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Application note

How to improve the robustness of operational amplifiers against electromagnetic
interferences (EMI)

Introduction

In such application as wireless infrastructure, switching power supply AC motor, or even microcontroller electronic designers
must deal with Electromagnetic Interference (EMI). Even if the EMI concept is well known it is often considered only when the
final application does not work as expected on paper, sometimes it is too late to add corrections.

Wireless devices increase day by day, and thus, EMI is increasingly part of the electronics system. This application note reviews
EMI sources and discusses classical, but sometimes forgotten tricks, to improve the robustness of the operational amplifiers
against electromagnetic interference. It also addresses the new generation of ST, EMI hardened op amps.
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EMI origin

1 EMI origin

Electromagnetic interference can be considered as frequency parasitic largely outside the bandwidth interest of
the op amp, which can affect the performance of the device.

This EMI can affect the behavior of an operational amplifier either by radiation or by conduction trough PCB
tracks.

The radiated EMI often becomes a conducted EMI as it can irradiate a PCB and use the tracks to flow directly
inside the op amp.

Sources of perturbation are numerous, and generally come from the radio frequency systems working from
several kHz to GHz, but also from transient signals with very sharp edges. Effectively, switching regulators,
motors, or even 50 Hz can be considered as a source of EMI.

Generally, coupling is what allows the source of EMI to have an impact. There are several types of coupling.

An inductive or capacitive coupling can be considered when the signal applied on a conductor induces a parasitic
signal to another.

In addition, a variable electric field can induce a current in a conductor, and even a variable magnetic field can
induce a voltage drop in a conductor.

It is important to keep in mind that the impedance of a conductor is never null and a small current flowing through
it automatically generates a voltage drop.
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2 Differential and common mode interference

The interference issue appears most when the interconnects are long and the signal level low.
The interference can be picked up either from common mode or differential mode.

Differential mode is the normal way to transmit a signal, and the current, called IDM, flowing in each wire of the
pair in an opposite direction. The magnetic field generated by each wire has the same amplitude but opposite
polarity, so they cancel each other out.

Figure 1. Differential mode

Common mode current ICM flows in both wires in the same polarity and returns to GND via parasitic capacitance
Cp. Contrary to differential mode, the electromagnetic field generated by each wire of the pair cannot be canceled
out and so the common mode signal generates interference along the cable. It is generally considered as the
worst case for EMI issues.

Figure 2. Common mode
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3 What is the impact of EMI on an op amp?

Op amps using a bipolar technology are very sensitive to EMI as the diode of the junction p-n acts as a rectifier
and transforms the HF parasitic signal in a DC voltage. This unwanted DC signal is then amplified and can be
considered as an offset error, as well as a Vio, which is an intrinsic parameter of the op amps. We can determine
that CMOS op amps are less sensitive to the EMI, which may be true, but unfortunately the input ESD protection
diode acts in the same way.

A domain of EMI where the op amps are the most sensitive is the UHF band from 300 MHz to 3 GHz. The
frequency band of 400 MHz is, for example, dedicated to weather, radar, mobile radio, mobile satellite, space
operation.

Let us have a look of the effect of such parasitic frequency on op amps. The radiated EMI becomes the most
part of the time conducted through the wires, or PCB tracks. In order to have a reproducible test, a sinus signal
superposed to a bursted signal is sent directly on the input pin of the op amp.

The schematic in Figure 3 describes the application test. A non-inverting amplifier schematic is used with a gain
of 11. An input signal of 100 mVpp and 10 kHz is applied on the non-inverting input pin. A parasitic signal,
emulating an EMI source, is also injected on the input pin +. This EMI perturbation is a square burst signal of 400
MHz and 500 mVpp. The sharp edge of the parasitic signal is very aggressive and generates a high level of EMI
perturbation.

This noisy signal is applied to the victim, TS462, a dual bipolar op amp.

