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(57) ABSTRACT 

An ignition apparatus includes a Suppression device com 
prising a Suppression winding that is in Series with the 
Secondary winding and is further located outside of a 
magnetic circuit. The Suppression winding is made from the 
Same wire as used in the Secondary winding and is wound on 
a reduced diameter portion of a Secondary winding spool. A 
carbon resistor is disposed in Series with the Suppression 
winding in another embodiment. Nickel wire may be sub 
Stituted for the Suppression winding and carbon resistor in 
order to obtain both inductance and resistance characteristics 
for the Suppression device. 
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IGNITION APPARATUS HAVING BUILT-IN NOISE 
SUPPRESSION 

BACKGROUND OF THE INVENTION 

0001) 1. Technical Field 
0002 The present invention relates generally to ignition 
coils for developing a Spark firing Voltage that is applied to 
one or more Spark plugs of an internal combustion engine. 
0.003 2. Discussion of the Background Art 
0004 Ignition coils are known for use in connection with 
an internal combustion engine Such as an automobile engine, 
and which include a primary winding, a Secondary winding, 
and a magnetic circuit. The magnetic circuit conventionally 
may comprise a cylindrical-shaped, central core extending 
along an axis, located radially inwardly of the primary and 
Secondary windings and magnetically coupled thereto. One 
end of the Secondary winding is conventionally configured 
to produce a relatively high Voltage when a primary current 
through the primary winding is interrupted. The high Voltage 
end is coupled to a Spark plug, as known, that is arranged to 
generate a discharge Spark responsive to the high Voltage. 
The Spark plug, however, operates as a noise generating 
Source when Such spark events occur, which may result in 
radio frequency interference (RFI). Separate mount ignition 
coils are generally connected to the Spark plug through a 
Spark plug cable, which has a minimizing effect on the RFI, 
due to its inherent inductance characteristics. Some types of 
ignition coils do not use ignition cables. For example, a 
relatively slender ignition coil configuration is known that is 
adapted for mounting directly above a Spark plug-com 
monly referred to as a "pencil' coil. Such ignition coils, 
therefore, do not utilize ignition cables. Accordingly, the 
problem of RF noise presents particular challenges in the 
design of "pencil' (i.e., direct mount) coils. 
0005 One approach taken in the art is disclosed in U.S. 
Pat. No. 5,603,307 issued to Morita et al. Morita et al. 
disclose a buffer coil having an inductance that is much 
Smaller than that of either the primary winding or the 
Secondary winding connected in Series with one of them. 
Morita et al., however, does not appear to disclose that the 
buffer coil is outside of the magnetic circuit described above, 
and is therefore not believed to be as effective in Suppressing 
RF noise as may be possible. 
0006 Another approach taken in the art involves con 
necting a wire wound resistor in Series with the Secondary 
winding at the high Voltage end of the Secondary winding. 
Incorporating the resistor into the ignition coil adds com 
plexity and introduces mechanical StreSS inasmuch as the 
Substrate on which Such wire wound resistors are available 
have a different coefficient of thermal expansion that con 
ventional encapsulants (e.g., epoxy potting material) used in 
potting ignition coils. This mismatch causes the Stresses 
during operation (thermal cycling) of the ignition coil, 
which in turn may lead to failure (i.e., failure of the 
encapsulant material, which leads to imperfect insulation). 
0007 Accordingly, there is a need for an improved igni 
tion apparatus that minimizes or eliminates one or more of 
the problems as set forth above. 

