
Several General Motors vehi-
cles are equipped with a 2.2L
engine called ECOTEC.
This four-cylinder, four-
valves-per-cylinder, all-alu-
minum power plant was first

installed in some Saturn models, begin-
ning with the 2000 L-series. Saturn
VUE and ION models followed. It was
the optional engine in the 2002 Pontiac
Sunfire and Grand Am, Oldsmobile
Alero and Chevrolet Cavalier and Mal-
ibu, and standard equipment starting in
2003. The ECOTEC is also used in the
Saab 9.3.

The ECOTEC engine uses a speed
density-based fuel injection system,
along with a waste-spark electronic igni-
tion system. The waste-spark ignition is
part of a unique Compression Sense Ig-
nition (CSI) system that allows the pow-
ertrain control module (PCM) to deter-
mine proper engine phasing (cam posi-
tion) without the use of a separate
camshaft position sensor mounted near
a rotating engine member. This article
will explain how the CSI system oper-
ates. We’ll also document new misfire
diagnostic techniques that are made
possible by the system’s unique design.

Construction
The CSI system is a modular design,
with nearly all the major ignition system
components housed in a single cassette
(Fig. 1, page 44). The cassette is mount-
ed directly over the spark plugs, with
only connector springs and insulating
boots to transfer the ignition energy to
the plugs. The cassette houses two igni-
tion coils. Each simultaneously sends ig-
nition energy to two paired cylinders—
one cylinder on its exhaust stroke and
the other on its compression stroke.
Cylinders 1 and 4 are paired as running
mates on one coil and cylinders 2 and 3
are paired on the other coil.

The cassette has an integrally
mounted lead-frame and CSI signal
plates, which serve to create the four
CSI input signal capacitors. The CSI
signal plate output node is connected
through the cassette cover to the elec-
tronic ignition (EI) module by a dual
female plastic connector cavity called
an interconnect. The EI module houses
the CSI signal processing compression
sense time out (CSTO) chip, as well as

42 November 2004

INVESTIGATING
GM’S 

COMPRESSION
SENSE

IGNITION
BY JIM GARRIDO

This combustion chamber detective

uses ignition signatures to deduce

engine phasing and cam position. We’ll

show you how it gathers the clues.

INVESTIGATING
GM’S 

COMPRESSION
SENSE

IGNITION
BY JIM GARRIDO

This combustion chamber detective

uses ignition signatures to deduce

engine phasing and cam position. We’ll

show you how it gathers the clues.

MOTOR page-  11/8/04  3:32 PM  Page 1



the usual ignition primary drivers and
current-limiting electronics.

Before explaining how the CSI signal
is acquired and processed to form the
CAMOUT (engine phase) signal to the
PCM, it’s necessary to understand the
operating characteristics of a typical
waste spark ignition system. These op-
erating characteristics are important be-
cause they directly influence the infor-
mation contained in the CSI signal.

Spark Polarities
Fig. 2 on page 44 illustrates the 1/4 igni-
tion coil firing events. One spark plug in
the pair of DIS running mates always
fires from the center electrode to the
side electrode, while the other fires
from the side electrode to the center
electrode. One cylinder’s firing voltage
rises in a negative direction, relative to
engine ground, on the way to its final
spark plug gap breakdown voltage. It
then breaks quickly in a positive direc-
tion, back toward ground until the spark
line is established. The running mate
cylinder’s firing voltage rises in a posi-
tive direction, relative to engine ground.
It then quickly breaks over in a negative
direction, back toward engine ground
until the spark line is established. The
polarity characteristics of the spark
breakover events are one part of the in-
formation reflected in the CSI signal.

Compression Sense?
As a DIS ignition coil releases its stored
energy, an electric field is created in
both secondary circuits of the paired
cylinders. This growing electric field si-
multaneously creates a voltage potential
across both spark plug electrode sets.
Over a period of 5 to 10 microseconds,
this voltage level becomes high enough
to reach the spark plug gap breakdown
voltage level. Each spark plug gap
breakdown level is determined by the
impedance value of the individual spark
plug gaps. At the breakdown point, the
air gap between the spark plugs’ elec-
trodes will ionize and quickly conduct
current, break over and establish an arc
across the electrodes.

One of the important characteristics
of this event is the voltage level at
which any spark plug gap impedance
will reach its breakdown voltage level.
The greater the spark plug gap imped-Ill
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ance, the greater the voltage
level that must be reached
for the plug gap to break
down. The greater the volt-
age level required in order to
reach breakdown, the greater
the required time to reach
this voltage level.

