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-CONVERSI ON Cl RCUI T FOR PROCESS CONTROL SYSTEM BACKGROUND OF THE | NVENTI ON
The present invention relates to process 5 control systens. More .
specifically, the invention relates to transm ssion of process vari abl es
fromfield transmitters to control roomcircuitry in process control

‘syst ens. Gener b rocess variable field transmtters 10 are used in
process contr ol ég’f to measure process variables such as FFHYpoe08128
tenperature or pressure and transmt these variables to a control room
This information i s used at the control roomto nonitor and control

operation of the process. Traditionally, transm ssi on of
process variabl es has been | oops. A 4
mA signal in a typical 4- ZOCM3 currg% @%5@%%?2?& eggpmm readi ng

and a 20 mA signal represented a maxiQONTROLIi SYSTEMhe process vari abl e.
20 Power for the -current loop and field transm'1[ter was_ supplied fromthe

control roomin order to maint aiBRGHEE d expl osi on- pr oof
envi ronnent in the field. Th&he epdesemsrtnventzonntremaim t be (p:tlbrceets
flowing throughst hec$mcb1ba§9gtaﬁgn thﬂof@aﬁﬂgégf%&f S %ﬁe gﬁ--
Thi s, and ot her types, of curfent hayve” becone | .

relates to transml sion of process varlables from field :
transmitters to control room circuitry in process
control systems.

Generally, process variable field transmitters

10 are used in process control systems to me.asure process
variables such as flow, temperature or pressure and
transmit these variables to a control xroom. This -
information is used at the control room .to monitor and
control operation of the process.

15 Traditionally, transmission of process
variables has been through the use of two-wire current
loocps. A 4 mA signal in a typical 4-20 mA current loop
represented: a minimum reading and a 20 mA signal’
represented a maximum reading of the process variable.

20 Power for the current loop and field transmitter was
supplied from the control room in order to maintain an .
intrinsically safe and explosion-proof environment in
the field. The field transmitter controlled the current
flowing through the loop based upon the measured process .

25 variable. This, and other types of current loops, have
become industry standards.

With the advent of microprocessors, field
transmitters have become increasingly automated. One
offshoot of this technology is the use of digital signal

30 transmissions from field transmitters. 1In one design,

. a digital signal is superimposed on the 4-20 mA process
' variable current signal. This digital signal can
. represent a primary process variable typically also



Wth the advent of microprocessors, field transnitters have becone
_increasingly automated. One of fshoot of this technology is the use of
digital signal 30 transm ssions fromfield transmtters. |In one design,
a digital signal is superinposed on the 4-20 nmA process variable current

si gnal . This digital signal can represent a primary process variable -
stypically al so WO 96/ 41243

PCT/ US96/ 08128WO/41243)r esent ed by the anal og | oop circuits oOPCHEINSASISY - .
process variables. In another configuration, nultiple field transmtters
are connected to the sane process control | oop and each transmtter
transmts digital 5 process vari abl es ovét-the | oop to the control room
Traditional contro j rcyifryw ad d fpr the_analog _commni cation C
t echni ques have noltre%g%ngngtﬁde 0 %ifﬁ Igt%:‘[e?q iiz)"eopt hcelrtc?lé'%ssm"trt &9 le of . &
transnmitting-di gi t RFOSpEMAIariabges. In another configmmviay TR UIPIENTI ON

Conversion circuitgjeld pravsmiatte®dy 06ddriecteli €bd thedie! ¥focess
transmtting di gitglo

' r e} o%igﬁ{r Lr qui .adapted. far
recei ving anal og si glr?g?éif) %%egnbl e rgif'la"sénégﬁpet%aﬁt &?r?é{r%ﬁlgg aé’@’ttaafq' 15
i nformati on on 5 pPrRER§s praviakles ARy thrploop e teh\eInirel reemk try
i ncludes a digital Tragetyéetialf Obontrol room circuitry adapted for the
' analog communication techniques have not been able to

fully utilize the transmitters capable of transmitting
digital signals. '

10 RY OF NVENTION -
Conversion circuitry is provided for coupling
a field transmitter transmitting digital information to
control room circuitry adapted for receiving analog
signals. The field transmitter transmits digital
i5 information on a primary process control loop. The
conversion circuitry includes a digital receiver for
receiving the digital signal from the primary loop and
providing a digital output representative of the digital
signal. A microprocessor receives the digital output
20 and responsively provides a digital secondary loop
control output. Secondary loop control circuitry
receives the secondary loop control output and
responsively controls an analog signal applied to a
secondary control loop. This analog signal is related
25 to the digital signal sent from the field transmitter.
In one embodiment, multiple digital signals
are received from the primary loop and separately
provided to multiple secondary loops. In one
embodiment, the secondary loop is a 4-20 mA loop. A

30 single field transmitter may be used to transmit
multiple process variables. Additionally, multiple

field transmitters may be used to transmit multiple
digital process variables.




