitry in transmtter 12. An
intrinsically_safe design isol ates energy storing devices such as
capacitors, bXOBMP®E nductors, or other devices. EndI PS¢ e
devices can be isolated wth infallible conponents such as resistors,
series capacitors, di-odes, 25 or other devices which block or limt the
ener gy di scharge path of an energy staage device. The
present invention provides isolation circuitry (not shown in Figure 1)
bet ween transm tt epresent cinvention,2@sadEseenibed beidgeid2modbe cletrmilnt ai ns

t he 30 i nfallibili |0 t4 ' . I .
97?05588 infallibilighyaplsPRTBEdY 2é‘gaﬁ&'sb§§p%_7.a§s% GVibﬁ'%Brelatlvew)

- 6- present LAVERt FHRistangYRIPGEARR| Bigh Lupstange: gircuitry.
isolates circuitry 26 and br¥idgere32 isin@ploekadiszgtam showihgr gbréwiint ance
val ues and i o | MhRURPLEaidial 1BYin greater getail. Fldinnd ks o bl ACK

di agr am show ng CIrCUItr% Sin transmtter 12 1 n greater, aﬁtalr.
Transmitter 12 is Connegbpthd £QUEFOL FRIDBICIXGHAEEY rH4iviiph is\Fodeled
nodel ed as reabsiregistfonnsb vaid agsl tagyer Goutdet RBOURBoLIR - thdewire
current |oop 22. Ler yGLLCWi.t 16 t |

transmtter 12 froﬁ?g%%%foﬁgbgo%?éircﬁ??$§£€4sifgﬂgtT%gn§#%%#%%%%r%ﬁﬁtry
26 connects to bri dgelates thxamgmitter 13 fizgm ganerel aqwy cEZCRALEY cbk dance

Wi th the invenbi onTransmitdtendiricug@eryi 26 Utbnéeti doudesdyel agenragyd at or
60, m Cr opr ocess 6 n nd, | ci,hcuitr . 64.

Vol t age regul at or %%c’%%%%/%%%sqgg_ﬁ?{:éggrgaat %ﬁ %/%%réig%égﬁé’&%u Suin etflr?n W th
respect to V[err] Tgapsmbpkemteirquityilr pncjudes veplpagei regplator 60,

M croprocessor 62 @9BPEEEScddEdERRI ¥nd curr®hit E¥ARELM @r@ﬁ/@%ﬂf&hitq

anal og-to-di gi tal genvepier 0. oo aebkCEBRLASSRY o $30ufRELE SSitadd

15 output V,, with respect to Vg 38 to operate circuitry in

transmitter 12. Microprocessor 62 connects to memory

66, system clock 68 and analog-to-digital converter 70.

Microprocessor 62 operates in accordance with

instructions stored in memory 66 at an operating rate

20 determined by clock 68. Microprocessor 62 receives a

process variable provided by bridge 32 through analog-

to-digital converter 70 connected to isolation circuit

58. Current control and I/0 circuit 64 is controlled by

microprocessor 62. Microprocessor 62 adjusts 1loop

25 current I, and/or sends digital representations of the

process variable provided by bridge 32. Current control

and I/0 circuitry 64 is also used to receive information

transmitted f£rom control room 14, for example, over loop

22. This received information may comprise, for

30 example, instructions or interrogation requests directed
to microprocessor 62,

Figure 3 is a schematic diagram showing

transmitter circuitry 26 in greater detail. Zener diode

28 clamps V, at a maximum value and capacitor 30



I nstructions stored in nenory 66 at an operating rate 20 determ ned by

clock 68. M croprocessor 62 receives a process variabl e provided by
bri dge 32 through anal og- to-digital converter 70 connected to

i solation circuit 58. Current control and I/Ocircuit 64 is controlled
by mi cropM@R2O8 62. M croprocessor 62 adjusts | oop RCT/USGIABM!
I[err] and/or sends digital representations of the process vari abl e
provi ded by bridge 32. Current control and I/Ocircuitry 64 is also
used to receive information transm ttedstromcontrol room 14, for
exanpl e, over | oop 22. This received information may conprise, for

