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ore part?cutlargf, %xeemvennon relates to a partitioning by frequency of the electrical

audio signal from the output of an audio amplifier, into a plurality of frequency bands for
presentation to the electro-acoustic transducers within a loudspeaker system.
10 2. Present State of the Art

Audio systems present as an audible signal, simultaneous divergent audio
frequencies for example music or speech for appreciation by a user. The divergent
frequency content of audio may generally be considered to consist of differing
frequencies. While an audio system may reinforce or reproduce the electrical audio

15 frequency spectrum in a single pair of wires or input to a speaker, specific physical
implementations of speaker components are optimized for responding to a compatible
band of frequencies. For example, low frequencies tend to be better replicated by
physically larger drivers commonly known as woofers. Mid-range frequencies, likewise,
are more favorably reproduced by a mid-range sized driver. Additionally, higher

20 frequencies are better reproduced by physically smaller drivers commonly known as
tweeters.

While an amplifier may electrically deliver the entire audio frequency spectrum
to a speaker over a single pair of wires, it is impractical to expect that the high, middie
and low frequencies autonomously seek out the corresponding tweeter drivers, mid-range

25 drivers and woofer drivers within a speaker. In fact, connecting high-power, low-
frequency signals to a tweeter driver, will cause audible distortion and will typically cause
fatigue and destruction of the tweeter driver.

Therefore, modem higher-fidelity audio system speakers incorporate a crossover
that divides the electrical audio frequency spectrum received in a single pair of wires into

30 distinct frequency bands or ranges and ensures that only the proper frequencies are routed
to the appropriate driver. That is to say, a crossover is an electric circuit or network that
splits the audio frequencies into different bands for application to individual drivers.
Therefore, a crossover is a key element in multiple-driver speaker system design.

Crossovers may be individually designed for a specific or custom system, or may

35 be commercially purchased as commercial-off-the-shelf crossover networks for both two
and three-way speaker systems. In a two-way speaker system. high frequencies are
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capacitor 20 which inhibits the passing of lower frequencies and allows the passing of

higher frequencies to high frequency driver 18. Such a portion of the crossover network
is commonly referred to as a “high pass” filter.
Lower frequencies are filtered through branch 22 of crossover network 8 to low

20 frequency driver 24 through the user of the filtering element shown as inductor 26. This
portion of the crossover network is commonly referred to as a “low pass” filter. It should
be pointed out that crossover networks typically implement the partitioning of the
frequencies into bands through the use of network branches which are parallelly
configured across positive input 12 and negative input 14 of input pair 10.

25 The graph of Figure 1 illustrates the frequency responses of a woofer and tweeter
driver resulting from the two-way crossover network 8. Crossover network 8 is depicted
as a first order crossover in a two-way speaker system. The low frequency or woofer
response 28 begins rolling off at approximately 200 Hertz. As depicted in Figure 1, at
825 Hertz, the woofer response 28 is attenuated to a negative 3 dB from the reference

30 response of 0 dB. Tweeter response 30 is increasing in magnitude at a rate of 6 dB per
octave and at 825 Hertz is also a negative 3 dB from the reference response of 0 dB.
However, after 825 Hertz, tweeter response 30 increases to 0 dB while woofer response
28 continues to roll off at a rate of 6 dB per octave. The intersection of the curves
depicting the woofer and tweeter response defines the "crossover frequency.”

35 Frequencies above the crossover frequency presented at input pair 10 increasingly follow

the lower impedance path of branch 16 terminating at the high frequency or tweeter
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10 Figure 4 depicts a fourth-order crossover network which has a characteristic rate of
attenuation of 24 dB per octave. This demonstrates that to obtain higher rates of
attenuation, the number of elements in the network increases in each paralle] branch of
the crossover network.

Higher order crossover networks are sharper filtering devices. For example, a

15 first order crossover network attennates at the rate of -6 dB per octave while a second
order crossover network attenuates at the rate of -12 dB per octave. Therefore, if a
sufficiently low crossover frequency was selected and a first order crossover network is
employed, a substantial amount of lower frequencies will still be presented to the tweeter.
What this means is that such an effect causes undesirable audible distortion, limits power

20 handling, and can easily result in tweeter damage that could be avoided by using a higher
order crossover network filter.

While Figures 1-4 have depicted crossover networks, such examples depict that
crossover networks are generally implemented as a parallel set of individual filters.
Furthermore, crossover networks have heretofore required the inclusion of at least one

25 capacitive component such as capacitor 20 for providing the requisite filtering or
partitioning of the electrical audio spectrum into frequency bands. Those familiar with
high-fidelity appreciate that capacitors are less than ideal components for use at speaker
level signals. Furthermore, the tolerances associated with capacitors tend to lead to quite
expensive component costs when attempting to accurately match or characterize

30 components for a speaker system. Additionally, those familiar with audio systems also
appreciate that the component cost, which largely includes the cost of individual
components such as the capacitive components used in a crossover network, significantly
affect the overall price of an audio system and in particular, the overall price associated
with speakers.

35 Thus, what is needed is a system for partitioning the electrical audio frequency
spectrum as presented by an amplifier into a plurality of frequency bands for presentment
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| implementing a crossover network for speaker systems. The capacitor-less crossover

. To

network working in accord with all type drivers, effectively divides electrical audio, low,
mid and high bands into specific frequency spectrums for presentment to individual
drivers. The crossover network of the present invention performs the crossover network
20 functionality without the incorporation of explicit capacitors into the crossover network.

The crossover network of the present invention results in improved impedance
and phase characteristics. The capacitor-less crossover network of the presenf invention
employs fewer components than traditional crossover networks. When implemented
according to the disclosure of the present invention, the capacitor-less crossover network

25 partitions the electrical audio spectrum thereby resulting in improved power handling
over traditional crossover networks.

In the crossover network of the present invention, the inductor effectively routes
lower frequency signals to the designated low frequency driver simultaneously while
resisting higher frequencies. Therefore, the path of least | resistance for the high

30 frequencies in an exemplary network in accordance with the present invention will be the
high frequency driver. _

The resistor, in the capacitor-less crossover network of the present invention, |
functions to restore higher frequency loss due to series inductance while simultaneously
leveling the impedance of the overall network. The favorable results of the present

35 invention are dictated by the characteristics of the components employed in the

corresponding network. Therefore, the capacitor-less crossover network functions as a
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rates of invention are obtained, a more particular description of the invention briefly described

above will be rendered by reference to specific embodiments thereof which are illustrated

10 in the appended drawings. Understanding that these drawings depict only typical
embodiments of the invention and are not therefore to be considered to be limiting of its
scope, the invention will be described and explained with additional specificity and detail
through the use of the accompanying drawings in which:

Figures 1-4 are simplified diagrams of crossover networks employing at least one

15 capacitor, in accordance with the prior art;

Figure 5 depicts a simplified circuit diagram of a two-way series-configured
capacitor-less crossover network, in accordance with a preferred embodiment of the
present invention;

Figure 6 depicts a simplified circuit diagram of a three-way series-configured

20 capacitor-less crossover network, in accordance with a preferred embodiment of the
present invention;

Figure 7 depicts a simplified circuit diagram of a four-way series-configured
capacitor-less crossover network, in accordance with a preferred embodiment of the
present invention;

25 Figure 8 depicts a simplified circuit diagram of a three-way series-
parallel-configured capacitor-less crossover network, in accordance with another
preferred embodiment of the present invention; and

Figure 9 depicts a simplified circuit diagram of an N-way series-
parallel-configured capacitor-less crossover network, in accordance with a preferred

30 embodiment of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

As used herein, the term "amplifier” refers to any device or electronic circuit
which has the capability to strengthen an electrical audio signal to sufficient power for
use by an attached loudspeaker. These devices are frequently referred to as power

35 amplifiers, or amps.
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equalization, and/or balance. If such control is not desired and electrical signal from the

source device is of compatible characteristic, then a source device may be connected
directly to the input of an amplifier. One or more of the above functions may also
sometimes be found incorporated within a source device or within an amplifier.