receiving the digital signal fromthe primary | oop and providing a digital
out put representative of the digital signal. A m croprocessor receives the
digital output 20 and responsively provides a'digital secondary |oop
control output. Secondary |l oop control circuitry receives the

secondary loop control output and responsively controls an anal og

si gnal applied ondary control | oop. This anal og signal,j ed

25 to the dig taﬁ"iﬁgnal sent fromthe field transmtter. | Mﬁlgﬁﬁn{sﬂs
enbodi nent, nmultiple digital signals are received fromthe.-primary | oop and -
separately ‘provided to nmultiple secondary_sloops. In one

enbodi nent, the secondary loop is a 4-20 mA loop. A 30
transmtter may be used to tr BRIEF! DRBCRIPTEON G O3 PRAWENESS .
Additionally, nmultiple fieldgfransmtters . be used to transmt | tiple
di gital process vari abl es. F%@%%%lz’zﬁ ”%agram °% a por@mn S
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of a portion of a praggfsteanitoola SHGitBNVOGHE Svéd 4 deib2P$ret Hebcess
connetted to a control rocim&over a two-wire process 5 control |oop. Figure
a

2 is asinplified bl SR adPIR of

Figure 2 is a simplified block diagram of

conversion circuitry coupled to a primary control loop
and a plurality of secondary control loops in accordance
with the present invention. ' ' '
10 Figure 3 is a block diagram showing the
converter circuitry of Figure 2.
Figure 4 is a block diagram showing the
converter circuitry of Figure 2.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
15 The invention set forth herein provides an
interface circuit which converts digital communication
messages (such as those according to the HART®
Communication Standard) from a multivariable f£field
transmitter into a plurality of 4-20 mA current loops.
20 This technique allows simultaneous monitoring of a
plurality of different process variables on separate
current loops. In one embodiment, the intexface circuit
resides in the process control room and will typically
be connected across the load resistor in the current
25 loop for the multivariable transmitter
Figure 1 shows an industrial process control
application 10 such as in a petrochemical tank farm 12.
A fluid 14 flows through a pipe network 1l6. A storage
tank 18 is connected to piping network 14 by pipe 20.
30 Additional pipes, 20A, 20B, 20C and 20D may be used to
extend the system to connect to additional storage
tanks. A field mounted transmitter 22 is shown coupled
to pipe 20. Transmitter 10 typically must operate in an
explosive environment and must meet intrinsic safety



conversion circuitry coupled to a primary control |oop and a plurality of
.secondary control |oops in accordance with the present invention. 10

Figure 3 is a block diagramshow ng the converter circuitry of F@re 2.
Figure 4 is a block diagram showi ng the converter circuitry of Figure 2:

DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS 15 _ The
knvention set forth herein provides an interface circuit which converts

di gi tal- comuni W84%essages (such as those according to thechissGoss]
Conmuni cation Standard) froma nultivariable field transmtter into a

plurality of 4-20 mA current loops. 20 This technique allows .sinultaneous "f
monitoring of a plurality of different proce4s variables on separate

current loops. In o | t, interfage.circuit resides in th i
process control roo%ggﬁggiﬁff@%p?%gﬁ?@{%%% néﬁt%ﬁ%‘? %atgh%hcfgtﬁi}ﬁl
resistor in the cur FeRR TOHGR ROPTAMRI IWEWO-WaKe abdep t26awbich tvhioRiygur e :
1 shows an i ndust rk i ?bwp&-ecesnec;xgmmd 4jefglei-i, cai L@fhﬂgﬁni%@g!} agali [‘ir?c]ku%eGs A
petrochem cal tan ¥ ows _t hrough a_pi pe networ . £
storage tank 18 is éiéir‘?n@gé'%%‘af"?% p%eﬁﬁéﬁe ST WOrR ﬁ_ﬁe‘%)“p?geap%?e'%erature A
Addi ti onal pipess 2@&nsggR3020&ndnds 28Dmhiverisbde typextrausnitteysiremto -

connect to additionahatt Ot agm teaksmittpkbeéss FRNLed ek ASHEdehe bt 29! SF
shown coupl ed to pi %t%'t%%& %ggéﬁr}ét&[ 10 tégtgal | y must operate in an
an S .

. : [
expl osi ve environnen meet 1 ﬁt I""P_ﬁ L3f ety
Control room 24 includes circuitry to monitor

process variables sensed by transmitter 22. Although it
10 is not shown explicitly,

in a typical process control
application the process is controlled in response to the

sensed process variables. For example, circuitry in
control room 24 may control flow by controlling a
remotely located valve (not shown). This provides a

15 closed feedback loop for controlling the process.
Field transmitter 22 is connected to monitor
two different process variables, flow and temperature.
These process variables are digitally coupled to two-
wire loop 26. In typical prior art field analog
transmitters, only a single process variable could be
coupled to a current loop, since the process variable
was represented by an analog current level flowing
through the loop as controlled by the field transmitter.
However, more recent communication protocols, such as
25 the HART® Communication Protocol (whose specifications
are hereby incorporated by reference) or the Field Bus
protocol, allow multiple process variables to be coupled
to the same process control loop by superimposing a
digital representation of a process variable (a "digital

