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Pencil-Type Ignition
Module
for the Porsche V8 Engine

For the Cayenne, Porsche developed a new engine generation
to cope with the many different requirements of an SUV of
this kind. The company opted for a V8 concept, which had an
engine package so compact that a new type of ignition coil
had to be designed. Together with the ignition specialist Beru,
Porsche developed a complex high-tech component: a pencil-
type ignition coil with integrated electronics – a new concept
in the Beru range of single spark ignition coils.
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1  Introduction

During the development of the Porsche
Cayenne, a decision was made at an early
stage to design a completely new V8 en-
gine that would meet the specific needs of
an SUV in line with Porsche philosophy,
particularly with regard to torque and the
desired 45° tilt capability on all sides of the
vehicle.

In order to provide various performance
variants, the power unit was designed as a
naturally aspirated engine and a tur-
bocharged engine. According to the perfor-
mance specifications, the naturally aspirat-
ed engine achieves 420 Nm with an engine
displacement of 4.5 litres and 250 kW, and
the turbocharged engine with its two tur-
bochargers (bi-turbo) achieves 620 Nm
with the same displacement and 331 kW
(see also the “Porsche Cayenne” special in
the ATZ/MTZ magazine from July 2003).

2  Intelligent Pencil-type
Ignition Module with Improved
Performance

The all-wheel drive system Porsche Traction
Management (PTM), which was also newly
designed for use in the SUV, including the re-
duction stage and the inter-axle lock as well
as the complete networking of the control
units in the powertrain meant that a new
and complex engine control system with nu-
merous output stages had to be developed.
In order to minimise power loss in the en-
gine control unit, the ignition output stages
normally integrated into the control unit
had to be moved to the ignition coil. Installa-
tion at close proximity to the engine meant
that special measures were necessary to en-
sure optimum heat management of the elec-
tronics (see Sections 3.5 and 3.6).

Apart from a cost-optimised design,
maximum reliability and SUV compatibili-
ty, the following requirements also had to
be satisfied.

2.1  Requirements
� 15 % reduction in weight compared to
the current sports-car ignition coil
� allowance for the spark-plug shaft diam-
eter of 26 millimetres
� implementation of the optical concepts
put forward by the Porsche design depart-
ment
� satisfaction of the vibration acceleration
requirements for the entire engine range
� reliable electrical plug-in system for en-
gine-mounted installation
� SUV-compatible attachments that can
be released without the need for special
tools, with secure spring-loaded spark-plug
connection and tolerance compensation

� at least 25 % higher spark energy and
spark duration compared to the current
sports-car ignition coil
� high integration of electronics
� reliable self-diagnosis with auto-shut-
down and transmission of status to the en-
gine control unit
� temperature-resistant IGBT (insulated gate
bipolar transistor switch) ignition output stage
� possibility of testing whether the igni-
tion system is functioning correctly with
trailing throttle during cold testing of the

engine; i.e. testing already possible at end
of production line.

Strict observance of the tight time
schedule and implementation of the tech-
nical specifications while simultaneously
satisfying the Porsche quality require-
ments were particular challenges for all
participants.

2.2  Market Situation
Despite intensive examination of the igni-
tion systems available on the market and

3MTZ worldwide 6/2004 Volume 65

3  Coil Design

Figure 1: Pencil-
type ignition
module with
electronics 
and power IC on
heat sink
(shown separ-
ately)

Figure 2: Sectio-
nal view of pen-
cil-type ignition
module with its
component
parts
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those already in development, no ignition

module could be found that satisfied the

high specifications with respect to function,

quality and price. Porsche therefore made

the decision to completely redesign the ig-

nition module for the new engine series in

collaboration with a suitable partner.

After assessing several domestic and

foreign component suppliers, Porsche

nominated Beru as the development part-

ner for an active pencil-type ignition mod-

ule. The company, which is based in Lud-

wigsburg near Stuttgart, offered both the

necessary expertise and scheduling flexi-

bility for this demanding project.

2.3  Simultaneous Engineering
The first step was to put together a Simul-

taneous Engineering (SE) team comprising

Beru and Porsche engineers that would

deal with the planning, development,

component qualification and testing as-

pects of the project. As a result, it was pos-

sible to deliver production parts for en-

durance testing long before the Porsche

Cayenne entered series production.