Common mode noise is the worst case in terms of perturbation. But an ideal op amp should be able to reject this
perturbation if we consider that its own CMRR vs. frequency is infinite. It is unfortunately wrong, even if most op
amps can show a good rejection of common mode noise, this parameter gets worse while the frequency of the
perturbations increases. Above 1 MHz very few op amps are able to completely reject common mode noise. In
this case, a filtering solution must be found.

3.1 Common mode perturbation for a non-inverter schematic

Figure 3. EMI test with a bipolar op amp
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The results are described on the scope probe, see Figure 4. EMI effect on bipolar op amp without any protection,
and show an output signal distortion.
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Common mode perturbation for a non-inverter schematic

Figure 4. EMI effect on bipolar op amp without any protection
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A simple and classical solution is to use an external filter in order to protect the inputs of the op amp and avoid
any high frequency entering into the devices. The filter should certainly be placed as close as possible to the input
to protect.

The low-path filter can be done as described in Figure 5. EMI test with a bipolar op amp and RC filter with a
resistance and a capacitor.

The cutoff frequency of such filter is defined by equation (1):

fe=7mRT (1)

The gain bandwidth product of the TS462 is 12 MHz; as the gain is set to 11, the maximum input signal frequency
may not exceed 1.1 MHz in order to not be attenuated. It is important to take high margin when a low-path filter

is calculated. In this case, the cutoff frequency is fixed to 33 MHz to not attenuate the input signal. To equilibrate
the input bias current on both input pins of the op amp, the value of the filter resistance is the same as the

input resistance of the non-inverting pin, here 1 kQ. So, following Eq. (1), the capacitor of the low-path filter is
calculated at 4.7 pF.

Figure 5. EMI test with a bipolar op amp and RC filter
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The results are illustrated by the scope screenshot, Figure 6. EMI effect on bipolar op amp with RC filter, and
show that the output of the op amp is no longer distorted and thus the input RC filter has removed the EMI signal.
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Common mode perturbation for a non-inverter schematic

Figure 6. EMI effect on bipolar op amp with RC filter
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Another option is to use the latest generation of amplifier developed by STMicroelectronics, which are EMI-

hardened. Effectively, this kind of op amp integrates a filter able to reject high frequencies from several hundred
MHz up to several GHz.

The section on EMI Hardened describes in more detail this kind of op amp.

Anyway, thanks to this EMI-hardened op amp, the capacitance added on the schematic, Figure 5. EMI test with a
bipolar op amp and RC filter, can be removed.

For the following test, the TSV632 op amp is used.

Figure 7. EMI effect with the TSV632 EMI-hardened op amp and without RC filter
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The results described by the scope screenshot, Figure 7. EMI effect with the TSV632 EMI-hardened op amp and
without RC filter, show that the output of the op amp is no longer distorted even without any RC filter (schematic
of Figure 3. EMI test with a bipolar op amp has been used for this test).
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3.2 Common mode perturbation for an inverter circuit

When the amplifier is used in an inverter the protection against EMI remains the same. Adding a capacitance as
described in the schematic Figure 8. Filtering of an inverter schematic helps to protect the op amp.

But in this inverter configuration, as the capacitance is placed on the inverting pin of the op amp, special care
must be taken on the stability of the system.

Figure 8. Filtering of an inverter schematic
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Let us analyze the open loop transfer function (2) of the schematic described in Figure 8. Filtering of an inverter
schematic:

Rg 1

-4 F/Rg+Rf*1+. R9FT oo
JO\Rg +RF "€

Where A(F) is the open loop transfer function of the op amp.
Cc1 creates a pole, which could lead to instability.

1
fo=—Fsrrr—— 3)
g.-Rf
21. W .Ccl
In addition to this pole, we have to consider the low-frequency pole of the open loop transfer function of the op
amp.
fop =SB 4)

Therefore, the bode diagram of this system can be plotted as depicted in Figure 9. Bode diagram of the open loop
transfer function.
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Figure 9. Bode diagram of the open loop transfer function
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To guarantee the stability of the system, the Bode diagram must cross the axis (0dB) with a slope of -20 dB/
decade.