SUMMARY OF THE INVENTION 

0008 An object of the present invention is to solve one 
or more of the problems as Set forth above. An ignition 
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apparatus according to the present invention overcomes 
Shortcomings of the conventional ignition apparatus by 
including a Suppression device disposed outside of a mag 
netic circuit and comprising a Suppression winding wound 
on the Spool connected in Series with the Secondary winding. 
The foregoing approach eliminates thermal StreSSes associ 
ated with the conventional ignition coils that include a wire 
wound resistor. In addition, the present invention is leSS 
costly to implement compared to the use of the wire wound 
resistor. Being outside of the magnetic circuit allows the 
Suppression device to present an inductance that is electri 
cally distinct from the inductance associated with the Sec 
ondary winding-this improves the Suppression devices 
ability to reduce RF noise. 
0009. An ignition apparatus according to the present 
invention comprises a magnetically permeable central core 
having a main axis, primary and Secondary windings out 
Wardly of the core. The Secondary winding is wound on a 
Secondary winding spool formed of magnetically non-per 
meable material. The core and the windings being included 
in a magnetic circuit. The apparatus further includes a 
Suppression device disposed outside of the magnetic circuit 
comprising a Suppression winding also wound on the Spool 
and that is connected in Series with the Secondary winding. 
0010. A method of making an ignition apparatus is also 
presented. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0011. The present invention will now be described by 
way of example, with reference to the accompanying draw 
ings, in which: 
0012 FIG. 1 is a simplified cross-sectional view of an 
ignition apparatus according to the present invention; 
0013 FIG. 2 is a simplified schematic diagram illustrat 
ing a Suppression device used in the ignition apparatus of 
FIG. 1; 
0014 FIG. 3 is a simplified schematic diagram of a first 
embodiment of the suppression device of FIG. 2; 
0015 FIG. 4 is a simplified schematic diagram of a 
second embodiment of the Suppression device of FIG. 2; 
0016 FIG. 5 is a simplified schematic diagram of a third 
embodiment of the suppression device of FIG. 2; 
0017 FIG. 6 is a simplified schematic diagram of a 
fourth embodiment of the suppression device of FIG. 2; and 
0018 FIG. 7 is a perspective view of a secondary wind 
ing Spool having the Suppression device according to the 
invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

0019 Referring now to the drawings wherein like refer 
ence numerals are used to identify identical components in 
the various views, FIG. 1 is a simplified, cross-section view 
of an ignition apparatus 10 in accordance with the present 
invention. AS is generally known, ignition apparatus 10 may 
be coupled to, for example, an ignition System 12, which 
contains primary energization circuitry for controlling the 
charging and discharging of ignition apparatus 10. Further, 
also as is well known, the relatively high Voltage produced 
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by ignition apparatus 10 is provided to a Spark plug 14 
(shown in phantom-line format) for producing a Spark across 
a Spark gap thereof, which may be employed to initiate 
combustion in a combustion chamber of an engine. Ignition 
System 12 and Spark plug 14 perform conventional functions 
well known to those of ordinary skill in the art. 
0020 Ignition apparatus 10 is adapted for installation to 
a conventional internal combustion engine through a Spark 
plug well onto a high-voltage terminal of Spark plug 14, 
which may be retained by a threaded engagement with a 
Spark plug opening into the above-described combustion 
cylinder. The engine may provide power for locomotion of 
a vehicle, as known. Ignition apparatus 10 comprises a 
Substantially slender high Voltage transformer including 
Substantially, coaxially arranged primary and Secondary 
windings and a high permeability magnetic core. 