20

30 process variable") on the analog current flowing through
loop 26 representative of a process variable (an "analog
process variable'). However, to fully utilize the
capabilities of such a system, circuitry in control room
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requirenments. Transmtter 22 is connected to a control room 24 through a
primary two-wire |oop 26 which wholly powers the” transmtter.
Transmitter 22 includes differential pressure sensing el enent 28 and
tenmperature 5 sensor 30, and is a multivariable type transmtter in that
i1 can transmt rocess vari abl es representative of either pressure or

t enper at ur e. 20m 24 i ncl udes circuitry to nmonitor pr 128
vari abl es sensed by transmtter 22. Although it 10 IS not shown
explicitly, in a typical process control application the process is
controlled in response to the sensed process vari abl es. For exanpl e,

circuitry in controls riade e Epab®et 68 ré&eVing GRStd Hhah"gna E%esegy

| ocat ed val ve (not sho Thi s rOV|des a _15. ~_cl osed feedback [ oop for

contgol Iing the prot 18 éFﬁth f FIAME EPP53° s 18BRnected to nonitor two
di fferent process varlables Ffiguve cheshowsper bilock. di&gmam|mtoceaveralbables

are digitally couplﬁ&éxﬁeﬂo4ovwmea£9&p1@6contm i Bla Bl Qgcgﬁrﬁa;ﬁ:@l d
anal eg 20 tr nsmt,ttﬁb only S e pro ess vari abl e coul . d be coupl ed
to a current p, Ete PR pf géggﬁﬁh GBS r &FeseBhi edPB§REACRNRAl og
current. | evel f | owi Gepueusiogh cilreuitogp 405 p:mmrdﬂd exh byntelréateekbdrcuit
transmtter. which converts data from a process control loop which
has multiple digital process variables into a number of
individual analog process variables on 4-20 mA current
10 loops, where the current in each loop is representative
of one of the digital process variables. This allows

multiple digitized process variables to be

simultaneously monitored on separate 4-20 mA current

loops. '
15 Process control room 24 includes power supply

42 connected to process control loop 26. Power supply
42 is used to generate I, flowing through loop 26. A
sense resistor 44 is connected in series with loop 26
and has a voltage thereacross in response to current
20 flowing through loop 26. This wvoltage wvaries in
response to digital signals carried on loop 26 and
provides an input to signal conditioning circuit 46 of
primary converter circuit 48. In primary converter
circuit 48, microprocessor 50 is connected to MODAC 52
25 and memory 54, and is coupled to supply voltage V,.
Signal conditioner 46 is coupled to resistor 44 through
RFI filters B56. Primary conversion circuit 48 is
coupled to secondary process control loop 58 through
regulator 60 and output stage 62. Ioop 58 is in
30 parallel with power supply 64 and sense resistor 66
. which provides a voltage output to sense circuitry 68.
Regulator 60 provides a regulated voltage level V, to
all circuitry within primary conversion circuit 48.
Output stage 62 controls the magnitude of current I,



However, nore recent conmmunication protocols, such as 25 the HART[err]
Commruni cation Protocol (whose specifications are hereby incorporated by
reference) or the Field Bus protocol, allow nultiple process variables to
‘be coupled to the same process control |oop by superinposing a digital_ i
representation of a process variable (a "digital 30 process variable") on
.the analog current flowi ng through | oop 26 representative of a process - .
“variable (an "WA#34%%r ocess variable"). However, to ful | RCRAIS96/08228 t he -
capabilities of such a system circuitry in control room WO 96/ 41243
PCT/ US96/ 08128 -5- 24 nust be capable of receiving nore than one process
variable fromthe sanme control |oop. Fi gur'és’z shows a bl ock diagramof - "
conversion circuit 0, ' Ntgpol L0 ' c a 5 ..with -
one enbodi nment o?yo‘?ﬁ%% %r;&es rl#t,rl | %vtesr?t'_i 8‘%. g%lq%égkﬂgi g% glﬁrgcglgﬁry iﬁ '
provi des an i nterf GB®¥REIQRY t afiFitadnianaldats fFeffivesy devssisealrol
| oop whi ch has nul topditiibwinglcipcadesy 4arimnd erimatrey Booprder obpac -
i ndi vi dual anal og ocC [ es 2()51@ %H.I]:Fr? 10 , ere
the current in eacE?l o%%é?éééreg%ﬂéesersltqg?lé:\[(e of orie o IatE:"ﬁe G g+:€92%§pr\g§e33' :
vari abl es. Thi $ al P3FECREPEEFFE SQi-gi t MIEYOPTPFBEER]E SO/ aPPEFRERS ifp  be
si mul t aneousl y noniakescedance sejxdr ahetdudfions eubtedl in memory 54 and is

described below in more detail. Microprocessor 50 and
MODAC 52 control output stage 62 to provide a current
I,, typically 4-20 mA in magnitude, in loop 58
representative of a digital process variable signal
received from field transmitter 22.

10

Microprocessor 50 is coupled to additional
conversion circuits 80A and 80B which are used to
provide analog current represeﬁtations of additional

15 digitized ©process <variables received from field
transmitter 22. For simplicity, numbering has been
maintained between circuits 80B, and only the circuitry
of circuit 80A will be described in detail.

