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Achieve robust designs with
Six Sigma—Part I

H
ere's a complete blueprint for
implementing Six Sigma prod-
uct design including such
proven techniques as Voice-of-
Customer (VOC) and Critical-to-

Quality (CTQ) to Kano modeling. See how
Six Sigma bridges critical gaps between
R&D, product and process. Developing
"best-in-class" robust designs is crucial
for creating competitive advantages. Cus-
tomers want their products to be depend-
able--"plug-and-play." They also expect
them to be reliable--"last a long time."
Furthermore, customers are cost-sensi-

ble; they anticipate that products will be
affordable. Becoming robust means seek-
ing win–win solutions for productivity and
quality improvement. So far, robust de-
sign has been a "road less traveled." 

Very few engineering managers and
professionals are aware of robust design
methods; even fewer of them have
hands-on experience in developing ro-
bust designs. As a breakthrough philoso-
phy, process, and methodology, Six
Sigma offers a refreshing approach to
systematically implement robust de-
signs. This chapter outlines a process

for engineering robust designs with Six
Sigma and provides a road map. 

SIX SIGMA AND ROBUST DESIGN
Six Sigma is a rigorous and disciplined
methodology that uses data and statisti-
cal analysis to measure and improve a
company’s operational performance. It
identifies and eliminates "defects" in
product development, manufacturing,
and service-related processes. The goal
of Six Sigma is to increase profits by
eliminating variability, defects, and waste
that undermine customer loyalty.
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• A best-in-class robust design starts
with three categories of static re-
sponse metrics: the smaller-the-
better, the nominal-the-best, and 
the larger-the better. Each of these
characteristics should be measurable
on a continuous scale.

• A smaller-the-better response is a
measured characteristic with an ideal
value of zero. As the value for this
type of response decreases, quality
improves.

• A nominal-the-best response is a
measured characteristic with a 
specific target (nominal) value that
is considered ideal.

• A larger-the-better response is a
measured characteristic with an ideal
value of infinity. As the value for this
type of response increases, quality 
improves.
Besides static responses, dynamic re-

sponses are also encountered when de-

veloping engineering products. A dy-
namic response is a characteristic that,
ideally, increases along a continuous
scale in proportion to input from the sys-
tem. Dynamic responses should be re-
lated to the transfer of energy through
the system. To develop robust products,
dynamic formulations are recommended
for the maximum benefit of the applica-
tion of a Parameter Design methodology
(See Chapter 7). Using a dynamic re-
sponse provides the greatest long-term
benefits, but it requires the most engi-
neering know-how.

The Six Sigma approach for engineer-
ing robust designs depends heavily on
formulating the Voice-of-Customers
(VOCs) and Critical-to-Quality (CTQ) char-
acteristics through experiments. The fol-
lowing steps provide a thorough,
organized framework for planning, man-
aging, conducting, and analyzing robust
design experiments.

1. Identify project and organize team
2. Develop VOC models
3. Formulate the CTQs based on VOCs
4. Control the energy transformation

for each CTQ
5. Determine control and noise factors

for each CTQ
6. Establish the control factor matrix
These steps, although specified 

sequentially, should not be used as a
"cookbook approach" to experimenta-
tion; instead, they should be used in 
an iterative way. During each stage of 
development, consider the decisions
that were made in earlier steps. Your
team may need to revisit previous steps
in light of insights gained farther along 
in the process.p

IDENTIFY PROJECT 
AND ORGANIZE TEAM
Six Sigma provides a product develop-
ment team with the tools to improve de-
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sign capability. The first step in the ro-
bust design process is to identify the
project (Figure 1) and organize a team.
This section shows how to develop the
project-selection criteria and successful
project characteristics.

As with any project, effective plan-
ning and selection of the right team can
make the difference between success
and failure. Project selection should be
based on the potential for increasing
customer satisfaction, increasing relia-
bility, incorporating new technology, re-
ducing cost, reducing warranty service,
and achieving best-in-class.

The characteristics of a successful
project are (1) a clear objective, includ-
ing the desired outcome; and (2) a
cross-functional team that includes sup-
pliers, thorough planning, and manage-
ment support. Management
sponsorship and support is critical for
team success. 

Management's role is to provide nec-
essary resources, empower the team,
and remove obstacles to progress.p
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Figure 1- Identify a robust design project



C supplier, customer cooperation
methodologies drive up electronics
system quality

W
ith increasing complexity of automo-
tive electronic systems, one of the
most important winning features of
modern integrated circuits is quality.
This trait is what most IC customers

recognize and expect. Although IC manufacturers
have been extremely successful in reducing de-
fects, on the other hand a significant part of the
quality drive for printed-circuit-board module mak-
ers is originating from reducing electrical over-
stress (EOS), electrostatic discharge (ESD), and
cases of no-trouble-found (NTF) (see chart to right).
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• EOS is any kind of electrical overload
resulting in damage or malfunction of
an electrical component or system.

• ESD is a specific type of EOS originat-
ing from triboelectric or inductive charg-
ing and encountered in manufacturing
environments or applications.

• NTF is a category that contains cases
of failures that appear only under very
specific functional and environmental
conditions which have been impossi-
ble to reproduce by the analyst and as
soon as these conditions cease to
exist, the failing behavior disappears.

Contrary to manufacturing related 
issues, problems related to system
EOS/ESD robustness or marginal/
intermittent performance cannot be
solved by the IC supplier alone. Solution
of these difficulties requires the involve-
ment of the PCB module maker and the
car manufacturer as well. This is be-

cause the conditions leading to these
types of failures can only be understood
in the context of the application where
the IC originally failed.

This article describes the way IC man-
ufacturers may address EOS/ESD/NTF
issues by working closely with cus-
tomers. As part of this process, cus-
tomers are engaged into cooperation
around these specific failure modes
during tailored workshops where run-
ning issues are analyzed in depth. After
identifying all relevant details, contain-
ment actions are derived and perma-
nent solutions are sought, based upon
a Plan-Do-Check-Act (PDCA) loop. The
cooperation continues in the frame of
Quality Update Meetings, until all is-
sues are closed permanently.

