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What is input offset voltage?

Explanation of pages 4-5

When the differential input voltage of an op amp is zero, the ideal output should also be zero.
In reality, a small differential input voltage is required to force the output to zero.
This voltage is the input offset voltage, usually noted Vio.

Vio is defined as a DC voltage between the non-inverting and inverting inputs, specified in the electrical characteristics of
the datasheet. It can be positive or negative.

(page 4) — Ideal amplifier (no offset)
If the amplifier were ideal, each input voltage level V.5 Would simply be multiplied by the gain a.
The output voltage would then follow a straight line through the origin:

Vout = @ * Vgense

This is the reference case: pure gain, no error from offset.
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What is input offset voltage?

Explanation of pages 4-5

(page 5) — Real amplifier with offset
In a real amplifier, the input offset voltage adds its “imprint” to the measurement.
The transfer characteristic is shifted, and the output becomes:

Vout = @ * Vsense — D

Referred to the inputs, the offset voltage is:

This input-referred offset causes a first systematic shift and error in the measured current.
The V,, value is specific to each amplifier. For accurate current sensing, it is important to choose a device with low V..

Chopper-stabilized current-sense amplifiers, such as ST’s family, exhibit Vio values below 100 pV, making them
particularly suitable for precision DC measurements.
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Where does input offset voltage come from?
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Where does input offset voltage come from?

Differential input For CMOS technology
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Where does input offset voltage come from?

Explanation of pages 8-10

Where does input offset voltage come from?
The origin of the input offset voltage is well understood.

(page 9) — Mismatch in the differential input stage
In a real differential pair, the two input branches are not perfectly identical.
Small mismatches between components, such as:

* Ry #R,
« My #M,

and minor mechanical stress from the package, create a bias imbalance in the input stage.
This imbalance appears as a differential voltage at the amplifier inputs: the input offset voltage.
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Where does input offset voltage come from?

Explanation of pages 8—10

(page 10) — CMOS technology: physical origin
For CMOS input stages, the offset can be expressed by the following relation:

VOS - AVth + 2 +

Vos — Vo (AR AW /L
R " W/L

 The term AV, is linked to substrate doping variations.
* The second term is linked to geometric mismatches: MOS width/length and resistor variations.

The expression contains four contributions. Each can be positive or negative, so they neither all add up nor fully cancel
in practice.

Even with careful design and process control, a small residual input offset voltage always remains.
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How V,, affects precision
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How V,, affects precision

Explanation of page 13

In a shunt-based current-sensing application, the measurement relies on Ohm'’s law: the ideal sense voltage is:

Vsense = Rshunt * Isense-

In practice, the amplifier’s input offset voltage V;, must be added in the output equation:
Vout = (Isense *Rspunt £ Vio) -G

From this, the relative error due to V,, is:

£
Vio impact(%) = - - 100

Rshunt ’ Isense

This shows that the offset error becomes dominant at low currents where Rgpunt * Isense 1S SmMall.
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How V,, affects precision

Explanation of page 13

There are two ways to reduce this error:
Increase R, 10 raise V. ,ce ,at the cost of higher power dissipation.

Use a current-sense amplifier with low input offset voltage, such as the family, which allows smaller,
more cost-effective shunts and improves overall system efficiency.

Note: Input offset voltage has the strongest impact when measuring low currents.
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Example

Explanation of pages 16-18

To illustrate the impact of V;, on current measurement, consider a simple 12 V application.
We measure the load current in a high-side configuration using a 10 mQ shunt, over a range from 100 mA to 5 A.

(page 16) — Using
We first select the TSC2012 current-sense amplifier with a gain of 100.
At 25°C, its maximum input offset voltage V;, is 500 uV.

(page 17) — Error due to V;,
The relative error linked to V;, can be expressed as:

*Vio
Vio impact (%) =

-1
10 mQ - Igense 00

When we plot this error versus the current through the shunt, we see that for currents below 1 A, the measurement error
becomes significant.
As I.nse iNCreases, the error rapidly decreases and falls below 5% once the current exceeds approximately 1 A.
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Example

Explanation of pages 16-18

(page 18) — Using to improve accuracy

To improve accuracy, we now choose the TSC214, also with a gain of 100, but with a much lower V},, :
only 60 uV maximum at 25°C, almost ten times smaller.