In circuit 80A, MODAC B82A receives control

20 signals and digital data from microprocessor 50 via
opto-isolators 84A and 86A, which electrically isolate
the signals. MODAC 82A is coupled to current loop 88A
through voltage regulator 90A and output stage 92A.
Current loop 88A is coupled to power supply 94A and

25 @gense resistor 96A. Sense circuitry 98A is coupled
acroass sense resistor 96A. MODAC 82A outputs an analog
signal representative of the received digital signal to
output stage 923, which controls the current I, flowing
through current loop 88A. Current I, is controlled to

30 represent an additionmal digitized process variable
received from £ield transmittex.22. Sense circuitry 98A
in control room 24 wmeasures current I, and thus is able
to determine the value of the digitized process variable
transmitted from field transmitter 22. Regulator 90A



| oops. 15 - Process control room 24 includes power supply 42
-connected to process control |oop 26. Power supply 42 is used to generate
I[err] flowing through |loop 26. A sense resistor 44 is connected in series
with | oop 26 and has a voltage thereacross in response to current 20
flowing through |oop 26. This voltage varies in response to digital

signals carrie 26 and provides an input to signal copditionin
circuit 46 of m‘gﬂgonverter circuit 48. In primary conv%’bﬁ’%’?@uit
48, m croprocessor 50 is tonnected to MODAC 52 25 and nmenory 54, and is
coupled to supply voltage V[err]. Signal congitioner 46 is coupled to
resistor 44 through RFI filters 56. Primary conversion circuit 48 1is

coupl ed to secondar gepenatess @nteghlaved S58oltagmigleveyul v ored0 pouer
out put stage 62. EQQﬁu:’é&;}% an 30 parallel with power supply 64 and
sense resistor 66 which provi 3es a vgltage output to sense circuitry 68.
Regul at or 60 provides a reguIF&HHHe\F’bllisaﬁgﬂr‘?ﬁ}‘thW@W Fhewing | convexaiqn
Wi thin primry conveisceitry ragiiin 4dredddmpudetsdaiige Al redrididioning
magniftude of cugreny,; . .

PCT/ US96/ 08128 6. %i‘ié%ﬁ%hts hlr%%&gqﬁl%l%%%%g%?laa{:slqnstian%sv%rfnﬁrt el fqueled,
operation, a digitaF®si §8BFe| sTeeteted B¢ sityxgugh RFI  filters 56.

Overvoltage protection circuit 57 provides a voltage
shunt if the voltage across resistor 44 exceeds a
threshold. 1Isolation transformer 110 is connected to
10 transmit circuit 112 and receive circuit 114 which are
connected to modem 116 in MODAC 52. Modem 116 .also has
transmit and receive lines (TXA and RXA, respectively)
connected to microprocessor 50. MODAC 52 includes
oscillator 118 connected to crystal 120 which is used to
15 generate a system clock signal. The system clock signal -
from oscillator 118 is provided to microprocessor 50,
modem 116, watchdog circuit 122 and pulse width
modulation digital-to-analog converter (PWM DAC) 124.
Microprocessor 50 provideé an input WDKICK to
20 watchdog circuit 122, and watchdog circuit 122 provides
a Reset input to microprocessor 50 if the supply voltage
drops, if microprocessor 50 locks, oi' oscillator 118
fails. PWM DAC 124 receives a chip select input Cs,
DATA 1IN input and data CLOCK (DCLK) input from
25 microprocessor 50 and provides a pulse width modulated
digital output (DACOUT) to output stage 62. '
Microprocessor 50 is also shown connected to
opto-isolators 86A and 86B. Microprocessor 50 provides
chip select (CS1,CS2), data signals (DATAl,DATA2) and
30 data clock signals (DCLK1,DCLK2) to opto-isolators 86A
and 86B. Regulator circuit 60 includes start-up circuit
130, voltage reference 132, operational amplifier 134
and VDD monitor 138. Voltage reference 132 generates
voltage V,. VDD monitor circuit 138 monitors the supply



conditioning circuitry 46 fromprimary |oop 26. MODAC 52 decodes the signal

and provides a signal to 5 mcroprocessor 50. M cr oprocessor 50
‘operates in accordance with instructions stored in nenmory 54 and is
descri bed below in nore detail. M croprocessor 50 and MODAC 52 control

output stage 62 to provide a current I[err], typically 4-20 mA in

magni tude, in |oop 58 10 representative of a digital process variable :
si gnal recei vedVOP@#HM43 el d transmitter 22. Mcroprocessor 50 PGIS6MAIAR to-
addi tional conversion circuits 80A and 80B which are used to provide anal og
current representations.of additional 15 gitized process variables
received from field transmtter 22. For Sinplicity, nunberi ng has been

mai nt aj.ned bet ween ﬁjﬁﬁé 9, 3 pi‘BG'l&éQ Yt t'%p’&é " whE¥nabg G ik ggf‘ wilt l

be described in detaj n &ir 2A recel ves contro
signal s-and digital®* é‘fladFPB%?ﬁui?"b;ﬂ' 6‘%’%5%? 40 via opto-isolators 84A and
86A, which electrically isol @tpubessagma#2s incVoBes RPN £iltemsphad &nd

current |oop 88A t hi@ﬂQ*lMOé&é%ﬂﬁ%' ﬂ&aec%%eaeérayw%éi@%n%%étea
Current |loop 88A is coupled to g % p%% 94A and 25 sense reS| stor
96A.  Sense ci Pcuj BFYPRBAYUTLSE u%ge PR 5B, PYPARSES  AURaR 198 SBEBAR 82A