Value proposition
The large fraction of EOS/ESD/NTF (or in
short EEN) issues in the supply chain

and their inter-boundary nature should
trigger the IC manufacturer to create a
structured approach to actively focus on
the following targets:

Failing-Parts-Per-Million 
(FPPM) reduction

As PPM is a major quality performance
indicator in the electronics business for
both the IC supplier and the PCB-module
maker, it is essential to reduce it over
time in a controlled way. Note that 1
FPPM (one failing-part-per-million failure
rate) product inside a car that contains
10,000 parts would lead to 1% of cars of
this type failing. This is not acceptable.

FPPM reduction can only be achieved
collaboratively, through information ex-
change. Given the present trend of con-
tinuously increasing complexity in
electronics, quality levels that were good-
enough yesterday are no longer suffi-
cient today. The new era of sub-FPPM
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(hence FPPB – Failing-Parts-Per-Billion)
quality is about to commence. 

Rootcause analysis throughput time
(TPT) reduction
Because in customer support services
time is money, rootcause analysis
throughput time is a key parameter for
any quality professional. Reducing analy-
sis throughput time helps the entire sup-
ply chain to eliminate unnecessary cost
and increase customer satisfaction.

The benefits from this approach can
be summarized to be: 
Reduction of quality costs: The amount
of bottom line savings increases expo-
nentially as one moves upwards along
the supply chain from the IC supplier to
the car maker. Keep in mind, the costs
of poor quality related only to EOS/ESD
could easily reach 5% of the turnover; for
a 200M€ business the actual losses
due to EOS/ESD can reach the 10M€, a

considerable amount. Similar amounts
are spent for servicing NTF issues.

Freeing-up a considerable amount 
of resources: Hence resources can be
allocated to more profitable activities
like R&D, or process improvements. A
low complexity EOS/ESD issue can
keep an R&D team busy for approxi-
mately 400 man-hours whereas NTF
rootcause analysis can end up costing
1,000 man-hours.

Acceleration of the PDCA loop: By opti-
mizing throughput time and efficiency,
rootcause analysis can happen close to
the source (to the environmental condi-
tions in which the failure originally ap-
peared), leading to an acceleration of
the complaint-handling PDCA loop. This
creates a lean infrastructure on which to
perform rootcause analysis extending
from the IC manufacturer to the car. 

Electrical over-stress and electro-
static discharge (EOS/ESD)

The field of EOS/ESD is a complex
one, mainly due to the multiple mecha-
nisms that may lead to such events. To
assure that no latent damaged parts are
ever delivered to customers, IC manufac-
turers must spend a continuously in-
creasing effort in screening outlying
devices during wafer-test (WT) and final-
test (FT) using advanced techniques like
for instance the Moving Limits. In the
frame of the EOS/ESD/NTF program,
companies can take this one step fur-
ther by teaming up with PCB module
makers to reach even lower zero-defect
targets.

In the frame of this cooperation the
following points are addressed:
Development of EOS/ESD robust 
systems: Cooperation on EOS/ESD starts
during the design phase in the form of
module design and layout reviews.
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EOS/ESD is a failure mode that de-
pends strongly on the design of the
module. The latter should be able to
resist all types of EOS, such as ESD
(electrostatic discharge), EMI (electro-
magnetic interference), LU (latch-up),
OVS (over-voltage stress), or any other
type of electrical misuse [see Ref. 1].
These are aspects to be considered
during design phase since the protec-
tion strategy and components have to
be timely chosen.

Troubleshooting manufacturing 
facilities: Under this category are
found EOS/ESD process capability in-
vestigations of customer manufactur-
ing facilities. Although manufacturing
facilities may be designed to follow
the IEC61340 or S20.20 ESD recom-
mendations, ESD control target levels
have to continuously be updated (re-
ducing trend) for the assembly facili-

ties to be able to cope with (1) the
continuous miniaturization of the IC
manufacturing processes and (2) the
increase of the package dimensions
to accommodate more complex inte-
grated systems [see Ref. 2]. 

Design for testability for EOS/ESD:
Being able to verify whether a module
has been pre-damaged during the
module assembly process, specific
leakage current tests can be included
in the in-circuit test (ICT) or end-of-
line test (EOLT) during module assem-
bly. The data can then be used to
perform advanced screening as, for
instance, Part-Averaging-Testing (PAT)
as recommended by the Automotive
Industry Council (AEC) in the AEC-
Q100 specification or Moving Limits,
which is a more efficient technique.

Another similar but more thorough
approach is to perform leakage tests

at the beginning and then at the end
of the test program. This allows bet-
ter detection of damages introduced
during testing itself. For the above
tests to be implemented care has to
be taken from the design phase of
the module so that accessibility to
the required module nodes can be
guaranteed.

Fast and cost-effective rootcause
analysis through self-diagnostics and
failure signature comparison: An inter-
esting property of EOS and ESD IC fail-
ure signatures is that they repeat
themselves over time to a level such
that they allow a significant statistical
analysis to be performed. As an exam-
ple, 90% of the EOS/ESD failures of a
LIN transceiver during car manufactur-
ing carried exactly the same electrical
failure signature for a large number of
car makers. Using this information,
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the electrical fingerprint of the failure can
be used with very high confidence to rec-
ognize the failure mechanism easily al-

ready at car manufacturing. The
consequence is that the rootcause analy-
sis throughput time seen by the car
maker can be reduced from some weeks
down to some hours (see below). 

Rootcause analysis throughput-time is
reduced by using "fingerprint" recognition.

No trouble found (NTF)
There are several possible rootcauses
for having a technical-complaint classi-
fied as NTF. Many different situations
can make the module fail but when the
incriminated IC is tested separately, it
looks to be good. 

