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"CONVERSION CIRCUIT FOR PROCESS 
CONTROL SYSTEM 

8ACKGROUND OF THE INVENTION 
The present invention relates to process 

control systems. More specifically, the invention · 
relates to transmission of process variables from field 
transmitters to control room circuitry in process 
control systems. 

Generally, process variable field transmitters . 
10 are used in process control systems to measure process 

variables such as flow, temperature or pressure and 
transmit these variables to a control room. 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 
loops. 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. TP,is, and other types of current loops, have 
become industry standards. 

30 

With the advent of microprocessors, field 
transmitters have become increasingly automated. One 
offshoot of this technology is the use of digital signal 
transmissions from field transmitters. In one design, 
a digital signal is superimposed on the 4-20 rnA process 
variable current signal. This digital signal can 
represent a primary process variable typically also 
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represented by the analog loop circuits or secondary 

process variables. In another configuration, multiple 

field transmitters are connected to the same process 

control loop and each transmitter transmits digital 

5 process variables over the loop to the control room. 

Traditional control room circuitry adapted for the 

analog communication techniques have not been able to 

fully utilize the transmitters capable of transmi~ting 

digital signals. 

10 SUMMARY OP THE INVENTION 
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 

15 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 

dig~tal process variables. 
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BRIEF DESCR.IPTION OF THE DBAWINGS 
Figure 1 is a diagram of a portion of a 

process control system having a field transmitter 

connected to a control room over a two-wire process 
control loop. 

Figlire 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. 

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. 

PETAILED DESCRIPTION OF THE PREFERRED SMBODIMSNT§ 
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 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 interface 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 

30 

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 16. A storage 
tank 18 is connected to piping network 14 by pipe 20. 
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 
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requirements. Transmitter 22 is connected to a control 
room 24 through a primary two-wire loop 26 which wholly 
powers the transmitter. Transmitter 22 includes 
differential pressure sensing element 28 and temperature 

5 sensor 30, and is a multivariable type transmitter in 
that it can transmit process variables representative of 
either pressure or temperature. 

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 

20 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 (who-se 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 

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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24 must be capable of receiving more than one process 

variable from the same control loop . 

Figure 2 shows a block diagram of.conversion 

circuitry 40 located in control room 24 in accordance 

5 with one embodiment of the present invention. 

Conversion circuitry 40 provides an interface circuit 

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 prOCt;!SS 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 IM 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 voltage varies 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 V1 • 

Signal conditioner 46 is coupled to resistor 44 through 

RFI filters 56. Primary conversion circuit 48 is 

coupled to secondary process control loop 58 through 

regulator 6 O and output stage 6 2 . Loop 5 8 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 V1 to 

all circuitry within primary conversion circuit 48 . 

Output stage 62 controls the magnitude of current I 1 
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flowing through loop 58, as is known in the art. In 
operation, a digital signal is received by signal 
conditioning circuitry 46 from primary loop 26. MODAC 
52 decodes the signal and provides a signal to 

5 microprocessor so. Microprocessor so operates in 
accordance with instructions stored in memory 54 and is 

described below in more detail. Microprocessor SO and 
MODAC 52 control output stage 62 to provide a current 
I 1 , typically 4-20 mA in magnitude, in loop 58 

10 representative of a digital process va:riiable signal 

received from field transmitter 22. 

Microprocessor SO is coupled to additional 

conversion circuits BOA and BOB which are used to 

provide analog current representations of additional 
15 digitized process variables received from field 

transmitter 2:2. For simplicity, numbering has been 

maintained between circuits BOB, and only the circuitry 
of circuit BOA will be described in detail. 

In circuit BOA, MODAC 82A 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 SBA 
through voltage regulator 90A and output stage 92A. 
Current loop BBA is coupled to power supply 94A and 

25 sense resistor 96A. sense circuitry 9BA is coupled 
across sense resistor 96A. MODAC 82A outputs an analog 
signal representative of the received digital signal to 
output stage 92A, which controls the current IA flowing 
through current loop BSA. Current IA is controlled to 

30 represent an additional digitized process variable 

received from field transmitter. 22. Sense circuitry 98A 

in control room 24 measures current IA and thus is able 
to determine the value of the digitized process variable 
transmitted from field transmitter 22. Regulator 90A 
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generates a regulated voltage level VA to power 
circuitry 80A . 

Figure 3 is a block diagram showing conversion 
circuitry 48 in greater detail. Signal conditioning 

5 circuit 46 includes an isolation transformer l.10 coupled 
to sense resistor 44 through RFI filters 56. 
Overvoltage protection circuit 57 provides a voltage 
shunt if the voltage across resistor 44 exceeds a 
threshold. Isolation transformer 110 is connected to 

10 transmit circuit 112 and receive circuit l.14 which are 
connected to modem 116 in MODAC 52. Modem 116 also has 
transmit and receive lines (TXA and RXA, respectively) 
connected to microprocessor so. 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 so, 
modem 116, watchdog circuit 122 and pulse width 
modulation digital-to-analog converter (PWM DAC) 124. 