out puts an anal og sagreNersitegentcandithionf. tOpanpedes vissl cdingiettéd Siaqnak t o

output stage 92A, whjeBu€ Ol obmtbgccqrzaengmi&cﬁm] éﬁ&vwaaatwigumuﬁwrent
| oop 88A. Current I[err].jis_cont resent_an ,addi tional

digitized process v rrS T"é 148 w. 1cL adjusts current I, :Elow:l.ng through
loop 58. A resistor 150 provides feedback to opamp 146__
10 and shunt circuit 148.
FPigure 4 is a more detailed block diagram of
circuit 80A. Circuit 80A is coupled to circuit 48
through opto-isolators 84A and 86A. The output of opto-
isolator 84A includes a chip select (CS1), a data clock
15 (DCLK1) signal and a data in (DATAIN) signal provided to
MODAC 82A. Chip select CS1 drives watchdog circuit 160A
in MODAC 82A. MODAC 82A includes oscillator 162A, modem
164A and PWM DAC 166A. Oscillator 162A is connected to
crystal 168A and provides a clock for circuitry 80A. PWM
20 DAC is controlled by the data signal DCLK1l from opto-
isolator 84A and provides a control output (DACOUT) to
output stage 92A. Output stage 92A includes opamp 1702,
shunt circuit 172A, sense element 174A, overvoltage
. protection circuit 176A and RFI filters 178A and 180A.
25 Output stage 92A is connected to loop 88A and operates
similarly to output stage 62 described above. Regulator
90A includes pass transistor 1907, voltage reference
192A, opamp 1%4A, startup _circuit 196A and VDD monitor
198A. Voltage reference 192A generates voltage V,.
30 Regulator 90A operates in a manner similar to regulator
60 discussed above. Circuits 90B are similar to circuit
90A and will not be discussed in further detail.

In the present invention, converter circuitry
40 provides multiple analog current loop outputs that



received fromfield transmtter 22. Sense circuitry 98A in control room 24
.measures current I[err] and thus is able to determ ne the value of the
digitized process variable transmtted fromfleld transmtter 22.

Regul at or 90A WD 96/ 41243

PCT/ US96/ 08128 -7- generates a regul at ed vol tage level V[err] to power

eircuitry 80A I's a bl ock diagram showi ng conversion_gcij | 48
oW ock di OW g CONVT ST 0N pedf Ll

in greater det nal conditioning 5 circuit 46 includ

i solation transformer 110 coupled to sense resistor 44 through RFI
filters 56. Overvoltage protection circuit 5¢. provides a voltage shunt if
the voltage across resistor 44 exceeds a threshold. Isolation transforner
110 is connected.to ckh bet aanignéd Oio arepirekbtadigitaeipidcissC varidbleshi ch

are connected to m)cggg)t:é)&, @inAQ% %}[@_Qgg\ LLp sg_hgascéﬂ%m bo Hd

receibve lines (TXA a respecti connecte M cr oprocessor
MODAC 52 i ncl udes oSomicaddy. PPB“’@Eﬁﬁéc‘Fb’&“ﬁpﬁ? 99t"§|111293%\ﬂ?éﬁ1 P§°G§§§ to
15 generate a systountxiodckosngzal . Eaehsyssenden-06B provibesr power to

osciklator 118 is pr&gﬂggﬂg %Blf'{tlon E%Sﬁq: s°8 Ané)égem tv%ﬁgo

circuit 122 and pul se w |taI -to-andl og orver {8
DAC) 124. M cropr océsPFPESHreR aphpdiment;, neaeh \igRPcRoes "ot consume more

than 2.5 mA of current so that the loop current can be:
controlled to a minimum of 4.0 mA in a 4-20 mA standard
system. The system is calibrated by controlling
10 microprocessor 50 to achieve the desired 4-20 mA range.
Calibration data will be stored in memory 54.
Microprocessor 50 may be accessed by supplying digital
signals over loop 26. Microprocessor 50 monitors each
digital process variable sent by field transmitter 22°
15 and adjusts the current on loops 58, 8BA and 88B
appropriately.
Configuration data is stored in memory 54.
This information is used by wmicroprocessor 50 to
identify which of the secondary current loops is
20 controlled in response to which of the incoming digital
process variables. Furthermore, this configuration
information is used to store zero and span information
for each of the secondary current loops.
Microprocessor 50 communicates with field
25 transmitter 22 using transmit circuitry 112 and signal
condition circuitry 46. Microprocessor 50 is capable of
acting as a master controller. For example,
microprocessor 50 can poll transmitters connected to
loop 26 and detect transmitter responses. An individual
30 transmitter may be polled to obtain its process
variable. Additionally, microprocessor 50 is .able to
obtain diagnostic information from field instruments.
Microprocessor 50 can identify the source of an error
while -continuing to update process variables which are