There are two very critical steps that
should be followed to avoid this:

Failure isolation (FI): On a failing 
module containing sometimes hun-
dreds of electronic components, one
needs to isolate the electrically failing
devices. Some examples of failure 
isolation techniques [see Ref. 3] are:
In-circuit-test electrical verification,
functional-test verification, visual 
inspection, X-ray, thermal imaging, Time
Domain Reflectometry (TDR), imped-
ance measurement, and curve tracing
measurement. The purpose of these
techniques is to pinpoint the electronic
components in a system that are really

failing electrically and not due to a
global failure of the system. These 
devices should then be selected for 
further analysis.
Failure confirmation (FC): Once the 
actual failing devices are localized, a
test called the ABA swap test is used as
the ultimate verification for the failing de-
vice being at the origin of the system’s
failure. In an ABA swap test the sus-
pected IC is removed from the failing
module and is placed in a known-good
module. If the failure follows, the IC is
confirmed as valid failure. However, in
practice some aspects of the ABA swap
test make it unattractive for customers:
• Desoldering and resoldering the 

ICs to a known-good module 
requires the use of very tight 
soldering/desoldering guidelines and
ESD precautions. The analyst worries
that the IC may get damaged and the
precious failure 
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information may be lost.
• The analyst worries that important 

failure mode information may 
disappear after the part has been 
submitted to soldering/desoldering.

• Reproducing the failure requires 
significant efforts from many 
disciplines and as the exact 
amount of time needed to 
reproduce the failure is not known,
one is quickly brought in front of a
dilemma: Complete the ABA 
preanalysis or send the part back 
to the supplier for a full analysis? 
Usually the second solution is 
followed; the part is shipped to 
the IC supplier for analysis. 

However, statistical analysis shows
that only 30% of the NTF cases were
found to be real failures. The remaining
70% could not be confirmed by either
the IC supplier or the PCB module

maker upon return of the part. This ex-
ample suggests that there is a lot of
space for improving the pre-analysis of
those components at the first place.

Improving pre-analysis
To facilitate customers in pre-analysis

the following initiatives can be taken:
Make ABA swap test possible 
through the use of a socket: A 
known-good module of the customer 
is selected and a socket is placed on
it, able to carry the IC being tested.
When this IC is suspected to fail, 
it is desoldered and placed in the
known-good module carrying the
socket, enabling an IC test without
resoldering. Note that the analyst 
does not need to have any knowledge
of the IC.

Provide application specific test
boards: Dedicated test boards are 

supplied to customer with appropriated
on-site training to enable quick checks
and measurements on suspected ICs.
This enables a faster and easier 
characterization of the failure.

Provide automated I/V curve tracer:
An automated curve-tracer traces the
I/V characteristics of all the IC’s pins
with reference to the ground and com-
pares them to the reference curve
trace. This is a static test whose value
lies in its simplicity. The user needs
not have any knowledge of the product
to be tested; the result of the compari-
son is given by means of a digital
screen.

Perform accurate data collection: To 
improve failure conditions description
and thus data collection quality, 
companies can develop product-family
related failure description checklists.
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Conclusions and results
Since the initial deployment of a 

dedicated EEN Program in 2008,
NXP Semiconductors has seen consistent
increases in customer coverage, reaching
an average yearly EEN complaints reduc-
tion rate of 20% at PPM level.

Careful analysis of the program’s 
effectiveness showed that for a group 
of 50 customers addressed during the
period 2010-11, the amount of EEN 
related complaints were reduced by 
an average of at least 50% in the six
months following the kick-off meeting
(see chart to the right). However, the
positive results of the program are not
only be explained by the increase of
awareness and technical knowledge
among the participants, there is also 
a psychological component to acknowl-
edge: by defining a common, ambitious,
zero-defect goal both the IC supplier and
PCB module maker feel committed into

providing a timely and sustained solution
to the addressed issues. 

Decline in the 4-month moving average
shows the efficacy of customer coopera-
tion for permanently solving EOS/ESD/
NTF issues. (NXP Semiconductors)
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New BMW X6 gets lighting facelift

T
he BMW X6 features LED taillights, Xenon
headlghts, interior lighting and fog lights 
courtesy of automotive lighting and compo-
nents company, HELLA. Intelligent battery 
sensors, rain and light sensors, and overhead

control units were also supplied by HELLA. The Sports
Activity Coupe was redesigned, replacing the horizontal
light guide rods of the past with low profile light guides, 
giving the impression of floating light strips. 

The tail lamp’s light strip was created with a new
manufacturing process. The process uses vibration
welding with infrared preheating to attach the low 
profile light guides directly to the lens. Infrared pro-
vides a very clean and uniform welding connection.
This represents the first redesign of the X6 since it
was launched in 2008.p
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S P O N S O R E D  C O N T E N T

NXP Semiconductors logic
in automotive applications

A
s a leading supplier of logic
products to the automotive in-
dustry, NXP Semiconductors fo-
cuses on quality: quality of
product, quality of supply and

quality of support. Quality that is per-
fectly represented by our Q100 logic
range – proven either by decades of reli-
able use in automotive applications or by
exceeding the levels of reliability out-
lined in the automotive industry’s AEC-
Q100 standard. Amongst other things,
this standard outlines:
• Rigorous stresses such as high temper-

ature operating life (HTOL) and highly

accelerated stress testing (HAST) that,
when combined, simulate the aging of a
device in an automotive environment

• Manufacturing practices to limit the
potential for non-typical outlier prod-
ucts to be delivered to automotive
customers NXP’s logic products are
used in a wide variety of automotive
applications including instrument clus-
ters, body control modules and engine
control units. 

I/O expansion
Input and output (I/O) expansion devices
such as analog and digital multiplexers

are used extensively to reduce the com-
plexity, pin count and ultimately cost of
any microcontroller based solution. The
sensor interface of a gasoline engine con-
trol unit, shown in figure 1, is often an
analog multiplexer function such as the
4051. It selects one of eight inputs to be
passed to the single output. Using such a
device enables eight analog sensors to be
interfaced sequentially to a single analog
to digital converter (ADC) of a microcon-
troller. Important parameters to consider
when selecting an analog multiplexer are
the ON resistance, variation of ON resist-
ance with input voltage, or ON resistance



flatness, and the ON-state
leakage current. The ON re-
sistance determines how
much the sensed signal is
attenuated. Any variation of
ON resistance with input
voltage will lead to signal
distortion while high ON-
state leakage will result in
additional signal loss. The
combined effect of these
parameters on the sensed
signal determines the re-
quired accuracy of the mi-
crocontroller’s ADC. 