30 exanple, instremntdts any ivilaagegatippler efguehesodtpeetefl reguldtior
m croprocessor 62. gp. Mi Lgu i q | m shqw ng
transmtter circuitry 26 ]fcnroé)rrggfgrgbgeﬁgi ?s %’e‘ﬁ%‘f&;?’ gI]&ed:g gé%g%ﬁoefh.%‘so
V[ert] at a maxi nunYeald a¥g- cap¥wi t¥1d 3¥ss are prowided ozossisolation

PCT/ US96/ 12108 circuitry 58 (shown in Figure 4) . The outpu#08L8% @Bck

vol tage ripple gn t out p r . r <60 croprpcessor 64 js
powered by its %onngeftjgén tLgolég pe%[q}el?r%? aig V[lg??'f&‘mV[%’r’F‘fu%rﬂ’ V[Aseer‘r]
are provided to isofefighPrs B0.jand,i§2 ydsyelenovin raferepge ApveXhdwut put
fromclock 5 68 anslogdtan dipiedl deshvdrter 50l AT reFeredbb! YevéB is

Resi stors 80 and 8 l, I r anal 0g-t o-di gi t.al
converter 70. The rs er%leﬁb?ef\?g%%g%%h%\ééﬁé%éd%“Fﬁf‘fﬁ?‘gﬁ%ﬁ 84.
An open sensor sigrd#  fromgg isplahion| sotimdudtry ci F8ui tegnneds®  to
connects  to 1§ rhfdipREERr 64 i AN LERMEIdreR07 0. A RGd-0-

digital converter 70, receives an anal i nput, from solationTcircuitry
56, Piefhe 1E5aPEri AW, ERgiuge iy apelah foRet from
circuitry 58 coupl etbalatcndgdr8aitny as8ordance with the 15  present

invention.  Isolation circuipibure8si 1§l ddhemat ic 83h§Eoh Sof 0horkia AN

e UL L seéirecsuit%%mgg ncoupled to bridge 32 in accordance with the

is present invention. Igsolation circuitry 58 includes
resistors 100, 102 and 104 connected in series between
Vip and Vg 38. Resistors 1006, 102 and 104 generate a
0.8 volt nominal voltage differential which is applied
to the non-inverting inputs of operational amplifiers

20 106 and 108. Amplifiers 106 and 108 form high impedance
buffer 110. Operational amplifiers 106 and 108 are
connected with negative feedback and provide unity gain
amplification. The outputs of high impedance buffer 110
connect to high impedance isolator 112 which includes

25 resistors 114 and 116. Capacitors 11%a and 119b connect
resistors 114 and 116 to Vg, 40.

The output of high impedance isolator 112
provides a differential voltage input to operational
amplifier 118 which is connected with negative feedback

30 through resistor 120. The non-inverting input of
operational amplifier 118 connects to isolated supply
voltage Vy,; through resistor 122 and to an isolated
ground Vg ; 40 through resistor 124. The inverting
input of operational amplifier 118 connects to Vg,



Vlerr] and V[err] 38. Resistors 100, 102 and 104 generate a 0.8 vol t
nom nal voltage differential which is applied to the non-inverting

i nputs of operational anplifiers 20 106 and 108. Anplifiers 106 and 108
form hi gh i npedance buffer 110. Operational anplifiers 106 and 108
are conne¥P&USH& h negati ve feedback and provi de unity BEI/HS96/12108
anplification. The outputs of high inpedance buffer 110 connect to

hi gh i npedance isolator 112 which includes 25 resistors 114 and 116.
capacitors 119a and 119b connect resisgors 114 and 116 to V[err] 40.
The out put of high inpedance isolator 112 provi des a differenti al

vol tage input to operaugloneésistor anpéifi @pei*&ﬁlmhal:ha'mﬁlﬁ:ﬁﬂéwchsd ist h

negative feedback 3Gnnedt¥Pu@h s 8§t§é9én€-j[2% p?l%l??nhépﬁ?% 4 %Fer ]

operational anplifirer 118 connects to 1sola &a"
t hrough resistor 18%%nd to an isol ated ground V[err] 40 through
resistor 124. The invertin@ridge 3214t sdwdRALat 0 aNPETEbdricitibLS .

