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With 12-in. silicon wafers now in production, achieving precision performance across
tens of thousands of amplifiers requires fast and accurate tuning to keep cost low.

or many years, precision amplifiers have carried a
cost premium for high performance. However, new
amplifiers are achieving increasingly better precision
at reduced cost. This article will explain how modern
technologies facilitate an excellent cost/performance trad-
eoff, as well as the typical limitations of these technologies.

What is Precision Analog and When Does It Matter?
Precision analog generally refers to the DC accuracy of
the device. For amplifiers, this means a low input offset volt-
age (Vog), low offset temperature drift (dVg/dT), and low
input bias current (Ig). All of these parameters will intro-
duce an unwanted shift in the DC transfer function of the
device. The V5 and other DC error sources can be mod-
eled as a DC voltage source in series with the operational
amplifier’s (op amp) noninverting input. This error source

will often directly add to the input signal.

For amplifiers in high gain, the input offset can introduce
very large errors and may even be comparable to the input
signal amplitude. Figure 1 shows an example of an applica-
tion in high gain with an amplifier that has a relatively high
Vos- In this case, the Vg is 1 mV and the input signal is
only 20 mV, so the error is 5%.

In many practical applications, such as bridge sensors or
thermocouples, the sensor output is a millivolt-level DC
signal. It is important to use precision amplifiers in these
cases to minimize errors. On the other hand, applications
like audio are more focused on the amplifier’s AC charac-
teristics, such as distortion and noise. These applications are
generally AC-coupled, so the DC offset is effectively blocked
by the coupling capacitor. When choosing an amplifier, first
decide if the application is targeted more toward DC preci-

1. Vs contributes significant error
because the op amp is in high gain.

-

R1 1k R2 99k
L NV
(Y 5
_/
4
Vosi -
+ mv. &
Vin 20m = =

\
Vout = (20mV+ 1mV)*(100)
Vout = 2.1V
Error (2.1V - 2V)/(2V)*100 = 5%

I<5°LEARN MORE @ electronicdesign.com | 1


http://?Code=UM_EDPDF
http://www.electronicdesign.com?code=UM_EDPDF

sion or AC performance.

Besides Vg, dVg/dT, and Iy, sec-
ondary effects will bring on additional
offset sources. For example, open-loop
gain (Agp), power-supply rejection ra-

tio (PSRR), and common-mode rejec-
tion ratio (CMRR) can all generate ad-
ditional Vg. The application note “O
Amp Offset Voltage and Bias Current
Limitations” covers the mathemati-
cal details on these sources. While the
secondary errors will be less significant
than Vg, in some cases they can be sig-
nificant (Fig. 2).

What is “e-trim” Technology?

Vs is caused by a mismatch on the
input differential transistor pair inside
the op amp. If the transistors were per-
fectly matched, the amplifier would not
have any offset. However, because of
process variations, photolithography
limitations, and package-induced stress,
the input transistors don’t match.

One way to correct for the V5 error
is to trim the device by adjusting the re-
sistors connected on the source of each
input transistor (Rosl and Ros2 in Fig.
3). The resistors develop an adjustable
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2. Offset from different op-amp limitations.

voltage that can cancel the offset. Years
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Laser trimming refers to a process
where manufacturers measure Vg
and adjust it during the manufacturing
test by using a laser beam to cut away
resistor material. Another method for
reducing offset is Texas Instruments
e-trim technology. This procedure mea-
sures offset during the manufacturing
test and sends a digital code to blow fuses, shorting or open-
ing them in parallel with the resistors.

For CMOS devices, a second set of resistors needs trim-
ming to correct for temperature drift error (RI and R2 in
Fig. 3). In the case of bipolar devices, one set of resistors
trims both Vg and Vg temperature drift.

What is Zero Drift?
The term zero drift describes amplifiers that use an in-
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vV 3. Vps and Vg drift trim resistors.

ternal calibration method to reduce input offset voltage and
offset drift. Since many parameters are defined as a shift in
Vs the zero-drift method will improve these specifications
because the shift will be calibrated internally. The CMRR,
PSRR, and A on zero-drift devices are all quite good since
these specifications are based on offset.

Other methods for correcting Vg, such as e-trim tech-
nology, will not inherently improve CMRR, PSRR and Ag;,
as is the case with zero drift. Zero-drift calibration also min-
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imizes low-frequency 1/f noise for amplifiers.

Vos and Vg drift of zero-drift devices will generally be
better than laser-trimmed or e-trim devices, which might
suggest that zero-drift amplifiers are generally the best
choice for applications requiring good DC accuracy. But
that’s not always true.

The main limitation of zero-drift devices is that they use
internal switches on the input pins, which generate bias cur-
rent transients (Fig. 4). These transients can convert into
Vs for large source or feedback impedances. The transients
also contain noise tones at the chopper frequency and har-
monics of the chopper frequency.

Choosing lower-impedance feedback and source imped-
ances and including output filtering can virtually eliminate
both offset shift and noise tone issues. The application note,
“Optimizing Chopper Amplifier Accuracy,” explains the
topic in detail and provides design recommendations.

What Factors are Reducing the Cost of Precision Analog?

Zero-drift and e-trim technologies are two design ap-
proaches that help reduce component and system costs.
Both use CMOS devices because they require digital control
or communications. For zero-drift devices, the savings oc-
cur since no trimming is needed, as the device employs a
fixed internal calibration scheme to minimize offset. Laser
trimming can be fairly expensive because it’s a time-con-
suming iterative semiconductor test process.

The test time for semiconductor devices accounts for a
significant portion of device costs — semiconductor testers
are expensive, and that expense needs to be amortized across

the life of the tester. Zero-drift devices require no trimming.
The trimming time for e-trim devices will increase test times
somewhat compared to zero-drift devices. However, the
test-time increase for e-trim devices is minimal because the
process uses a digital command to the device, whereas laser
trimming is an iterative series of laser cuts in the resistor,
which takes more time than e-trim.