20 ~ As used herein, the term "electro-acoustic transducer” refers to an apparatus for
the conversion of an electrical audio frequency signal to an audible signal.

As used herein, the term "driver" refers to an electro-acoustic transducer most
commonly connected to the output of an amplifier, either directly or via an electrically
passive filter, also sometimes referred to as a “raw speaker”.

25 As used herein, the term "speaker" refers to an apparatus consisting typically of
a box-like enclosure with two or more drivers and an electrically passive filter installed
therein, for the purpose of converting the electrical audio frequency signal of, for
example, music or speech to the audible signal of such music or speech. Said drivers
would be different in regard to the portion of the audible frequency spectrum which they

30 were designed to accommodate.

As used herein, the term "electrically passive filter" refers to at least one electrical
element, for example a capacitor, or inductor wired in-circuit between the output of an
amplifier and the input of a driver, the purpose of which is to attenuate frequencies
inappropriate to a specific driver, typically located within the box-like enclosure of the

35 speaker.
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partitioning process of the present invention is accomplished through the use of a
crossover network that does not require capacitors for partitioning the electrical audio

10 spectrum. Furthermore, the present invention employs an architecture wherein the filter
branches of the crossover network that partition the electrical audio spectrum into
frequency bands are series-configured rather than the typical parallel-configurations in
the prior art. The purpose of the invention is to provide a means for reducing the number
of components required and changing the types of components required to implement a

15 crossover network.

The present invention further provides a crossover network that is not encumbered
by the degenerative effects of capacitors in the crossover network. The results of
employing the present invention include a smoothing resultant effect on the impedance
curve of a speaker. Furthermore, power handling associated with a grouping of drivers

20 within a speaker is also noticeably improved thereby increasing the overall system
dynamic range.

Additionally, due to the accommodating nature of the crossover network of the
present invention, design efforts traditionally associated with crossover networks, are
greatly reduced, yielding a decreased development time and a lower unit cost.

25 Figure 5 depicts a simplified schematic diagram of a series-configured capacitor-
less two-way crossover network, in accordance with a preferred embodiment of the
present invention. An electrical audio signal as presented at the output of the amplifier
in an audio system is comprised of simultaneous divergent audio frequencies and is
attached to the input of the crossover via an input pair 40 having a positive input 42 and

30 a negative input 44 into the series-configured capacitor-less crossover network of the
present invention. To facilitate the partitioning of the electrical audio signal into
frequency bands, the capacitor-less crossover network of the present invention is
comprised of an inductor 46 having a first input end that electrically and conductively
couples with positive input 42. Inductor 46 is electrically coupled in shunt or parallel with

35 high frequency electroacoustic transducer 48 which is also known as a tweeter 48 or high
frequency driver 48. High frequency driver 48 is preferably oriented such that the
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an exenplary network in accordance wt presént invention w be the

hi gh frequenBgaueney; driver 52 and the negative inppied4 of inpup pairi49.  Prssiblgpualnesofor| ess
Crossopmer nefiRfdt 5ofindiife REBRA Ravir/£RnbOfom approximately 4Q to « depending on

driver characteristics.

Typical values for inductor 46 include the inductors having a range from
approximately .1 milliHenry to a range of 1 milliHenry for a high frequency driver 48
exhibiting an impedance of approximately 4 to 10 ohms, and a suggested frequency
20 response of 2KHz and higher. One exemplary type of high frequency driver 48 is an
electro-dynamic dome tweeter. It should be pointed out that while the present example
specifies a 1 inch electro-dynamic dome tweeter, all known types of high frequency
drivers may be employed.
Figure 6 depicts a simplified schematic diagram of a series-configured capacitor-
25 less 3-way crossover network, in accordance with a preferred embodiment of the present
invention. Like Figure 5, the three-way crossover network of Figure 6 is depicted as
receiving an electrical audio signal via input pairs 40. However, the three-way crossover
network of Figure 6 includes an additional mid frequency electro-acoustic transducer 54,
also known as a mid-range driver, for optimally transducing to acoustic energy the mid-
30 range frequencies of the presented electrical audio signal.
The three-way capacitor-less crossover network as depicted in Figure 6 is further
comprised of a shunt resistor 60 for electrically and conductively coupling in a shunt or
parallel configuration with the series connected low frequency driver 58, and mid
frequency driver 54. To complete the parallel configuration, the second end of shunt
35 resistor 60 is electrically and conductively coupled to a negative end input of low

frequency driver 58.
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unit and c hang%@wf’ﬁ( ohiewedis also comprised of an HBd‘PFQSQO‘iP@Pleﬁé’E’\ﬁBW With high
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are obtained, g, (LGcRR dpbfothtel) ¥56irhd)'sh® Rlqubdly fedporid b RE a5 higher.
Furthermore, inductor 64 may assume an exemplary value of 1.0 milliHenry with a mid
frequency driver 54 having an impedance of approximately 8 ohms and a frequency
10 response of 500-5KHz, and a low frequency driver 58 having a typical impedance of
approximately 8 ohms, and a frequency response of 500Hz and lower. Additionally,
shunt resistor 60 in the three-way configuration of Figure 6 may also assume an
exemplary value of 8 ohms. While these values depict only exemplary values for a
specific implementation, other resistive and inductive values may be employed that
15 provide unique behavior in the three-way crossover network of the present invention.
Figure 7 depicts a four-way series-configured capacitor-less crossover network
that may even be extendable to an N-way crossover network in accordance with the
present invention. Figure 8 depicts a four-way speaker system comprised of a high
frequency driver, an upper-mid frequency driver, a lower-mid frequency driver and a low
20 frequency driver. Figure 7 also depicts the typical inductor and resistor values for
implementing such a series-configured capacitor-less crossover network. It should be
pointed out that the capacitor-less crossover network may also be extended to an N-way
system.
Figures 8-9 depict a simplified circuit diagram of an alternate embodiment
25 incorporating parallel circuitry. In the previous embodiment of Figure 6, inductor 64 is
coupled in shunt across mid frequency driver 54. In the present embodiments of Figures
8 and 9, inductor 66 (Figure 8) is instead connected in shunt across the driver at hand as
well as all other higher frequency drivers. Such an implementation improves the gains
of the network. Therefore, by adding such parallel circuitry the signal levels may be
30 adjusted as well as the crossover frequency points. Because in the present embodiment,
the high frequency drivers and low frequency drivers are wired in parallel, the overall
gains in efficiency in those regions are improved. Likewise, Figure 9 depicts a four-way
system for alternatively an N-way series-configured capacitor-less crossover network
employing the alternative shunt inductor configuration of the present invention.
35 Those skilled in the art appreciate that capacitors may be added to the circuit, for
example, for the purposes of frequency shaping, and non linear gain functions. Such
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As used herein, th@aﬂ&omngsbaﬁeaae%m@em@l@P@otsgnahasagg‘aﬂ%q bxatrlsast PRf
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acoustic action, 'e a m crophone. An appa atus for t

generation of an elh@hﬁfmcqumbmucer and a low §eqpenty eleetra- acwustlc

originally mechani q?! L& or electronic
keyboard. An appara (ﬁlf%%)ljr’ 9??%0 p%élﬁ(g)rﬁg%mk&sg‘%rgn e%lgegcﬁn%ng%dl o frequency
signal from re(agor dednmpumangmamcdofmq:omnvé mputandnqriegativetimme as
player, phonograph, recey rrHe}'rom sau?at least one amplifier;

