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Increase System
Accuracy and Efficiency
with Precision Op Amps

Sponsored by Texas Instruments: Operational amplifiers serve many applications,
from measuring current through a shunt to converting a photoconductive photodiode’s

output to a voltage.

he precision op amp plays a key role in analog and

mixed-signal circuits. Applications extend from mea-

suring large currents by amplifying the voltage across

a low-side shunt to serving as a transimpedance
amplifier (TIA) with a photodiode input. You can speed your
way to successful op-amp designs if you understand subtle
distinctions in parameters such as slew rate and small-signal
rise time, minimize errors related to gain and nonlinearity,
and adhere to basic PCB layout guidelines.

Slew Rate vs. Bandwidth

Figure 1 shows a precision OPA391 op amp configured to
measure the voltage across a 400-uQ shunt in response to a
100-A current through it. The op amp, with a 100-kQ) feed-
back resistor and a 1-kQ input resistor (for a gain of 101
V/V), amplifies the 40-mV drop across the shunt to produce
a4-V output.

A key question is: How long will it take the op-amp circuit

to reach the 4-V level after a 0- to 100-A current step? You
might consult the OPA391’s datasheet and, based on the
specified 1-V/ps typical slew rate, predict that it would take
about 4 s for the output to reach 4 V. However, and shown
in the Figure I simulation diagram, thats not the case.
The op amp requires 35 ps to reach the 4-V level, because
the slew rate isn’t the limiting factor here. An op amp will
slew only in response to large input signals. For the low, 40-
mV shunt voltage, the limiting factor is the op amp’s small
signal rise time:

tg = 0.35/f( (in microseconds)
where f. is the effective amplifier bandwidth, which de-
pends on the amplifier’s gain-bandwidth product (GBW)
and the circuit’s closed-loop gain (G ):

fc = GBW/G¢p
The OPA391 has a GBW of 1, so for the Figure 1 circuit, you
can use the above equations to calculate ty as 35 s, which is
in the agreement with the Figure I simulation result.

L

I
=
o
]
£n

=l

—— Voul 4V

% :D- | ._c
@ Vshunt 40m\ J_umpmmi

R 100k

\«D;;é @;@ Bt
: ]

Rshunt 400u

R_trace 10u

I—wWh———nA—s
g
B %

20du A0 Sir

Tema (s}

1. A 0- to 100-A current step input results in a 4-V output with a 35-ps rise time for this circuit employing the OPA391 precision op amp.
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2. Reducing the closed-loop gain of the Figure 1 circuit by a factor of 10 results in a 3.5-ps rise time.

You can take steps to improve the transient response,
though. Combining the two equations into one—ty =
0.35G/GBW—shows that if you reduce the closed-loop
gain by a factor of 10, you will cut the rise time by a factor
of 10 as well.

Figure 2 shows the Figure 1 circuit with the tenfold reduc-
tion in closed-loop gain accomplished by changing the op-
amp input resistor to 11 kQ. However, with this approach,
you will face a tradeoff. To obtain the same 4-V output level
for the 100-A shunt current, you need to increase the shunt
resistance tenfold as well—to 4 mQ. This approach reduces
tg to 3.5 ps (where slew rate becomes the limiting factor),
but the 4-mQ shunt will dissipate 40 W at 100 A, which may
not be acceptable for your application.
As an alternative, you could cascade
each with a gain of 10, but it’s an ex-

two OPA391 stages,

of +10 uV and a low-input bias current of +0.2 pA. It also
features integrated switches. A version in a QFN package in-
corporates an integrated 1-to-2 switch matrix and a 1-to-3
switch matrix, while a version in a DSBGA package incor-
porates two 1-to-3 switch matrices.

Figure 3 shows an OPA3S328 in a QFN package configured
as a programmable gain TIA. It offers the options to switch
in either a 200-kQ or 2-kQ) feedback resistor using the de-
vice’s 1-to-2 switch matrix.

The switch on-resistance varies with voltage and tempera-
ture and can produce gain error drift as well as errors related
to nonlinearity and distortion, especially with low values of
feedback resistors. You can virtually eliminate these errors
by using the QFN package’s second switch matrix to estab-
lish Kelvin connections directly at the feedback resistors’
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pensive solution that takes up consid- Rz Voltage
erable board space. Another approach lb=2mA  4.000V
is to substitute the OPA392 for the ‘m l lo=2mA
OPA391 in Figure 1. The OPA392’s AW —
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the OPA391.
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products ranging from medical equip- \\_A_ Row s 125 Q
ment to point-of-sale (POS) machines. N l opﬁiiaza A =
Most applications operate the photo- GND R,
diode in photoconductive mode, with g o
an op amp in a TIA configuration con- =5 OPA35328
verting the current to a voltage. v TIA output Voltage Switch A
To implement a TIA circuit, you can GND 4.250 ¥

use the precision OPA3S328 dual op

amp, which offers a low offset voltage mable gain.

3. This TIA circuit employs the OPA3S328 op amp’s integrated switches to enable program-
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4. A second set of switches and a second OPA3S328 configured as a high-impedance buffer can virtually eliminate gain error, gain error drift,

and nonlinearity.

terminals (Fig. 4). Then, you can configure the package’s sec-
ond op amp as a high-impedance buffer, resulting in negli-
gible voltage drop across the second set of switches.

PCB Layout

In addition to contending with parameters such as slew rate
and small-signal rise time and circuit configurations such as
the TIA, analog-circuit designers face other challenges re-

lated to printed-circuit-board layout issues. For an optimum
layout, avoid 90-degree angles, keep traces short and wide,

and keep components close together. Make connections to
the op amp’s inverting pin as short as possible to reduce stray
capacitance.

In addition, place decoupling capacitors as close to the op
amp’s supply pins as possible. If you're using multiple decou-
pling capacitors, place the smallest one nearest the supply
pin, and don’t place vias between the decoupling capacitors
and the supply pins. Finally, pour at least one solid ground
plane.

Conclusion

A thorough understanding of parameters such as gain,
GBW, and slew rate can help you quickly design op-amp cir-
cuits that measure voltage across a low-side shunt or convert
a photodiode’s output current to a voltage. With your circuit
design complete, adhere to some basic PCB layout guide-
lines to ensure a successful end product.
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