So, considering Figure 9. Bode diagram of the open loop transfer function, to ensure stability the gain at
frequency fp must be lower than 1.

So
GBP.2n.Rf .Rg?.Ccl
V2.(Rg +Rf)?
We can deduce the maximum value for Cc1 capacitance in order to have a good stability:

V2.(Rg +Rf)?
GBP.2m.Rf.Rg?

<1 (5)

Ccl < (6)

For example, by using the same condition as described in the section on non-inverting schematic, it means by
using a TS462 with a GBP of 12 MHz and a gain made with Rf = 10 kQ, and Rg = 1 kQ, the filter capacitance Cc1
must not exceed 227 pF.

3.3 Common mode and differential mode perturbation for a differential schematic
We can determine that using a differential schematic would greatly help if common mode perturbation appears.

Effectively, we can imagine that the differential mode automatically cancels the common mode perturbation and is
by nature immune against differential mode noise.

It is not totally true because the input impedances of an op amp are never totally matched, even the gain
resistance has its own mismatching. Also, the op amp does not have a sufficient GBP to ensure the right

PCB layout and general mismatch and generates a differential noise.

The test schematic is described in Figure 10. Common mode EMI test with a bipolar op amp configured in
differential mode and the output behavior is represented in Figure 11. Common mode EMI effect on bipolar op
amp in differential mode without any protection.
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Common mode and differential mode perturbation for a differential schematic

Figure 10. Common mode EMI test with a bipolar op amp configured in differential mode
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The results shown by the scope screenshot in Figure 11. Common mode EMI effect on bipolar op amp in
differential mode without any protection exhibit a distorted output signal.

Figure 11. Common mode EMI effect on bipolar op amp in differential mode without any protection
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Firstly, it is important to filter the common mode by adding a capacitor Ccm1 and Ccm2 as described by
Figure 12. Common mode capacitance.
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Figure 12. Common mode capacitance
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It is recommended to place the same low-path filter on each input of the op amp, in order to equilibrate the two
inputs.

Unlike an instrumentation amplifier, the circuit is not symmetric. The op amp is generally not able to properly feed
back the information at a frequency over the stress. As a result, a common mode capacitor does not fully reject
the RF signal by the same ratio on each side. In addition, their matching also acts in the same way. So, they do
not kill the differential EMI stress.

Moreover, as seen previously, using high value capacitances can cause instability of the op amp.

So, it would be better to use a lower value of capacitances. There is a tradeoff.

For better EMC performance, it is important to use capacitance with a low ESR.

Another point that can be considered is the equipotential of the ground plane. Effectively, if the impedance of

the ground of the Ccm1 and Ccm2 is slightly different, the common mode filtering is not totally equal as well.
Resulting, as seen previously, in an AC error in differential mode.

The solution to compensate these points is to add a differential capacitor Cdiff between the two inputs of the op
amp. The impedance of Cdiff should be largely higher than the impedance of the Ccm capacitances in order to
have a good impact on the filtering. Therefore, the differential mode capacitance is chosen five to 10 times higher
than the common mode capacitance.

The capacitances should certainly be placed as close as possible to the input pins.

The schematic below describes how to correctly protect the input pins of a differential op amp.
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Figure 13. Common mode and differential capacitance

With such an input filter the TS462 op amp is now immune against EMI as described by the following scope
screenshot, see Figure 14. EMI effect on bipolar op amp in differential mode with RC filter.

Figure 14. EMI effect on bipolar op amp in differential mode with RC filter
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3.4 Application example
EMI radiation can impact a device through an input or output pin.

The PCB layout is of course essential for the robustness of a system, and we outline in the section “Printed circuit
board layout” some simple but important rules to improve the robustness against EMI.