The spark plug gap imped-
ance is affected by several
factors. The greatest variable
is the pressure in the cylinder
when the spark is generated
by the coil. A cylinder on its
exhaust stroke has less in-
cylinder pressure than a
cylinder on its compression
stroke. Remember, a DIS
coil releases its energy to two
cylinders simultaneously—to
one cylinder on its exhaust
stroke, to the other on its
compression stroke. However, due to
the pressure-related uneven plug gap
impedances, both spark plug gaps will
not break down at the same instant.
Under most engine operating condi-
tions, the spark plug gap in the cylinder
on the exhaust stroke will break down
before the spark plug gap in the cylin-
der on the compression stroke. The or-
der of the spark plug gap breakover
events is reflected in the CSI signal.

The CSI Sensor
The ECOTEC engine’s CSI sensor
detects the two secondary ignition
event characteristics of breakover: po-
larity and order. This is accomplished
by creating virtual capacitors between
the secondary coils and the EI module
electronics (Fig. 3, page 46). These ca-
pacitors act as a capacitive probe of
the ignition secondary circuits and
bring the secondary event characteris-
tics into the ignition module to be
processed.

One side of these capacitor plates is
connected to the ignition secondary
outputs. The other side is connected
to one end of a sensing resistor net-
work inside the EI module. The other
end of this sensing resistor network is
connected to ground. As current flows
on the capacitor plates, a voltage is
created on this sensing resistor. The
voltage pattern measured across this

resistor is reflected in the information
contained in the CSI signal.

This measuring resistor, since it’s
combined with a capacitor, also serves
to create a first-order high-pass filter
network. This high-pass filter tends to
reject the signal created by the rise of
the secondary firing voltages and al-
lows only the faster falling edge of each
plug gap breakover voltage to pass
through it for measurement.

The ignition firing voltages are shown
in Fig. 4 on page 48, magnified by a
time factor of 50 to get a closer look at

the firing line characteristics
as they’re reflected in the CSI
signal. When the 1/4 coil fires
as cylinder 1 is up on its com-
pression stroke, the No. 4
spark plug will fire first on its
respective waste stroke. This
cylinder 4 waste firing event
will create a high-speed tran-
sient breakover voltage
change from the positive peak
breakdown firing voltage back
toward zero volts. This
breakover transient voltage is
passed across the CSI mea-
suring resistor in the form of a
rapid voltage change in a neg-
ative direction. Then, a few
microseconds later, as cylin-
der 1 fires on compression,
there will be a high-speed
transient breakover voltage

change from the negative peak break-
down firing voltage back toward zero
volts. This breakover transient voltage is
passed across the CSI measuring resis-
tor in the form of a rapid voltage change
in a positive direction.

Conversely, as cylinder 4 (Fig. 5) is
up on its compression stroke, the No. 1
spark plug will fire first on its respective
waste stroke. This cylinder 1 waste fir-
ing event will create a high-speed tran-
sient breakover voltage change from the
negative peak breakdown firing voltage
back toward zero volts. This breakover
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transient voltage is passed
across the CSI measuring re-
sistor in the form of a rapid
voltage change in a positive
direction. Then, a few mi-
croseconds later, as cylinder 4
fires on compression, there
will be a high-speed transient
breakover voltage change
from the positive peak firing
breakdown voltage back to-
ward zero volts. This
breakover transient voltage is
passed across the CSI mea-
suring resistor in the form of a
rapid voltage change in a neg-
ative direction.

The 2/3 coil firing event
characteristics are also
picked up by the CSI sensor
in the same manner as
above. As shown in Figs. 4
and 5, the firing voltage for
cylinder 3, like cylinder 1,
rises in a negative direction,
and then breaks over in a
positive-going direction. The
firing voltage for cylinder 2, like cylin-
der 4, rises in a positive direction, then
breaks over in a negative-going direc-
tion. The CSI signal reflects the polari-
ty and timing (and thus the amplitude)
of each cylinder’s spark plug breakover
voltage event.

We’ve examined the various pieces of
information contained in the CSI signal,
as well as the method in which the sig-
nal is acquired. Let’s pull it all together
and see how it’s processed into a
CAMOUT signal.

The CSTO
The EI module houses the CSI input
signal logic electronics, called the
compression sense time out chip
(CSTO), shown in Fig. 3. The CSTO
electronics are responsible for inter-
preting the CSI input signal and creat-
ing a 5V square wave output, called a
CAMOUT signal.

The CSTO chip logic works as fol-
lows: The first electronic spark timing
(EST) rise of either cylinder pair awak-
ens the CSTO detection circuitry, at
which time the CSTO chip looks for the
CSI input voltage signal across its mea-
suring resistor. The CSTO chip then

recognizes the signal polarity and
breakover order characteristics of the
CSI sensor input. The CSTO will then
decide whether to output a CAMOUT
high or CAMOUT low signal to the
PCM. If the CSTO does not receive an
EST signal, the CAMOUT state will de-
fault and remain in its previously gener-
ated state—either high or low.

