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Fig.2: block diagram for the CDI Multi-Spark Ignition. The 300V output from
the DC-DC converter is fed to the drain of MOSFET Q3 which is used as a switch
to direct current flow through a 1pF capacitor. MOSFET Q4 then shunts the
lefthand side of the capacitor to ground to fire the coil (after first switching off
Q3). When Q4 is switched off and Q3 is switched back on again, another spark
is generated as the 300V DC is re-applied to the capacitor.
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Fig.3: simplified circuit of the DC-DC converter. MOSFETs Q1 and Q2 are driven
by a switch-mode PWM waveform generated by IC1 via buffers IC2a and IC2b.
The MOSFETs in turn drive the centre-tapped primary winding of transformer
T1 and the output from the secondary is fed to a bridge rectifier (D2-D5) and a
100nF filter capacitor to produce the 300V DC output.

The switch can be a conventional set
of points or a switching transistor, as
used in most modern ignition systems.
When the switch is closed, current
increases in the primary winding and
is only limited by the internal resist-
ance of the coil and a ballast resistor
(if used). The maximum current is
usually up to 5A.

When the switch opens, the result-
ing collapse of the magnetic field in
the coil causes the secondary winding
to produce a high voltage to fire the
spark plug. As the engine speed rises,
the current has less time to build up
in the coil primary and so inevitably
the spark energy is reduced. Modern
transistor-assisted ignition systems get
around this problem by using ‘dwell
extension’, lower inductance coils
or more than one ignition coil, as in
direct-fire ignition systems.

Fig.1(b) shows how a typical CDI sys-
tem works. It has a DC-to-DC inverter
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with aregulated 300V DC output which
charges up a 1pF capacitor. This ca-
pacitor charges up via the coil to 300V
when S1isin position A and discharges
through the coil when the switch is in
position B. Thus, each time a spark plug
is fired, two sparks are produced — one
with positive polarity and one with
negative polarity. The CDI can be made
to produce more than two sparks for
each firing by repeatedly charging and
discharging the 1pF capacitor.

Note that older CDI design versions
have the lefthand side of the capacitor
permanently connected to the DC-DC
converter output. This side of the ca-
pacitor is switched to ground for firing,
usually by an SCR. This arrangement
means that the DC-DC converter is ef-
fectively shorted to ground and needs
to shut down on each firing (otherwise
the SCR would continue to conduct).

Fig.2 shows the block diagram for
CDI ignition. The DC-DC converter’s

300V output connects to the drain
of MOSFET Q3 which is used as a
switch to direct current flow through
the 1uF capacitor. MOSFET Q4 then
shunts the left side of the capacitor to
ground to fire the coil (Q3 is switched
off first). When Q4 is switched off and
Q3 switched back on, there is another
spark generated as the 300V is reap-
plied to the capacitor.

DC-DC converter basics

The basic principle of the DC-DC
converter is simple. It works by al-
ternately switching the 12V battery
supply to each half of a centre-tapped
transformer primary winding. The
resulting square waveform is stepped
up by the transformer’s secondary and
then rectified and filtered to provide
the 300V DC supply rail.

Fig.3 shows the simplified circuit of
the DC-DC converter. The circuit oper-
ates at a switching frequency of about
60kHz and uses a high-frequency fer-
rite transformer. The centre-tapped
primary winding of the transformer
is driven by MOSFETs Q1 and Q2.
Q1 drives the top half of the step-up
transformer, while Q2 drives the bot-
tom half. The secondary winding’s
output is fed to a bridge rectifier and
filter capacitor to produce the 300V
DC output rail.

The MOSFETs are driven by a
switch-mode PWM (pulse-width
modulation) waveform generated by
IC1. This feeds complementary (ie, out
of phase) gate signals to the MOSFETs
via buffers IC2a and IC2b. Negative
feedback is applied to the +IN2 input
of IC1 from the 300V DC output via a
voltage divider (not shown). This feed-
back circuit acts to reduce the width of
the pulses applied to the MOSFETs if
the DC voltage rises above 300V.

Conversely, the pulse width from
the driver circuit increases if the out-
put voltage falls below 300V. Since the
MOSFETs are switched in anti-phase,
when one half of the winding is con-
ducting, the other is off.