10 b) an inductor having a first input end electrically coupled to said
positive input of said input pair and a second input end for coupling in shunt with
at least one of said high frequency driver; and

c) a shunt resistor having a first end electrically coupled to said
second input end of said inductor, and said second end of said shunt resistor

15 electrically coupled to said negative input of said input pair and the negative input
to said low frequency driver, said shunt resistor for coupling at least partially in
shunt with said low frequency driver.

2. In an audio system, the capacitor-less crossover network, as recited in claim 1,
further comprising at least one first inductor for coupling in shunt with at least

20 one mid-range frequency driver, each of at least one said first inductors coupled
in series with others of said at least one inductors, said series of said at least one
inductor having a first mid-range terminal end electrically coupled to said
negative input end of said inductor and said series of at least one inductor also
having a second mid-range terminal end for electrically coupling to a first input

25 of said low frequency electro-acoustic transducer.

3. In an audio system, the capacitor-less crossover network, as recited in claim 2,
wherein said at least one inductor is comprised of one inductor for coupling in
shunt with one mid-range frequency electro-acoustic transducer, said one inductor
having a first end electrically coupled to said negative input end of said inductor

30 and a second end for electrically coupling with said first input of said lower
frequency electro-acoustic transducer.

4, In an audio system, the capacitor-less crossover network, as recited in claim 3,
comprising:

a) said inductor attached in shunt with high frequency driver having
TR TRy T

el

35 a value of approximately 0.25 milliHenries;
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a) at least one high frequency electro-acoustic transducer;
b) a low frequency electro-acoustic transducer; and
c) a series-configured, capacitor-less crossover network for

partitioning by frequency an electrical audio signal as provided by at least one
20 - amplifier into a plurality of frequency bands comprising at least one high
frequency band and one low frequency band for driving a corresponding plurality
of electro-acoustic transducers comprising said at least one high frequency driver
and said low frequency driver, said capacitor-less crossover network comprising:
i) an input pair comprised of a positive input and a negative
25 input as received from said at least one amplifier;

ii) an inductor having a first input end electrically coupled to
said positive input of said input pair and a second input end for coupling
in shunt with one of said at least one high frequency driver; and

iii)  a shunt resistor having a first end electrically coupled to

30 said second input end of said at least one inductor and a second end
electrically coupled to said negative input of said input pair and said
second input to said low frequency band driver, said shunt resistor for
coupling at least partially in shunt with said low frequency driver.

9. The audio system, as recited in claim 8, wherein said capacitor-less crossover

35 network further comprises at least one inductor for coupling in shunt with at least

one mid-range frequency driver, each of said at least one inductors coupled in a

[

|
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process of the present 1 nventli Is”ac rou
electrically coupled to said second input end of said mductor coupled in shunt

with high frequency driver, and a second end for electrically coupling with said
10 first input of said low frequency driver.
' 11.  The audio system, as recited in claim 10, wherein said capacitor-less crossover
network is comprised of:
a) an inductor connected in shunt with high frequency driver said
inductor having a value of approximately 0.25 milliHenries;
15 b) an inductor connected in shunt with mid-range frequency driver,
said inductor having a value of approximately 2 milliHenries; and
c) said shunt resistor having a value of approximately 10 ohms.
12.  The audio system, as recited in claim 8, wherein said capacitor-less crossover
network is compatible for inter-operating with said high frequency drivers and
20 said low frequency drivers of an electro-magnetic dynamic type.
13.  The audio system, as recited in claim 8, wherein said capacitor-less crossover
network is compatible for inter-operating with said high frequency driver of a
piezoelectric type.

25 14.  The audio system, as recited in claim 8, wherein said capacitor-less crossover
network is compatible for inter-operating with said high frequency and said low
frequency drivers of an electrostatic type.

15.  In an audio system, a series-configured, capacitor-less crossover network for
partitioning by frequency an electrical audio signal into a plurality of frequency

30 bands comprising a high frequency band and a low frequency band to drive a high
frequency driver and a low frequency driver, respectively, said capacitor-less
crossover network comprising:

a) a positive input and a negative input forming an input pair for
receiving said electrical andio signal an audio system amplifier;

35 b) an inductor connected in shunt with the high frequency driver,
having a first input end electrically coupled to said positive input of said input

R O N
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attached to the input of th over via an input pair 40
positive input 42 bands comprisingg highjfiequorcy; bepdia mid-rapge freguengy bandsandanibwgur ed

capaci §gr-1ess cr QRyguRy bRk 199kie fhigh BRquency driver, a mid-range frequency driver and

a low frequency driver, respectively, said capacitor-less crossover network

comprising:
a) a positive input and a negative input forming an input pair for
receiving said electrical andio frequency signal from an audio system amplifier;
20 a first inductor having a first input end electrically coupled to said positive input
of said input pair, said first inductor also having a second input end, said first
inductor for coupling in shunt with said high frequency driver via said first and
second input ends;
b) a second inductor coupled in series with said first inductor via a
25 first input end electrically coupled to said second input end of said first inductor,
said second inductor also having a first input end, said second inductor for
coupling in shunt with a said mid-range frequency driver via said first and second
input ends; and
c) a shunt resistor having a first end electrically coupled to said
30 second input end of said first inductor and said first input end of said second
inductor, said shunt resistor also having a second end electrically coupled to said
negative input of said input pair, said shunt resistor for coupling partially in shunt
with said low frequency driver, said second input end of said second inductor and
said second end of said shunt resistor for electrically coupling with said low
35 frequency driver. '
\
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known as a tweeter 48 qr. hjgh .. frequency driver 48. Hi gh frequency
driver 48 is pref er’ﬁ‘mea nbfsiagﬂtlg’cfogﬁ’@ﬁmghat t he WO 00/ 05809
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42 and the first 1nductor W}B‘&tavéﬂl? gﬁpﬂrﬁﬁm%‘gz e, the negative

i nput of shigh frequency yjri V%rseé’&d' ﬁlductor conne&é&'iﬁ'sﬁﬂnttvﬁt}ﬁmfcﬁ%gé’frbdi\&%y end
of inductor 46 thereby corrpl et| na he shunt or paralle

configuration as deliverseid; ndugten avglueof 2 mxthennesm t wo- way
capaci tor-| ess crossoversynet woy r
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conprised of a shunt resfstor partia tion of the
signal around 1he Inan audio kysieni smqlm,rﬂcspngn&ctonﬁgmm, qapaedoshmmosspvqmptamﬂel