Microprocessor so provides an input WDKICK to 
20 watchdog circuit 122, and watchdog circuit 122 provides 

a Reset input to microprocessor SO if the supply voltage 
drops, if microprocessor 50 locks, or oscillator 118 
fails. PWM DAC 124 receives a· chip select input CS, 
DATA IN 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 so provides 
chip select (CS1,CS2), data signals (DATA1,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 V1 • VDD monitor circuit 138 monitors the supply 
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voltage V1 and provides an input to watchdog circuit 122 
if V1 drops below a threshold. 

Output stage 62 includes RFI filters 140 and 
142. An overvoltage protective circuit 144 is connected 

5 across current loop 58 and bypasses current loop 58 upon 

an overvol tage condition. Opamp 14 6 is connected to the 

output of PWM DAC 124 (DACOUT) and controls shunt 

circuit 148 which adjusts current I 1 flowing th~ough 

loop 58. ·A resistor 150 provides feedback to opamp 146 

10 and shunt circuit 148. 

Figure 4 is a more detailed block diagram of 

circuit SOA. Circuit SOA is coupled to circuit 48 

through opto-isolators 84A and 86A. The output of opto­

isolator 84A includes a chip select (CSl), a data clock 
15 {DCLKl.) 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 

l64A and PWM DAC 166A. Oscillator 162A is connected to 

crystal 168A and provides a clock for circuitry BOA. PWM 

20 DAC is controlled by the data signal DCLKl from opto­
isolator 84A and provides a control output (DACOUT) to 
output stage 92A. Output stage 92A includes opamp 170A, 

shunt circuit 172A, sense element l 74A, overvoltage 
protection circuit 176A and RFI filters ~78A and lBOA. 

25 Output stage 92A is connected to loop SSA and operates 
similarly to output stage 62 described above. Regulator 
90A includes pass transistor 190A, voltage reference 

192A, opamp 194A, startup circuit 196A and VDD monitor 

198A. Voltage reference 192A generates voltage VA. 

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 

.· 
~: 
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can be assigned to represent digital process variables 
sent by field transmitter 22 to the control room . 
Typically, converter circuitry 40 will reside in process 
control room 24. Each loop 96A-96B provides power to 
additional control circuits BOA-SOB, respectively. In 
a preferred embodiment, each loop does not consume more 
than 3.5 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, 88A and BBB 
appropriately. 

Configuration data is stored in memory 54. 
This information is used by microprocessor SO 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 curren~ loops. 

Microprocessor so communicates with field 
25 transmitter 22 using transmit ci~cuitry 112 and signal 

condition circuitry 46. Microprocessor 50 is capable of 

30 

acting as a master controller. For example, 
microprocessor 50 can poll transmitters connected to 
loop 26 and detect transmitter responses. An individual 
transmitter may be polled to obtain its process 
yariable. 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 
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not affected by the error. Circuitry 40 can be 
configured to provide contact closure outputs which are 
used to control other instruments, valves or control 
systems. In one embodiment, multiple conversion 

s circuits 40 are ·"daisy chained," or connected serially, 
together. For example, microprocessor so could pass 
additional digital process variables to a second 
conversion circuit 40 connected to the primary 

10 

15 

conversion circuit 40 to provide additional current loop 
outputs. 
could be 
monitor 

can be 
shown). 
type of 
such as 

Further, additional conversion circuits 40 
connected across the same sense resistor 44 to 

additional process variables on loop 26. 
In another embodiment, conversion circuitry 40 

placed at a transmitter terminal block (not 
Further, the circuitry can function with any 

digital communication on a process control loop 
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 one embodiment, conversion circuitry 40 is 
capable of assuming the status of a maste:i; in accordance 

25 with the HAR~ 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 field instruments are capable of transmitting 
digital process variables. Each field instrument can be 
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individually polled to obtain its process variable which 
are then converted and routed to the appropriate 
secondary control loop. Furthermore, in accordance with 
the HART8 Communication standard, conversion circuitry 
40 can poll transmitters connected to. loop 26 and obtain 
configuration information for each transmitter~ This 
configuration information is used to identify, for 
example, the type of process variables being sent by 
each transmitter along with zero and span information 

10 for each process variable. 

15 

20 

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 
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. 
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WHAT IS CLAIMEP IS: 
l. Conversion circuitry for coupling to a field 

transmitter over a primary process control loop, 

comprising: 

digital receiver circuitry coupling to the 

primary loop for receiving a digital 

process variable signal from the field 

transmitter sent over the primary 

process control loop and providing a 

digital output; 

control 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 :L i~cluding 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 l 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 
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control- circuits to responsively control current 

therethrough • 

5. The circuitry of claim 4 including a plurality 

of opto-isolators coupling the control circuitry to the 

plurality of secondary loop contr.ol ·circuits and 

providing isolation therebetween. 

6. The circuitry 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. 

9-. The circuitry of claim 1 and including digital 

transmission circuitry controlled by the control 

circuitry and coupled to the primary loop 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 ala~ 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. 