The DC-DC circuit also incorporates
alow-voltage cut-out to protect the bat-
tery from over-discharge. It monitors
the battery voltage at —IN1 and if it
drops below 9V, the DC-DC converter
switches off.

Circuit details

Refer now to Fig.4 for the full circuit
of the High-Energy Multi-Spark CDI.
Its DC-DC converter is based on a
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1 PCB, available from the EPE
PCB Service, code 05112141,
110.5 X 85mm

1 diecast metal case, 119 x 94 x
57mm

1 ETD29 transformer (T1)
consisting of 1 X 13-pin former,
2 X N87 cores (element14 Cat.
1781873) and 2 X clips

1 S14K 275V AC metal-oxide
varistor (MOV1)

2 IP68 cable glands, 4-8mm cable
diameter

4 M3 x 9mm tapped spacers

4 TO-220 silicone insulation
washers

4 insulating bushes

1 100kQ top-adjust multi-turn
trimpot (VR1)

4 M3 x 9mm tapped nylon
spacers

5 M3 x 10mm screws

4 M3 x 6mm screws

4 M3 x 6mm countersink-head
screws

5 M3 nuts

2 3mm star washers

2 solder lugs

1 20m length of 0.25mm-diameter
enamelled copper wire (for T1
secondary)

1 1200mm length of 1.0mm-
diameter enamelled copper
wire (for T1 primary)

1 2m length of red automotive wire

1 2m length of black automotive
wire

1 2m length of green automotive
wire

1 2m length of white automotive
wire

Semiconductors
1 TL494CD SOIC switch-mode
PWM control circuit (IC1)*
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Ratspliist

1 TC4427COA SOIC high-speed
MOSFET driver (IC2)*

1 L6571AD SOIC high-voltage
half-bridge driver with oscillator
(1C3)*

2 STP60NF06 60V 60A N-channel
MOSFETs (Q1,Q2)*

2 FDP10N60NZ 10A 600V
N-channel MOSFETs (Q3,Q4)*

2 BC337 NPN transistors (Q5,Q6)

1 16V 1W Zener diode (ZD1)

1 75V 1W Zener diode (ZD2)

1 1N4004 1A 400V diode (D1)

5 UF4007 fast rectifier diodes
(D2-D6)

3 1N4148 switching diodes (D7-D9)

* available from element14.com

Capacitors

1 4700uF 16V PC low-ESR
electrolytic

3 100uF 16V PC low-ESR
electrolytic

1 10uF 16V PC electrolytic

2 1pF 50V monolithic multilayer
ceramic (MMC)

1 1uF X2 class 275VAC MKP
metallised polypropylene
(Vishay BFC233922105%)

2 100nF X2 class 275VAC MKP
metallised polypropylene

3 100nF 63/100V MKT

1 4.7nF 63/100V MKT

1 1nF 63/100V MKT

1 C1 (470nF for 8-cylinder,
150nF for 6-cylinder, 120nF for
4-cylinder), 63/100V MKT

* available from element14.com

Resistors (0.25W, 1%)

3 1MQ 1 13kQ
2 680kQ 7 10kQ
2 270kQ 1 8.2kQ
2 180kQ2 2 4.7kQ
1 56kQ 1 2.2kQ

2 47kQ 2220
1 33kQ 3 10Q
2 33kQ 1W

Points version
1 100Q 5W resistor (R1)

Reluctor version

1 BC337 NPN transistor (Q7)

1 5.1V 1W Zener diode (ZD3)

1 2.2nF MKT polyester capacitor

1 470pF ceramic capacitor

1 100k top adjust multi-turn
trimpot (VR2)

1 47kQ 0.25W 1% resistor

1 10kQ 0.25W 1% resistor

1 10kQ 0.25W 1% resistor (R4)

1 1kQ 0.25W 1% resistor (R3)

2 150Q 0.25W 1% resistors

Hall Effect/Lumenition Module

1 5.1V 1W zener diode (ZD3)

1 150Q2 0.25W 1% resistor

1 1kQ 0.25W 1% resistor (R3)
1 100Q 0.25W 1% resistor (R2)

Optical Pick-up

1 optical pick-up (Piranha or
Crane)

1 5.1V 1W zener diode (ZD3)

1 22k 0.25W 1% resistor (R3 or R6)

2 1500 0.25W 1% resistors

1 120Q2 0.25W 1% resistor (R4 or R5)

Miscellaneous

Heatshrink tubing, angle brackets
for mounting, automotive connect-
ors, self-tapping screws

Reproduced by arrangement
with SILICON CHIP
magazine 2015.
www.siliconchip.com.au

Texas Instruments TL494 switch-mode
driver (ICI).