NXP’s 5 V range of 8:1
analog multiplexers includes the
74HC4051-Q100 and 74HC4851-Q100.
The 74HC4051-Q100 has 4 µA maximum
ON-state leakage current at 125 C and
the RON v VIS characteristic shown in fig-
ure 2. This results in 0.04% total har-
monic distortion (THD). The

74HC4851-Q100 has a similar RON v VIS
characteristic to that of the 74HC4051-
Q100, but only 1 µA ON-state leakage
current at 125 C. It also has an added in-
jection current control feature which en-
ables the user to apply signals of
amplitude greater than the supply voltage

to the switch terminals. 
NXP’s next generation

3.3  V range of 8:1 analog
multiplexers includes the
NX3L4051-Q100. This has
2 µA maximum ON-state
leakage current at 125 C,
and the combination of the
sub 1 ohm ON resistance
and sub 0.35 ohm ON re-
sistance flatness leads to
a typical THD of just
0.02%. The 74HC4051-
Q100, 74HC4851-Q100
and NX3L4051-Q100 are
all available in the industry

standard 16-pin TSSOP package as well
as NXP’s innovative smaller footprint
leadless DHQFN and HXQFN packages.

Display drivers
Display drivers integrate serial-in paral-
lel-out shift registers, which are common
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I/O expansion devices, with MOSFET
LED drivers. They reduce the size, com-
plexity, pin count and ultimately cost of
any microcontroller based solution. The
display driver shown in the instrument

cluster block diagram in figure 3 is often
a logic LED driver such as the 596 or
4894 functions. They allow the micro-
controller to enter 8-bit data serially
using just two of its I/O pins – one con-

nected to the input clock, the other con-
nected to the serial input. Once the 8-bit
data has been loaded into the LED dri-
ver’s shift register a third microcontroller
I/O pin is used to clock the 8-bits to the

p DesignNews p Technology Roundup p Logic Devices for Automotive Sponsored by17

S P O N S O R E D  C O N T E N T

(1)
110

90

70

50

30

10
0 1.8 3.6 5.4 7.2 9.0

VIS (V)
VIS = 0V to (VCC — VEE)

RON

(Ω)

(1)  VCC = 4.5V

(2)  VCC = 6V

(3)  VCC = 9V

mn6047

(2)

(3)

Power
supply

LIN-CAN-
FlexRay

Figure 2 RON v VIS 74HC4051

Display
driver

Indicator &
warning

lamp driver

Sound
generator
amplifier

Backlight
driver

Car clock

Glue logic

Micro
controllers

Sensor
interface

Switch
clusterSwitch cluster

Fuel level sensor

Coolant
temperature sensor

Real time
clock

Wheel speed
sensor

Battery voltage
monitor

Oil pressure
sensor

I-O
protection

Power
supply

CAN-LIN
FlexRay

Real-time
clock

Figure 3 Instrument cluster block diagram



open-drain outputs
which drive the LEDs.
Logic display drivers in-
clude serial outputs
which allow the cascad-
ing of devices as shown
in figure 4. The result is
that three microcon-
troller I/O pins can be
used to control 16-bit,
24-bit or even higher bit width solutions.
As well as bit width, important parame-
ters to consider when selecting a display
driver are output current drive and out-
put voltage rating. They determine the
suitability of the device for the given dis-
play, be it a grid or panel, seven-segment
or single indicator.  

NXP’s range of shift register based,
open drain output display drivers in-
cludes the HEF4894-Q100. It combines
a 12-bit shift register with 15 V / 40 mA
open-drain outputs. A wide 5 V to 15 V

supply range allows it to interface to
standard 5 V microcontrollers. For higher
current applications NXP has introduced
the NPIC6C596-Q100, 8-bit shift register
with 33 V / 100 mA open drain outputs
which also maintains the standard 5 V
control interface. Both devices are avail-
able in the industry standard SO and
TSSOP packages, while the NPIC6C596-
Q100 is also available in NXP’s innova-
tive smaller footprint leadless DQFN
package.

Buffers, line drivers
Buffers and line drivers
are used when the out-
put drive capability of a
microcontroller is not
sufficient to drive the
output load. They reduce
the size and ultimately
cost of any microcon-
troller based solution.

The body control module demux drivers
shown in figure 5 often use a logic line
driver such as the 244, 573 or 125 func-
tions. They provide the higher output drive
capability that allows the body control
module to drive pumps for wiper/washer
control, or motors for power window con-
trol. In some cases body control modules
use multiple line driver circuits. If all
these outputs are switched at the same
time, it may result in high EMI and sys-
tem instability due to the high output
drive. To avoid this latched drivers are
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used. In latched drivers the
output only changes on a
HIGH to LOW transition of the
LE (Latch Enable) input, as a
result the microcontroller can
sequentially enable each
driver, or combination of driv-
ers, to reduce EMI. The most
important parameter to con-
sider when selecting a buffer-
line driver is output drive,
which can be used together
with the supply voltage to de-
termine if the resultant output
voltage will be sufficient to
switch the target load.

NXP’s range of buffers / line drivers in-
cludes the 74AHCT244-Q100, 74HC573-
Q100 and 74LVC1G125-Q100. The
74AHCT244-Q100 is an 8-bit solution for
5 V applications and has 8 mA drive ca-
pability. Also with 8 mA drive at 5 V sup-
ply, the 74HC573-Q100 is an 8-bit

latched solution for 3.3 V and 5.0 V ap-
plications that use multiple devices. It
has the additional advantage of having
flow through architecture (data inputs
opposite data outputs), allowing for eas-
ier board layout. For lower voltage, higher
drive applications the LVC family can be
used. The 74LVC1G125-Q100 is a single

driver solution for 1.65 V to
5.5 V applications, with an
output drive of 24 mA at 3.3
V and 32 mA at 5.5 V. 