configuration. Lowgy %ﬂﬂﬁﬁ%gebf ?iteﬁl(?ency an electrical audio signal into a plurality of
10 frequency bands comprising a high frequency band, a mid-range frequency band
and a low frequency band to drive a high frequency driver, a mid-range frequency
driver and a low frequency driver, respectively, said capacitor-less crossover
network comprising:
a) a positive input and a negative input forming an input pair for
15 receiving said electrical audio frequency signal from an audio system amplifier;
b) a first inductor having a first input end electrically coupled to said
positive input of said input pair, and to positive input end of high frequency
driver, said first inductor also having a second input end for electrically coupling
to negative input end of high frequency driver, said negative input end of high
20 frequency driver is also electrically coupled to positive input end of mid-range
frequency driver, a second inductor having a first end electrically coupled with
said positive input of said input pair, and the said second inductor having a
second end electrically coupled to the negative input end of said mid-range driver;
and
25 c) a shunt resistor having a first end electrically coupled to said
negative input end of said first inductor and said positive input end of said mid-
range frequency band inductor, said shunt resistor also having a second end
electrically coupled to said negative input of said input pair, said shunt resistor
for coupling partially in shunt with said lower frequency band speaker.
30 20.  In an audio system, the series-configured, capacitor-less crossover network, as
recited in claim 19, comprising:
a) said first inductor having a value of approximately 0.25
milliHenries;

b) said second inductor having a value of 2 milliHenries; and

35 c) satd resistor having a value of approximately 10 ohms.
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depicts a sinplified schema@ cp‘gﬁglgregfh os?gg % rslle‘ée“cl%%aflgﬁrng% cafo?m tor- 25
| ess 3-way crossmvedJrWtsmdallewmmhﬁenwth a preferred enbodi nent of

. the present ipvent o ReERANA Yol QD RURI
network of Figure 6 is deplin[%guétHﬁvﬁi ‘&ﬁ‘@‘c‘{eg\?ﬂ ng andl\?e%lﬁl cal audio
si gnal via input pmmvs n@toﬂaldanmn,paulandamceadmytmdcfgmhngmsmmW“h

net wor k of Fi gure I ncl u n .8 | | egt ro- acoustic

transducer 54, tone d n&%@r%ﬁésﬁwﬁﬂﬁ%ﬁfaﬁi optimally

transduci ng to acoustig eneo: ﬁh!mfth&mbﬂhaving a first end electrically coupled to said

second input end of said inductor, and said second end of said shunt resistor

%E

15 electrically coupled to said negative input of said input pair and for coupling to
a negative input of said low frequency electro-acoustic transducer , said shunt
resistor for-coupling at least partially in shunt with said low frequency electro-
acoustic transducer; said capacitor-less crossover network containing no discrete
capacitors for partitioning said audio signals into said frequency bands.

20
2. An an audio system. the capacitor-less crossover network. as recited in

claim 1. further comprising at least one first inductor for coupling in shunt with at least
one mid-range frequency electro-acoustic transducer. each of at least one said first
inductors coupled in series with others of said at least one inductors, said series of said

25 at least one inductor having a first mid-range terminal end electrically coupled to said

negative input end of said inductor and said series of at least one inductor also having a
second mid-range terminal end for electrically coupling to a first input of said low

frequency electro-acoustic transducer.

30 3. In an audio system, the capacitor-less crossover network, as recited in
claim 2. wherein said at least one inductor is comprised of one inductor for coupling in
shunt with one mid-range frequency electro-acoustic transducer. said one inductor having
a first end electrically coupled to said negative input end of said inductor and a second
end for electrically coupling with said first input of said Jower frequency electro-acoustic

35 transducer. ' ( ' '
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30 ,range,frequencies of the presented electrical audio signal.

The three-wayv capaci tor-|less crossover network as depicted in Fi glg g‘ S
further 00010888 pr i sed of a shunt resistor 60 for electri {l%é Bef -
conductively coupling in a shunt or 17 parallel configuration with
the series connected |ow friequency driver 58, andg md frequency -
driver 54. To corrpl ot.e tHe imamndid sistetntiic Gipacitordess cfdseowe nemebriend reditedtinint
35 resi stor },5 el eci r| cally and conductively coupled to a negative
end input of | o‘f}le COmPHSZ 0 ency driver 58. VD 00/ 05809
PCT/ US98/ 20826 a. said inductor attached in shunt with high frequenc§ electro-

Simlar to the two- vvay crossoyer network of Figure the t
crossover SACRBSIE tFPsqHcEr having 3 valug &P%ﬁﬁ?ﬁt%&%mﬂfﬁﬁ?‘%ctor 62

coupl ed i shunt W' th high saxdmduﬁ:fo?ﬁlth%ﬁé‘dﬁn%dn\’%thﬁﬁdﬁ@ﬂxehéye‘i&hb%oﬁyuéh
shunt resistor 60. Also serjally coupled to |nductor 62 i s inductor

64 coupl ed in shunt W@W@W‘Pﬁeﬁ%%‘}f@wﬂ@l Eﬂhﬁﬁﬁfmﬁya%rrponent 5
val ues for the elenents th
i nclude a typical % valesuerk?‘ Sgior ggg o ?%Hr%“ {’tletienrl es'vvi th

a high frequency driver 56 having an

5. In an audio system, the capacitor-less crossover network, as recited in

10 claim 1, wherein said capacitor-less crossover network is compatible for inter-operating

with said high frequency and said low frequency electro-acoustic transducers of a
dynamic electro-magnet type.

6. In an audio system, the capacitor-less crossover network, as recited in
15 claim 1, wherein said capacitor-less crossover network is compatible for inter-operating

with said high frequency electro-acoustic transducers of a piezoelectric type.

7. In an audio system, the capacitor-less crossover network, as recited in
claim 1, wherein said capacitor-less crossover network is compatible for inter-operating
20 with said high frequency and said low frequency electro-acoustic transducers of an

electrostatic type.

_—
(A i

\
This Sheet Has B

LTI

AMENDED SHEET {ARTICLE 19)



| npedance of approximately 8 ohns, and a frequency response of 5KHz and.

hi gher. ‘wo o0/0580%'" t hermore, inductor 64 may assume an exefhAiségMehse Of
1.OmlIliHenry wwth a md frequency driver 54 having an I-npedance
of approxinately 8 ohns and a frequency {0 response of 500-5KHz, and a
| ow frequency dri vgﬂr3 58 having a typical 1 npedance of - '
approxi matel y 8 ohfrs, aftd3udipSEeBncOmpisiignse of 500Hz: and | ower.