0021 FIG. 1 further shows a core 16, an optional first 
magnet 18, an optional Second magnet 20, a primary wind 
ing 24, a first layer of encapsulant Such as an epoxy potting 
material layer 26, a Secondary winding Spool 28, a Second 
ary winding 30, a Second epoxy potting material layer 32, a 
case 34, a shield 36, a low-voltage (LV) connector body 38, 
and a high-voltage (HV) connector assembly 40. It should be 
understood that in conventional operation Spark plug 14, 
absent the improvement according to the present invention, 
constitutes a Source of radio frequency noise or interference 
when producing Sparks. 
0022 FIG. 2 is a schematic representation of an ignition 
apparatus 10 according to the present invention. Ignition 
system 12, shown in block diagram form in FIG. 1, includes 
a control unit 70 and a Switch 72. FIG. 2 further shows a 
Suppression device 74 electrically connected in-Series with 
Secondary winding 30. AS further background, ccontrol unit 
70 is configured generally to perform a plurality of func 
tions, including generation of an ignition control Signal EST 
(electronic spark timing). It should be understood that the 
ignition control signal EST may be generated or initiated by 
other control units not shown, Such as a powertrain control 
module (PCM) in accordance with known ignition control 
Strategies, and provided to control unit 70, Such that control 
unit 70 responds by driving Switch 72 to closure in response 
thereto. AS known, the ignition control Signal defines the 
initial charging time (e.g., duration), and the relative timing 
(e.g., relative to cylinder top dead center) of when a Spark is 
to occur. Switch 72 is configured to Selectively connect 
primary winding 24 to ground, responsive to the ignition 
control signal. Such a connection to ground, as is known 
generally in the art, will cause a primary current I, to flow 
through primary winding 24. Switch 72 is illustrated in the 
Figures as a block diagram; however, it should be under 
stood that Switch 72 may comprise conventional compo 
nents known to those of ordinary skill in the art, Such as, for 
purposes of example only, an insulated gate bipolar transis 
tor (IGBT). When the ignition control signal is discontinued, 
Switch 72 is opened up thereby interrupting the primary 
current. A voltage rise occurs across the Secondary winding, 
a high Voltage end of which is coupled to Spark plug 14. The 
Spaced electrodes of plug 14 (defining a gap therebetween) 
are shown in diagrammatic form in FIG. 2. The induced 
Voltage continues to rise acroSS this gap until breakdown 
occurs, resulting in an electrical discharge across the gap 
(i.e., the Spark). AS mentioned before, ordinarily this dis 
charge may lead to generation of radio frequency (RF) noise 
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or interference. According to the invention, however, Sup 
pression device 74 is configured to SuppreSS Such RF noise. 
0023 FIGS. 3-6 illustrate various embodiments of Sup 
pression device 74, respectively designated Suppression 
devices 74a, 74b, 74c and 74d. Each will be described in 
turn, with coordinated reference to FIG. 7. 
0024 FIG. 3 shows suppression device 74a that includes 
a Suppression winding 76 connected in Series with Secondary 
winding 30. Suppression winding 76 may comprise the same 
wire material used for the main turns of Secondary winding 
30 and may also be continuous therewith (i.e., no breaks). 
0025. With particular reference to FIG. 7, there is shown 
a perspective view of Secondary winding Spool 28 carrying 
a plurality of turns of wire on a main body portion thereof 
defining secondary winding 30. In the illustrated embodi 
ment, spool 28 may be formed with a channel 78 configured 
to allow axial routing of the wire that forms Secondary 
winding 30. FIG. 7 also shows a first terminal 80 and a 
Second terminal 82, in addition to a high-voltage terminal 52 
that connects to high-voltage connector assembly 40 (best 
shown in FIG. 1). In the first embodiment, the main turns of 
Secondary winding 30 are made, then, in a continuous 
fashion (e.g., on the same winder), further turns are made to 
form Suppression winding 76. The end of the Suppression 
winding 76 is then connected to high-voltage terminal 52. In 
the illustrative embodiment, the diameter of the turns of 
Suppression winding 76 is reduced relative to the diameter of 
the turns of secondary winding 30. However, the respective 
circular patterns of the Secondary winding 30 and Suppres 
Sion winding 76 are Substantially coaxial, although axially 
offset or Spaced apart, one from another. The value of the 
inductance Sought for Suppression winding 76 will vary 
depending on the overall design of the ignition apparatus 
and the desired Suppression bandwidth ranges. For example 
purposes only, however, the Secondary winding 30 may 
comprise between about 10,000-30,000 turns of 40-46 AWG 
polyester coated copper wire, and may more preferably be 
between about 15,000-25,000 turns, while the suppression 
winding 76 may comprise approximately 20 turns of the 
same wire at about a 16 mm diameter (e.g., which yields 
about 15 to 20 uH). 
0026 In addition, suppression winding 76 (as well as 
winding 86 described below) is disposed outside of a 
magnetic circuit comprising core 16, windings 24 and 30, 
and shield 36. This is preferred since is presents the induc 
tance provided by Suppression winding 76 as distinct from 
the inductance provided by secondary winding 30, which 
improves the Suppression effectiveness of Suppression 
device 74. Referring to FIG. 1, the lowermost axial extent 
of any of the components in the magnetic circuit is illus 
trated by the line designated “B”, which corresponds to a 
lowermost axial edge or bottom of shield 36. As further 
illustrated, shield 36, core 16 and magnets 18, 20 (if present) 
generally extend about the same axial length. While mag 
netic flux may exist in areas below the line designated “B”, 
“outside' of the magnetic circuit herein means that the 
Suppression winding is axially spaced from line “B”, or, in 
other words, below the lowermost portion of any one of the 
core, magnets (if present), primary and Secondary windings, 
or shield. 