8-bit solutions such as the
74AHCT244-Q100 and
74HC573-Q100 can be
found in the industry stan-
dard SO and TSSOP pack-
ages as well as NXP’s
innovative DQFN leadless
package. Single bit solutions
such as the 74LVC1G125-
Q100 can be found in the in-
dustry standard TSSOP5

package as well as NXP’s innovative
leadless HSON6 package.p
For more information see:
http://www.nxp.com/products/automotive/logic/analog_
switches/

http://www.nxp.com/products/automotive/logic/shift_registers/

http://www.nxp.com/products/automotive/logic/buffers_invert-
ers_drivers/#overview

http://www.nxp.com/products/automotive/logic/latches_
registered_drivers/
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USB hub and card reader
applications in the automobile

U
SB and flash memory cards
have become ubiquitous in the
consumer and industrial
worlds. USB implements a high
speed serial bus that runs at

up to 480 Mbps. Many operating sys-
tems provide native support for this
technology with many hundreds of mil-
lions of devices shipped to date. 

But USB is not only used to transfer
data between devices, it also provides a
means to charge portable devices. As
consumers expand their digital lifestyle
to have their content always available,

more and more devices take advantage
of the economies of scale afforded by
the explosion of interconnections that
ensue. Car makers are embracing this
trend as their vehicles integrate into the
digital world. 

Vehicles are also becoming store-
houses of content and information. They
can include large amounts of storage ca-
pacity for entertainment content and
navigation information. One of the most
popular memory formats today is Secure
Digital (SD). The SD interface is also
used in embedded applications to attach

devices like WiFi (or WLAN), Bluetooth
transceivers, and GPS receivers with an
SDIO interface. SD memory can be used
to replace rotating media like hard disks,
CD and DVD media. A state of the art
32-GB card holds the equivalent of close
to 7 DVDs! Car makers can use memory
cards both as a connection to con-
sumers and as a mechanism to upgrade
different systems within the vehicle, be
they navigation systems or any other de-
vices that require software. 

The USB and Flash media interfaces
are thus very useful in automotive appli-
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cations. For this purpose, SMSC recently
introduced the TrueAuto Quality
USB82640 and USB82660 USB hub and
card reader combination products, specifi-
cally designed for the stringent require-
ments of the automotive environment. 

Automotive quality requirements 
Before getting into the specific functions
of the interfaces, let’s first consider au-
tomotive quality requirements. Devices
intended for the automotive market have
to be designed, validated, characterized,
qualified, fabricated and supported
specifically for use  in automotive appli-
cations. Cars have very long lifecycles
and any failure in the field is very costly
in terms of repair time and customer
satisfaction.

TrueAuto is SMSC’s proven automo-
tive quality process. When integrated cir-
cuits initially designed for consumer
applications, are used in automotive ap-

plications, they have to be qualified ac-
cording to the Automotive Electronics
Council’s qualification requirements
(AEC-Q100). This standard, however, only
covers minimum common requirements
for the qualification of an automotive IC.
Many car companies and tier one auto-
motive suppliers require  extensive addi-
tional qualification tests, as AEC-Q100
alone does not lead to the  ultra-low de-
fect rates that they require. In addition,
AEC-Q100 primarily focuses on the quali-
fication phase of the product cycle of an
IC. Other phases such as the design and
production of the IC, customer support
and the handling and investigation of re-
turns are not covered in detail. In order
to reach the automotive goal of near
zero defect rates, all phases of the IC
product cycle need to be  addressed
thoroughly. TrueAuto robustness begins
with SMSC’s design for reliability tech-
niques within the silicon IC itself. 

Automotive-grade excellence and testa-
bility are designed into the IC. The IC is
fully characterized over many operating
parameters to prove the quality of the
design under various conditions. What’s
more, product qualification is focused on
the most demanding customer expecta-
tions and meets or exceeds automotive
reliability standards and customer spe-
cific requirements. 

Memory for storage 
Portable memory cards are used by pas-
sengers to transfer information created
on computers, portable media players or
cameras into the car. Car makers also
incorporate gigabytes of microcode into
some of today’s most sophisticated ve-
hicles. Storage is also  required for navi-
gation systems’ map data. 

Maps for a large country, like the
United States, can fit in under 2GB of
memory. An SD card of this size can be
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purchased at retail for less than
$5.00, making it very cost effective
compared to the typical DVD player
used in many automotive navigation
systems. In addition, reliability is in-
creased as there are no moving
parts associated with it. 

The high speed data transfer en-
abled by an  SD interface can sim-
plify software updates for other
components in the car, like a head
unit. Yet these in-box use cases
must provide data access with true
automotive-grade reliability, whether
the memory devices connect to in-
ternal peripherals or provide exter-
nal consumer access. 

This is an excerpt of an article
that appeared in Electronic Engi-
neering Times Europe, February
2011. You can download the com-
plete article in PDF format.p
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Challenges in automotive
radio design

F
ueled by the growth of new technolo-
gies, consumer expectations for au-
tomotive entertainment are growing
rapidly. Entertainment electronics
from the home have found their way

into the vehicle, merging with car-specific
functions such as navigation, hands-free
phone control, and telematics. The new
term "infotainment" describes the complete
ecosystem of electronic devices for informa-
tion and entertainment inside the automo-
bile. Audio and video devices, as well as
navigation systems and telematics, are
merging into single, fully-integrated sys-

tems, which naturally creates new chal-
lenges for system designers. 

Much of the responsibility for the quality
of the infotainment system rests with the
in-car radio. Along with the reception of
real-time audio and video programming,
the playback of stored content also adds
to the complexity of an in-dash receiver.
Bulky CD drives (which require quite a bit
of space) have long been considered a
standard feature in cars. However, accom-
modations for flash memory in the form 
of SD-cards and memory sticks is also 
becoming quite common, supporting the

By Harald Koch , EE Times



trend in infotainment to integrate exter-
nal devices. In addition, customers now
expect high-end car entertainment sys-
tems to provide interfaces and support
for phones, audio/video players and ex-
ternal memory of any kind. The industry-
standard USB interface is making great
market headway, while a growing number
of infotainment systems also integrate
Bluetooth and wireless local area net-
work (WLAN) connections. 

Apart from physical connections, the
radio head unit also has to offer audio de-
coding capabilities, drivers, and a suitable
user interface for media playback/integra-
tion. All of these functions result in com-
plicated car infotainment systems and
subsystems that require significant soft-
ware and hardware effort. 

