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Magnetic-field immunity of digital  
capacitive isolators

The application environment of digital capacitive isolators 
often includes close proximity to large electric motors, 
generators, and other equipment that generates a large 
electromagnetic field. Exposure to these fields raises  
concern about the possibility of data corruption, as the 
electromotoric force (EMF), the voltage created by these 
fields, can interfere with the transferred data signal. Due 
to this potential threat, many users of digital isolators 
demand proof of an isolator’s high magnetic-field immunity 
(MFI). While many digital-isolator technologies come with 
claims of having high MFI, capacitive isolators provide an 
almost infinitely high MFI due to their design and internal 
construction. This article explains the details of this design.

Some physical fundamentals
A current-carrying conductor, such as one of the supply 
lines to an electric motor, is said to be surrounded by a 
magnetic field created by the current flowing through it. 
The direction of the magnetic field is easily determined by 
applying the right-hand rule (see Figure 1). This rule says 
that when the conductor is grasped with the right hand 
and the thumb is pointing in the direction of the current, 
the fingers encircling the conductor indicate the direction 
of the magnetic field. Thus, the plane of the magnetic flux 
lines is always perpendicular to the current.

Figure 1 shows the magnetic flux density, B, for a DC 
current. For an AC current, the right-hand rule is applied 
in both directions, and the magnetic field changes with the 
same frequency, f, as the AC current: B(f) ~ I(f). The 
magnetic field—or, more accurately, the magnetic flux 
density and its corresponding magnetic-field strength—
lessens with increasing distance from the center axis of 
the conductor. These relations are expressed as
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where B is the magnetic flux density in volt-seconds per 
square meter (V•s/m2), μ0 is the magnetic permeability in 
free space (given by 4π × 10–7 V•s/A•m), I is the current in 
amperes, r is the distance from the conductor in meters, 
and H is the magnetic-field strength in amperes per meter 
(A/m).

When the magnetic-field lines cross a nearby conductor 
loop, they generate an EMF whose magnitude depends on 
the loop area and the flux density and frequency of the 
magnetic field:

	 EMF(f) B 2 f A,= × π × 	 (3)

where EMF is the electromotoric force in volts, f is the field 
frequency, and A is the loop area in square meters (m2).

All isolators possess conducting loops in some shape or 
form for magnetic-field lines to cross and generate EMF. If 
large enough, this EMF, which is superimposed onto signal 
voltages, can lead to erroneous data transmission. In fact, 
some isolation technologies are highly susceptible to  
magnetic interference. To understand why capacitive 
isolators are unaffected by magnetic fields, their internal 
construction needs to be examined.

By Thomas Kugelstadt
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Figure 1. The right-hand rule
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Construction of capacitive isolators
Capacitive isolators consist of two silicon chips—a 
transmitter and a receiver (Figure 2). Data transfer 
occurs across a differential isolation barrier formed by 
two capacitors, each with a copper top plate and a con-
ductive silicon bottom plate on each side of a silicon 
dioxide (SiO2) dielectric. The driver outputs of the trans
mitter chip connect via bond wires to the top plates of 
the isolation capacitors on the receiver chip. With the 
bottom plates of the capacitors connecting to the receiv-
er inputs, a conducting loop is created. Figure 3 shows 
the equivalent-circuit diagram of the isolation barrier 
and points out the loop area between the gold bond 
wires. Evidently a magnetic field crossing this loop will 
generate an EMF that represents input-voltage noise, 
vn1, to the following RC network. A second differential 
noise component often encountered, vn2, is due to the 
conversion of common-mode noise to differential noise. 
Both noise components make up the combined noise, vn. If 
only the effects of EMF are considered, vn can be conser-
vatively split in half:

	
nv

EMF
2

= 	 (4)

To trigger the receiver, the output of the RC network 
must provide a differential input voltage, VID, that 
exceeds the receiver input thresholds. Whether or not 
false triggering occurs depends on the gain response, 
G(f), of the RC network.