V| 8
gg}?fﬁgg / 5(2) 10[8§r r ]One INPUT Xglr? ét(}.%% §s connected §° the 180}?'?%%9%1?,9&%’, st or

126.  Oper at i onal V@¥jAgde iVes-r118The other JHPHECcennast tonli s araameicgled
anplifier having agaitheofoutput f@pr erational ampliBlé¥l0€182 tiS-culPWn

L0 L LNPUT SO 1ty Cd "L G R G e e

connect ed t o edmnenhgsut tof bpehat inprdanpep| ikpéatdn8 13.ough ngh
resi stor 132. 30 ThejppddiHce flrs@IhEB!rdﬁlQAl 33n§1ﬁ:§’é§ AdSistors G8BNGHLEEd 35t O

hi gh inpedance EH or 134, nce isglator, 134 incl udes
resistors 136 and “?%’8: are \fﬁf‘?ﬁcﬁ?é ]l%bec EF lPﬁea?‘ﬁv’é‘?rl imyeskdng
non-inverting inpyhs ofdfiigh gtnpﬁdpedart&’éﬂa;f 180, t@pecedpetyi valigh H gh
i npedance buffer lfh e IREreRehabl eBRbra8RL| bh&FStional amplifiers
configured as a high impedance differential amplifier.
15 Operational amplifier 150 is connected to
provide an open sensor detect output to analog to
digital connector 70. Operational amplifier 150 has a
non-inverting input connected to one input to bridge 32
and an inverting input connected to the isolated power
20 supply Vi,.: through resistor 152 and to the output of
operational amplifier 118 through resistor 154. The
output of operational amplifier 150 connects to high
impedance buffer 156 through resistor 158. Operational
amplifier 160 is driven at the common mode input voltage
25 to operational amplifier 140 and provides a guard
signal. The output of operational amplifier 160
connects to guard foils 162 and to guard foils 164
through resistor 166. Guard foils 162 and 164 run in
the physical proximity of the output from bridge 32.
30 Power supply isolation circuitry 170 includes
inverting buffer amplifier 172 connected to clock 68.
The output of amplifier 172 connects to isolation
capacitors 174a, 174b and 174c through resistor 176.
Vgs 38 connects to isclation capacitors 178a, 178b and



conftgured as a high inpedance differential anplifier. 15

Qperational anmplifier 150 is connected to provi de an open sensor
detect output to analog to di gital connector 70. QOperational anplifier
150 has a non-inverting i nput connected to one input to bridge 32

and an inverti WO@YR%® connected to the isolated power 20 s BSPVESO&/]20% |

t hrough resistor 152 and to the output of operational anplifier 118

t hrough resistor 154. The out put of operational anplifier 150 connects
to high | npedance buffer 156 through resjstor 158. Operati onal
anplifier 160 is driven at the common node input voltage 25 to operational
amplifier 140 and178ovtdeprovidriam isolasedngtound Thg, 90l pWicdek 180
operational anmpli fa.ar i .10 ard
fgi s 164 {Tﬁr ou ; %se%%eoso?g%. %%?’d??%% %aiﬁ%v%g% r E%llcﬁtggn t he
physi cal proxinity98f e sd@ppht L¥emnampl fie3s 27230 Capacitors pgdeanduppl y
i sol ati 03 Ci rciji t rk)181579nd'irmid1d:ﬁﬂqr 188i ﬂﬂ@rddr{i&dt%fdf eb prpridd & skédth,
connected to cloock ;68- t ifier 172 connects to..

i sol ation csgpa(?%t%%?ts:ei7%2&?24?#%%%91%}?'% %’ra%ﬁ&h?l?gs]i é-‘?‘ r* %}fled
V[err] 38 connect s signpdof5Pn Ampldfden 873-178a, 178b and VO

