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Versatile Transmitter Chip Links Strain Gauges
and RTDs to Current Loop

by Paul Brokaw

Replacing a board full of parts, a transmitter chip
can be configured to match the 4-to-20-mA loop

to a range of different process-control requirements.

to be taking over from analog transmis-

sion. But in the process-control arena, the
two-wire 4-t0-20 mA current loop remains firm-
ly entrenched as the traditional connection be-
tween transducer and control room. Moreover,
that holds true even though converting the
signal of a resistance temperature detector or
resistive bridge into 4 to 20 mA demands about
the same number of components as converting it
into an 8- or 10-bit serial digital word.

In both cases, the same types of operations
must be performed. The transducer must be ex-
cited, the signals conditioned, and the small
floating voltages amplified. In addition, analog
input voltages must be converted into bits or
current, in the process creating an output signal
that can drive a two-wire line several
miles long. Also, that line must carry
the circuit power.

The arrival of the AD693 process-
control transmitter goes a long way
toward guaranteeing the staying
power of the 4-t0-20-mA current loop.
The chip tackles all the functions re-

The digital transmission of data may seem
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quired to handle standard resistive transducers
and to operate from and determine the current
in a typical process-control loop. In addition, pin
strapping enables the chip to work with other
current ranges, and a few extra passive parts
permit its use with a broad selection of sensors.

As important, it can replace the pc boards,
modules, and hybrids now taking care of those
functions. Consider that a pe board is a relative-
ly large unit whose many ICs, transistors, and
passive and adjustable components dictate care-
ful design and expensive assembly, calibration,
and testing measures. Modules eliminate those
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concerns (apart from calibration) without nec-
essarily reducing time and cost. Hybrids are
small, but present problems of performance,
functional completeness, and cost.

In sharp contrast, the 20-pin AD693 trans-
mitter IC is an accurate, versatile, and tiny part
that alleviates worries about functions or cost.
Its precision reference sets the 4-mA zero point
and also can excite a sensor. In fact, the chip’s
bag of signal-conditioning tricks covers virtual-
ly all common resistive sensors.

Loop-the-loop

The transmitter’s operation is best demon-
strated when its inputs are connected to a resis-
tive bridge transducer and its output and power
source to a 4-t0-20-mA current loop (Fig. 1).

The loop is powered by a voltage source in
series with a current-sensing, or current-
monitoring, resistor, R....., located at the re-
ceiving end in the control room. The voltage
across R, 1 the high-level signal to the con-
troller. The AD693 connects to the two-wire loop
at its remote end and couples it to the measure-
ment represented by the output of the bridge
transducer, or the sensor.

The reference on chip excites the bridge, the

output of which connects directly to the chip’s
signal amplifier. That amplifier is an in-
strumentation-type circuit with a differential
input and a single-ended output, relative not to
ground but to the 6.2-V reference line. The out-
put of the signal amplifier drives a voltage-to-
current converter, which measures the total
loop currrent with the voltage drop across the
loop’s sampling resistor, R;. In turn it sets the
loop’s current, so that the voltage across R,
equals the input to the converter.

When a measurement unbalances the bridge,
putting a small voltage at the input to the signal
amplifier, the amplifier’s output drives the
converter’s input positive, increasing the loop
current. The gains of the signal amplifier and
the resistance of the output resistor are laser-
trimmed; in combination, they provide a pre-
calibrated sensitivity relating the loop current
directly to the bridge’s output voltage. In addi-
tion, a current-limiting circuit monitors the
current, so that if the input to the converter is
overdriven, loop current is limited to 25 mA,
protecting both loop and transmitter chip.

The zero input pin of the voltage-to-current
converter is referred to a voltage that, because
of the voltage drop across R,, is slightly nega-
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1. A one-chip transmitter, the AD693 converts the output voltage from resistive bridge sensors into a 4-to-
20-mA process-control signal. Moreover, the chip excites the sensor, runs off loop power, and for many
standard sensors, requires no span or zero trimming components.




tive with respect to the 6.2-V reference. So when
the input signal from the bridge is zero, the con-
verter’s input is not zero and its output is 4 mA.

A voltage divider (R, through Rg) from 6.2 V
to common, or ground, is laser-trimmed so that
connecting the converter’s zero input to the
divider’s 4-mA tap results in 4 mA of loop
current. Since that voltage is produced by a re-
sistive divider, it can be easily adjusted to ac-
commodate zero offsets in the bridge sensor.
Moreover, the adjustment does not affect the
signal amplifier’s gain and thus is independent
of the zero to full-scale range, or span.

An alternative connection for the converter’s
zero pin sets the loop current to 12 mA when the
input is zero, meaning that input signals of both
polarities can be handled. The zero pin also can
be returned to the 6.2-V reference line, thereby
reducing loop current to zero. That connection
permits the chip to operate as a 0-to-20-mA con-
verter, so long as the voltage reference and am-
plifiers are not powered from the loop. For most
applications, the transmitter chip runs off loop
power through the connection between the
Boost pin and the V,, pin.

Connections between pins P,, P,, and the 6.2-V
reference line provide the signal amplifier’s

negative feedback and take care of span adjust-
ments. For instance, when the signal amplifier’s
gain is 2 (Fig. 1 again), the input span—that is,
the signal that changes the loop current from 4
to20mA —is30 mV. Connecting P, to P, changes
the gain to 1 and the span to 60 mV; the span can
be adjusted to a few millivolts by placing a re-
sistor between P, and either P,or 6.2 V.

The way in which the input signal amplifier is
designed produces a high differential input
impedance and a wide common-mode range. The
amplifier accommodates signals between 0 V
and the 6.2-V reference and even, in some appli-
cations, signals greater than 6.2 V. The common-
mode input range extends from —100 mV to
within 4 V of the potential at V,,. The trans-
mitter’s ability to handle small negative volt-
ages is valuable when ground-referenced
signals have a small negative component. The
positive range is useful when measurements are
not powered directly by the reference.

The auxiliary amplifier solves a variety of
excitation and measurement problems. For ex-
ample, with the addition of two resistors, it
operates at a noninverting gain of 10/6.2, which
amplifies the reference, providing a low-im-
pedance, 10-V source that can supply up to 3mA
to sensors.
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2. The transmitter chip adapts readily to the addition of zero and span adjustment poten-
tiometers when used with nonstandard sensors. Incidentally, when an external transistor, Q,,

handles the loop current, the chip can operate at 50 mA full scale.