200 watchdog circuit 122, and watchdog circuit 122 provides a Reset input
to mcroprocessor 50 if the supply voltage drops, if mcroprocessor 50
"locks, or oscillator 118 fails. PWV DAC 124 receives a chip select input
CS, DATA IN input and data CLOCK (DCLK) input from 25 m cropr ocessor 50 .-
and provides a pul se wi dth nodul ated digital output (DACOUT) to output
stage 62. M croprocessor 50 is al so shown connected to opto-isolators 86A
and 86B. M cr opilowéd288r 50 provides chip select (CS1,CS2), dRCWUSHNSIASS

( DATAL, DATA2) and 30 data clock signals (DCLK1, DCLK2) to opto-isolators
86A and 86B. Regulator circuit 60 includes start-up circuit 130, voltage
reference 132, operational anplifier 134 ail®vpD nonitor 138. Vol t age

[pLeLencr 197 Doneaiinoptebedt Morile YRRGIOM ! Qi GLitH ! b30CHR 1S

PCT/ US96/ 08128 - 8- %ftweé[\é? reroNhde preRtarts cdosurpuPutRItRavbhgbgatercuit -
122 if V[err] drop&é&ﬂowaccbﬂtrmh@tderflm&uabﬁge 6%alved U&LGScEEtr&U ters
140 and 142. An ove dufide Pr e} eq 44 ect . aClr 0SS
current | oop 58 andé passes chrlre Ioo gg’mrew} a'h&%iip/ig’rri\gol F§nge153ﬁaf‘t|on
Opanp 146 is co%nec‘i‘b‘%F‘%’d‘-% #8 xR fdpisy ‘F’W«A- " 2X COPRERYEA &ﬁylééhﬂsol s
shunt Circuit 148 whbgdrinsdi.ustBox wxatipllel, [ adiidroblrovkagot hsougbula pass
additional digital process variables to a

conversion circuit 40 connected to the

second_

- primary
conversion circuit 40 to provide additional current loop.'

10 outputs. Further, additional conversion circuits 40
could be connected across the same sense resistor 44 to
monitor additional process variables on loop 26.

In another embodiment, conversion circuitry 40
can be placed at a transmitter terminal block (not

15 shown). Further, the circuitry can function with any
type of aig'ital-communication on a process control loop
such as the Field Bus protocol. In another embodiment,
conversion circuitry 40 monitors digital process
variables sent from multiple field transmitters

20 configured in a multidrop configuration in which
multiple transmitters are all connected to the same
process control loop.

In cne embodiment, conversion circuitry 40 is
capable of assuming the status of a master in accordance

25 with the HART® Communication Protocol. In this
configuration, conversion circuitry 40 is capable of
initiating a HART® request sent to a field instrument on
control loop 26. This allows conversion circuit 40 to
gather digital process variable data from a field

30 instrument without having placed the field instrument
into burst transmission mode. This may be particularly
useful in a multi-dropped field instrument loop where a
number of f£ield instruments are capable of transmitting
digital process variables. Each field instrument can be




| oop 58. A resistor 150 provides feedback to opanp 146 10 and shunt
.circuit 148. Figure 4 is a nore detailed block diagramof circuit 80A.
Ciorcuit 80A is coupled to circuit 48 through opto-isolators 84A and 86A.
The out put of opto- isolator 84A includes a chip select (CSl1), a data clock
15 (DCLK1) signal and a data in (DATAIN) signal provided to MODAC 82A.
Chip select CS [ wat chdog circuit 160A in MODAC 82A

i ncludes oscill ator A, nodem 164A and PWM DAC 166A. GOscillator is
connected to crystal 168A and provides a clock for circuitry 80A. PW 20
DAC i.s controlled by the data signal DCLK1l fyim opto- isolator 84A and
provi des a control output (DACOUT) to output stage 92A. Qutput stage 92A
i ncl udes opanp 170A§-n@§mu4:llﬂtnpﬂ-1§¢m obtatn iglscpretessy #¥Ariabbe wilitchge
protection circuit 378A wreh Rebnbkkteds ah@BArained 84 2he LpPRiPrisirage
92A ixs connected to_l oop.88A ang ofg ates si 'Iarl¥_ t o, out gut st age .62
descri bed above. Reaﬁ?%‘??ﬁ%ﬁﬂnl he ) XRCEEr ot™ PSGRTIFREE AgLh

reference 192A, opathe IBABT® Qommund cationi star@idandonder sbon t airciediy

Vol tdge referenge 19gA-LfpeNat €saniiltdedes\bsiddoredto. ISP 28t 2ha Yhain
operates in a manner _simlar_to requl ator 60_di scussed above. Crcults 90B

are similar to circBPR TP ORBRE AR GFRE (83T FFRFSIHETST - deTiE |1 n
t he present inventioonfigumasricer itnfexmatipniOipr esedestorulitieptéfpnalfoy
current |oop outputgxim@ie, the type of process variables being sent by
each transmitter along with zero and span information
10 for each process variable.

Although the present invention has been
described with reference to preferred embodiments,
workers skilled in the art will recognize that changes
may be made in form and detail without departing from

15 the spirit and scope of the invention. For example,
digital process variables may be converted to analog
process variables, other than those described above.
Furthermore, other analog and digital communication
standards can be used, such as Field Bus and Modbus.

