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Automotive Controller Area Network (CAN)
bus systems thrive on the “cleanest of
clean” when it comes to signal quality.
Off the back of the serial CAN-bus backbone
are chip-to-chip and board-to-board inter-
faces such as Inter-Integrated Circuit Bus
(I2C), Serial Peripheral Interface (SPI) and
Universal Asynchronous and Transmitter
(UART) protocols. In addition, CAN-bus de-
vices such as microcontrollers and trans-
ceivers are subject to ever higher levels of
on-chip integration and performance, and
thus signal and timing sensitivity.
Put simply: if the signal quality fails, the
CAN-bus system will fail and so too will the
core functions it supports such as HID
(high intensity lighting), keyless entry and
immobilisation, and telematic (integrated
telecoms and informatics) control.
Further, if the signal quality is susceptible
to intermittent quality (i.e. noise interfe-
rence) interruption, then this will mani-
fest itself as an intermittent fault in, for
example, the cost option satellite naviga-
tion system or Bluetooth GSM handsfree
system.This kind of fault can be almost im-
possible for regular service department
personnel to trace and can severely da-
mage the brand quality end user experi-
ence.
This article will look in detail at a (lead-
free/fully RoHS compliant) common-mode,
ferrite chip CAN-bus filter developed by
TDK to ensure common-mode noise – and
thus the likelihood of a CAN-bus related
field failure – is anything but “common”in
automotive CAN-bus systems.
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A quality approach to common-mode 
filtering in CAN-BUS
Suppressing common mode noise and delivering extreme long-term reliability is one of the biggest challenges in CAN-
bus automotive design. A brand new ferrite chip filter developed by TDK claims to offer a level of performance that is
significantly higher than conventional alternatives.

Eliminating noise-induced failures
CAN-bus is based on a differential trans-
mission method that exploits twisted-
pair cabling and sophisticated error
detection. The advantage is a robust re-
sistance to external noise sources. That
said, the system is not immune to other
sources of noise, primarily because the use
of shielded wires inside the CAN-bus cab-
ling is not economically justifiable in the
fiercely competitive automotive market
(fig. 1).
As a result of this,one of the most common
signal quality challenges in CAN-bus is ac-
cumulated common mode (or asymme-
trical mode) EMI noise travelling between
the earth and phases on high speed data
and silicon device signal lines that affect
both signal integrity and timing.
This has to be attenuated to the point of
elimination without introducing any form
of signal distortion (as it will affect data in-
tegrity – one of the things the CAN-bus pro-
tocol and its sophisticated error detecting
mechanism was developed to prevent).
The best way to address this problem is
to use a pure common mode filter that pre-

sents a high common mode impedance
but low differential impedance in the
CAN-bus frequency range. The latter is
important because high speed CAN-bus
functions (i.e. safety features) operate at
an accelerated 125 kbit/s to 1 bit/s, 150 kHz
to 1 MHz transmission speed and fre-
quency range that is particularly suscep-
tible to differential impedance. This is in
contrast to low speed CAN-bus functions
(83 to 125 kbit/s transmission speeds) used
to control the standard electronic functi-
ons. Although the two buses are physically
separate, they do share the same gateway
that can be prone to noise cross conta-
mination (fig. 2).
In the TDK ACT45B series, the use of a
proprietary coil-core and high precision au-
tomatic coiling machinery produces a
2000 Ohm / 10 kHz common mode im-
pedance that is three times that offered
by conventional devices, plus a world-
leading L-coupling coefficient of 0.99.
This essentially makes the presence of
the filter almost invisible to CAN-bus sig-
nals while presenting huge resistance to
common mode noise (fig. 3).
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Engineering reliability
Combating noise, however, is just half
of a long-term reliability success story. Au-
tomotive components have to function
in a particularly harsh operating envi-
ronment where two of the most com-
mon failure mode challenges are thermal
cycling and vibration.
While +125°C is the standard for all ma-
jor automotive qualifications, it should be
noted that this is also the minimum. TDK
research, for example, has found that
components engineered to be able to
operate reliably at even higher tempe-
ratures – such as +150°C in the case of the
ACT45B series – offer superior long-term
reliability. They can also be mounted di-
rectly onto the engine (rather than just
used within the engine bay).
Achieving this, however, is not trivial be-
cause it demands an extreme level of
thermal management engineering to be
exhibited by components, both during
manufacture and operation.
In the case of the ACT45B filter this in-
cludes the use of metal plates at the cir-
cuit board joints capable of resisting (by
bending) the diverse thermal expansi-
on stresses induced during soldering –
particularly at the elevated temperatu-
res of lead-free alloys during reflow sol-
dering.
In field operation, shock resistant con-
ducive adhesives is used to withstand
temperature extremes ranging from –
40 to +150°C. This is further supported by
the use of non-fusion stress absorbing
connection structures that integrate the
coils and metal terminals. This provides
an ultra-high connection strength capa-
ble of withstanding rapid thermal
changes and shocks as well as repetitive
vibration stresses in the long term.
As a global Japanese company, TDK pri-
des itself on supplying automotive parts
that deliver the legendary reliability so of-
ten associated with Japanese automoti-
ve design and demanded by all major
automotive OEMs around the world. The
ACT45B series of common mode filters is
simply the latest innovation of many
from the company, and is engineered to
deliver not only class-leading perfor-
mance but also class leading long term
reliability in the field.
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