0027 FIGS. 4 and 5 show suppression devices 74b and 
74c, respectively, each including a Suppression winding 76 
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connected in series with a resistor 84. The embodiments of 
FIGS. 4 and 5 may be used when a resistance is desirable 
or required in order to obtain a predetermined Suppression 
effect (i.e., to obtain a certain level of Suppression over a 
certain bandwidth on or around a nominal center frequency). 
Resistor 84 may comprise a carbon resistor, which is much 
leSS expensive than wire wound resistor referred to in the 
Background (e.g., S0.01 versus $0.12-S0.20). Again, Sup 
pression winding 76 may comprise the same wire material 
used for the main turns of secondary winding 30. 
0028 Referring to FIGS. 4 and 7, and regarding Sup 
pression device 74b, when resistor 84 is placed intermediate 
the Secondary winding 30 and Suppression winding 76, it 
provides a measure of isolation therebetween. In this 
embodiment, secondary winding 30 is wound and the high 
voltage end thereof is routed through channel 78 and is 
terminated on metal terminal 80. The ends of resistor 84 are 
respectively coupled to metal terminals 80 and 82. Resistor 
84 may be disposed on the exterior of spool 28 or may 
alternatively be molded into it. Suppression winding 76 may 
be wound as described above on the reduced diameter 
portion of spool 28. One end of suppression winding 76 is 
connected to metal terminal 82 while the other end is 
connected to high-voltage terminal 52. Regarding Suppres 
Sion device 74c, Suppression winding 76 is wound, prefer 
ably, in a continuous fashion on the reduced diameter 
portion of spool 28, and is terminated on terminal 80. 
Resistor 84 is coupled between terminals 80, 82 as described 
above. Finally, a connector is made between terminals 82 
and 52. 

0029 FIG. 6 shows a fourth embodiment of the present 
invention, namely Suppression device 74d. Suppression 
device 74d includes a Suppression winding 86 connected in 
series with secondary winding 30. Suppression winding 86 
comprises a wire conductor that includes a relatively high 
resistance, Such as nickel wire, various types of which are 
known in the art. Suppression winding 86 may be wound as 
described above on the reduced diameter portion of Spool 
28. The winding 86 may be uncoated and the turns spaced, 
or, preferably, the winding 86 may be of the coated type (i.e., 
insulated type) having a coating similar to that used on the 
secondary winding 30. Suppression winding 86 may be 
wound first with its ends connected to terminals 80 and 52. 
Next, the secondary winding 30 may be wound, with the 
high voltage end thereof being routed through channel 78 
and connected to terminal 80. 