Addi ti onal Iy, £ hunt i@t SieHigh Relibnt] Bleth6-B60ABY naARkEGYT at i on of
Figure 6 may al so assune an exenpl ary val ue of 8 ohns. thile these

val ues depict only exen®l ar ya lp3v fiequeney elgctro-acoustic transdugers and npl ement at i on,
other resistive and indgctive ¥3e4es p%x. be bay Rt vg de
uni que behavior in the three-way CCross veey’ ﬁ%@i%? If:‘%gsoéréres%erwgﬁ(o bof

i nventi on. partitioning by ifigauency agefsicrics! audio signaleas pevidetby sirleasyoned
capacitor-less cro : t ] ndahl.e o an
N-way crossover ne%ﬁv\@\r{ﬁéri ﬁ%a\é?‘glrﬁ alt cgf \%egﬁér{éﬂeba%¥ cg}ﬁ%ﬁmggeagén tioﬁ'\gelﬁg on.
Fi gure 8 depicts afréquencyiend spdenedowdiequency bamdfor drivingf carréspghding plurality

f dri , = Mk A I -m.d. f
i vor and a | ow 2 LeSEkABLE b AR EmitieCic 8 16 Gl nl B b SINEARGp: ca

i nductor and resi samirsaiddbwdeqhiency driver, said capagitor+essicrosgoveriaidtwark comprising:

series-configured capacitor-Jess crossover net.woy | t, shoul d be )
poi nt edﬁ)out that the capacithor-| e@?nBYtﬁgW@Prlﬁeé{%rﬂgsW%‘%“éﬂldo%n%@P@ﬁded

to an N-way Syinpatas received from said at leadtiond a@plifield depi ct a
sinplified circuit diagramof an al I_ncor porating

.tgrnate .enbofdi‘ nent 2(2 .

parallel circuitry. In the previ Gisndyiiydiaxioga st ippy erd elgctriclly coupledda | s
coupl ed in shunt acr 0sSsaid gbsftiveGujil 65saild inped paddandlasebdiRl IRPRSRAT ﬁéﬂﬁgﬁh nts
of Figures 8 and %b I nduct or, 66 Fipgure gig S ilngt ead ?:onn ctéend3 I n

shunt across the dri ver DaiupbWihane of said at legig ope hairequenei elepireraequstic
frequengy drivers. Suchyaydhdep)gent ation inproves the gains

iii. a shunt resistor having a first end electrically coupled to
said second input end of said at least one inductor and a second end
electrically coupled to said negative input of said input pair for coupling
to a negative input of said low frequency band electro-acoustic

20 transducer, said shunt resistor for coupling at least partially in shunt with
said low frequency electro-acoustic transducer, said series-configured
capacitor-less crossover network containing no discrete capacitors for

partitioning said audio signals into said frequency bands.

25 9. The audio system, as recited in claim 8, wherein said capacitor-less
crossover network further comprises at least one inductor for coupling in shunt with at
least one mid-range frequency electro-acoustic transducer, each of said at least one
inductors coupled in a series with others of said at least one inductors, said series of said
at least one inductor having a first terminal end electriéally coupled to said negative input

30 end of said inductor and said series of at least one inductor also having a terminal end for

electrically coupling to a first input of said low frequency electro-acoustic transducer.

A
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of the network. Therefore, by adding such parallel circuitry the signal

| evel s" may be 30 adjusted as well as the crossover freque Lats.
Because in tWM@PB:nt enbodi nent, t he high frequen%&ﬁ?ﬁ&é&% and
| ow frequency drivers are wired in paral i8], the overall gains in
efficiency in those regions are inproved. Likew ge, Figure 9 depicts a

f our - way sMst erTHddnudiolsyemn aisirattted inolain Shefiea sakint tastiong Undgtor

capacitor-1less crossover network . enpl oyi,ng the alternative shunt
Rduict or - cont i S BTFIGF eSS GERREPH s FRTRBRed 9 one Tadcror Cotpledip SRt
skil'l ed in thewghbnepidangcttequédtsclecBP-acdusid ttanS@teR) Said B diictorthaing h st t
for exanpl e, for the purposes of frequen%y_ shapi ng,. and non | j near
gai n functi onsend cally coupled to sms\g@gﬁmgﬂ of said inductor coupled in shunt with
PCT/ US98/520826pigh frequency driver, and a second end for electrically coupling with said ﬁrst]iggut of
addi tion of capacitors ‘are considered within the scope of the invention. It
is further said lovpftequengyglecirorasqusticdransdiieelus capacitors may be added for
t he express purpose of "adding a capacitor" to provide marginal
adjustnents to the signals. Such nom nal nodifications are

cont enpl at ed wi t hi nlkhe Bheopuliosystane, gsrrecitadt inj alaioni0,ombhergin said capacitor-less
Those skilled &Jasstop&rﬁfv{vorﬂlié&n?ﬁﬁ&%f:ate that the shunt resistor across the

woof er

10 a. an inductor connected in shunt with high frequency electro-
acoustic transducer said inductor having a value of approximately 0.25
milliHenries;

b. an inductor connected in shunt with mid-range frequency electro-
acoustic transducer, said inductor having a value of approximately 2 milliHenries;

15 and

C. said shunt resistor having a value of approximately 10 ohms.

12. The audio system, as recited in claim 8, wherein said capacitor-less
crossover network is compatible for inter-operating with said high frequency electro-
20 acoustic transducers and said low frequency electro-acoustic transducers of an electro-

magnetic dynamic type.

13.  The audio system, as recited in claim 8, wherein said capacitor-less
crossover network is compatible for inter-operating with said high frequency electro-

25 acoustic transducer of a piezoelectric type.

14.  The audio system, as recited in claim 8, wherein said capacitor-less
crossover network is compatible for inter-operating with said high frequency and said
low frequency electro-acoustic transducers of an electrostatic type.
30 I
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me?greu m nat ed by gﬁ?p;scf)gn?ri‘!ﬂwﬂu&nﬂnmﬂ!“l“ . An exanple woul d be a

. ! urt i b . PCRRISBEABENT -

i nvention 0028 bodi ed in ot her specific forns w thout departing :
fromthe spirit or essential characterishics. The described enbodi nents are
to be 10 considered in all respects as only illustrative and not

restrictive. The d8opelwan audio system, a seriqsronfigusrd,icapacitheless apssovenmstwerked by
changes.whi oot alonti i Heahly o ekl i aRnRtinto 4%8%*‘32?%9‘%@?%@@' |
cl ai ms ar e t colprising adigitfreduendynbandaind adewgrequency band to drive a highifeequency
clai med and %?1%1]’ 8’91 4 R)v\pﬁecflfeﬁw %@%egﬁgcti{/ay, sa¥d capacitorglgss crossover network
5 comprising: ' '
a. a positive input and a negative input forming an input pair for
receiving said electrical audio signal an audio system amplifier;
b. an inductor connected in shunt with the high frequency driver,
having a first input end electrically coupled to said positive input of said input
10 pair, said inductor also having a second input end, said inductor for coupling in
shunt with said high frequency driver via said first and second input ends; and a
shunt resistor having a first end electrically coupled to said second input end of
said inductor, said shunt resistor also having a second end electrically coupied to
said negative input of said input pair, said shunt resistor for coupling in shunt
15 with said low frequency driver via said first and second ends, said capacitor-less
crossover network containing no discrete capacitors for partitioning said audio

signals into said frequency bands.

16. In an audio system, the series-configured, capacitor-less crossover
20 network, as recited in claim 15, comprising:
a. an inductor connected in shunt with high frequency driver, said

inductor having a value of approximately 0.25 milliHenries; and

b. said shunt resistor having a value of approximately 10 ohms.