3  Coil Design

The ignition coil is a “pencil-type ignition

coil” with integrated electronics, Figure 1

and Figure 2.

3.1  Exterior Design
The head shape of the pencil-type ignition

module was the result of close collabora-

tion between the SE team and the Porsche

design department, Figure 3.

Great importance was placed on the

complete encapsulation of the ignition coil

in plastic, so that no metal parts are visible

when the ignition coil is fitted in position.

This ensures that the requirements with

regard to maximum corrosion resistance

and protection against accidental contact

are optimally fulfilled, Figure 4.

3.2  Interior Design
The sectional view, Figure 2, shows the

structure of the pencil-type ignition mod-

ule and its component parts.

The following component layers are locat-

ed concentrically around the central metallic

core: first the secondary winding on the in-

side, then the primary winding, and finally

the magnetic yoke plates on the outside,

which form the outer part of the magnetic

circuit. There is an insulating layer of plastic

or casting resin between each of these layers.

The selected winding arrangement

around the core has the following advan-

tages:

■ The high-voltage coil at the centre sim-

plifies insulation.

■ The primary winding acts as a shield for

the secondary high-voltage winding and

prevents capacitive charging of the outer

plate.

Linearisation of the magnetic circuit is

achieved by two permanent magnets.

These are positioned at the two ends of the

inner core.

Elastomer discs are attached to the ends

of the permanent magnets. Their task is to

compensate for the thermal and magneto-

static expansion of the core.

The high voltage generated in the sec-

ondary winding is fed to the spark plug via

an interference-suppression resistor and a

compression spring, which is made of

stainless steel on account of the required

ozone resistance. The spark-plug connector

is made of high-grade silicone with a ther-

mal stability of over 200 °C.

A sealing cup is fitted under the igni-

tion-coil head. It prevents moisture from

entering the spark-plug shaft when the ig-

nition coil is fitted.

3.3  Installation in the Cylinder
Head
The ignition coil is installed in the spark-

plug shaft directly on the spark plug. The

pencil-type ignition module is secured to

the valve cover using an M6 bolt inserted

through the brass bushing on the connec-

tor part. It is supported by the cup on the

inner wall of the spark-plug shaft and by

the silicone spark-plug connector on the

spark plug. The ignition module is there-

fore cushioned against vibration.

3.4  Electrical Interfaces
The pencil-type ignition module is con-

nected by using a standardised 4-pin VDA

connector with 2.8 mm flat contacts. This

connector is part of the ignition-coil head.

The above-mentioned compression

spring is used for connection to the spark

plug. The spring is located in the high-volt-

age dome and is dimensioned in such a

way that it can fully compensate for total

height tolerances of ± 2 mm. The compres-

sive force adjusts to between 4 N and 12 N

depending on the spring travel.

3.5  Installation of the
Electronics
All of the electronic components are

housed in the ignition-coil head. They con-
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Figure 4: Coil head with 
attachment sleeve

Figure 3: Design sketches
for visible coil head

3.1  Exterior Design



sist of a printed circuit board equipped

with SMD modules (surface mounted de-

vices), a power output stage and an alu-

minium plate as a heat sink. The SMD com-

ponents are selectively coated with a flexi-

ble sealing compound and thus decoupled

from mechanical stress caused by changes

in temperature. The side on which the SMD

modules are mounted and the solder side

for connection of the coil and connection to

the connector are separated.

Due to heat development at the IGBT

(Insulated Gate Bipolar Transistor), the IG-

BT and the required heat sink are posi-

tioned at the outer wall of the connector

part in order to improve heat dissipation.

3.6  Structure of the Electronics
The PCB has an ASIC (Application-Specific

Integrated Circuit, see Section 4), various

EMC capacitors and high-voltage diodes

for switch-on spark suppression.

The special ignition IGBT used as a

switch is a high-voltage circuit breaker in a

TO 220 housing with ESD (electrostatic dis-

charge) protection and an integrated Zener

diode for voltage limitation in the primary

circuit.

The power output stage is physically

separated from the PCB; additionally, an

aluminium cooling plate is used for heat

dissipation at the collector of the IGBT at

peak loads.