97/ 05588 In operation, the RedIt&fd/ ¥2108ovided byl78C

conneot ed to. provi GETHARFORATE ARG ICRE O 30 'Sp eREneRGRd) EhPaRRn
amplifier 172. CapgEistpss IgW.aRf2 and 1pg6tarmravidiec acrel@ e ségnakct ed
rectified o ongl romannLl ey hae el DI VERbE e
Vol tage Vierr] progeuiteR roned KyckealStons 100, 303una0\teh F Baed Eo
gionng:t ig th: gugﬂek_eep If!ﬂgasrftﬁ@exﬁﬁ n@%émnmﬂtte praiuie\lljewa;hia’f etbace
W for e by R 00 0, 0 L e 5 e oo vemtemene
15 114 and 116 which isolate the reference voltage across
the line shown generally at 192. The high impedance
amplifiers 106 and 108 allow use of resistors 114 and
116 which have a relatively large value. Resistors 114
and 116 are preferably metal film resistors which are
20 considered infallible according to Intrinsic Safety
requirements and have a sufficiently high value to meet
Intrinsic Safety requirements. The isolated reference
signal is amplified by amplifier 118 which also
subtracts the isolated reference signal from the
25 isolated supply voltage V,, ;. This subtraction insures
that the reference signal is within the output range of
amplifier 118. INPUTs to bridge 32 are excited between
the positive isolated supply voltage Vy, ; and the output
of amplifier 118. The output of bridge 32 is isgolated
30 by resistors 136 and 138, and amplified by differential
amplifier 140. Capacitors 194 provide a filter to noise
in the signal. Resistors 136 and 138 are of a large
value to meet Intrinsic Safety requirements. In a

similar manner, open sensor signal 150 is isplated using



keep-the reference potential at a value within the common node i nput
range of amplifier 118. The outputs fromanplifiers 106 and 108 are
provi ded to resistors 15 114 and 116 which isolate the reference voltage
across % | i ne shown generally at 192. The high inpedance

anplifiers 106Vd%4¥8 al | ow use of resistors 114 and 1PETIPER10Bave a
rel atively large value. Resistors 114 and 116 are preferably netal
filmresistors which are 20 considered infallible according to Intrinsic
Saf ety requi renents and have a sufficigptly high value to neet
Intrinsic Safety requirenents. The isol ated reference signal is
anplified by anpli fiegisteg Wb candlisffer ampliiffieet 356he Daping edoxmier ence

signal fromthe 25 oﬁeﬁghgﬁedtﬁgpghgp&gl nggmﬁéﬁﬂ% b s lg_tnr %ct%fé}{

i nsur es that the ref eregce Si IS Wt e ou range
anplifier 118. | NEGRES: o Hr PUEEIR B2 e eRenedd %#\f\e@wer is ekkeywidse i ve
i sol ated supply vollbagetb/[eirduaamy 5B ehé poiitput o@fan@mth.éteiséi ed he

out put of bridge 3 [ y S 138 n.d a ified
by differenti aI %o IIT%E‘B* 2%@4% ég %léﬁt g?él%lg4 31?%]?/{‘%1% %pqq r%é noi se
in the signal. Re§P§fl895t‘1§G-9&ﬁ611%®1%ﬁ3é=Qﬁ 78 Wh%g’e includglsua f@llm
Intrinsic Safety regumiesBptScessdr 6&. AnplaFiar HBONGhd PESIsESHSHe

[ | 150 i [ I | s 7,055 ,
E’IC%n%SQ 6/ 1 2I188I SO gg:gdué"éci G provide avgugrd to %%e autput frOFegfé‘fl%? 3_I?58 and

buf fer anplifier 1889 X% iqREnesEREl to guanghdpalsoh62 tansl d6eputResistmptifier

156 is in a HIGH 166 $ta6f.a IdufiFicdentBy? 1srfPanAte 8b hieP¥WHrirsic

ot herw se I osg %&;C' rc | tr 58, the output of anplifier 156 goes 5
to a LOWNstate. FoW i bits operation of anal og to digital
converter 70 whi ch i ncl udes %3"4&&1 | supply isobatian opivcebtxy 6720 Amas fier

160 and resistor lpfree sefids UWfhdi®oRE0tbd$s818HEN Ehd Osttsl P Wditaded OM

bri dge 32
Vmp.; using three series capacitors to isolate ground.

3 Three series capacitors are considered infallible in
accordance with Intrinsic Safety standards. The
periodic signal output from clock 68 passes through

. capacitors 174a-¢ or 178 a-c. The clock signal is
rectified and filtered using diodes 180 and 182,

20 capacitors 184 and 186, and inductor 188. The clock
signal is at a relatively high frequency, for example
460 KHZ, such that the filter components can be
relatively small. However, values should be selected
which provide a current supply capacity of at least

25 120 uA plus sufficient current to power bridge 32 for a
total of about 400 uA.