This device has been available since
the early 1980s and is still used today
in many switch-mode power supplies.
The IC contains all the necessary
circuitry to generate complementary
square-wave outputs at pins 9 and
10 and these drive the gates of the
MOSFETs via MOSFET drivers. The
IC also contains control circuitry to
provide output voltage regulation and
low voltage cut-out.

Fig.5 shows the internal circuitry of
the TL494. It’s a fixed-frequency PWM

controller containing a sawtooth oscil-
lator, two error amplifiers and a PWM
comparator. It also includes a dead-
time control comparator, a 5V refer-
ence and output control options for
push-pull or single-ended operation.

The PWM comparator generates
the variable-width output pulses by
comparing the sawtooth oscillator
waveform against the combined out-
puts of the two error amplifiers. The
error amplifier with the highest output
voltage sets the pulse width.

The control (CTRL) output at pin 13
ofIC1is used to set either single-ended
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output or push-pull operation. In our
design, push-pull (ie, anti-phase)
outputs are selected and these are pro-
duced at the transistor emitters at pins
9 and 10 (E1 and E2). These internal
transistors have their collectors tied
to the positive supply rail.

Dead-time comparator

The internal dead-time comparator
ensures that there is a brief delay
before one output goes high after the
other has gone low. This means that
the outputs at pins 9 and 10 are both
low for a short time at the transition
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Fig.4: the circuit is based on IC1, which is a TL494 switch-mode driver. This combines with MOSFETs Q1 and Q2,
transformer T1 and bridge rectifier D2-D5 to form the DC-DC converter. IC3, an L6571AD high-voltage half-bridge
driver and oscillator, is used to alternately switch MOSFETs Q3 and Q4 to charge and discharge the 1pF capacitor via
the ignition coil. The circuit caters for six different input triggers: (a) points; (b) Hall effect/Lumenition triggering; (c)
engine management module triggering; (d) reluctor pickup; (e) Crane optical pickup; and (f) Piranha optical pickup.

points. This dead-time period is essen-
tial because without it, the MOSFET
driving one half of the transformer
primary would still be switching off
while the MOSFET driving the other
half was switching on. As aresult, the
MOSFETs would be destroyed as they
would effectively create a short circuit
across the 12V supply.

One of the error amplifiers in IC1 is
used to provide the under-voltage cut-
out feature. This is done by connecting
its pin 2 inverting input to the +12V

rail via a voltage divider consisting of
10kQ and 8.2kQ resistors. The non-
inverting input at pin 1 connects to
IC1’s internal 5V reference at pin 14
via a 4.7kQ resistor.

When the voltage at pin 2 drops
below 5V (ie, when the battery voltage
drops below 9V), the output of the er-
ror amplifier goes high and the PWM
outputs at pins 9 and 10 go low, shut-
ting the circuit down. Note the 1MQ
resistor between the non-inverting
input at pin 1 and the error amplifier

Everyday Practical Electronics, December 2015

output at pin 3. This provides a small
amount of hysteresis so that the output
of the error amplifier does not oscillate
at the 9V threshold.

The second error amplifier in the
TL494 is used to control the output
voltage of the DC-DC converter. The
feedback voltage is derived from the
positive side of the bridge rectifier and
fed via a voltage divider consisting
of two 270kQ resistors and trimpot
VR1 in series, plus a 10kQ resistor to
ground. The resulting voltage is then
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Fig.5: the internal circuit of the TL494 switch-mode pulse-width modulation (PWM) controller. It is a fixed-frequency
PWM controller containing a sawtooth oscillator, two error amplifiers and a PWM comparator. It also includes a dead-
time control comparator, a 5V reference and output control options for push-pull or single-ended operation.

fed to pin 16 of IC1 and compared to
the internal 5V reference, which is
applied to pin 15 via a 4.7kQ resistor.

Normally, the attenuated feedback
voltage should be close to 5V. Should
this voltage rise (due to an increase
in the output voltage), the output of
the error amplifier also rises and this
reduces the output pulse width. Con-
versely, if the output falls, the error
amplifier’s output also falls and the
pulse width increases.