Despite all of these new features, au-
tomotive entertainment still centers on
the traditional AM/FM receiver. Thanks
to technological breakthroughs such as

new integrated circuits, filters, ampli-
fiers, and antenna designs, sound qual-
ity has improved with each new
generation of receiver. Broadcasting
technology itself has also been up-
graded through the Radio Data System
(RDS) extension, which offers special-
ized features for mobile receivers. 

In comparison to analog radio, terres-
trial digital broadcasting systems, such
as digital audio broadcasting (DAB), HD-
Radio, Digital Radio Mondiale (DRM),
and satellite radio, offer a suite of attrac-
tive advantages, although they are still
striving to achieve mainstream customer
awareness and high-volume market suc-
cess. Each of these digital standards re-
quires very specific hardware to receive
and decode the audio data. 

Design, quality challenges 
Traditionally, including more radio func-
tions has required additional hardware.

As a result, available space within the au-
tomotive radio-head unit has effectively
disappeared. The compact nature of the
electronics has also caused power con-
sumption and heat dissipation problems.
For complex radios, active cooling is
mandatory to stay within a safe operating
temperature range. Exceeding that limit
may result in performance degradation or
playback dropouts, as well as increased
stress on the entire system. 

Because of the expected long lifetime
of a car and the rather extreme automo-
tive operating conditions, OEMs are de-
manding a very high level of quality and
reliability for the automotive infotainment
system. As a result, the components, es-
pecially the integrated circuits, have to
demonstrate that they can withstand the
changing temperatures, vibrations, and
humidity that they will face over the life-
time of a car. For the automotive industry,
it is mandatory to qualify a part according
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to the common AEC-Q100 standard,
which was developed by major automotive
car manufacturers. Parts that were origi-
nally developed for consumer applications
often fail to fulfill these requirements,
and are typically eliminated early in the
selection process. 

The close proximity of electronic sys-
tems within the radio-head unit can cause
interference and electromagnetic compat-
ibility (EMC) issues, which can result in
serious performance problems. This is
especially true for sensitive analog build-
ing blocks such as the receiver front end
and signal lines. Designers must work
carefully, using shielding and rigorous
testing, to verify that the effects of EMC
and interference can be controlled. 

Cost is also a major design factor, and
the need to minimize cost is passed
throughout the entire supply chain.
OEMs not only need to consider the
price of the components when doing eco-

nomic calculations, but also the develop-
ment time for the design-in and debug-
ging of the system. It is critical to avoid
errors that come up in late project
stages, so OEMs typically rely on proven
vendors with a history of reliable parts
that have already been used in the auto-
motive industry. 

RF challenges 
Improvements in car-radio reception over
the last decade can be attributed to the
introduction of digital signal processing
(DSP). However, the fact remains that an
analog receiver front end is required to
amplify and down convert the radio-fre-
quency (RF) signal and apply basic filter-
ing before the signal is converted to a
digital one. Despite the addition of DSP,
the efficiency of the entire infotainment
system still depends on the quality of
the analog receiver. For several reasons,
the RF requirements for automotive ap-

plications are significantly more demand-
ing than those for stationary radios. 

Dynamic Signal Behavior " Automat-
ic Gain Control (AGC) 
Receiving conditions for an automotive
radio range from extremely low-level sig-
nals (such as when passing under a
bridge) to absolute maximum peaks
(while passing by a roadside transmitter).
In the first situation, the sound quality de-
pends heavily on the performance of the
antenna as well as on the ability of the re-
ceiver to separate and pick up weak sig-
nals. Since automotive antenna systems
are designed to fit the trim of the car
rather than the performance expectations
of the customers, the need for a high-
quality receiver increases. At the other
end of the dynamic range, the receiver
also needs a mechanism to protect the
input stage from too much signal, pre-
venting what is often referred to as "over-
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load." The mechanism of choice for this
function is automatic gain control (AGC),
which is effectively a closed-loop circuit
that senses the signal strength and atten-
uates (reduces) the input signal when
necessary. A receiver that can detect and
successfully handle signals that are
transmitting at extremely low as well as
very high power levels is said to have
good dynamic range. 

Blocking 
The presence of strong undesired chan-
nels (which is common in many urban
areas) can be a major problem for qual-
ity radio reception in a car. To avoid over-
load and distortion, all of the incoming
signals can be attenuated by AGC cir-
cuitry. However, as a result, the desired
channel might then be lower than the
overall noise floor (see graphic) which re-
sults in dropouts, hisses, and cracks in
the AM/FM reception. 

Optimally, the receiver's input stages
should be designed to tolerate and man-
age large signals, which minimizes the
need to use the AGC circuits. When a re-
ceiver is well-designed, it is not overly
dependent on its AGC circuitry, and
these problems can be avoided. Strong
neighboring channels can be filtered out
at a later point much more effectively,
and without negative impact on the de-
sired channel. 

To address this problem, some silicon
receiver manufacturers have developed

filtering technologies that immediately
reject strong undesired channels. Using
this additional technology can result in a
noticeable improvement in signal robust-
ness for automotive radios. 

Multipath interference 
Radio waves reflect off of obstacles, like
buildings or mountains, so that the
same signal arrives at the antenna from
different directions with different time
delays and different intensities. These
signals interfere with each other, making
it hard to receive a desired signal. It is
even possible that the signals overlay
each other in a phase-reversed orienta-
tion, completely cancelling out the signal
on that frequency. Any signal degradation
due to this phenomenon is known as
multipath interference, and it is a signifi-
cant concern in automotive applications
where the receiving environment
changes continuously. 
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A good way to deal with multipath in-
terference (also known as frequency 
selective fading) is to add a diversity
function to the system. In an antenna 
diversity system, the signals are re-
ceived at multiple antennas, which in-
creases the probability that at least one
antenna has good reception. 

Temperature drift 
A major difference between the con-
sumer electronics and automotive mar-
kets is the variations in temperature
experienced by the receiver. An automo-
tive receiver needs to maintain its per-
formance at very high and very low
temperatures. If a receiver cannot do
that, it was likely designed for use in low-
cost consumer devices. For an automo-

tive receiver, the most critical perform-
ance indicators like sensitivity, selectiv-
ity, and noise figure need to be
guaranteed and proven across -40°C to
+85°C to handle the climatic conditions
of most countries in the world. (Note
that the heat dissipation of other hard-
ware in the radio unit also adds to the
temperature.) 