The parallel combination of all six isolation
resistors 114, 116, 166, 138, 136 and 158 is selected
such that it is greater than 16 KQ. This relatively

30 large value is insignificant in comparison to the 135 Q
power limiting resistor 34. The signal used to drive
bridge 32 is proportional to the same reference provided
to analog-to-digital converter 70 shown in Pigure 2.
Therefore, variations in V,, are reflected in the drive



and are connected to guard foils 162 and 164. Resistor 10 166 is of a
sufficiently large value to neet Intrinsic Safety criteria.

Power supply isolation circuitry 170 uses three series capacitors to
I sol ate the supply voltage V[err] using three series capacitors to

i sol ate ground&’%"sssthee series capacitors are considered iRGTAISO#/IA188 | n
accordance wth Intrinsic Safety standards. The peri odi ¢ signal
out put from clock 68 passes through capacitors 174a-c or 178 a-c.
The cl ock signal is rectified and filtgre_d usi ng di odes 180 and 182,

20 capacitors 184 and 186, and inductor 1. The cl ock signal is at

a relatively high fgigqiae.nqm;f@ﬁspﬁmloebrmge@. lsdén eHEP dbalrddieikilter
conmponent s can be rel at veeé%/ smal | £ However va)J?ues ]ihoul drcﬁe,se ect ed
whi ch provide a cuf®nt? %%4‘&? piR%e EBR QutPuks oL sanalogy yosdigAtat s

sufficient current aanveswer BPidge 32 for a total of -about 400 [err] A
The paral | el conbination.of ahl oheX free#rb@N embodifBSt St Rbhpbhdntd 16s 166,

138,. 136 and 158 is, sel ected . .such that it I.s_greater than 16 Klerr].
This relari vel s 30 LSaLaTden, GLERHEEY (R (e AEafBLEM e brpar | son o he 135

[err] power limting resistor 34. TheTsblmal used to drive bridge
32 is proportional pees=tre=sai R —f-atiseRte=—3=0y-t Smrmeet-g—piaaloa—ta-dia t gl
converter 70 shownfi n Fi gur @cdponent Thereforg, vari ati onglden V[err] arfe
reflected in the dfiiv . 97705588
PCT/ US96/ 12108 %88131202' 1\6\%) _11 200 Kgign
applied to bridge 32. ramilstioratioaniggror is not i4gJoqeced i nto tjhe
out put of anal og-t ¢-argrtal converter 7p. T one
pr eferred enb nme 114511¢ isolation cirdfPt K‘} 08 are a
fol | ows: Resistors 120,122, 681 KQ
124,126
Resistor 132 100 Q “
Resistors 136,138 52.3 KQ "
15 Resistor 152 158 KQ ||
Resistor 154 648 KQ J‘
Resistors 158,166 169 KQ
Resistor 176 12.1 Q \
Capacitors 176a-c 0.022 puF
20 and 178 a-c
Capacitors 184,186 0.033 uF '
Inductor 188 220 uH "

Operational amplifiers 106 and 108 are Texas Instrument

25 TLC27L2 {dual}; 118 and 150 are Texas Instrument TLV2252

{dual}); 140 and 156 are a Texas Instrument TLC2254
(quad) .

The present invention provides a unique

technique for isolating transmitter electronics from a

30 bridge circuit in a process control transmitter. The

technique uses high impedance elements and high

impedance amplifiers to provide Intrinsically Safe



Tabl.e 1 Conmponent Val ue Resi st or

100 200 K[ err] Resi stor 102,104

49.9 Klerr] 10 Resi stors 114,116 169 Klerr]

Resi stors 120, 122 681 Klerr] 124,126

Resi st or 132 WO?97/05588 100 [err] - Resi st CT/UP%121083
52.3 Klerr] 15 Resi st or 152 158 Kl[err]

Resi stor 154 648 K[ err] Resi stors 158, 166
169 Klerr] Resi stor 176 -12- 12.1 [err]
Capacitors 176a-c 0.022 [err]F 20 and 178 a-c