The gain of the error amplifier at
low frequencies is set by the 1MQ
feedback resistor between pins 3 and
15 and by the 4.7kQ resistor to pin 14
(Vrer). These set the gain to about 213.
Athigher frequencies, the gain is set to
about 9.5 by virtue of the 47kQ resistor
and 100nF capacitor in series across
the 1MQ resistor. This reduction in
gain at the higher frequencies prevents
the amplifier from responding to hash
on the supply rails.

The 10kQ resistor and 1nF capaci-
tor at pins 6 and 5 respectively set the
internal oscillator to about 120kHz.
This is divided by two using an in-
ternal flipflop to give the resulting
complementary (anti-phase) output
signals at pins 9 and 10. The result-
ing switching rate of the MOSFETSs
is 60kHz.

Pin 4 of IC1 is the dead-time control
input. When this input is at the same
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level as VRgp, the output transistors are
off. As pin 4 drops to 0V, the dead-time
decreases to a minimum. At switch
on, the 10uF capacitor between VRygr
(pin 14) and pin 4 is discharged and
this initially holds pin 4 at 5V. This
prevents the output transistors in IC1
from switching on.

The 10pF capacitor then charges via
the 47kQ resistor (between pin 4 and
ground) and so the duty cycle of the
output transistors slowly increases
until full control is gained by the error
amplifier. This effectively provides a
soft start for the converter. The 1IMQre-
sistor between pins 4 and 13 has been
included to provide more dead-time. It
prevents the 10pF capacitor from fully
charging to 5V and this increases the
minimum dead-time period.

Complementary outputs

As stated, the complementary PWM
outputs at pins 9 and 10 of IC1 come
from internal emitter-follower transis-
tors. These each drive external 10kQ
pull-down resistors and MOSFET
drivers IC2a and IC2b, which can
deliver up to 1.5A charge/discharge
current into the MOSFET gates, for
fast and clean switching.

Note the 100nF X2 capacitor and the
4700uF low-ESR capacitor between
the centre tap of the transformer pri-
mary and ground. These are there to

cancel out the inductance of the leads
which carry current to the transformer.
They effectively provide the peak cur-
rent required from the transformer as
it switches.

Transformer T1 is a relatively small
ferrite-cored unit designed to be driven
at high frequencies. This is a similar
arrangement to that used in the Ul-
trasonic Cleaner (EPE, August 2012)
and in the Ultrasonic Anti-Fouling
Unit For Boats (EPE, September and
November 2012). Its primary and
secondary windings are wound using
enamelled copper wire, with the num-
ber of turns set to provide the required
output voltage.

In operation, the power MOSFETSs
alternately switch each side of the
transformer primary to ground, so
that the transformer is driven in
push-pull mode. When Q1 is on, the
12V supply is across the top half of
the primary winding, and when Q2
is on, the supply is across the bot-
tom half. This alternating voltage
is stepped up by the secondary and
applied to a full-wave bridge recti-
fier comprising UF4007 ultra-fast
recovery diodes D2-D5.

These ultra-fast diodes are neces-
sary because of the high switching
frequency of 60kHz. A 100nF X2 ca-
pacitor filters the 300V DC output and
this is fed to the drain of MOSFET Q3
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and also to IC3, an L6571 half-bridge
MOSFET driver and oscillator, via 75V
zener diode ZD2 and two series 33kQ
1W resistors.

IC3’s supply at pin 1 is set to 15V by
an internal zener diode. ZD2 is used to
drop the 300V supply before feeding
it to the 33kQ resistors, so that each
dissipates no more than 334mW.

Er':lf trigger frequency
1 IIIQ[IL:?-IF (channel 2, cyan).
CH2 ™ 4800
1.02057kHz
Driving Q3

In order for MOSFET Q3 to fully turn
on, its gate must be raised above its
drain by several volts and this is the
job of IC3, the L6571 half-bridge driver.
It produces the necessary higher gate
voltage using diode D6 and a 100pF
capacitor (Cx) between Q3’s source
and pin 8.
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Initially, IC3 starts with a 15V sup-
ply derived from the 300V rail, as
mentioned above. Q4 is the first to be
switched on and it pulls one side of
capacitor Cx low. Cx then charges to
the +15V supply via D6 and Q4.