20 '



WO 96/ 41243 PCT/ US96/ 08128 -9-. can be
assi gnﬁﬂl"ﬂ“llmljﬁmﬂﬂml gital process variables sent by field_transmtfer
22 to t Typically, converter circuitry 40 will reside in
pr ocess*cont rol "rodm 24. Each | oop 96A-96B provi des power to 5 additional
control circuits 80A-80B, respectively. In a preferred enbodi ment, each
| oop does not consume.nore than 3.5 mA of -current so that the Ioop current-
can be control WQO648243 nini mumof 4.0 MA in a 4-20 mA st andaPCTASNSIRS

The system is calibrated by controlling 10 m croprocessor 50 to
achieve the desired 4-20 mA range. Calibratign data will be stored in
menory 54. M croprocessor 50 may be accesse& by supplying digital signals -

over loop 26. M cromeﬁgsﬁg%ﬂﬁggtors each digital process variable sent
by fiefd transmtter usts, the current on | pops 58, @88A and '’
88B appropriately. ®onfiguratTeH {90 Clrquitsy £RrnEAvPLing, torg field

information is usedtbynsmittonr ocyesor aSlptimamenprbyeshi ctowfrdlhe 1sepondary
current |oops is 204 ?9{!&{ Jed in response to.which of the incomng
digital process vari a‘g Furthernore, this configuration informtion
is used to store zero and spdhgd r FRGS4NeF 0 CIZSBRTEY CREPLERFnBAr fhe

current |oops. M croprocessor 50 gainmeycdoep Wdih teeeilvidg at r@irdmdallt er
22 using.transmt circuitry 112 arﬂogeggajvariable signal from the field
transmitter sent over the priina:fy
process control loop and providing é
digital output;
contxrol circuitry receiving the digital
output and responsively providing a
secondary loop control output; and
secondary loop control circuitry for coupling
| to a secondary process control loop
including a current source for
controlling current flowing through the
secondary loop in response to the
secondary loop control output whereby an
analog current in the secondary loop is
related to the digital process variable

signal provided by the field
transmitter.

2. The circuitry of claim 1 including power
supply circuitry coupled to the secondary loop for
receiving power from the secondary loop to power the
conversion circuitry.

3. The circuitry of claim 1 wherein current in
the secondary loop is controlled between 4 mA and 20 mA.
4. The circuitry of claim 1 including a plurality

of secondary loop control circuits coupled to a
plurality of secondary process control loops, wherein
the control circuitry provides a plurality of secondary
loop control outputs to the plurality of secondary loop



condit| . Mcroprocessor 50 is capable of acting as a
mast er mgﬂ( ﬂ ﬂull For exanple, m croprocessor 50 can poll

transmt o loop 26 and detect transmitter responses. An
i ndi vi dual transmtter may be- polled to obtain its process

vari abl e. Add| tionally, mcroprocessor 50 is able to obtain diagnostic
bnformation fraomfiel g Instrunents. M croprocessor 50 can i d v\%ﬁioﬁﬁs
source of an erV8/% e continuing to update process vari abl'es are
WD 96/ 41243 PCT/ US96/ 08128 -10- not
affected by the error. Circuitry 40 cam¥pe configured to provide
contact closure outputs which are used to control other instrunents, valves

or control systens. contrploneirewitirli rent respoinsiyedy coen@rali orFrrent

circuits 40 are "daitggrggﬁi,agghf or connected seri ally, together. For

exanul e, m croprocessor 50 co Hass addi t -di.,gifal. process ..
variables to a se&cond conv ﬁc H"%l?flt 4c6ﬂﬁ%‘é‘%’t—fﬁoat urglity
primary conversion oifropto- ﬂSbIatqnsoccumlmmha)nahtcgl radrculibvy 4o the

outputs.  Further, a@%&ae a'oforge%ﬁa99¥CI1s%gstsccﬂ&z%qulelp@mpém%cﬂ&d
across the sane senSe re di tional process variabl es

on loop 26. In anot R&PVe Bﬂ atl(?Bn'v'B?Eg%?\ t¥9§$Luitry 40 can be placed at

atransmitter term Bal bl ock Theotircuitry of claim 4 wherein the field
transmitter provides a digital signal representative of
a plurality of process variables and current on each of
the plurality of secondary loops is related to one of
the plurality of process variables.
7. The circuitry of claim 1 wherein the secondary
loop control circuit is powered by current from the
secondary loops.
8. The circuitry of claim 1 wherein the digital
signal from the field transmitter is in accordance with
the HART® communication standard.
. The circuitry of claim 1 and including digital
transmission circuitry controlled by the control
circuitry and coupled to the primary 1loop for
responsively transmitting a digital signal on the
primary loop to the field transmitter.
10. The circuitry of claim 1 wherein the secondary
loop control circuitry provides an alarm signal on the
secondary loop in response to an alarm condition.
11. The circuitry of claim 4 wherein multiple
field transmitters are coupled to the primary loop each
transmitting digital signals representative of process
variables and current on each of the plurality of
secondary loops corresponds to one of the process

variables.