0030 The foregoing embodiments of Suppression device 
are operative to reduce RF interference. One bandwidth of 
interest (medium wave) may be centered about 22 kHz, 
while a second bandwidth of interest may be centered about 
100 MHz. Of course, the suppression device may be con 
figured to Suppress other bandwidths of interest, for 
example, in the gigahertz range (e.g., of concern to cell 
phones). It should be appreciated that the inductance of the 
Suppression winding is established in part as a function of 
the diameter of the spool 28 in the reduced diameter area. 
0.031 Referring again to FIG. 1, further details concern 
ing an exemplary ignition apparatuS 10 will now be set forth 
configured to enable one to practice the present invention. It 
should be understood that the following is exemplary only 
and not limiting in nature. Many other configurations are 
known to those of ordinary skill in the art and are consistent 
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with the teachings of the present invention. Core 16 may be 
elongated, having a main, longitudinal axis “A” associated 
there with. Core 16 includes an upper, first end 42, and a 
lower, second end 44. Core 16 may be a conventional core 
known to those of ordinary skill in the art. AS illustrated, 
core 16, in the preferred embodiment, takes a generally 
cylindrical shape (which is a generally circular shape in 
radial cross-section), and may comprise compression 
molded insulated iron particles. 
0032 Magnets 18 and 20 are included in ignition appa 
ratus 10 as part of the magnetic circuit, and provide a 
magnetic bias for improved performance. The construction 
of magnets Such as magnets 18 and 20, as well as their use 
and effect on performance, is well understood by those of 
ordinary skill in the art. It should be understood that magnets 
18 and 20 are optional in ignition apparatus 10, and may be 
omitted, albeit with a reduced level of performance, which 
may be acceptable, depending on performance require 
mentS. 

0033 Primary winding 24 may be wound directly onto 
core 16 in a manner known in the art. Primary winding 24 
includes first and Second ends and is configured to carry a 
primary current I, for charging apparatus 10 upon control of 
ignition System 12. Winding 24 may be implemented using 
known approaches and conventional materials. Although not 
shown, primary winding 24 may be wound on a primary 
winding spool (not shown). 
0034 Layers 26 and 32 comprise an encapsulant suitable 
for providing electrical insulation within ignition apparatus 
10. In a preferred embodiment, the encapsulant comprises 
epoxy potting material. The epoxy potting material intro 
duced in layerS 26, and 32 may be introduced into annular 
potting channels defined (i) between primary winding 24 
and Secondary winding spool 28, and, (ii) between Second 
ary winding 30 and case 34. The potting channels are filled 
with potting material, in the illustrated embodiment, up to 
approximately the level designated “L” in FIG. 1. In one 
embodiment, layer 26 may be between about 0.1 mm and 1.0 
mm thick. Of course, a variety of other thicknesses are 
possible depending on flow characteristics and insulating 
characteristics of the encapsulant. The potting material also 
provides protection from environmental factors which may 
be encountered during the Service life of ignition apparatus 
10. There is a number of Suitable epoxy potting materials 
well known to those of ordinary skill in the art. 
0035) Secondary winding spool 28 is configured to 
receive and retain secondary winding 30. In addition to the 
features described above in connection with FIG. 7, spool 
28 is also characterized by the following. Spool 28 is 
disposed adjacent to and radially outwardly of the central 
components comprising core 16, primary winding 24, and 
epoxy potting layer 26, and, preferably, is in coaxial rela 
tionship therewith. Spool 28 may comprise any one of a 
number of conventional Spool configurations known to those 
of ordinary skill in the art. In the illustrated embodiment, 
Spool 28 is configured to receive one continuous Secondary 
winding (e.g., progressive winding), as is known. However, 
it should be understood that other configurations may be 
employed, Such as, for example only, a configuration 
adapted for use with a segmented winding Strategy (e.g., a 
Spool of the type having a plurality of axially Spaced ribs 
forming a plurality of channels therebetween for accepting 
windings) as known. 
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0.036 The depth of the secondary winding in the illus 
trated embodiment may decrease from the top of spool 28 
(i.e., near the upper end 42 of core 16), to the other end of 
Spool 28 (i.e., near the lower end 44) by way of a progressive 
gradual flare of the spool body. The result of the flare or taper 
is to increase the radial distance (i.e., taken with respect to 
axis “A”) between primary winding 24 and Secondary 
winding 30, progressively, from the top to the bottom. AS is 
known in the art, the Voltage gradient in the axial direction, 
which increases toward the Spark plug end (i.e., high voltage 
end) of the Secondary winding, may require increased 
dielectric insulation between the Secondary and primary 
windings, and, may be provided for by way of the progres 
Sively increased Separation between the Secondary and pri 
mary windings. 