The conversion from a differential to a single-ended  
network (Figure 4) simplifies the derivation of G(f) but 
requires that C′1 = 2C1, R′1 = R1/2, C′2 = 2C2, and R′2 = R2/2. 
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Figure 2. Simplified diagram of a capacitive isolator’s internal construction
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Figure 3. Equivalent-circuit diagram of the isolation barrier
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http://www.ti.com/aaj


Texas Instruments Incorporated

21

Analog Applications Journal 3Q 2010	 www.ti.com/aaj	 High-Performance Analog Products

Interface (Data Transmission)

A circuit simulation confirmed that the RC network is a 
first-order high-pass filter, with C′1 and R′1 being the domi-
nant components up to 100 MHz (see the blue curve in 
Figure 5). Beyond this frequency, the parasitic compo-
nents C′2 and R′2 become effective, causing a slight devia-
tion from the linear slope. For up to 100 MHz, therefore, 
the gain response can be expressed as a ratio of VID/vn:
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Determining the maximum noise allowed that does not 
cause false receiver triggering requires Equation 5 to be 
solved for vn:
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Then, substituting vn into Equation 4 provides the maxi-
mum tolerable EMF in volts:
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Substituting EMF into Equation 3 then yields the maxi-
mum possible magnetic flux density:
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Table 1.	 Current and magnetic values for a conductor that is  
	 0.1 m from a capacitive isolator

FREQUENCY, f
MAGNETIC 

FLUX DENSITY, 
B (V•s/m2)

EMF  
(V)

MAGNETIC-
FIELD 

STRENGTH, H 
(A/m)

CURRENT, I 
(A)

1 kHz 1.07 × 107 63738.5 8.55 × 1012 5.37 × 1012

10 kHz 1.07 × 105 6373.8 8.55 × 1010 5.37 × 1010

100 kHz 1.07 × 103 637.4 8.55 × 108 5.37 × 108

1 MHz 1.07 × 10 63.7 8.55 × 106 5.37 × 106

10 MHz 1.07 × 10–1 6.4 8.55 × 104 5.37 × 104

100 MHz 1.07 × 10–3 0.6 8.55 × 102 5.37 × 102

The frequency-dependent values listed in Table 1 for the 
magnetic flux density were derived by inserting the follow-
ing numerical values into Equation 8:

VID = 10 mV	 (magnitude of the receiver’s input 
	 thresholds)

R′1 × C′1 = 25 ps (effective time constant)

A = 944 × 10–9 m2 (effective loop area)

f = 1 kHz to 100 MHz (frequency range of interest)

Using Equations 2 and 3 also provides the EMF, the  
magnetic-field strength (H), and the corresponding cur-
rent (I) for a conductor here assumed to be 0.1 m from a 
prospective isolator.

From the enormously high values in Table 1, it is evident 
that neither a low-frequency current of 5 trillion amperes 
nor 500 A at 100 MHz is capable of stopping this isolator 
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Figure 5. Frequency response of the gain 
magnitude, |G(f)|
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from working correctly. The reason for this almost infi-
nite MFI lies in the location of the isolation capacitors. If 
these capacitors reside on the transmitter chip, any gen-
erated EMF in the bond wires reaches the receiver 
inputs undisturbed.

Evidently such high MFI values are impossible to 
test in practice. The data sheets of capacitive isolators 
therefore show the modest value of only 1000 A/m as 
the practical test field. However, unshielded capacitive 
isolators easily pass the Class 5 MFI requirements of the 
IEC61000-4-8 and IEC61000-4-9 standards. These stan-
dards respectively describe the application of power- 
frequency fields of up to 100 A/m and pulsed fields of up 
to 1000 A/m. Class 5 defines severe industrial environ-
ments with conductors, bus bars, or medium- or high-
voltage lines, all of which carry tens of kiloamperes. Also 
included are the ground conductors of a lightning- 
protection system and high structures (such as line  
towers) carrying the whole lightning current. Switch
yards of heavy industrial plants and power stations also 
represent this type of environment.

Figure 6 compares the calculated MFI thresholds of a 
capacitive isolator with the Class 5 (highest) test levels of 
IEC 61000-4-8 and IEC 61000-4-9.

Conclusion
Magnetic coupling exceeding the noise budget in the dif
ferential circuit of a capacitive isolator requires a magnetic 
flux density greater than 11.7 V•s/m2 (117 kilogauss) at  
1 MHz. This would be the field generated by over 5 million 
amperes in a conductor that is 0.1 m away from the device. 
It is unlikely that this will occur in nature or any manu
factured equipment. If it does, the designer can assume 
that surrounding circuitry will fail before the isolation 
barrier does.
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