As illustrated in Fig. 4, when the 1/4
coil fires as cylinder 1 is on compres-
sion, the event generates a negative-
going CSI signal voltage across the
measuring resistor. This is followed a
few microseconds later by a positive-
going CSI signal voltage. This nega-
tive-then-positive CSI signal excursion
causes the CSTO chip inside the EI
module to output a 5V CAMOUT
high signal.

As illustrated in Fig. 5, when the 1/4
coil fires as cylinder 4 is on compres-
sion, the event will generate a positive-
going CSI signal voltage across the mea-
suring resistor. Then, a few microsec-
onds later, a negative-going CSI signal
voltage is generated across the measur-
ing resistor. This positive-then-negative
CSI signal excursion causes the CSTO
to output a CAMOUT low signal.

The pattern is repeated
when the 2/3 coil fires while
cylinder 3 is on compres-
sion. A negative-to-positive
CSI signal is generated,
which causes the CAMOUT
signal to switch high. When
the 2/3 coil fires while cylin-
der 2 is on compression, a
positive-to-negative CSI sig-
nal is generated, which
causes the CAMOUT to be
switched low.

PCM Logic
This system utilizes a vari-
able-reluctance CKP sensor
mounted in the engine block
near the integral crankshaft
target wheel. The crankshaft
has seven machined target
notches, six of which are
evenly spaced. The seventh
crank notch is positioned
about 55° ATDC of cylinders
1 and 4 and is used by the
PCM as a sync pulse.

On 2000-01 ECOTEC engines, the
CKP signal is fed to the electronic igni-
tion module, which then outputs a ref-
erence pulse to the PCM, reflecting all
of the CKP pulses. On 2002 and later
models, the CKP signal is fed directly to
the PCM. The PCM uses the CKP sync
pulse notch to identify when the 2/3 coil
is due up next to be charged. The en-
gine always starts firing the 2/3 coil first
upon cranking. Charging of the 2/3 coil
always begins near the second crank
notch. Charging of the 1/4 coil always
begins near the fifth crank notch. You
can actually see evidence of the coil fir-
ing events as feedback onto both the
CAMOUT signal and CKP or REF HI
signal. Notice the small triangular
humps in the matching areas of both
the signals shown in Fig. 6. The firing
order is the typical 1-3-4-2.

Once the ignition process has started,
the PCM looks for the sequence of
CAMOUT signals from the EI module
to determine engine phasing. The PCM
accomplishes this by sampling the
CAMOUT state (high or low) near the
third crank notch, coincident after the
2/3 coil fired near the second notch,
then sampling it again on the sixth
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notch coincident after the 1/4 coil fired
near the fifth crank notch.

After two crankshaft revolutions, all
four cylinders will have fired and four
samples of the CAMOUT will have
been taken in order to generate the four
CAM ID samples. Two of the cylinders
on compression (1 and 3) generate a
high CAMOUT signal and two cylin-
ders on compression (2 and 4) generate
a low CAMOUT signal. This means the
duty cycle of the CAMOUT signal will
be 50% after two crankshaft revolu-
tions.

These sequences of high and low
CAMOUT signals are read by the PCM
as a series of four data bits—a 1-bit if
the CAM signal is high and a 0-bit if the
CAM signal is low. The bits are in a
1001 order if cylinder 3 came up on
compression first (3-4-2-1), or 0110 if
cylinder 2 came up on compression first
(2-1-3-4), upon initiation of ignition
during cranking. The Tech 2 scan tool
can display this series of bits as a Para-
meter ID (PID) called Calculated
Compression Output (CCO). The Tech
2 PID will actually read eight bits, but
only the lower four bits are used. The
first four bits in the sequence always re-
main displayed as zeros.

In-cylinder pressures affect spark
plug breakdown voltage levels and the
timing of the breakover events. Under
certain engine operating conditions, the
in-cylinder pressures for the waste
spark ignition running mates can be
nearly equal. During deceleration, the
pressure of the compressing cylinder
can be as low as or lower than that of
the cylinder on its waste stroke. This
condition would, of course, render the
CSI signal information invalid. For this
reason, the PCM considers the
CAMOUT signal valid only during cer-
tain MAP sensor ranges.

CSI Diagnosis
Let’s look at the misfire diagnostic infor-
mation the CSI signal provides. Consid-
ering the fact that the required firing
amplitude is primarily determined by
the level of compression, it only makes
sense that cylinder sealing as well as en-
gine breathing issues will affect the
CAMOUT signal. The ability of the ig-
nition system components to fire the

cylinders also will affect the CAMOUT
signal. While compression is present,
the air/fuel ratio has less of an effect on
firing voltage level, and will not affect
the CAMOUT signal.