Summary 
Next-generation automotive radio plat-
forms pose new challenges to both
OEMs and suppliers. The rapidly acceler-
ating technologies represented by cur-
rent infotainment systems require robust
product design followed by thorough
product qualification. 

An automotive infotainment system re-

quires a high-quality, reliable receiver
that not only offers seamless integration
and supports the functionality of a wide
variety of new infotainment systems, but
also satisfies the vigorous demands of
the unique automotive RF environment. 

—Harald Koch is automotive marketing

manager at Microtune Inc
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Two radio tuners integrated on single
chip enable compact car radios

A
few years ago, NXP intro-
duced FM dual-tuner phase
diversity in car radio appli-
cations, using two tuners
for better reception. How-

ever, up until now, both tuners were
separate devices, external to the
DSP chip. This separation was re-
quired to avoid interference and be-
cause different process
technologies were used for analog
RF tuners and digital signal pro-
cessing technologies. With the in-
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NXP Semiconductors introduced
a combined car radio and audio
system fully integrated on a single
IC. The SAF775x is the third
generation of NXP’s popular car
radio and audio DSP product family
and is the industry’s first single-chip
multi-tuner RFCMOS IC with
embedded AM, FM, and DAB tuners.
With improved audio processing
power, the new product achieves
excellent reception and
performance. At the same time,
the SAF775x helps to significantly
lower system costs via a reduced
bill of materials.



troduction of the SAF775x, NXP once
again managed to set a new milestone
in radio processing, by integrating two
independent tuners onto a single die
and creating a much more compact 
solution to significantly lower system
cost. This integrated dual-tuner device
offers more than twice the processing
power of previous generations, enabling
superior radio performance and better
all-round reception quality.

Another aspect of the SAF775x is its
open programmability. The IC includes
an 'open' Tensilica HiFi 2 Audio DSP 
for customers to program their own 
features, or to run those of third-party
software vendors. This gives car radio
manufacturers the choice and flexibility
to differentiate their car infotainment 
solutions without resorting to expensive
external ICs. Automotive tier one Visteon
works closely with NXP throughout 
silicon development to ensure early

adoption of NXP tuner and DSP 
technology.

Advanced audio processing is an-
other benefit that the new SAF775x
brings to the market. Customers may
wish to use the HiFi 2 Audio DSP for
audio processing from third party 
vendors such as Arkamys or AM3D. 
Another innovative application that can
run on this HiFi 2 Audio DSP is active
noise cancellation of engine sound: 
uncomfortable harmonics interfering
with music playback and the general
driving experience are removed by
means of audio software processing. 
In combination with 3rd party software,
the SAF775x offers an inexpensive way
of damping the unwanted noise and
replicating the desirable engine
sound.p

For more information visit
www.nxp.com.
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Automotive qualified dual power-SO8
MOSFETs offers 77 percent smaller footprint
than DPAK solution

F
ully AEC-Q101 qualified,
the NXP LFPAK56D range
offers best-in-class per-
formance and reliability,
while delivering a 77 

percent smaller footprint than the
equivalent DPAK solution which
typically requires two devices. The
LFPAK56D range is in volume production
and is available immediately.

LFPAK56D combines two fully isolated
MOSFETs into a single package de-
signed to meet the rigorous require-

ments of the automotive industry. With
the industry’s widest range of RDSon
values across five voltage grades, it pro-
vides the best performance, current han-
dling and reliability on the market. The

new range of dual Power-SO8
MOSFETs offers customers com-
plete flexibility and freedom to pick
the device that best matches the
application and module require-
ments, while also achieving a
much higher power density.

Designing with LFPAK56D lowers
costs through simpler PCB assembly,
ease of inspection and shrinking module
size. Smaller modules also means a sig-
nificant saving in weight, which is partic-
ularly attractive to manufacturers
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NXP Semiconductors
N.V. has introduced the
LFPAK56D portfolio
which is a range of dual
Power-SO8 MOSFETs
specifically designed for
automotive applications
such as fuel injection,
ABS and stability control. 



focused on reducing CO2
emissions.

Building on NXP’s expert-
ise in LFPAK56, which was
the first power-SO8 package
on the market fully qualified
to AEC-Q101, NXP is now in-
troducing the same reliable
‘copper clip’ bonding technol-
ogy to dual Power-SO8 MOS-
FETs in LFPAK56D. This
copper clip technology is
what gives the package its
advantage in low package re-
sistance, inductance and
high maximum ID rating. p

More information about
the LFPAK56D power MOS-
FET at
www.nxp.com/LFPAK56D 
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How hybrid electric vehicles
can pay off

T
his past year has seen the U.S. surpass
388,000 alternative vehicles sold repre-
senting 3 percent of new car sales and
average market growth of 35 percent per
year since 2001. Back then, the only hy-

brid electric vehicle (HEV) with annual sales over
10,000 was the Toyota Prius, which was first intro-
duced in 19971.  While other alternatives have
emerged, including plug-in hybrids (PHEV) and the
extended range electric vehicle (EREV) subset, full
electrics (EVs), hydraulic hybrids in the commercial
vehicle sector, and other alternative fuel combus-
tion engine vehicles; hybrids remain the predomi-

nant alternative option with the Prius selling more
than100,000 vehicles per year over the last seven
years, reaching a cumulative total of more
than1,000,000 vehicles in 2011.2 

As in previous years, several news reports have
questioned and examined the value and future of
HEVs. Now, as the U.S. enters the second decade
of HEV sales, the question is still examined:

“Why do people buy a hybrid vehicle?” 

According to the New York Times research com-
piled by TrueCars.com, only two HEV models (and
one diesel) have a fuel and maintenance savings
payback for the incremental cost of the alternative

By Dr. Edward Lovelace, XL HYBRIDS



powertrain technologies within a five- to
ten-year period at current and recent
historical high gas prices.3  Further-
more, payback is dependent on incen-
tives including the federal tax credit up
to $7,500. 