On the updated graph, we immediately observe the improvement: with the TSC214, the current-measurement
error remains below 5% over nearly the entire 100 mA-5 A range.

This example shows that input offset voltage V;, is a key parameter when accurate current measurement is
required.
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Is input offset voltage stable with temperature?

Offset drift vs temperature
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Is input offset voltage stable with temperature?

Offset drift vs. temperature
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Is input offset voltage stable with temperature?

Explanation of pages 21-22

Input offset voltage V;, mainly comes from mismatches in the input components of the ampilifier.

Animation 1 — Temperature dependence

Because of these mismatches, V,, also varies with ambient temperature.
In precision applications, it is therefore essential to consider the offset drift with temperature, usually denoted

AV;, /AT and expressed in V/°C.

Animation 2 — Drift referenced to 25°C

This temperature coefficient is typically referenced to 25°C.

For any temperature T above or below 25°C, the effective drift is obtained from:
AI/io Vio (T) - Vio (ZSOC)
AT T — 25°C

This additional term must be included when calculating the total current-measurement error over temperature.
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Example

Explanation of pages 2426

(page 24) We reuse the same example, but this time we focus on its behavior versus temperature.
To do this, we extend the previous error equation by adding the temperature-drift term AV;, /AT.

(page 25) — Reference at 25 °C
At 25°C, the drift term is zero, so it does not affect the measurement.
The resulting error curve is therefore identical to the one we obtained previously.

(page 26) — Case at 85°C
If the temperature increases to 85°C, the offset grows by:

8 uV/°C x 60°C = 480 uV
The effective offset at 85°C becomes:
500 uV + 480 uV = 980 uV

This value must be used in the error calculation.
From the plotted curve, we can see that, at 85°C, the TSC2012 keeps the measurement error below 5% only for currents
above about 2 A.
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AV, /AT and calibration
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AV, /AT and calibration

Explanation of pages 28-29

When analyzing the error due to input offset voltage, it is essential to consider its temperature drift at the same time.
While the input offset voltage V;, can be calibrated out at production, compensating for offset drift over temperature is much
more difficult.

(page 28) — Comparison at 25°C
We compare two current-sensing amplifiers with different V;, and AV;, /AT characteristics:

. : Vie = 60 uV, AV;, /AT = 0.3 uV/°C
. : Vip, = 1500 uV, AV;, /AT = 5 uV/°C lower-precision device

Both devices have a gain of 100, so:
Vour = £Vip X 100

On the oscilloscope at 25°C, the TSC103 shows an output offset of about 8 mV, whereas the TSC214 output is close to 0 V.

This means that if the TSC103 is used in an accurate application, a production-time calibration is required to remove this
offset.
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AV, /AT and calibration

Explanations of pages 28-29

(page 29) — Behavior with temperature

We now increase the temperature and include drift in the expression for V,,;:

AV,
Vour = { Vio + AT - | X 100

This gives a good estimate of the worst-case output change due to V;, and its drift.
On the oscilloscope, the TSC103 output offset increases from about 8 mV at 25°C to about 18 mV at 125°C.
Consequently, using the TSC103 would also require temperature calibration during manufacturing, which is costly.

In contrast, the TSC214 is a zero-drift current-sensing amplifier. With a maximum AV;, /AT of 300 nV/°C, its offset
remains very low even over a wide temperature range, so this additional calibration step is generally unnecessary.
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Input voltage offset error summary
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Input voltage offset error summary

Explanation of page 32

« The input offset voltage V;, results from mismatches between internal circuit components and is always present, even
in very precise devices.

* Vo is a DC parameter and dominates the error when measuring small currents.
« Afirst estimate of the measurement error is simply the ratio V,o /Vsense, Where Vepnsg is the shunt voltage.

« Its temperature drift AV;, /AT must also be taken into account; selecting a device with low V;, and low drift enables
very accurate measurements without calibration.

« To improve accuracy at low currents, you can either:
o increase the shunt resistance value, or
o choose a current-sense amplifier with the lowest possible input offset voltage.
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