Let us take the example of an op amp used as a current source described by Figure 15. Op amp used as current
source. The op amp (LM2904) is used in follower configuration and the NPN transistor (2N222) is used to provide
the necessary current into the load. So, in typical conditions the output Vout must be equal to the input voltage, in

this case 2 V.
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Figure 15. Op amp used as current source
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The system is working well as 2 V is measured on the output and, it is stable.

In this example, no particular care has been taken regarding the PCB layout. In the whole application system, the
current source is placed very close to a potential source of EMI, a DC/DC power stage generating a square signal
of 10 V of amplitude and with very sharp edge of 5 ns.

Figure 17. Output voltage of current source victim of EMI describes the voltage at Vout when the DC/DC power
stage is working.
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Figure 17. Output voltage of current source victim of EMI
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When a source of EMI is placed close to the op amp, we can see that the output becomes distorted. Firstly, the
DC value is now wrong (1.8 V instead of 2 V), and the output signal is really noisy.

EMI can enter in the victim device via any pins, and as seen in the previous section, one of the important things is
to protect the input thanks to common mode and differential capacitance. The main goal of the capacitances is to

present a low impedance at the frequency of the stress. So, the first reflex can be to add a small capacitive value
of 100 pF on the input as described by Figure 18. Input filtering.

Figure 18. Input filtering
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Figure 19. Probe scope result of input filtering
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The scope probe depicted in Figure 19. Probe scope result of input filtering shows the improvement and the effect
of such capacitance. Effectively, the output voltage is still noisy, but the average DC value remains good at 2 V.

In order to improve the Vout signal, another capacitance can be added to filter more efficiently the output signal,
as described in Figure 20. Output filtering.

Figure 20. Output filtering
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Figure 21. Probe scope result of output filtering
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In the case of an EMI issue, a long wire can be a source of the problem. Let us consider the same application but
with a long track between the output of the op amp and the base of the transistor. This long wire acts as a trap

for the EMI disturbance and then spreads it into devices. Unfortunately, as with many components, the transistor
presents some parasitic capacitance impacting the applications with higher frequencies. Effectively, due to the p-n
junction, the bipolar transistors present a capacitance between its base and emitter (as well as between base and
collector!), and so in high frequency it becomes a path, and the noise can also be present on Vout.

Moreover, the EMI disturbance can enter via the output of the op amp and cause some dysfunctionality.

Figure 22. EMI disturbance with long tracks shows an EMI source applied close to the long track between the op
amp output and the base of the transistor. The result is a Vout completely distorted.

Figure 22. EMI disturbance with long tracks
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To prevent this issue, it is better to design the traces as short as possible. We can see in Figure 25. Output
voltage of current source victim of EMI with a good PCB layout that good layout solves a lot of these issues. But it
can also be possible to filter the output of the op amp with a capacitor soldered close to the output of the op amp.

Nevertheless, care must be taken to keep the system stable and functional.

Adding capacitance directly on the output of an op amp is not always a good idea, as it creates a new pole and
depending on the value of this capacitance it can cause the op amp to oscillate.

The best solution to isolate the output of the op amp from the capacitance is to add a resistance between them.
However, adding a high resistance value can cause a saturation of the op amp, which gives a wrong value. In
order to choose this serial resistance correctly, it is important to follow Eq. (7):

2V + Vbe + ib*Rs < Vout_max_opamp (7)

Where ib is the base current of the NPN transistor.
Rs, the serial resistance placed between the op amp output and the NPN base.
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Vout_max_opamp is the Vo voltage of the op amp.

In this typical application case, 20 mA is drawn into the load (2 V / 100 Q), so it can be considered that the
collector current IC = 20 mA.

The 2N222 transistor used in this condition presents a gain 3 of 200, so the base current can be easily deduced,
ib =100 pA (IC = B*ib). Vbe = 0.7 V.

The LM2904 op amp used is not high rail and overtemperature the Vout max. cannot exceed Vcc - 2 V. So, in this
case let us consider that Vout_max_opamp =8V (10 V -2 V).