As a general trend, the wafer size in modern wafer fabri-
cation plants has increased, while there’s been a decrease in
die size. This yields more die manufactured per wafer, which
also helps lower costs. In some cases, reducing die size with
some performance compromise can further optimize costs.

For example, the output transistors on most amplifiers
take up a large portion of the die area. Reducing these tran-
sistors can significantly reduce costs, but there will be some
compromise on output current and output swing to the
rail. In general, eliminating features by making tradeoffs on
specifications can help shrink die size and cost.

How Can Precision Analog Save Money?

Even with the substantially reduced cost of some modern
precision devices, many designers will still choose the low-
est-cost general-purpose devices. This can be a reasonable
approach to lowering cost, but the general-purpose device
will have significant accuracy tradeoffs.

For example, the TLV888 from TI is a precision cost-op-
timized zero-drift device, while TIs TLO71 is a general-pur-
pose device first released in 1978. The cost of both devices is
quite low, but the general-purpose device is roughly half the
cost of the cost-optimized precision device.

OPA188 I; — Chopper Charge Injection and Clock Feedthrough

—= 2.0
< i Choppging charge
:‘1 1.5 L, injection-transient
s Sync. notch
@ 10 = —
= | feedthrough / Iz(average) = 160pA
o 0.5 /] !
@ e P PR e . N W e—— Y F—— P
= 0.0
0.0 0.25 0.5 0.75 1.0 1.25 1.5
Time (ps)
x T
o . 1.54ps (650kHz)
(@]
bo
=
‘s
Q
o
& =
o
0.0 0.25 0.5 0.75 1.0 1.25 1.5
Time (ps)

4. Bias-current transients on a chopper amplifier.
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Type Part 1kuprice | Vos dVos/dT 5. The table compares
number (maximum) | (typical) pr_ecn:nondcost-optln-
Precision cost-optimized | TLV888 $0.279 15 pv £0.01 pvec | Mieedandgeneral-
purpose amplifiers.
General purpose TLO71 $0.152 +4,000 pVv +2 pv/eC

Figure 5 summarizes the primary specifications for these
two devices. The precision device is hundreds of times bet-
ter than the general-purpose device for Vg, Vo drift, and
other parameters. In some cases, the specifications may not
be a priority — cost is the main target. Keep in mind, how-
ever, that there may be some hidden expenses in using less-
precise devices.

One hidden expense is calibration. Factory calibration is
done by precision test signals to the input of your ampli-
fier signal chain, and by measuring the gain and offset of
that signal chain. The gain and offset errors are unique for
each device and will generate a unique set of calibration co-
efficients. Typically, the calibration coefficients are stored in
the system’s EEPROM and are used to compensate for post-
calibration errors. This method works well, but it can sig-
nificantly increase the test time and complexity of the end
product.

Furthermore, calibration normally occurs only at room
temperature, so the temperature drift of the device isn’t cor-
rected. Using precision devices in a signal chain is a com-
mon approach to eliminate the need for calibration.

Another hidden expense can be design and debugging
time. A precision device is much clos-
er to the ideal op amp than most gen-
eral-purpose devices, which may have
many different nonidealities that must

Why is There a Need for a Premium Device?

While there is still a premium class of devices, modern
technology advances are enabling precision devices at a
lower cost. The additional costs can often stem from the
increased die size needed to achieve the device’s primary
specifications.

For instance, an op amp that can deliver a lot of current
will need large output transistors. Low-noise op amps re-
quire large input transistors. Bipolar devices often have to
be laser trimmed, which will add test time and cost. Pre-
mium devices may use a special process to achieve higher
power-supply voltages and other special characteristics. For
modern analog designs, there are options for very low-cost
general-purpose devices, precision cost-optimized devices,
and premium precision devices.

Thanks to Art Kay for likely spending his weekend writing
up his related article for us upon short notice.
-andyT

Though there aren’t many details at press time, TI is quietly releasing a new
precision opamp portfolio today, July 1, 2026, in China, which blends perfor-

be considered. Taking care to avoid
the specification limitations takes skill,
understanding, and analysis time. De-
signing with precision devices will
generally be easier than with devices
that carry significant limitations.
Finally, because precision devices
have better specifications, theyre
more universal. For example, you may
be able to use one or two different pre-
cision amplifiers to meet the require-
ments for a particular product, but it
needs many different general-purpose
devices for the same product. Again,
this is because the precision device is
closer to the ideal op amp and is us-
able for more applications. Reducing
component count will simplify your
bill of materials and inventory control.

mance, innovation, value, and scalability for low- and high-voltage needs.

Here’s a literal excerpt of the op-amp portion from a multi-product press

release we received on my request:

« Designed for industrial, data center, and precisionmeasurement markets,
TTs latest family of operational amplifiers is enabling cost-optimized high-
accuracy performance. The new portfolio provides low offset (sub100 uV),
low drift, and low noise operation across supply voltages from 1.7V to 36V.
° Featuring a range of devices with zero-drift technology, which actively
cancels offset and drift to as low as 5 nV/°C, and the patented e-Trim-
™ post-packaging trimming to provide stable offset and low input bias
currents without field calibration, this portfolio helps engineers improve
overall system reliability and accuracy.

© Spanning many gain bandwidth, rail-to-rail, output-drive, and slew rate
configurations across a wide supply-voltage range, the new portfolio de-
livers scalable design across a variety of market segments.

© The family offers a range of reliable, highprecision solutions that factor in
cost and design considerations, joining TT’s extensive offerings of general-
purpose and high-precision operational amplifiers. [Visit TT’s website for
more details].
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