0037 Spool 28 is formed generally of electrical insulat 
ing material having properties Suitable for use in a relatively 
high temperature environment. For example, Spool 28 may 
comprise plastic material such as PPO/PS (e.g., NORYL 
available from General Electric) or polybutylene terephtha 
late (PBT) thermoplastic polyester. It should be understood 
that there are a variety of alternative materials that may be 
used for spool 28 known to those of ordinary skill in the 
ignition art, the foregoing being exemplary only and not 
limiting in nature. 

0.038 Spool 28 may further include a first annular feature 
48 and a second annular feature 50 formed at axially 
opposite ends thereof. Features 48 and 50 may be configured 
So as to engage an inner Surface of case 34 to locate, align, 
and center the spool 28 in the cavity of case 34. 
0039. In addition, the body portion of spool 28 tapers on 
a lower end thereof to a reduced diameter, generally cylin 
drical outer Surface sized to provide an interference fit with 
respect to a corresponding through-aperture at the lower end 
of case 34. In addition, the spool body includes a blind bore 
or well at the Spark plug end configured in Size and shape to 
accommodate the size and shape of HV connector assembly 
40. In connection with this function, spool 28 includes an 
electrically conductive (i.e., metal) high-voltage (HV) ter 
minal 52 disposed therein configured to connect Suppression 
device 74 to the HV connector assembly 40. 
0040 FIG. 1 also shows secondary winding 30 in cross 
Section. Secondary winding 30, as described above, is 
wound on Spool 28, and includes a low Voltage end and a 
high Voltage end. The low Voltage end may be connected to 
ground by way of a ground connection through LV connec 
tor body 38 in a manner known to those of ordinary skill in 
the art. The high Voltage end is connected to Suppression 
device 74 is a manner described above. Winding 30 may be 
implemented using conventional approaches and material 
known to those of ordinary skill in the art. 
0041 Case 34 includes an inner, generally cylindrical 
Surface 54, an outer Surface 56, a first annular shoulder 58, 
a flange 60, an upper through-bore 62, and a lower through 
bore 64. 

0.042 Inner surface 54 is configured in size to receive and 
retain the core 16/primary winding 24/spool 28/secondary 
winding 30 assembly. The inner surface 54 of case 34 may 
be slightly spaced from Spool 28, particularly the annular 
spacing features 48, 50 thereof (as shown), or may engage 
the spacing features 48, 50. 
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0043 Annular shoulder 58 and flange 60 are located near 
the lower, and upper ends of case 34, respectively. Shoulder 
58 is formed in size and shape to engage and Support a 
bottom most circumferential edge of shield 36. Likewise, 
flange 60 is configured in size and shape to engage and 
Support an uppermost circumferential edge of Shield 36. 
0044 Bore 62 is configured in size and shape to receive 
the combined assembly of core 16/primary winding 24/spool 
28/secondary winding 30. 