4  ASIC

Once all the functions had been deter-

mined and proof of functionality had been

provided with a separately assembled cir-

cuit, the “smart features” were integrated

into an ASIC. This allowed the number of

components to be reduced from 33 to 11,

Figure 5. This is better from a mechanical

viewpoint and optimises EMC; further-

more, the assembly is more compact, more

robust and therefore more reliable.

The development of the ASIC from the

initial order to the initial-sample delivery

(including optimisation and adaptive re-

design) took less than one year.

4.1  Powering the ASIC
The ASIC is supplied with power via a cur-

rent interface, see block diagram, Figure 6.

The internal current sinks IPD0 + IPD1 re-

ceive the source current from the control

unit at the magnitude at which the control

unit does not register load rejection.

In normal operating mode, both current

sources IPD0 and IPD1 are connected in par-

allel and the switch S is closed.

The control unit must be able to deliver

a current of IIH min = 18 mA for the logic

level “H” to energise the coil since the cur-

rent sinks function in the range IPD = 9 mA

to 18 mA.

The value of IIH is the sum of both cur-

rent sinks. IIH = IPD0 + IPD1. Due to the inter-

nal current sources, only the switch-on

threshold IIH min is of importance.

The logic level “L” is detected at IIL max

= 0.1 mA.

4.2  Diagnosis Function in the
Event of a Fault
If the input current IIN drops, a fault is sig-

nalled to the engine control unit. This fault

can be caused only by the following:
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4  ASIC

Figure 5: Test PCB with separate assembly (left) 
and production version with ASIC (right)

Figure 6: Block
diagram of
complete
electronics

4.1  Powering the ASIC



Primary current [A] 9 15

Current-rise time [ms] 1.75 2.4

Secondary voltage [kV]
1 MOhm // 25 pF 26 31

Energy data (secondary load, 
1000 V Zener to ISO 6518-2)

Spark duration [ms] 1.7 1.85

Spark current [mA] 60 80

Spark energy [mJ] 45 65

■ the integrated soft shutdown function

is active

■ the interface has a high resistance

■ there is no operating voltage.

In these cases, the switch S is opened

and the current sink IPD1 thus deactivated.

As a result, only the current sink IPD0 is still

active. It reduces the input control current

IPD0 to a value of between 0.12 and 1 mA,

which causes the diagnosis feedback sig-

nal to be sent to the control unit.

4.3  Current Limitation
The curves a and b in Figure 7 show the

characteristic of the current limitation. The

primary current in the primary circuit of

the ignition coil is detected by means of

the voltage drop at the shunt resistor R1

and limited to Iprim = 18 A.

4.4  Soft Shutdown Timer
The curves c and d in Figure 8 show the

characteristic of the soft shutdown timer. In

the event of a fault due to an excessively

long switch-on time caused by the engine

control unit, the soft shutdown timer en-

sures spark-free shutdown of the primary

circuit.

The timer used for triggering consists of

a counter, which is started with the L/H

edge from the active input signal and reset

with the H/L edge. If the input signal re-

mains inactive at “H” and exceeds the

maximum pulse duration, the timer elaps-

es and generates a signal for the slow,

map-controlled shutdown of the primary

circuit.

4.5  Additional Functions
Optionally, a current flag for closed-loop

control of the dwell angle can be generated

with the ASIC and evaluated by means of

the feedback signal on the triggering line.

Furthermore, the ASIC is protected against

overvoltage, polarity reversal and short-cir-

cuits.

5  Performance Data for the Coil

With a maximum primary current draw of

15 A, the coil generates a high voltage > 29

kV with a load of 1 MΩ // 25 pF and a spark

energy of ≥ 60 mJ. The high primary cur-

rent in particular causes severe heat devel-

opment at the coil. The choice of materials

and components used takes this into con-

sideration.

The Table shows the main data for the

pencil-type ignition module.

5.1  Electromagnetic
Compatibility
The degree of EMI suppression specified by

Porsche is achieved by means of the inte-

grated interference-suppression resistor

and the interference-suppression capaci-

tors on the PCB.

The following influencing factors were

examined:

■ cable-fed interference on supply lines

■ capacitively injected interference on all

lines

■ influence of supply system ripple

■ interference immunity in stripline con-

figuration.