25 17. In an audio system, a series-configured, capacitor-less crossover network
for partitioning by frequency an electrical audio signal into a plurality of frequency bands
comprising a high frequency band, a mid-range frequency band and a low frequency band
to drive a high frequency driver, a mid-range frequency driver and a low frequency
driver, respectively, said capacitor-less crossover network comprising:

30 a. a positive input and a negative input forming an input pair for

receiving said electrical audio frequency signal from an audio system amplifier;

b. a first inductor having a first input end electrically coupled to said
positive input of said input pair, said first inductor also having a second input
end, said first inductor for coupling in shunt with said high frequency driver via

35 said first and second input ends; e —
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c. a second inductor coupled in series with said first inductor via a
first input end electrically coupled to said second input enci of said first inductor, said
second inductor also having a first input end, said second inductor for coupling in shunt
with a said mid-range frequency driver via said first and second input ends; and

d. a shunt resistor having a first end electrically coupled to said
second input end of said first inductor and said first input end of said second inductor,
said shunt resistor also having a second end electrically coupled to said negative input
of said input pair, said shunt resistor for coupling partially in shunt with said low
frequency driver, said second input end of said second inductor and said second end of
said shunt resistor for electrically coupling with said low frequency driver said capacitor-
less crossover network containing no discrete capacitors for partitioning said audio
signals into said frequency bands.

18. In an audio system, the series-configured, capacitor-less crossover
network, as recited in claim 17, comprising:
a. a first inductor connected in shunt with high frequency driver, said
inductor having a value of approximately 0.25 milliHenries;
b. asecond inductor connected in shunt with mid-range frequency
driver, said inductor having a value of 2 milliHenries; and

c. said shunt resistor having a value of approximately 10 ohms.

19.  Inan audio system speaker, a series-configured, capacitor-less crossover -

network for partitioning by frequency an electrical audio signal into a plurality of
frequency bands comprising a high frequency band, a mid-range frequency band and a
low frequency band to drive a high frequency driver, a mid-range frequency driver and
alow frequency driver, respectively, said capacitor-less crossover network comprising:
a. a positive input and a negative input forming an input pair for

receiving said electrical audio frequency signal from an audio system amplifier;

b. a first inductor having a first input end electrically coupled to said

positive input of said input pair, and to positive input end of high frequency

driver, said first inductor also having a second input end for electrically coupling

to negative input end of high frequency driver, said negative input end of high
frequency driver is also electrically coupled to positive input end of mid-range

frequency driver; e
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11 1. In an audi o system a seri es-confi gur ed,

capacitor-less crossover network for partitioning ?gqﬁg cy an
el ectri cal MNHY gnhal as provided by at |east one PE*IJS{’ e

into a plurality of electrical audio freguency bands conpri si ng at Ieast
one high frequency band and one |ow frequency band for powering a
correspondi ng plurality. of aséond inductet bavinga firsbenst ¢lecttically sdupled with said
conprising at |ea

transducer and a ?’B ‘?Eqn l}g?%iﬂﬁﬂﬁﬁmomgdctggé{lgséﬁggﬁlgg&grl}aw%a}sgcondend
capaci tor -1 ess cr elestrically coupled to the mmnm inpovengrofsaidgnid-range driver; and

a. an i nput pair conprised,of. a sihtive i t _and a.nggative nput as
received fromsaid at [east %H %0\%1" hgymg algpsltl end eijecﬁ-lcaﬁ? coupled t 5‘

an i ndugtor havi ngegatifve irplt a:ndmftsaldrfﬂstahamtmnmdlshm pbemvbmbm endsof hid mid-

positive input of sai ai,r. for couplin
Shunt wi th rge Teqeicy B infietog sS RS 1758185 AT i, pedond eha' "
el ectro-acoustic feleefiicdllg etiplédtd said negative input of said input pair, $aid shun@restsesit

resistor having a _first _end electrijcall ed to sai
second |nput end 6?”§leapwa%‘f W@%@@&S#&qmygmémk%um

resi stor el ectri cal Iy coupled to said negative input of
said i n&,ut pal r and for coupling a negative input of
sai d | & frequencylel edn rann Q%GS%YF@% rthe stiessonfigyred, apapitor-less crossover

resistor for ekl R9edied it daim PR dohirisihgt N shunt with said | ow frequency
el ectro- acoustic transducer, said capaC| tor-1|ess

crossover network cont & ni ngaifofigit sidueter having a value of approwimatelyr §.250r
partitioning sai dnﬁﬂmfg,rﬁg,gnal s into said frequency bands.

'b. said second inductor having a value of 2 milliHenries; and
15 c. said resistor having a value of approximately 10 ohms.

QRN o
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20 2. An an audi o system the capacitor-I|less crossover

network, as recited in claim1, further conprising at |east. one.
first i nductWPOP@%%oupling in shunt with at |east BAEURSIF2%nge -
frequency el ectro-acoustic transducer, T h of at | east one said first

i nductors coupled in series with othefL of said at | east one inductors,
said series of said 25 at | east one inductor having a first md-range
termnal end electrically coupled to said negative i nput end of

said inductor and said series of at |east one inductor also having a
second md-range termnal end for electrically coupling to a first input of

said | ow frequency el ectro-acoustic transducer.
3. In an audi o system the capacitorﬁless crossover network, as recited
in claim 2, mhe“ in said at | east one inductor is conprised of one
i nductor for coupling in shunt spM t h one mi d-range frequency
el ectro-acoustic transducer,rsaLd_Qai:fndugLQL_haxjng a first end
el ectrically coupled to said|negati i nput end of{said inductor and a
second end for electrically coupling QGth:sa iqpt input of said
| ower frequency el ectro-acougtic 35 t ransducrn.
2 2
10 :
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12 4. In an audi o system the bapaci tor-1ess crossover

net wor k, as Jo I n claim 3, conprising: <

a. . said inductor attached in shunt with high frequency el BepERez0826 -
acoustic transducer having a val ue of Japdy oximately 0.25 milliHenries; 5
b. sai d inductor a1tached in shunt with md frequency el ectro-acoustic

apppoxi mately 2 mlliHenries; and

transducer having_a vi
cC. sai d shunt resi

Vi "; a val ue of approximately 10 ohns.
5. In an aydi o system tRg D itor-less crossover network, as recited
in 10 “ clfaim1, whereip La capacitor-|ess crossover netvvork S
conpati bl e for| i pter—ope v with said high frequency and said
| ow frequency lel ectcro ac ustlc transducers of a dynam c
el ectromagnet {type 2 3 6. In an audi o system the
capacitor-1les + as recited in 15 claim1l1, wherein

sai d capacitor|-14¢s rk is conpatible for inter-operating

ﬁ—""i“j_—ﬂ ' j“ FD)
(ngfi A%T) t- caj\ ?’_m
TR

FIG. 3

+
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with said high frequency el ectro-acoustic transducers of a piezoelectric

type. 7. In an audio system the capacitor-|ess.
crossover neW™QA005808s recited in claim1, wherein s&ZC3/US820826 _ -
capacitor-|ess crossover network is coppp ible for inter-operating 20
with said high frequency and said | ow eﬁuency el ectro-acoustic
transducers of an el ectrostatic type.
13 842 An audi o system conprising:
a. at | east one high fyequency electro acoustlc transducer
b. a low frequency eHe
C. a series-configured, capacitor-less cro sover nefywopdd for 5
partitioning by frequency an el ectrical audi o—%i gnal a’f_rovided by at
| east one 0.25 mH HF8£2
4 —
N
§2
50 +
N L 80
T\44 22,/’/7(
2 WAY
FIG. §
+C
+ 56
82 0.25 mH H 8Q
. 54
W—__ " o | T T 80
0 + 58
280 L 8Q
-—O—

