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Sources of EMI
Electromagnetic interference occurs naturally from 
terres-trial sources such as lightning discharges, 
precipitation, and sand and dust storms, in addition 
to cosmic noise emanating from sources within and 
outside our solar system. Man-made sources include 
power lines, rotating machinery, ignition systems, 
television and radio receivers, fluorescent lights, 
power amplifiers, computing devices, and transmitters 
of all types.

Interference Suppression
Filter networks suppress electromagnetic interference 
in two basic ways. The capacitor elements shunt the 
interference to ground, and the series inductor elements 
raise the impedance of the line making the shunt 
capacitor elements even more effective.

Capacitor Elements
The types of capacitors used in APITech’s line of filters are 
often referred to as feedthrough capacitors due to their 
physical geometry.

The feedthrough design results in greatly reduced self-
inductance compared to standard leaded capacitors. 
Also, this design effectively prevents radiation from the 
input coupling directly with the output of the capacitor, 
unlike leaded or chip capacitors. The combination of 
low inductance and high input/output isolation provides 
excellent shunting of EMI for frequencies up to and 
beyond 1 GHz.

The simplest feedthrough type is a ceramic tube that 
may have buried electrodes and can be constructed as 
a single capacitor or as two capacitors, as used in a Pi 
section filter. This type of device can have capacitance 
values from 10 pF to 0.1 µF and typical working voltage 
ratings up to 2500 VDC. Due to the simple construction, 
these capacitors are very efficient at frequencies up to  
10 GHz and exhibit no pronounced resonances.

Multilayer monolithic discoidal capacitors are used 
for very high capacitance parts in standard sizes 
or for smaller filters where the required capacitance 
cannot be achieved by a ceramic tube. This type of 

capacitor consists of alternate layers of opposite 
polarity electrodes separated by a ceramic dielectric. 
Typical capacitance values from 100 pF to 10 µF 
are available with working voltages up to 400 VDC.

Inductive Elements
Ferrite sleeves are used with tubular capacitors since  
they can be conveniently accommodated inside the 
tube to provide a very compact filter. They are also 
used with discoidal capacitors in some applications. 
Wound inductors are used with discoidal capacitors to 
provide very high performance filters.
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Low Pass EMI filters are available in the following  
circuit configurations:

C Filter
The C filter is a three terminal feedthrough capacitor. 
It is used to attenuate high frequency signals.

L Filter
An L filter consists of one inductive element and one 
capacitive element. This type of filter can offer high 
impedance or low impedance input depending upon  
its orientation in the circuit. It is most commonly used in 
applications where one has a high impedance load and a 
low impedance source (see LT), or where one has a high 
impedance source and a low impedance load (see LB).

Pi Filter
The Pi filter contains two capacitive elements and one 
inductive element. It presents a low impedance to both 
the source and the load. Because of the additional 
element, it provides better high frequency performance 
than the C or L configurations. Due to the possibility of 
‘ringing’, Pi filters are not recommended for switching 
applications.

Transient Suppression Pi Filter
The transient suppression Pi filter consists of a Pi filter 
with a transient suppressor at the input to the filter. 
The filter supplies the high frequency performance of 
the Pi filter with the added protection of the transient 
suppressor to protect the circuit from voltage spikes on 
the line.

T Filter
The T filter consists of two inductive elements and one 
capacitive element. This circuit configuration presents 
a high impedance input from either end. It has similar 
filter performance to the Pi circuit configurations. It does 
not have the ringing characteristic of the Pi filter and can  
be used in switching applications.

Multisection Filter (Double T)
APITech’s multielement filters are designed for 
optimum insertion loss in circuits with a relatively 
low source and load impedance. These filters are 
also recommended in any application where a high 
degree of filtering is required. The unit utilizes an 
inductor input for the best compatibility with a MIL-STD-
461 test setup (10 µF feedthrough capacitor).

Schematics
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Insertion Loss Measurement
Insertion loss (IL) is a measure of the effectiveness of a 
filter. It is defined as the ratio of the voltage (E1) across 
the circuit load without the filter and the voltage (E2) 
across the load with the filter. Since insertion loss is 
dependent on the source and load impedance in which 
the filter is to be used, IL measurements are defined for a 
matched 50 ohm system. The insertion loss is measured 
in decibels (dB) and defined as follows:

Circuit Impedance vs. Insertion Loss
In practical circuit applications the source and load 
impedances may be quite different from 50 ohms. If 
these impedances are known, APITech engineering can 
provide information on the expected insertion loss or 
an estimate can be made using the following formula:

Where Zs = Source impedance in ohms 
Zl = Load impedance in ohms 

 Zt = Transfer impedance in 50 ohm system 
Example:

 1. System source and load impedance are 100  
     ohms and 600 ohms respectively. 
 2. Selected filter has insertion loss of 50 dB at  
     100 MHz in a 50 ohm system. 
 3. From the IL vs Transfer Impedance curve  
     (right) the transfer impedance is 0.08 ohm.

 4. IL = 20 log

          = 20 log 1072 
          = 61 dB
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