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Integrated RC filters for EMI/RFI 
suppression 

SUMMARY
Philips offers a variety of integrated passive RC
filters in thin film-on-silicon technology in both T-
Filter and Half-T Filter configurations. T-type
filters provide bi-directional filtering for applic-
ations in which signals are passed in both direc-
tions on the same line.  Half-T filters are useful
for achieving the greatest amount of one-way
filtering given a maximum resistance value.  RC
filters also offer the benefit of attenuating reflec-
tions from the end of high-speed transmission
lines, thereby improving pulse fidelity.
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RS = source resistance
RL = load resistance
R = filter resistance
C = filter capacitance
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Fig.1 RC filter

Integrated RC filters for EMI/RFI suppression
EMI/RFI low pass filters are used in computers, telecom-
munications and wireless communication systems to sup- frequency with minimal distortion, while providing
press noise and interfering signals at frequencies higher rejection of the undesired signals.  The transfer function for
than the signal frequency entering or exiting the electronic the filter shown in Fig.1 is:
equipment. Because of their small size and ability to achieve
low cut-off frequencies and high attenuation to over
1 GHz, an RC-type filter is the filter of choice in many
applications.

Filter design considerations

The cut-off frequency, f  of a low-pass filter, shown inc

Fig.1, is defined as the frequency at which the filter passes
one-half the power it receives at its input terminal.  The
cut-off frequency, also known as the “-3dB” frequency, is
determined by the filter’s resistance (R) and capacitance (C)
values. 

The selection of the R and C values depends upon
conditions involving the unwanted signal frequency, system
response time performance and source/load impedance.
The following method provides the approximate values of
R and C.  Actual R and C values for a real filter may differ
somewhat due to the effects of parasitic capacitance and Philips offers a variety of integrated passive RC filters,
ground inductance. Careful modeling of the filter, implemented in thin film-on-silicon technology, in both T-
including the PC-board layout and source/load impedance, filter and half-T filter configurations as shown in Fig.2.  T-
will help ensure that the performance of an actual filter type filters provide bi-directional filtering for applications
closely matches that of one predicted. in which signals are passed in both directions on the

The cut-off frequency should be selected to pass the signal

By setting the real part of the denominator of the transfer
function equal to the imaginary part, one can determine
the filter cut-off frequency:

For pulsed digital signals, the cut-off frequency of an RC
filter should be selected to result in minimal impact on the
rise time of the digital input pulse’s amplitude.  For a RC
low-pass filter the 10-90% rise time of the waveform
amplitude can be calculated in terms of the circuit’s RC
time constant by the relationship:

T  = 2.2R C10 - 90 th

where R  is the Thévenin equivalent resistance as seen byth

the capacitor.

The rise time of the filter of Fig.1 can therefore be
calculated:

To ensure that under all conditions an RC filter will not
signifcantly degrade the rise time of the digital input signal,
select a filter rise time at least twice as fast as that of the
signal. 

Philips’ integrated passive RC filters
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Fig.2 RC filters (a) T-filter (b) half T-filter

same line. Half-T filters are useful for achieving the greatest pression of logic undershoot conditions due to the voltage
amount of one-way filtering given a maximum resistance clamping action of the ESD diodes. Typical applications
value.  RC filters also offer the benefit of attenuating reflec- where ESD protection along with low-pass filtering is used
tions from the end of high-speed transmission lines, include input/output lines on laptop and desktop comput-
thereby improving pulse fidelity. ers, workstations, peripherals and mobile phones.  Philips

ESD Protection

Philips’ EMI/RFI filters include built-in electrostatic dis-
charge (ESD) protection which also serves to provide
system-level protection to vulnerable components.  Discrete
diodes or varistors commonly used for this purpose can
therefore be eliminated, resulting in significant cost and PC
board space savings.  An added benefit of the integrated
ESD protection Philips’ EMI/RFI filters offer is the sup-

offers two levels of ESD protection in its EMI/RFI filters
in accordance with the IEC 61000-4-2 specification: 

Level 1, which specifies a 2 kV contact rating, adequate
for most applications, and

Level 4, which specifies a 8 kV contact and 15 kV air
discharge rating.

Level 4 protection is generally specified where the ultimate
in ESD protection is desired, the I/Os of external connec-
tors, for example.

Philips’ standard products

The following table lists a sample of the EMI/RFI filters
available.  Philips also can develop a fully customized
solution for your specific requirements.  Contact your local
Philips representative for more information.

Philips P/N  Filter Package R C ESD
type (Ω) (pF) protection

IP2000CY20-03 Octal 20 Pin 27 15 2 kV

Half-T QSOP

IP2000CY20-06 Octal 20 Pin 33 220 2 kV

Half-T QSOP

IP2050CY20-05 Octal 20 Pin 33 47 8 kV

Half-T QSOP

IP2050CY20-07 Octal 20 Pin 47 33 8 kV

Half-T QSOP

IP2100CY20-03 Octal T 20 Pin 25 200 2 kV
QSOP

IP2100CV20-03 Octal T 20 Pin 25 200 2 kV
SOIC

IP2150CY20-04 Octal T 20 Pin 33 15 8 kV
QSOP

IP2150CV20-04 Octal T 20 Pin 33 15 8 kV
SOIC
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