Capacitors 184, 18Gsolation betweer)cofifohentsF 2 capac:.i:ﬁééEinsélﬁéi:ed

220 [err]H t a nt 25
TlLcorLz (dual); %@%%d“’ié‘?ea‘? R T N A A G AP
and 156 are a Tex@®d) pgplatian chreyisyy. (quad) . The
present invention provides mthvuge the preduntgudnventisnl ahasd been

{ranm tter elect baBbeTyld OWitnSreclidlle Eh' idedlh PLRLEATERN [

transmtter. ue use ance s an 1'gh
i npedance anpl i fi @p¥kess pﬁ!ml@él i r-hﬁsa)é‘élw Isgiecognize thyp CEmBHER3

PCT/ US96/ 12108  may be made in form and detail wiZhout dephﬁ@iﬁé'ﬂbnbet ween

conponents. A cap t| vely, isolate is used to oy de ower to
the bridge circui %?’ﬁ rxﬁnan'i%sﬁf"‘é??oﬂf ﬁ%uf‘?’}’ eion.  “pér “example,

different types of high 1mpedance buffers or high
10 impedance isolators may be employed and other types of
sensors such as a semiconductor temperature sensor,

capacitor, vibrating beam, optical, piezoelectric, and

magnetic may be utilized. Purther, the power signal can

be only AC signal and is not limited to a clock signal.
15



Al theugh the present invention has been 5 described with reference to

preferred enbodi nents, wor ker sThg hhérﬁg!;geg, he art will recognize that
changes may be made in form and ] feddeparti ng from t he
spirit and scope of the invention. ”!m different types of high
i npedance buf f @588 gh 10 i npedance may be enpl REE&IBHIIHt her
types of sensors such as a sem conduct or tenperature sersor.,.
capacitor, vibrating beam optical, piezoelectric, and netic may be
utilized. Further, the power signal can -1e only Ad’"’"fﬁlg"ﬂm,m’ t
limted to a clock signal. 15 x g R jm
What is clained is:WHANL.IS ALagMEDsEBtter for sensing and transm f'tiﬁg a
process variable c rising: ,e ' [ [ . I,SLNY: ... Process
vari able input cir giJPt ry for %.let%él;l%ﬁ%‘éezﬁ_ flc%gu%erﬂél%%ngglgl a%’%as‘?lotttwg a
process variabl e; RkPcess ygrgable r eoM@¥isingmsnitting the process

vari abl e;: a reference | e\eebclgeaﬁiat@xngﬁwtdoggrgsiﬁéerence r'evelbl; a
senspor having a sensor output re . ed, process, vari e:

i solation circuitry coupling the §%§g%‘%gt y;t%ﬁ%%g?ecﬁ%hti ¢ CLFCULETE i T Fy
conpri si ng: a first high i npedancer¢Rfieime chenmy trelEted: doertdisce

| evel providing a buffered reference; grsktess varilabik;hhgd | npedance
i sol ator coupling the buffered eference.to an_input. of, t he nsor

2. The transmitter of claim 1 mhg?g%{thecﬁrsc&%trﬁ'on EFFRSTLTYARa ¢ | e
i ncl udes: a second hi gh i npedance bupfegessomariiadplehe buffered

reference to an input of thezsqsRor ha¥ifigCANGdHR IJRRRNGR1aE8hALY

coupled to the sensor out put ;. and a.second hiagh i) edance buffer
coupl i ng the second high i npERantensed, oHtPuY; ¥aERadLieocess vari abl e
Il nput cir- cuitry. isolation circuitry coupling the sensor to

the electronic circuitry comprising:
a first high impedance isolator coupled
to the sensor output; and
a first high impedance buffer coupling
the first isolator to the process
variable to the process variable
input circuitry.
2. The transmitter of claim 1 wherein the first
high impedance buffer comprises a differential amplifier
and the first high impedance isolator comprises a first
resistor connected between an input to the differential
amplifier and the output of the sensor and a resgsistor
connected between a second input to the differential
amplifier and the output from the sensor.
3. The transmitter of claim 1 wherein the
electronic circuitry includes a reference level
generator generating a reference level and the isolation
circuitry includes:
a second high impedance buffer connected to
the reference level providing a buffered
reference; and