0045 Bore 64 is defined by an inner surface thereof 
configured in size and shape (i.e., generally cylindrical) to 
provide an interference fit with an outer Surface of Spool 
body 28 (i.e., a lowermost portion thereof), as described 
above. When the lowermost body portion of spool 28 is 
inserted in bore 64, therefore, a Seal is made. 
0046 Case 34 is formed of electrical insulating material, 
and may comprise conventional materials known to those of 
ordinary skill in the art (e.g., the PBT thermoplastic poly 
ester material referred to above). 
0047 Shield 36 is generally annular in shape and is 
disposed radially outwardly of case 34, and, preferably, 
engages outer surface 56 of case 34. The shield 36 is 
preferably comprises electrically conductive material, and, 
more preferably metal, Such as Silicon Steel or other 
adequate magnetic material. Shield 36 provides not only a 
protective barrier for ignition apparatus 10 generally, but, 
further, provides a magnetic path for the magnetic circuit 
portion of ignition apparatus 10. Shield 36 may nominally be 
about 0.50 mm thick, in one embodiment. Shield 36 may be 
grounded by way of an internal grounding Strap, finger or the 
like (not shown) well know to those of ordinary skill in the 
art. Shield 36 may comprise multiple, individual sheets 36. 
0048 Low voltage connector body 38 is configured to, 
among other things, electrically connect the first and Second 
ends of primary winding 24 to an energization Source, Such 
as, the energization circuitry included in ignition System 12. 
Connector body 38 is generally formed of electrical insu 
lating material, but also includes a plurality of electrically 
conductive output terminals 66 (e.g., pins for ground, pri 
mary winding leads, etc.). Terminals 66 are coupled elec 
trically, internally through connector body 38, in a manner 
known to those of ordinary skill in the art, and are thereafter 
connected to various parts of apparatus 10, also in a manner 
generally know to those of ordinary skill in the art. 
0049 HV connector assembly 40 may include a spring 
contact 68 or the like, which is electrically coupled to HV 
terminal 52 disposed in a blind bore portion formed in a 
lowermost end of spool 28. Contact spring 68 is configured 
to engage a high-voltage connector terminal of Spark plug 
14. This arrangement for coupling the high Voltage devel 
oped by Secondary winding 30 to plug 14 is exemplary only; 
a number of alternative connector arrangements, particularly 
Spring-biased arrangements, are known in the art. 
0050. An ignition apparatus in accordance with the 
present invention includes a Suppression device connected in 
Series with the Secondary winding and is disposed outside of 
the magnetic circuit. In a preferred embodiment, the same 
wire that is used to wind the Secondary winding is used to 
form the Suppression winding but is wound on a reduced 
diameter portion of the Secondary winding Spool. In a further 
embodiment, a carbon resistor is further connected in Series 
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with the Suppression winding. In a still further embodiment, 
nickel wire is used for the Suppression winding in lieu of the 
Standard wire and the carbon resistor. The invention Sup 
presses RFI while reducing or eliminating complexities and 
part costs associated with conventional approaches taken in 
the art. 

0051. It is to be understood that the above description is 
merely exemplary rather than limiting in nature, the inven 
tion being limited only by the appended claims. Various 
modifications and changes may be made thereto by one of 
ordinary skill in the art, which embody the principles of the 
invention and fall within the Spirit and Scope thereof. 

1. An ignition apparatus comprising: 
a magnetically-permeable central core having a main axis, 
primary and Secondary windings outwardly of Said core, 

Said Secondary winding being wound on a Secondary 
winding Spool of magnetically non-permeable material, 
Said core and Said windings being included in a mag 
netic circuit, and 

a Suppression device disposed outside of Said magnetic 
circuit comprising a Suppression winding wound on 
Said Spool connected in Series with Said Secondary 
winding. 

2. The ignition apparatus of claim 1 wherein Said core has 
first and Second opposing ends with respect to Said main 
axis, Said Suppression winding being axially spaced from 
one of Said ends. 

3. The ignition apparatus of claim 1 wherein said Sup 
pression winding comprises a continuation of a conductor 
used for Said Secondary winding. 

4. The ignition apparatus of claim 2 further comprising a 
magnetically-permeable shield having a cylindrical shape 
disposed radially outwardly of Said central core and primary 
and Secondary windings and included in Said magnetic 
circuit, Said Suppression winding being axially spaced from 
an axial end of Said shield. 