When Q4 turns off and Q3 turns on,
Q3 pulls pin 6 of IC3 up to the 300V rail
and so pin 8 is jacked up above +300V
by the 15V across the capacitor. The
voltage across Cx is then maintained
until next recharged via D6 and Q4
(note that pins 6, 7 and 8 of IC3 are
floating outputs which can be shifted
up to 600V above the pin 4 ground).

Cx needs to be relatively large
(100uF) since it can be called on to
keep its charge for up to 100ms during
slow cranking of the motor. The totem-
pole output of MOSFETs Q3 and Q4
drives the ignition coil primary via the
1pF X2 capacitor.

The 22Q gate resistors slow the turn-
on and turn-off times for Q3 and Q4,
to limit transients when switching the
1pF capacitor.

Multi-sparking

Multi-sparking is possible because
IC3 incorporates a self-oscillating
section involving two compara-
tors, as shown by its internal block
diagram on Fig.4. The series resis-
tor string sets the inputs of the
two comparators at 2/3 and 1/3 of
the 15V supply, while the external
4.7nF capacitor and 180kQ resistor
configure the two comparators as an
astable multivibrator. It operates in
a very similar way to a 555 timer IC
connected in astable mode.

In our circuit, we have added diode
D7 and another 180kQ resistor in se-
ries. This ensures that the discharge
period for the 4.7nF capacitor via one
of the 180kQ resistors is much longer
than the charging period via both
180kQresistors and D7 when the latter
is forward biased by pin 2.

Note that the 4.7nF capacitor is only
tied to ground when transistor Q5 is
switched on via the trigger circuit.
Capacitor C1 is also connected to the
collector of Q5. Initially, when Q5 is
off, C1 is discharged and held at the
pin 1 supply voltage (+15V) via the
13kQ resistor at Q5’s collector and the
33kQ resistor at D8’s anode. This last
resistor pulls pin 3 of IC3 well above
the upper threshold (2/3 the pin 1
supply) via D8. As a result, pin 2 goes
low but the 4.7nF capacitor cannot be
discharged and so IC3 doesn’t oscillate.
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fTableRIREMAvsIsparkfnumberfandfduration

RPM Distributor triﬂ%er

frequency (

No. of sparks

4-Cylinder 4-Stroke engines

Multiple spark duration
(crankshaft degrees)

600 20 6 8
900 30 6 13
1200 40 6 16
1500 50 6 20
2250 75 4 19
3000 100 4 25
4500 150 4 37
9000 300 2 21
15,000 500 2 36

6-cylinder 4-stroke engines

400 20 8 8
600 30 8 12
800 40 6 11
1000 50 6 14
1500 75 6 21
2000 100 4 16
3000 150 4 24
6000 300 2 14
10,000 500 2 22

8-cylinder 4-stroke engines

300 20 14 11
450 30 12 13
600 40 10 15
750 50 10 18
1125 75 8 21
1500 100 8 20
2250 150 6 29
4500 300 4 32
7500 500 2 15

This in turn means that MOSFET Q4 is
off and QQ3 is on.

When Q5 switches on due to an in-
put trigger signal, D8’s anode is pulled
low via C1. Thus, the 33kQ resistor is
temporarily out of the oscillator circuit
and so the 4.7nF capacitor is charged
and discharged via the components at
pin 2, as previously discussed. Q4 and
Q5 now switch on and off alternately
and so the coil is fired repetitively.

C1 now charges again via the 33kQ
resistor and when its voltage reaches
the upper threshold of pin 3’s input,
the oscillator stops as described before.

Note that at high RPM, Q5 is on for
less time than it takes C1 to recharge
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via the 33kQ resistor and switch off
IC3’s oscillation. The instant this trans-
istor switches off, IC3 stops oscillating
since C1 is immediately pulled high.
This is a fail-safe condition to prevent
sparks designated for one cylinder
from accidentally firing the next cyl-
inder in sequence.

The trigger circuit also drives transis-
tor Q6 to provide a low voltage (+12V)
tachometer output. This is necessary,
since a tachometer connected to the coil
would otherwise give false readings.

Disabling multi-spark mode
If you wish, the multi-spark feature
can be easily disabled by removing

C1 and replacing the 4.7nF capacitor
with a 15nF capacitor instead.

