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Noise Reduction Design in Printed Circuit Boards
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ABSTRACT

To reduce the amount of high-frequency noise
generated in automotive electronics, we have compiled
circuit board design techniques that are based on the
physical properties of high-frequency signals into a set
of circuit board design guidelines.

These guidelines were created according to a
fundamental approach toward noise reduction, which
dictates that high-frequency noise generated as a result
of electronic circuit operation must not be allowed to
propagate widely through the printed circuit board, and
noise radiation sources that resonate with the noise
frequency and act as antennas must not be created.

To check the noise reduction effect of the circuit
board design guidelines, we used them to redesign
the printed circuit board of an information-processing
electronic control unit that normally has a large
number of FM bandwidth noise suppression parts
mounted therein. Using this test ECU, we examined
the noise reduction effect resulting from using the
redesigned printed circuit board.

As a result, we were able to confirm that an
information-processing electronic control unit using the
printed circuit board that was designed in accordance
with the design guidelines exhibited a noise reduction
effect of up to approximately 10 dBuV/m in the high-
frequency bandwidths at and above the FM bandwidth.
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Fig. 3 Simple model of differential mode current

Printed circuit I,
—_— Signal pattern

Ground pattern
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Conductive pattern length for each frequency
Signal Conductive pattern length [cm]
frequency
[MHz] Al4 31/4 | 51/4 A2 31/2 51/2
25 136.8 | 410.5 | 684.2 | 273.7 | 821.0 | 1368.4
50 68.4 | 205.3 | 342.1 | 136.8 | 410.5 | 684.2
100 342 | 102.6 | 171.0 | 68.4 | 205.3 | 3421
200 171 51.3 85.5 342 | 102.6 | 171.0
500 6.8 20.5 34.2 13.7 411 68.4
1000 3.4 10.3 171 6.8 20.5 34.2
I.=1mA
f=100 MHz
[=10 cm
d=10m

E.=1257 yV/m
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Table 2 Removed noise suppression parts

Type Equivalent circuit Quantity
Three-terminal —_yrT—
) 4
filter T
Capacitor o | 4
CR 2
Ferrite bead 6
Ferrite bead array 13
Three-terminal
) 5
filter array
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Fig. 9 ECU circuit configuration
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Fig. 10 Noise measurement result (ECU1)
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Fig. 11 Noise measurement result (ECU2)
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