5. The ignition apparatus of claim 3 wherein Said Second 
ary winding Spool includes a terminal formed of electrically 
conductive material configured for connection to a high 
Voltage connector assembly for providing a Spark plug a 
firing Voltage, a terminating end of Said Suppression winding 
being connected to Said terminal. 

6. The ignition apparatus of claim 3 wherein Said Second 
ary winding Spool includes a channel configured to allow 
passage of Said conductor. 

7. The ignition apparatus of claim 1 wherein Said Sup 
pression winding is wound on Said Secondary winding Spool. 

8. The ignition apparatus of claim 7 wherein Said Second 
ary winding is wound on a portion of Said Secondary 
winding Spool having a first diameter, Said Suppression 
winding is wound on a Second portion of Said Spool having 
a Second diameter less than Said first diameter. 

9. The ignition apparatus of claim 8 wherein an induc 
tance of Said Suppression winding is determined as a func 
tion of Said Second diameter. 

10. The ignition apparatus of claim 9 wherein said second 
diameter is Selected as a function of a desired Suppression 
bandwidth. 

11. The ignition apparatus of claim 10 wherein Said 
suppression bandwidth is at least one of a first bandwidth 
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including a first frequency of about 22 kHz and a Second 
bandwidth including a second frequency of about 100 MHz. 

12. The ignition apparatus of claim 1 further including a 
resistor in Series with Said Secondary winding and Said 
Suppression winding. 

13. The ignition apparatus of claim 12 wherein Said 
resistor comprises a carbon resistor. 

14. The ignition apparatus of claim 12 wherein Said 
Secondary winding Spool includes a first terminal, a Second 
terminal and a third terminal each formed of metal, Said 
resistor being coupled between Said first and Second termi 
nals, Said Secondary winding being coupled to Said first 
terminal, Said Suppression winding being coupled between 
Said Second and third terminals, and Said third terminal being 
coupled to a high-voltage connector assembly configured for 
connection to a Spark plug. 

15. The ignition apparatus of claim 12 wherein Said 
Secondary winding Spool includes a first terminal, a Second 
terminal and a third terminal, each formed of metal, Said 
Suppression winding and Said Secondary winding being 
continuous and terminated on Said first terminal, Said resis 
tor being coupled between Said first and Second terminals, 
Said Second terminal being coupled to Said third terminal 
that is connected to a high-voltage connector assembly 
configured for connection to a Spark plug. 

16. The ignition apparatus of claim 1 wherein Said Sec 
ondary winding comprises copper wire having an electri 
cally insulating coating, Said Suppression winding compris 
ing nickel wire to thereby introduce an inductance and 
resistance component. 

17. An ignition apparatus comprising: 

a central core of magnetically-permeable material having 
a main axis, 

a primary and a Secondary winding radially outwardly of 
Said central core, Said Secondary winding being wound 
on a Secondary winding Spool of non-magnetically 
permeable material; 

a shield radially outwardly of said windings formed of 
magnetically-permeable material, Said central core, 
Said windings and Said Shield forming a magnetic 
circuit, and 

a Suppression winding in Series with Said Secondary 
winding disposed outside of Said magnetic circuit. 

18. The ignition apparatus of claim 17, wherein said 
Suppression winding is axially Spaced from respective axial 
ends of Said core and Said Shield. 

19. A method of making an ignition apparatus comprising 
the Step of winding a Suppression coil on a Secondary 
winding Spool having a main axis that is axially spaced from 
a Secondary winding Such that the Suppression coil is outside 
of a magnetic circuit. 

20. The method of claim 19 further including the step of 
forming the Spool Such that a portion thereof bearing the 
Suppression winding has a diameter Selected to yield a 
preSelected inductance for the Suppression winding So as be 
operative to SuppreSS one of a first bandwidth including 22 
kHz and a second bandwidth including 100 MHz. 
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