This modification now causes IC3
to produce a single 0.5ms pulse to
switch on Q4. This fires the coil in
one direction when Q4 switches on
and in the other direction when Q3
switches on.

A metal-oxide varistor (MOV1) is
connected across the coil to quench
the high-voltage transient which will
occur if the coil is left open-circuit on
the secondary. Leaving the coil output
open-circuit can cause it to break down
internally and this quickly leads to
failure.

Two 680kQ resistors are connected
in series across the 1pF X2 output
capacitor to discharge it should the
coil become disconnected from the
circuit. This is a safety measure since
a 1uF capacitor charged to 300V can
produce a very nasty shock.

Trigger inputs

Because this Multi-Spark CDI is in-
tended for use with a wide range of
engines, we have made it compatible
with six different trigger sources.
These are all shown on the main cir-
cuit of Fig.4.

The points input circuit (a) simply
comprises a 100Q 5W resistor con-
nected to the 12V supply. This resis-
tor provides a wetting current for the
points to ensure their contacts remain
clean. The points connect to the trigger
input associated with Q5.

The Hall effect or Lumenition (op-
tical trigger) module input (b) uses a
100Q supply resistor (R2) to the +12V
rail. This resistor limits the current
into the internal clamping diode of
the Hall effect or Lumenition unit. The
1kQresistor (R3) pulls the output volt-
age up to +5V when the internal open-
collector transistor is off. Conversely,
the output voltage falls to near 0V

BewaneloffsimilafICs!

Note that there are similar half-bridge
self-oscillating MOSFET drivers to the
L6571, such as the IR2155 - note that
the IR2155 is now an obsolete part.

There are also what may appear to
be similar drivers. These include the
IR2153, the IR25603 and the IRS2153.
Don’t use these in this circuit — they
won’t work properly!
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Constructional Project

The High-Energy Multi-Spark CDI is housed in a rugged diecast metal case
which provides good heatsinking for the four MOSFETs. It’s mounted in a
splash-proof location in the engine bay, preferably where air can flow over it
and well away from the hot exhaust manifold and exhaust pipes.

for a wide range of reluctor resistance
values. In practice, VR2 is adjusted so
that Q7 is just switched on when there
is no signal from the reluctor. When
the signal goes positive, Q7 remains
switched on. When the signal goes
negative, Q7 is switched off.

Resistor R4 provides loading for the
reluctor, while the 470pF capacitor
shunts any high-frequency signals.
The 2.2nF capacitor speeds up Q7’s
switch-on and switch-off times.

Optical triggering
Two optical (photoelectric) trigger-
ing versions are catered for, one for a
Crane pick-up (e) and one for a Piranha
pick-up (f). The Crane trigger has a
common-ground connection, while
the Piranha has a common positive.
For the Crane trigger, resistor R5 feeds
current to the internal LED from the
+5V supply, while R3 functions as a
pull-up resistor for the photodiode.
Similarly, for the Piranha trigger,

when the internal transistor turns on.

The engine management input (c)
is very straightforward; the 5V signal
output from the vehicle’s engine man-
agement unit simply connects to the
trigger input.

Reluctor triggering

The reluctor input circuit (d) is the
most complex. In operation, the
reluctor coil produces an AC signal
which switches transistor Q7 on and
off. This works as follows: with no
reluctor voltage, transistor Q7 is bias-
ed on via trimpot VR2 and the 47kQ
resistor to its base. The actual voltage
applied to Q7’s base depends on the
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R4 is the current resistor for the LED,
while R6 functions as pull-down for
the internal photodiode.

That’s all for this month. Next month,
we’ll describe the PCB assembly and
the test and installation procedures.

Warning = High Veltagel

This circuit produces an output voltage of up to 300V DC to drive the coil
primary and is capable of delivering a severe (or even fatal) electric shock.
DO NOT TOUCH any part of the circuit or the output leads to the coil from
CON2 while power is applied.

To ensure safety, the PCB assembly must be housed in the recommended
diecast case. This case also provides the necessary heatsink for the four
MOSFETs - see Part 2 next month.

10kQ resistor connected to the top of
the reluctor coil and on the internal
resistance of the reluctor.

Trimpot VR2 is included to cater
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