So, Rs max. must be lower than 53 kQ.
Regarding the stability point of view, it is largely enough.

In Figure 23. Vout with a filter on the op amp output the 22 pF allows to have a low impedance on the output of
the op amp at the EMI frequency. Additional R1 and R2 can be added.

Figure 23. Vout with a filter on the op amp output
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3.5 Special care taken at PCB level

In the following section the same test has been realized, but special care has been taken during the design of the
board layout. Effectively, a dual layer board made with FR-4 material has been used, and the ground plane has
been designed on both sides of the board. Moreover, the tracks have been designed as short as possible. Only
the decoupling power supply capacitance has been used and placed extremely close to the op amp.

In the figure below we can see that the PCB layout plays an important role in the robustness of EMI, as we can
effectively see that with no additional capacitors on input and output. The output is not disturbed by any high
frequency.

Figure 25. Output voltage of current source victim of EMI with a good PCB layout
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PCB layout is generally an accomplishment of an ingenious schematic, but sometimes due to production
constraints, not enough attention is paid to that step. A good layout can represent 80% of the robustness of an
application with regard to EMI disturbance. The PCB should be thought of as a component itself in the realization
of a design.

In this section, some well-known rules are recalled in order to avoid issues linked to a parasitic environment.
The performances of an IC in an application are dependent on a number of factors, these include: mechanical
design, printed circuit board design and layout, components, connectors, and cables. Good performance at IC
level does not guarantee good performance at system level.

PCB traces

EMI propagation from cables to IC (and vice versa) cannot be avoided.

In addition, EMI can couple directly with PCB traces, flat cables, and IC package lead frame; the higher the
interference frequency the shorter the length of the wiring at which parasitic coupling is effective.

Effectively, the PCB trace can certainly be seen as a resistive path, but also as an inductive component. Its
impedance can be simply described by the following equation:

Z=R+jlLw (8)

So, at low frequency, the traces act as a resistance but with increasing frequency, impedance increases and acts
as an antenna, which catches and then conducts any RF or EMI noise. The inductance of the PCB trace is linked
to its length. This is why it is important to keep the traces as short as possible in order to limit the antenna effect at
high frequencies.

Another important point regarding the antenna, is what we generally call loop antenna, especially a risk when no
ground plane is used but only track even for the ground. So, a loop can be created by the ground traces and the
signal traces. The loop antenna is, unfortunately, extremely efficient in catching undesired high-frequency signals,
therefore, in order to reduce this effect, a ground plane on the PCB is highly recommended.

It strongly reduces the area of the loops.
Here is a suggestion to route a dual op amp.

Figure 26. Dual schematic example Figure 27. Dual layout example
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Grounding

Ground is an essential part of a good PCB realization. The first and simplest rule to respect is to separate the
ground of the digital and analog parts. The currents must find a return path and ground is dedicated for that. So,
separate ground does not mean having two different grounds, but they must be common.

In the case of a multilayer board and separate ground between digital and analog, it is also important not to
superpose an analog ground plane and a digital ground plane. Because the two planes can create a capacitance
and the noise generated by the digital can in this case pollute the analog ground.

What is true for the ground is true for the signal. It is better to avoid having digital signal close to the analog
portion. Generally, digital is much noisier than analog due to the fast transition that can happen, which can
generate some EMI noise. So, as for the ground, it is better to avoid overlapping the digital signal and analog
signal in the case of multilayer boards.

Multilayer

The most cost effective solution is obviously the single layer, but unfortunately it is also the worst solution for

EMI robustness. The preference is a double side PCB with one side used as a ground plane. It gives a major
advantage to reduce the impedance of the ground connection and distributes the capacitance, reducing the
impact of EMI. The ground plane can also be seen as a shield, which protects the other side against the radiated
noise. If there is enough space on both sides of the board, two ground planes can be used, one on each layer. To
minimize parasitic impedance over the entire surface, a multivia technique that connects the bottom and top layer
ground planes together in many locations is often used.