These analyses are simplified by as-
sumptions about the conventional vehi-
cle purchase choice that consumers are
comparing, which is often not the same
vehicle in a non-hybridized option (e.g.
your purchase choice may not be be-
tween a Chevy Cruze and Volt). But there
is some evidence that with the current
offerings, the market will begin to level
off as early adopters, technology enthu-
siasts, green purchasers, and those with
more complex return on investment as-
sumptions become saturated as indi-
cated by recent market studies
suggesting only 35 percent of HEV own-
ers are purchasing another HEV for their
next vehicle.4

Moving forward
To continue growth of the alter-
native 
vehicle market some of the
strategies that may be consid-
ered include: 
• Attempting to increase the ap-

peal of the “alternative fuel”
segment (e.g. who really
needed thousands of songs
in their pocket a decade ago,
but there’s no denying how 
much people want that now)

• Driving down the cost of the 
incremental technology

• Focusing on sectors and technology
solutions that maximize the financial
payback. 

The rest of this article will focus on
the financial payback aspect, and the

technology and application forces that
are driving financial payback in some
HEV sectors.

Financial payback 
and baseline MPG

Financial payback for the incremental
cost of an HEV is primarily driven by a re-
duction in fuel costs. In the case of
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HEVs, the fuel costs are just the gaso-
line costs, while electricity costs should
be factored in if using a PHEV, EREV or
EV. So obviously payback will be function
of miles traveled per year and miles per
gallon fuel economy of the conventional
comparison vehicle. Consider an mpg-
versus-fuel-used-per-year graph at
20,000 miles/year representing a high
mileage application. It is evident that to
save an equivalent 500 gallons on a 10-
mpg vehicle the HEV fuel economy must
be 13.3 mpg, whereas to save the same
500 gallons versus a 20-mpg conven-
tional vehicle the fuel economy must be
doubled to 40 mpg. 

Relevance to fleets
This type of comparison is particularly
relevant to fleet operations. In fleet oper-
ations several drivers are at work: spe-
cific services need to be performed by
the fleet, fuel costs are a bottom line

profit margin driver for the business, and
interruptions or changes to fleet opera-
tions can negatively impact costs. For
these reasons, fleet managers typically
focus on the purchase of the minimum
number of different vehicle models to
satisfy the business needs. Increasing
the volume purchases of each vehicle
type and reducing the variety typically im-
proves the cost efficiency of mainte-
nance, operation and purchasing for
fleets. Naturally when considering devel-
oping a “greener” fleet, managers prefer
to look for a cleaner, more fuel-efficient
version of the vehicles they are already
using that serves business needs, that
the field personnel are familiar with, and
that can provide a reasonable financial
payback. Taking into account the previ-
ous discussion, one strategy of fleet
managers is to begin by focusing on
their lower mpg vehicles with the highest
annual mileage usage. These will have

larger fuel cost reductions for the same
percentage mpg improvement (or con-
versely for the same fuel cost reduction
they will need a lower percentage mpg
improvement).

Right battery pack size
From a technology perspective, the elec-
tric powertrain components that enable
fuel usage reduction in an HEV are, at
their most basic, an energy storage bat-
tery, a traction motor and a motor drive
that controls the power flow from the
battery to the motor and subsequently
the vehicle driveshaft during accelera-
tion, and then controls power flow back
to the battery during deceleration. There
exists now, as the industry has ex-
panded, a wide array of HEV powertrain
solutions with multiple motor/genera-
tors, clutches, gears and belts, and elec-
trical power converters but in the end,
they are primarily putting energy towards
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the driven wheels to reduce the energy
required from the combustion engine.5 

Given the basic HEV elements, there
are two key modes of operation with ref-
erence to the battery pack and the en-
ergy stored in it: charge depleting and
charge sustaining. In a charge depleting
controller, the battery energy is incre-
mentally drained during operation with
the expectation that the battery will be
recharged externally. This is the primary
operating scenario for PHEVs, EREVs
and of course, EVs. HEVs, by contrast,
without the external charging plug, oper-
ate in charge sustaining mode where the
electric energy depleted from the battery
to contribute to propulsion is managed
so that regenerative energy returned to
the battery during braking is sufficient to
maintain the battery state of charge
(SOC) within an acceptable band dic-
tated by battery life concerns.

The follow-on design question is then

how to size the battery pack for fuel con-
sumption payback. Cost studies includ-
ing a 2012 report6  from the U.C. Davis,
Institute for Transportation Studies, sup-
port previous works that the initial bat-
tery energy transfer during hybrid
operation is the best utilized in terms of
fuel consumption reduction. Increasing
battery size does reduce fuel consump-
tion but at a lower rate increasing pay-
back. In comparing HEV, PHEV-20
(PHEVs with a 20-mile electric range),
PHEV-40, and EVs the study showed the
lowest breakeven gasoline fuel price was
achieved with the HEV utilizing only a 1
kWh battery pack.

Today, at these current battery costs
and with careful design-to-value minimiz-
ing complexity and battery ratings, there
is real opportunity to introduce HEVs to
replace conventional high mileage, low
mpg, commercial class vehicles and
achieve payback that are not dependent

on government incentives. In addition to
the fuel consumption reduction simply
from the HEV power transfer to and from
the driveshaft, payback may also be re-
duced by other secondary factors such
as reduced brake wear and the potential
for downsized gasoline engine selection. 

There are of course many other design
considerations in HEV powertrain design
and matching with the best vehicle appli-
cations, but fuel consumption payback is
a significant criterion with some of the
key issues and trends discussed above.
These payback trends will all certainly re-
duce as battery energy costs continue to
decrease from above $1000 per kWh
price point (for small HEV packs) to
below $300 per kWh (for larger EV packs
in future years). p

Dr. Edward Lovelace is the chief technol-
ogy officer of XL Hybrids. He has 23 years
of leadership experience in electric power
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conversion technology and product 
development. He is the former CTO and
executive vice president of engineering at
Free Flow Power, a renewable generation
project development company focused on
hydropower. Ed has also been director of
engineering development at Satcon, a
leading U.S. alternative energy electric
power conversion company, and prior to
that was with the General Electric Aircraft
Engine business. He has a Bachelor of
Science and a Master of Science in 
mechanical engineering, and a Master 
of Science and doctorate in electrical 
engineering from MIT. 
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