3 WAY
FIG. 6



anplifier into a plurality of frequency bands conprising at |east+~one high
frequency %90,@399 one | ow frequency band for driving a cor pRgRR9skdR% .
plurality of electro-acoustic transducers conprrsi-ng said
at | east one high frequency driver 4] and said | ow frequency
driver, said capacitor-|ess crossover network conprising: 10 '
i an input pair conprised of a positive input and a negative

i nput as received fromsaid at |east one anplifier;

il an inductor having a first input end electrically coupled to

said positive input of said input pair and a second input end for coupling
in shunt with one of said at |east one high frequency el ectro-acoustic 15
transducer; and + O - i a shunt resistor
having a first end electrically coupled to + sai d
second input end of said at |east one induct and a ¢eepnd end
electrically coupled to said negative input 025imH i fdpu [ﬂ#&ﬁﬁor coupling
to a negative input of said | ow frequency banmy el ectr@z=afoustic 20
transducer, said shunt resistor for couplingfat |east |partially in shunt

W th - said | ow frequency el ectro-acoustic
transducer, said series-configured capacitor-| ess
crossover network containing no discrlete cappcitors far
partitioning said audio signals into|said freQuency bania 25

9. The audio system as recited in claim 8¢ ein i UMFQQECitor-Iess
crossover network further conprises gt |east Qne | ndugesy|for coupling in
shunt with at

=AAA

80 1.0 mH L 8Q

Lp 8Q2

FIG, 7



| east qne mi d-range frequency el ectro-acoustic transducer, each of said at
| east one l,nductors coupled in a series with others f i d a
| east one .n8h3P8??9 said series of said at | east oﬁgT g%%?%
having a first terminal end eIectricaI? oupled to said negative input 30

end of said inductor and said series of at |east one inductor also havinga

termnal end for electrically coupling to a flrst i nput of said -
| ow frequency el ectro-acoustic transducer.
14 10. The audi o system as recited in claim9, wherein
said at |east one inductor of said capacitor-less crossover
network is conprised of one inductor coupled in shunt w th one
m d-range frequency el ectro-acoustic transducer, said one inductor having a
first end el ectrically coupled to said second input end of said
i nductor coupled in shu OWth 5 hi gif Trfequency d”iver, and a second
end for electrically coupling with said fifrst— nput of|¥ said | ow
frequency el ectro-acoustic transducer. 0.25 mH HF8§2

1.0 mH

66

B

3
:[]MF Q.

AAA

: 80 Lp 802

3 WAY
: FIG. §



11. The audi o system as recited in claim210, wherein said capacitor-ess
crossover d%? ol S conprised of: 10 apCT/USISR0826 -

i nduct or connec eg in shunt with high frequency el ectro- T o
acoustic transducer said inductor ha§ihf a val ue of approximtely 0.25

mlliHenries; b. an i nductor connected in shunt
with m d-range frequency el ectro- : acoustic transducer, said
i nductor having a value of approximately 2 mlliHenries; 1 5

and C. said shunt resistor haV|ng a val ue of
appr oxi mat-ely 10 ohns 12. The audi o system as recited
in claim8, wherein said capacitor-|ess crossover network is

conpatible for inter-operating with said high frequency electro- 20
acoustic transducers and said Iom1frequency el ectro-acoustic transducers of
an el ectro- Ma@retcdyTam T Ty pe. 13. The
audi o system as recited in claim8, phe ei aid capaeitor-1|ess

crossover network is conpatible for iptef- i t INsgai i gh
frequency electro- 25 acoustic transiuce Qﬁséwpwgzc Igﬁggfc type.

+
0.5 mH :[I Ug 8Q2

A AA

Eag 1.0 mH LMF 80

Lp 8Q2

4 WAY or MORE

FIG. 9
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14, .The audio system as recited in claimS8, Meremgﬁgwnﬁss

crossover network is conpatible for inter-operating

frequency and said | ow frequency eI ectro-acoustic transducers of
an el ectrostatic type 30 » y 0

15 i 0 S ste series-con i?gure

capaci tor-1| ess crossover Ir‘n‘e?fl\ﬁfﬂ%f(sys 3 serics ~cop a?aP‘?Cft?rf}ﬁqSﬁfj’s erfqe@f?&léncy an

el ectrical audi dos patitdningntyofrequehayraal elec;tlce)lf auﬂfoeﬂgrﬁhﬁypxb&ﬁelsby at least one

roquency” - WptGIHER GRS BMcaPaie R SR CoR BRI 3 160 BTk 0, 0
capgm tor-1ess cfqugmwarndmd oy lew fre@lency bao@fqnpowermgacorrespondmg plurahty of

a. a posy ti Veeléc&@&&o@tf@trﬁls&lﬁ%t do Pklﬁg Httle%s%ﬁg fﬁg]% ﬁ@rﬁdeﬁ%:%l?c?r -acous&{

receiving said electric audi o si
b. an i nduct dwnssla?mmaéwﬁnq@mmecm-mustﬂwmd@m Smtéqmmyledircmsmver
network comprising:
a. an input pair comprised of a positive input and a negative input as

received from said at least one amplifier;

10 b. an inductor having a first input end electrically coupled to said
positive input of said input pair and a second input end for coupling in shunt with
at least one of said high frequency electro-acoustic transducer; and

c. a shunt resistor having a first end electrically coupled to said
second input end of said inductor, and said second end of said shunt resistor

15 electrically coupled to said negative input of said input pair and for coupling to
a negative input of said low frequency electro-acoustic transducer , said shunt
resistor for coupling at least partially in shunt with said low frequency electro-
acoustic transducer, said capacitor-less crossover network containing no discrete
capacitors for partitioning said audio signals into said frequency bands.

20
2. An an audio system, the capacitor-less crossover network, as recited in

claim 1, further comprising at least one first inductor for coupling in shunt with at least
one mid-range frequency electro-acoustic transducer, each of at least one said first
inductors coupled in series with others of said at least one inductors, said series of said
» 25 at least one inductor having a first mid-range terminal end electrically coupled to said
negative input end of said inductor and said series of at least one inductor also having a
. second mid-range terminal end for electrically coupling to a first input of said low

frequency electro-acoustic transducer.

30 3. In an audio system, the capacitor-less crossover network, as recited in
claim 2, wherein said at least one inductor is comprised of one inductor for coupling in
shunt with one mid-range frequency electro-acoustic transducer, said one inductor having
a first end electrically coupled to said negative input end of said inductor and a second

end for electrically coupling with said first input of said lower frequency electro-acoustic

e ——
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having a first input end electrically coupled to sai W\@&F‘uﬁﬂtzmﬂ
said input 10 . : "pair, said inductor also havi a second i nput

end, said i'nductor for coupling in shunt with said high
frequency driver via said first and second2i nput ends; and a

shunt resistor having a first end electrically coupled to said second input
end of 4. shi @b dudigusystem, the edpecitohiest crosseves ngwork) asoretitediimg a
second end el ectfiiigd bomGRiMg! €d to sai d negative input of
said input pair, said shunt resjstor for coupling in shunt 15

with said | ow frequency diiversaid;inductar pttpohed in shmt st Jgh Bpgysncysglpdro-

capacitor-|ess _ acoustic transdqcer%ﬂgém/ﬁﬁe JTappMMithae B Biiill{HenAi&s; di screte
capaci torsbéor partitioni g said. audio signals intq said

frequency nds. said inductorgttached ip,shynpt vﬁ@a}i@ﬁwgch Rlectforpcoustic

seri es-configured, CapR@LdePhavirgSeSvali @S SRYRimatély 2 milliHei@biMagk, as recited in
clai m15, conprising: n indu connect ed

. . . a. a t
in shunt with high frequeficy dfiflyint resisioghaving a value ofapproxxmatq?%g(fj%tm havi ng
a value of approximately 0.25 mlliHenries; and b.

sai d shunt resistor Ravin | ue, . of [ oxl ely 10 o 25. ..