The multilayer technique (at least four layers) is the most efficient in terms of EMI robustness. Ground plane
and power plane can be traced in the middle layer in order to keep a good capacitance distribution between the
planes.
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5 EMI-hardened op amp

For several years STMicroelectronics has hardened all new generation op amps against EMI. To quantify

this robustness the EMIRR (Electromagnetic Interference Rejection Ratio) parameter has been added in the
datasheet. As explained in the section “What is the impact of EMI on an op amp?” RF interfering signal can be
converted into a DC signal due to p-n junction or diode, which rectifies the EMI signal and generates a DC signal
causing an unexpected error on the output of the op amp.

The EMIRR definition is given by the following formula:
_ VRF

Where VRgf is the amplitude of the applied unmodulated Rr signal. The chosen standard level for Vrg is -10 dBm
(100 mVp).

AVio represents the input voltage shift. It is the difference between the op amp's input offset voltage (Vio) without
any EMI signal injected and the op amp's Vio when an RF signal is applied.

The EMIRR is expressed in dB, and the higher the EMIRR value, the better the op amp EMI’s robustness.

EMIRR measurement
Each pin of the op amp can be tested for EMIRR.
In the following example only the input pin is tested as it is generally the most sensitive part of the circuit.

To test the positive input pin, we use the simplest configuration for an op amp: the follower mode, as described by
Figure 28. Configuration for EMIRR test non-inverting input.

The RF signal is applied on the non-inverting pin and the Vio is directly measured on the output pin.

To test the inverting input, a gain configuration of -1 can be used as described by Figure 29. Configuration for
EMIRR test on inverting input. The Vio variation is also measured on the Vout pin but in this case the input offset
voltage has to be divided by two.

Figure 28. Configuration for EMIRR test non-inverting input
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Figure 29. Configuration for EMIRR test on inverting input
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The following graph shows the results of EMIRR robustness on the two op amps having the same schematics
except for input EMI hardening.

The TSV621, a single op amp, is not EMIRR hardened, while its twin, the TSV622 a dual op amp, has been
specially designed with EMI protection.

Figure 30. EMIRR result on PIN+ describes the robustness of the non-inverting input pin against RF signal,
and Figure 31. EMIRR result on PIN- describes the robustness of the inverting input pin when an EMI signal is
applied.

Figure 30. EMIRR result on PIN+
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Figure 31. EMIRR result on PIN-
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We can see that the TSV622 (EMI-hardened op amp) is roughly 55 dB better than the TSV621, which is not EMI
proof. It simply means that for the same EMI stress, the error signal is around 560 times higher on TSV621 than
with TSV622 when the op amps are used in the same condition.

5.1 Passive component: one of your best friends for EMI immunity

As seen in the previous section, the RC filter is a very simple and cost effective solution to immunize a system
against EMI. But it may also add some drawbacks. For example, a resistance generates a white noise with a
spectral density of:

en =VA4kTR V/\JHz (10)

Where k is Boltzmann’s constant k = 1.38 x 1023 x JK-1.

And T the temperature expressed in Kelvin.

We can see that the greater the resistance, the higher the noise.
For reference, a 1 kQ resistor is a noise source of roughly 4 nV/\Hz.

A high-Z circuit is generally more sensitive to picking up noise. This is because a small current induced on a
high-Z circuit results in a higher noise voltage, so it is generally recommended to use low resistance values (there
is a tradeoff with power consumption).

Because of input bias current, having high value resistors on the inputs creates a voltage drift and can add a
non-negligible DC error on the output. Especially if a bipolar op amp is used as they tend to exhibit input bias
current of several hundred of nV.