15 shown). Further, the circuitry can function with any type of digital
comuni cati on on a process control-:l.oop.such as the Field Bus protocol. In
anot her enbodi nent, conversion circuitry 40 nonitors digital process
variables sent fromnultiple field transmtters 20 configured in a
multidrop configuration in which nmultiple transmtters are all connected
to the sane pro optrol |l oop. In one enbodi ment, conversi j (try
40 i s capable oﬁﬁg%@@ ng the status of a master in accordancgeygk&ﬁakbh
the HART[err] Conmmunication Protocol. 4 In this configuration,
conversion circuitry 40 is capabl e of iHVQiaIing a HART[err] request sent
to a field instrunent on control |loop 26. This allows conversion circuit 40
to gather digital. process variable data froma field 30 i nstrunment

wi t hout having placed the field instrunent into burst transm ssion node.
This «tay be particularly useful in a nmulti-dropped field instrunment |oop
where a nunber of field instrunents are capable of transmtting digital
process variables. Each field instrunment can be WO 96/ 41243

PCT/ US96/ 08128 -11- individually polled to obtain its process variable

whi ch are then converted and routed to the appropriate secondary control

| oop. Furthernore, in accordance wth ’




the HART[err] Communi cation standard, conversion circuitry 5 40 can pol
transmtters connected to |oop 26 and obtain configuration information for
each transmtter. This configuration information is used to identify, for
exanple, the type of process variables being sent by each transmtter al ong
with zero and span information 10 for each process variable. Al though the
present invention haﬁggeen described with reference to prefer S96/08128
enbodi ments, woM illed in the art will recognize that changes may be
made in formand detail w thout departig%g£ron115 the spirit and scope of
the invention. For exanple, digital pro vari abl es may be converted to
anal og process vari abl es ther than those described.above. Furthernore,

ot her anal og and,digitséiggﬂpdaication standards can be used, such as Field
Bus and Modbus. 20 41243

PCT/ (S96/ 08128 -12- WHAT IS CLAIMED IS 1. Conversion circuitry for

coupling to a field transmtter over a prinar s control ,
conprising: digital receiver circui Emﬂﬁgﬂlﬁﬁﬁ e primary | oop for

M I gl 26
receising a digi8 227 : ~N e A 1
28 FIELD % } 4 | POWER /—42 I
h | TRANSMITTER| | SUPPLY |
[}
rﬁ_ﬁﬁh___g__l 56 60 . -:
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process variable signal fromthe field transmtter sent over the primary
process control loop and providing a digital output; control circuitry
receiving the digital output- and responsively providing a secondary | oop
control output; and secondary |oop control circuitry for coupling to a
secondary process control |oop including a current source for

controlling curgen lL.ow ng through the secondary loop in res he
secondary | oop @@%ﬁdﬁélnuput whereby an anal og current in thggﬁégﬁhggﬁy

loop is related to the digital process vaggabl e signal provi ded by

t he field transmtter. 2. The C (.uitry of claim1 including power
supply circuitry coupled to the secondary | oop for receiving power fromthe
secondary | oop to power the conversion circuitry. 3. The circuitry
of claim1l wherein current in the secondary loop is controlled between 4 mA
and 20 mA. 4. The circuitry of claim1 including a plurality of

secondary | oop control circuits coupled to a plurality ef}] secondary process
control |oops, wherein the control circuitry provi a-Aurality of
ry |loop
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WD 96/ 41243 PCT/ US96/ 08128 - 13-
eontrol circuits to responsively control current therethrough. 5.

The circuitry of claim4 including a plurality of opto-isolators coupling
the control circuitry to the plurality of secondary |oop control circuits
and providing isolation therebetween. 6. The circuitry of claim4
wherein the fi smtter provides a digital signal repr | of a
plurality of pﬁ%&&@é ari abl es and current on each of the plﬁﬁgﬂ%?éh%
secondary loops is related to one of t /. lurality of process variables. 7.°
The circuitry of claim1l wherein the secondary | oop control circuit is
powered by current fromthe secondary |oops. 8. The circuitry of
claiml wherein the digital signal fromthe field transmtter is in
accordance with the HART[err] comrunication standard. 9. The
circytry of claiml1 and including digital traﬁ3ﬂ$ssion circuitry
controlled by the control circuitry and coupledy to theyg primary |oop
for responsively transmtting a digital sig trraf+~-hoop to the

fieldtransmtter. 10. The circgitry §§ ¢l in the secondary
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7058 1~ 3
Ioop control circuitry provides an alarmsignal on the secondary |oopfD8 )
response to an alarmcondition. 11. - The circuitry of claim4 V\/nerela 5
mitiple field transnmitters are coupled to the prinmary |oop each
transm tting digital signals Tepresentative of process variabl esgg d
cyrrent on each of the plurality of secondary | oops correspond
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(57) Abstract

Convemoncucmhy(m)forusemapu'ocesseomrol
system (10) is adapted for coupling to a primary proces
control loop (26) Digital meewereucmuy(46 52)mthe
conversion circuitry (40) receives a digital signal transmit-
ted over the primary process control loop (26) from a field
transmitter (22) and responsively provides a digital output.
A microprocessor (50) receives the digital output and respon-
sively provides a secondary loop control output. Secondary
loop control circuitry (62) for coupling to a secondary process
control loop (58) receives the secondary loop control output
from the microprocessor (50) and responsively controls cur-
rent flowing through the secondary process control loop (58).
The current flowing through the secondary process control
loop (58) is related to the digital signal transmitted by the
field transmitter (22),
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