An extensive amount of failure mode
effects analysis as well as live case stud-
ies were conducted to compile the mis-
fire reference chart shown in Fig. 7.
The chart lists the information the CSI
system signals provide, regardless of
whether you’re using the Tech 2 scan
tool or an aftermarket scan tool and a
dual-trace oscilloscope. The chart lists
the normal CCO PID output as read on
the Tech 2, as well as the expected de-

fect bit to be generated, listed in red be-
low it. Each defect CCO bit pattern is
to be used with the current cylinder
misfire ID PID, also listed on the mis-
fire data table of the Tech 2.

When starting up the Tech 2 scan
tool, be sure to choose the “Saturn” ve-
hicle line choice, regardless of whether
the vehicle is indeed a Saturn. If you
don’t, the CCO bit PID will not be dis-
played. If you do not own a Tech 2, you
can use any other aftermarket scan tool
that provides a current cylinder misfire
PID. If a Tech 2 is not available, use the
current cylinder misfire ID PID on
your scanner and your dual-trace scope
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on the CAMOUT signal and CKP or
REF HI signals to provide all the CCO
bit pattern information you’ll need to
use this chart.

The chart lists the expected duty cy-
cle (D/C) of the CAMOUT signal, as
well as the affected cylinder. The affect-
ed cylinder is identified via the CKP or
REF HI signal count and the rise and
fall of the CAMOUT signal. For the
sake of brevity, the 30 corresponding di-
agnostic charts are not reproduced
here. Refer to your service information
source for these charts.

Cylinder 1 is misfiring in Charts 1
and 2. The cylinder 1 on compression
bit position will generate an abnormally
low CAMOUT state, which results in a
25% positive duty cycle. The signal rises
coincident with cylinder 3 firing on
compression and falls coincident with
cylinder 4 firing on compression. This
signal output combination is due to a
defect causing the cylinder 1 compres-
sion firing event to occur before cylin-

der 4 fires on waste. The system will not
have the required negative-to-positive
CSI signal transition the CSTO needs
to see in order to send the CAMOUT
high signal.

If cylinder 1 were registering steady
misfires at idle, use Chart 1 and in-
spect for defects such as extremely low
compression, intake valvetrain issues
resulting in a reduction in cylinder
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density, a badly arcing plug boot or a
shorted/fouled spark plug gap. If cylin-
der 1 were misfiring randomly or only
under load, we would use Chart 2 and
inspect for leaking secondary compo-
nents like a torn plug boot, a cracked
spark plug or an externally arcing coil.

If cylinder 4 were registering steady
misfires at idle, use Chart 3 and inspect
for defects such as an open spark plug
connector spring or exhaust valvetrain
issues resulting in a reduction in flow
out of that cylinder. An excessively large

spark plug gap may also be responsible.
If misfire is occurring randomly or only
under load, use Chart 4 and inspect for
defects such as an internally arcing or
defective coil.

If both cylinders 1 and 4 are misfir-
ing steadily at an even rate at all engine
speeds and the CAMOUT signal dis-
plays 25% positive duty cycle, use
Chart 5. In your waveforms you’d also
notice that the normally characteristic
bump in the CAMOUT waveform
caused by the feedback of the coil fir-

ing is missing. This means that the pri-
mary circuit never charged and dis-
charged any energy. Under these con-
ditions, check for an open connection
in the dual female interconnects be-
tween the EI module and the ignition
cassette. Once the interconnect is re-
moved, check for proper primary coil
resistance. If both of those components
are good, the EI module is bad. Lack of
an EST signal from the PCM would
not generate this 25% D/C CAMOUT.
If both cylinders 1 and 4 are misfiring
only under load, use Chart 6 to look for
a defective ignition coil.

If both cylinders 1 and 4 are misfir-
ing constantly at all engine speeds and
the CAMOUT signal is 50%, use
Chart 25. Again, you should notice
that the normal characteristic bump in
the CAMOUT waveform caused by
the feedback of the coil firing is miss-
ing. Another strange aspect of this
type of defect is that the 50% duty cy-
cle of the CAMOUT is shifted 180°
relative to the REF HI signal. Instead
of the CAMOUT rising coincident
with the cylinder 1 firing event and
falling on cylinder 4, it rises on the
cylinder 3 firing event and falls on
cylinder 2. This happens because the
CSTO did not see an EST rise from
the PCM and the CSTO never armed
its CSI signal-detection circuitry. Un-
der this condition, the CAMOUT state
will default and stay in its last generat-
ed state—either high or low.

The misfire diagnostics for cylinders
2 and 3 are symmetrical and identical
to cylinders 1 and 4, except for one
type of defect. If the 2/3 EST signal is
missing, the CAMOUT will be 50%
and rise coincident with the cylinder 1
firing event and fall on cylinder 4, just
like a normal signal. Using Chart 27,
either scope the EST 5V square wave
or use a DMM and look at the duty cy-
cle or average voltage.

The author would like to thank Joel F.
Downey, CSI lead project engineer at
Delphi Automotive, for his considerable
help in preparing this article.
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