The following were also checked:

■ radio interference voltage

■ ESD resistance of the coil with integrat-

ed electronics.

All tests were initially carried out as

pure component measurements at Beru. In

the next step, measurements were per-

formed in the vehicle at Porsche. The over-

all assembly was then optimised in subse-

quent steps at the Beru EMC laboratory.

Vehicle measurements in the EMC cham-

ber and also measuring drives under ex-

treme EMC conditions (close to transmit-

ters) took place before final assessment

and release of the production parts by

Porsche.

6  Component Qualification

Qualification of the components was per-

formed according to the performance
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4.3  Current Limitation 4.4  Soft Shutdown Timer

Figure 7:
Curves a (top)
and b (bottom)
for “current
limitation”

Figure 8:
Curves c (top)
and d (bottom)
for “soft-shut-
down”

5  Performance Data for the Coil

Table: Main
Data for the
pencil-type
ignition module



specifications. Thermal-cycling and ther-

mal-shock tests under simulated operat-

ing conditions were carried out as proof

of durability. The tests performed at high

temperature gradients provided essential

information. In these tests, the change

between the lower and upper hold tem-

perature (here between -40 °C and +150

°C) took place in less than one minute. Be-

cause of the different thermal expansion

of the various components and materials,

the pencil-type ignition module was sub-

jected to extreme loads due to mechani-

cal stress. As a result, it was possible to

detect and eliminate potential weak

points early on during the development

phase.

The principal focus was the adhesion

of the components to each other and the

operating principle of all the implement-

ed mechanical decoupling elements.

7  Trials

Before the pencil-type ignition coil was re-

leased for series production, extensive road

tests under various, sometimes extreme

conditions were performed as part of trials

on the overall vehicle.

The test vehicles were driven for around

250,000 kilometres under “cold-climate”

conditions and just as many kilometres

under “warm-climate” conditions, Figure

9. These tests were supplemented by about

30,000 kilometres of special sand trials.

This was accompanied by numerous en-

durance runs on different testing grounds,

off-road courses, motorways, country and

inner-city roads as well as the high-speed cir-

cuits at the Nürburgring/Germany and Nar-

do/Italy. The total number of test kilometres

so far driven amounts to approximately 5.5

million.
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8.1 Production of the Inner Core

Figure 10: Laminated inner
core with locating groove

7  Trials

Figure 9: The extensive test programme for the 
Porsche Cayenne also involved test drives in the desert

8  Production

The electronic components of the pencil-

type ignition module are manufactured

and tested on state-of-the-art, fully auto-

mated SMD production lines. Final assem-

bly is performed at a Beru production facil-

ity that is specialised in the manufacture

of pencil-type ignition coils. Here, the coils

are wound using a very sophisticated tech-

nique (Pilgrim step-back method).

Following assembly, the surfaces of the

plastic components are plasma-treated to

improve adhesion. The final step is encap-

sulation under vacuum in a process spe-

cially optimised for the production of pen-

cil-type ignition coils.

8.1 Production of the Inner Core
Special skills are needed to produce the in-

ner core. The shape of the ignition coil re-

quires a round core which, on account of

the electromagnetic properties, must also

comprise a laminated core assembly, Fig-

ure 10. Different production methods were

considered and tested in order to solve this

problem. The construction of an ingenious

punching/bundling tool provided the best

solution.

This tool is able to punch various plate

widths with extreme accuracy and shape

them to form a core assembly. The various

plates are punched with just one punching

die. The width of this die can be adjusted.

As a result, the tool is very compact despite

the complexity of this task. The required

round shape of the core is produced by ar-

ranging plates of many different widths,

whereby a locating groove defines the po-

sition of the individual plates.

9  Summary and Prospects

The pencil-type ignition module, which,

thanks to efficient and well-functioning si-

multaneous engineering, was both de-

signed and developed with exceptional

speed, has since been produced in series

over 430,000 times.

Following its successful implementa-

tion in the Cayenne, it is now being used in

Porsche’s most powerful engine, the V10

(450 kW) of the Carrera GT. Here, the air/fu-

el mixture is ignited by the pencil-type ig-

nition module together with a platinised,

double-laser-welded Beru spark plug.

Even greater integration of the electron-

ics and the extension of their intelligent

functions remain options for further devel-

opment. ■
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