In order to limit this drawback, a common choke can be used instead of the resistance. It creates an LC filter of
second order. But inductors might be more cost effective than resistances and capacitances.
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5.2 Capacitors

Choosing a capacitor may become difficult due to the wide variety of such components. Here is a small list of the
most commonly used capacitors.

. Ceramic capacitor: The ceramic capacitor is a type of capacitor that is used in many applications from
audio to RF. Values range from a few pF to several pF. Ceramic capacitors have many advantages such as
size, and price. They present a low inductance and are particularly suitable for higher frequency decoupling
applications; they can be used up to 1 GHz. Nevertheless, the characteristics of ceramic capacitors vary a
lot depending on their dielectric.

Regarding NP0, also called COG, their capacitance only varies slightly due to change of temperature. The
value range can be [0.5 pF to 0.1 pF].

X5R or X7R (for higher temperature range) has a capacitance variation + 15% over their temperature
range.

. Aluminum electrolytic capacitor: The main advantage of aluminum electrolytic capacitors is the huge
capacitance storage that they can provide (up to several mF). This type of capacitor is polarized. The main
drawback of aluminum electrolytic capacitors is that they have high leakage rates, which is not convenient
in applications for high-frequency AC coupling. They also have a wide tolerance range, usually £ 20%,
which is not suitable for applications where precise values are needed, such as filtering circuits. But they
are widely used for decoupling on applications working with frequencies lower than 100 kHz.

. Tantalum capacitor: Like electrolytic capacitors, tantalum capacitors are also polarized and offer a very
high capacitance level for their volume. But their main advantage compared to aluminum electrolytic
capacitors is that they are smaller and more stable. The main drawback for this type of capacitor is its
tolerance to high current spike. It can generally be used up to 1 MHz.

Bypass capacitor

EMI can also find a path from the power supply of the op amp, and so it is essential to use a bypass capacitor in
order to present a low impedance, helping to reduce noise.

It is also necessary to choose the right capacitance in order to ensure the best filtering. As seen previously,
material is important depending on the range of frequency needed to filter but it is also important to keep in mind
that a capacitance does not act only as a pure capacitance.

At first level, a capacitor can be represented by a capacitance in series with a resistance and an inductance as
described by Figure 32. Model of capacitance.

Figure 32. Model of capacitance

C ESR ESL

W

Figure 33. Capacitor impedance vs. frequency depicts the impedance of different capacitances vs. frequency from
Murata. Three capacitances impedance made with the same material but with three different values are reported.
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Figure 33. Capacitor impedance vs. frequency
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After the self-resonant frequency, the capacitance starts to act as an inductance.
So, for the upper frequencies the capacitors do not exhibit low impedance and no longer play their role.

It is generally advised to use some hundreds of nF as decoupling capacitor, but do not assume that only one
value can act with all frequency. It can be interesting to add in parallel a smaller capacitance value to attenuate
higher frequency noise. But pay attention to the anti-resonance peak resulting from a self-behavior in parallel with
capacitive behavior. A magic combination could be the association of 22 nF and 22 pF!

The higher the noise frequency, the lower the bypass capacitor should be (to exhibit the lowest impedance at the
noise frequency).

These capacitors must be placed as close as to the op amp for a better efficiency as depicted in Section 4 .
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Conclusion
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When an op amp is placed in a high-frequency noisy environment, the first thing to understand is the EMI source
and the frequency domain involved. Any kind of signal with a very sharp edge is susceptible to generating an
EMC issue, as the edge can be defined as a large frequency spectrum.

It is extremely important to think of the PCB as a component itself of the schematic and the combination of a
good PCB layout with added filtering, thanks to passive components, is a very efficient way to fight against EMI
perturbation.

Capacitor selection must certainly be done carefully depending on its value and material in order to ensure the
best efficiency against EMI.

It is also important to consider every node and trace as a potential antenna, in order to minimize them as much as
possible.

In some cases, shielding can also be used to protect a sensitive device.
Unfortunately, there is no single EMI fix for all problems, so do not be afraid to experiment!
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