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Other Parts Discussed in Post: TLVV333, TLV2333, TLV4333

Many sensors produce low-level DC outputs that require a high input-impedance amplification stage to
increase the signal amplitude. Sensors used in personal and portable electronics require operational
amplifier (op amp) circuits that provide high input impedance and DC precision, while also being low
power and cost-effective.

In this post, I'll explain how to design a few cost-optimized low-power DC-accurate circuits using
TLVx333 op amps in different circuit configurations. These devices provide high levels of DC accuracy
with maximum input offset voltages (Vos) less than 15pV, and a typical Vg drift of 0.02uV/°C. The
0.1Hz to 10Hz low-frequency noise specification is only 1.1uVpp and the 0.01 — THz noise specification
is only 0.3 uVpp. Table 1 shows the key performance metrics for TLVx333 family.

TLVx333
Specification Typical Min/max

Input offset voltage (Vos) 2uV 15uV
Vos drift 0.02uVv/°C -
0.01 = 1Hz noisea 03pVpp
0.1 = 10Hz noise 1.1pVpp
Commeon-mode rejection
ratio (CMRR) 115dE 102dB
CMRR specified range (V- -0.1V) < Vem < (V+ +0.1V)
Input bias current (ig) 70pA | N/A
Gain bandwidth product 350kHz
i 1708 | 28pA
Supply veltage range 1.8V-5.5V
1ku price $0.49

Table 1: Key specifications for the TLV333

Single-ended sensors can interface with standard noninverting amplifier circuits, as shown in Figure 1.
The transfer function is shown in Equation 1. Noninverting op amp circuit-offset errors are dominated by
the input offset voltage (Vos) and the Vg temperature drift of the op amp. Additional offset errors come
from the CMRR and the input bias current of the op amp. The tolerance and temperature coefficient of
the resistors in the feedback network set the gain error and gain-error drift. The circuit shown in Figure 1
is configured for a gain of 500V/V, and the closed-loop bandwidth is 1.14kHz.
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Figure 1: TLV333 used in a noninverting amplifier configuration

Sensors with differential outputs such as bridge sensors and strain gauges require a circuit with
differential inputs. One of the simplest options to interface with a differential sensor is the four-resistor
difference amplifier circuit shown in Figure 2. If Ry is set equal to R3 and R, is set equal to Ry, then the
transfer function simplifies to Equation 2. The tolerance of the resistors in the difference amplifier will
directly affect the CMRR of the circuit. Selecting 0.1% resistors achieves at least 54dB of CMRR, while
0.01% resistors achieve at least 74dB. Note that discrete difference amplifier designs will typically not
match the performance of integrated solutions, but they often offer advantages in flexibility and cost.
The circuit in Figure 2 is configured for a gain of 499V/V, with a closed-loop bandwidth of 1.16kHz.

« R
Vour = Vsensor* (32) + Ve (2)

where R; = R; and Rz = Ra.
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Figure 2: TLV333 used in a difference amplifier configuration



- High-impedance sensors with differential outputs often require circuits with input impedances >1MQ.
Achieving input impedances >1MQ is often not practically possible using a discrete difference amplifier
topology. Large resistors will increase the DC errors from input bias current, increase circuit intrinsic
noise, increase susceptibility to extrinsic noise and will likely require stability compensation.

Figure 3 shows a discrete two-op-amp instrumentation amplifier (INA) using a dual-channel TLV2333.
The two-op-amp INA presents a high-impedance differential input to the sensor while only requiring two
op amps and five precision resistors. Assuming that Rq is set equal to Rz and R, is set equal to Ry,
Equation 3 shows the transfer function. The circuit in Figure 3 is configured for a gain of 500V/V, with a
closed-loop bandwidth of 1.02kHz.

R =R
Vour = Vsensor™ (1432 +52) + Vier (3)

where Ry = R;and R; = Ra.
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You can also construct a discrete three-op-amp INA using a dual-channel op amp, a single-channel op
amp and seven precision resistors. Equation 4 shows the transfer function for the three-op-amp INA.
INA designs often require a buffer for a high-impedance reference or an op amp used as an integrator to
high-pass filter the input signal. Figure 4 shows a TLV4333 used to create a three-op-amp INA with a
reference buffer. The circuit in Figure 4 is configured for a gain of 500V/V and has a closed-loop
bandwidth of 1.16kHz.

V¢bu1: = VSen.eor‘ (ﬂ{) T VREF (4)

Rg
where R; = Rz and R; = Ra.
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You can use the TLVx333 family of devices in several ways to create DC-accurate circuits that are ideal
for cost-optimized precision-sensor acquisition and precision-instrumentation applications.

Have questions about other op-amp designs? Log in and leave a comment.

Additional resources

* Read Pete Semig'’s articles on Vgt vs. Veopmlimitations to avoid common pitfalls when using INAs:
e “Instrumentation Amplifier Veopmovs. Vout Plots”: Part 1, Part 2, Part 3.

e “Vomvs. Vour plots for instrumentation amplifiers with two op amps.”
e See Tl's portfolio of performance op amps for cost-conscious applications.

e Watch more than 40 on-demand precision amplifier training videos in our Tl Precision Labs —

Op Amps series.

e Find commonly used analog design formulas in the Analog Engineer’s Pocket Reference e-book.
e Learn about TI's entire portfolio of amplifier ICs and find technical resources.
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