3. The transmtter of claim2 whcrein the second high i
conprises a differential anplifier and the second high i ﬁ m, Hm
conprises a first resistor connect® Sheet Hesche acgpuUt t o ¥hec dld

i ]
anplifier and _the output of the sen st or connected between a
out put fr 8GT/USSA2808NSOr .

second i nput tWOPKES#¥ tferential anp m

14 4. The transmtter of claim 1 incl u"jl ng an anplifier connected
between the first high inpedance isolator and the sensor .nput. 5. The
transmtter of claim1l wherein the first hiygh i npedance buffer conprises a°
first operational anplifier and a second operational anplifier and thc
first high inpedance isol at er secopdi bégh aifhpeddnde Bufifar Coupddihgdthe
series with an output of the fi rﬁﬁf%@ti.%}ir&y%l | fi c
resistor connected in series with the output of t eﬂ{‘c%(i)n ptgr%?i gﬁgl
anplifier. 6. The transnmitter B%?89%i m 1 wherein the process variabl e

i nput circuitry of4the el ecThenitrarsnititery dACldidan an anedgh - dhgi t al
converter for recejying;khe d | At Jd e pr s var. abl.e, the
anal og-t o-di gi t al _c“\(;dn\r}erlt er czoﬁg%ﬁléﬁgg%hrp%ﬁe?%%%es%)cgv(e\qe%llﬁ%‘utmﬁgﬁlgpgf’ed
fromthe referenceld¥adornABRebYe cHRIHiREs imputhe buffered reference are
reflected in the reference frhwetrdmiuittie® bhechimt 30wherdigitdil seepuarter.
7. The transmitter cl ai ' h ectronic circuitry includes a
clock and the i sol'ht hqnl@érac%qétgrﬁ)e/};&nc %d‘g‘?sxg vkt | SoffarT noﬁe?%‘&il?f‘? whi ch
generates an i sol &%RLifdrer aadp sagensy aperiasiknal gamblifbex t apdckbek. 8.
The transmtter ofsecaidn Kigherﬁhﬁéddiﬁ:epowﬁblhﬁekaté&fbﬁféaﬂ tarlyfwghuges a
plurality of capacgjtaqr 0 td,| eries wmth t cl ock .signal . providi ng
t he isol at ed pome%es?(t}ﬁ%loy. %%’ggteahént r APEhT Y t‘@?plgf ag 4 %i e uﬁﬁﬁg a
rectifier and fil ta&cosd ceperatommedt eamploifider pandald t yeodnd apesiisbos to
rectify and filtercdrecreal afrfds@p¥®s SHBR! Yehe output of the second

operational amplifier.

6. The transmitter of claim 3 wherein the process
variable input circuitry of the electronic circuitry
includes an analog-to-digital converter for receiving
the input relating to the process variable, the analog-
to-digital converter including a reference level input
generated from the reference level whereby changes in
the buffered reference are reflected in the reference
level input to the analog-to-digital converter.

7. The transmitter of c¢laim 1 wherein the
electronic circuitry includes a clock and the isolation
circuitry includes power isolation circuitry which
generates an isolated power supply using a clock signal
from the clock.

8. The transmitter of claim 7 wherein the power
igolation circuitry includes a plurality of capacitors
connected in series with the clock signal providing the
isolated power supply.

9. The transmitter of c¢laim 8 including a
rectifier and filter circuit connected to the plurality



- -

10. The transmitter of claim1 wherein the isolating circyi “m«luﬁc“mm“‘
open sensor detector providi ng an opeyShes HgoBeen to a'ﬂ““m [ .
i npedance isol ator responsive to an 3 m Wition of t'he “sefisor. .
11. The transnitter of elaim1l1 inclu i iiffpedance guard i sol at or
connected to gUR WPl proxinmate the output. fromthe sensorBCTAUSIRI2IPhe
transmtter of claiml1l wherein the sensor is a bridge circuit.

15 13. Atransmitter for sensing and transmtting a process vari abl e,
conpri si ng: circuitry for receiving an inpgt related to the process

vari able and transmtting the process vari abl e; an AC signal source for
generating an AC siofnehpacitops doesctdfiyabhhd fthtser tiheo\disdilagednpoweput to
t he transmtt ey, Phgguitry in response to the process vari abl e;

sensQr circuitry coug ed to the process variable sensor used in
operation of the séfsor: TheisdrrapsmattetppPy cFlaimt ¢ coksrrinngthe

at | east three capdeolatingortiechithy niseludss aa openl ednsor detetfiothe AC

signal source the Lt ars..al low.ng su C sk gnal
and bl ocki ng passa&?&?ﬁhh& a.xi" t ghDng?sch”lxé| .?&Eﬁ% ggr ggct}tpkﬁéﬁ cg% fe}ct ed
to the AC signal sdfPedapreougfolator responsivee &9padPt oPBSPor SPBEPYfyi ng

the AC signal; condi@bfi 8f P aVdsdhQr connected in parallel wth the
rectifier providing,an isol sQur.ce f .he, . . process

vari abl e sensor, aq&' ?ﬁ?l ?ggri@%c’%lﬁ:pggd%tfo%[lﬁtéahél &F‘ﬁé“‘éé‘g mgt g%?h
provi ding a impedpneantgeard pecdarer soppnsctrd pdwe t guand séadbdr

ci rcgi try. I 14. p_fbﬁifnégésﬂhétcﬁitﬁt Erammchs %'&@é&_dl ng: a high _ g
2P gh i mpedance bdfrer. couprPhd FARMIEEAT| Spcdiel wherefi i grnbgr’ "
transmitter circuitsya bridge dimcuitansnitter of claim 13 including:
13. A transmitter for sensing and transmitting a
process variable, comprising:
circuitry for receiving an input related to
the process variable and tramsmitting
the process variable;
an AC signal source for generating an AC
signal;
a process variable sensor providing an output
to the transmitter circuitry in response
to the process wvariable;
sensor power supply circuitry comprising:
at least three capacitors connected in
series and coupled to the AC signal
source;

a2 rectifier connected to the three
capacitors for rectifying the AC
signal; and

a holding capacitator connected in
parallel with the rectifier
providing an isolated powexr source
for the process variable sensor.

14. The transmitter of claim 13 including:



e relerence tevel generaior ?sz:z;zgﬁggg;;;;;:,fzﬁfve' R

el enent coupling the high inpedance the prodess variabl e
sensor ther ebyw§r ovi di ng a buffelmm[ | |{ L
transmtter 920388 5 i ncl udi ng i gital cE®RTAPIEA21I8,

| evel . 16. The
converting the process variable output to a digital value, the anal og
to digital converter responsive to the reference |evel whereby
changes in the bufered reference level areqjygeflected in operation of
the anal og-to-digital converter. 17. The transmitter of claim 13 wherein
the AC signal source is a al diigh impedance isolator coupled to thé

18. The transmtter of claim 13 g?s%ron1 A 4190 skRBSE- o Lelapent

connected to an open sensor slgn e process vari abl e ‘sensor.. 19.

The transnitter of claim 133 A& HPedangh pwbker SRERLing Bbesdighor

connected to guard foil proxinatempémanéuxn|nymiat6rthetout[ntaﬂsmmﬁmkhe

process variabl e sensor. 20. T f@§y1tter of claim 13 wherein the
SR

process vari abl e sensor conprlses a circuit. *
Xk k 15. The transmltter of claim 13 including:

a reference 1level generator providing a
reference level;

a high impedance buffer coupled to the
reference level;

a high impedance element coupling the high
impedance buffer to the process variable
sensor thereby providing a buffered
reference level.

16. The transmitter of claim 15 including:

an analog-to-digital converter for converting
the process variable ocutput to a digital
value, the analog to digital converter
responsive to the reference level
whereby changes in the Dbuffered
reference level are reflected in
operation of the analog-to-digital

converter,
17. The transmitter of claim 13 wherein the AC
signal source is a clock.
18. The transmitter of claim 13 including a high

impedance element connected to an open sensor signal
from the process variable sensor.

19. The transmitter of claim 13 including a high
impedance guard isolator - connected to guard foil
proximate connections to the output from the process
variable sensor.

20. The transmitter of claim 13 wherein the
process variable sensor comprises a bridge circuit.