17. In an audio syls3 t em.gaa%saé? &t ntﬁ)gﬁ?“ f'ngésa% sé?“tef)f’%r Sascrr%%“seg Ner
network 10 cldimyrl, wharein saideapavijordgss crosspuemetworknis edrapatible derlintemefietating gnal
into a plurality, fid & RENAS said Bl . fdegpency
band, a m d-rang‘gﬁ; ?equ%%ﬁ%ngr}gmﬁmal?%vf\feweg uen%:u;%/) %g%sgc bl to drive
a hi gh frequencydyaamigelectrgmagnet wakige frequency driver and a | ow frequency
driver, respectively, said capacitor-less crossover network conpri sing:

6. In an audio system, the capacitor-less crossover network, as recited in
15 claim 1, wherein said capacitor-less crossover network is compatible for inter-operating
with said high frequency electro-acoustic transducers of a piezoelectric type.

7. In an audio system, the capacitor-less crossover network, as recited in

claim 1, wherein said capacitor-less crossover network is compatible for inter-operating

20 with said high frequency and said low frequency electro-acoustic transducers of an
electrostatic type.
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30 a. a positive input and a ’_ﬁ ﬂ ng
an i nput pair for . : receiving said el ec JdS Be y

signal froman audio systemanplifier;

first inductor having a first input end elgctrically coupled to sald
positive input of said input pair, said first inductor also having a second
I nput &endfm&aﬁdshhmsbmhmﬁ&mtor for coupling in shunt with

saidd high frequency driveg vi aat:lgéstonchighfrequency e?e%{tg-aéoiugtﬁttra%@ge%?cond | nput
enas;

C. a second inductor cbupl edllowrfrequancyelectiotagoustic tlansducer; and
i nductor via a first inpug end, esl»gﬁ@stcfohﬁggﬂré&’ Mo?gsst cbr&g(% rS Q‘%}g epput
I nduc

end of sai d_first inductor sald econ so having a
first inputdend, sai cpattitioning by frequeneyanrelpcirisal audie signal s B@M\éﬂd bagatulwstsqm nt

with a said md- rang%nfp'hﬁ&“ﬁxﬂﬁﬂ pHIrAIMPof frequency bands c&hﬁxs’ﬁ@ Q lEdsf She BigH
second |nput ends; hunt resjistor

having a first end eI B‘E‘?“Flb*?ﬂ“ﬁ grdope jomelpquescy band for dnvmg a correspondmg plurality
of electro-acoustic transducers comprising said at least one high frequency driver

and said low frequency driver, said capacitor-less crossover network comprising:
10 i an input pair comprised of a positive input and a negative
input as received from said at least one amplifier;

ii. an inductor having a first input end electrically coupled to
said positive input of said input pair and a second input end for coupling
in shunt with one of said at least one high frequency electro-acoustic

15 transducer; and

ili,  a shunt resistor having a first end electrically coupled to
said second input end of said at feast one inductor and a second end
electrically coupled to said negative input of said input pair for coupling
to a negative input of said low frequency band electro-acoustic

20 transducer, said shunt resistor for coupling at least partially in shunt with
said low frequency electro-acoustic transducer, said series-configured
capacitor-less crossover network containing no discrete capacitors for
partitioning said audio signals into said frequency bands.

25 9. The audio system, as recited in claim 8, wherein said capacitor-less

crossover network further comprises at least one inductor for coupling in shunt with at

. least one mid-range frequency electro-acoustic transducer, each of said at least one

inductors coupled in a series with others of said at least one inductors, said series of said

at least one inductor having a first terminal end electrically coupled to said negative input

30 end of said inductor and said series of at least one inductor also having a terminal end for
electrically coupling to a first input of said low frequency electro-acoustic transducer.

NN 0
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said second input end of said first inductor and sai I g [
said . second inductor, said shunt resi stoMﬁ$gE§r&QQJnd

end electriwcally coupl ed to said negative input of said input
pair, said shunt resistor for 10 coapling partially in shunt with
sai d | ow frequency driver, said second input end of said second

i nduct or and sai d seé®dnd Eiedudé systainhssdvitestin claigi % wherein sqid at least one inductor
el ectrically coypll:nghhifol|esdrbhsbihdrivGH YER rlgerd'o\fSﬁe in@ictbr CARRAIIL Sunt | €SS

crossover net V\D% contal ni o discrete cap tors for part F't1oni ng sai d
audi o megﬁwr@nse%te@ms@ﬂ eé:cm-wu-'émsnswn@smd%mducmr having a first

18.  In an audi Qn@¥yeduSdally &d%ﬁle& ﬁﬁﬁ%e&ﬁ@f ?ﬁ@h@gf safdaRdiior 8duple@ #Pshunt with
crossover network, as recited in claiml

a. a first ifshdreorenghinTer mase seopnd rsHp! shpctia {b'i : nﬁ%\&l&bﬁaﬁm input of

driver, said i ndhﬁdﬁ&wfrEtﬁwmdleeatr&edouchxfansﬂDé&OXI mately 0.25 mlliHenries; 20
b. a second inductor connected in shunt with md-range

frequency driver, said inductor having a value of 2 nmilliHenries; and
C. sai d shunt resi $t.or Tirvaudig s@stbtﬁJ dsereddted &pelaiax i Oyethetein seitl capacitor-less

ohns. 25 c? an audi o system speaker, a
series- conflgure ssoggrp)%egﬁﬂéls mg%sed()f crossover network for

partitioniy by frequencyaan edreintivdteradonzagtdid an shuph aithihighofrequency electro-
plurality of frequengy,QRangsGREPSLE! iRGlcfr Madfg 4 SFMENRYappfiAEinatdly 0.5 1 ange
milliHenries;
b. an inductor connected in shunt with mid-range frequency electro-
acoustic transducer, said inductor having a value of approximately 2 milliHenries;
15 and
c. said shunt resistor having a value of approximately 10 ohms.

12,  The audio system, as recited in claim 8, wherein said capacitor-less

crossover network is compatible for inter-operating with said high frequency electro-

20 acoustic transducers and said low frequency electro-acoustic transducers of an electro-
magnetic dynamic type.

13.  The audio system, as recited in claim 8, wherein said capacitor-less
crossover network is compatible for inter-operating with said high frequency electro-
25 acoustic transducer of a piezoelectric type.

14.  The audio system, as recited in claim 8, wherein said capacitor-less
crossover network is compatible for inter-operating with said high frequency and said
low frequency electro-acoustic transducers of an electrostatic type.

30
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frequency band-and a | ow frequency band to drive a hi Cé §r
m d-range frequency dri.ver ‘and a | ow frequency driver 0
capacitor-1less crossover network conpri sing:

a. a positive input and a negative inputs form ng an input
receiving said electrical audio frequency signal fromamn audio

30

pair for
system
5

10

15

20

25
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andl i f [rean audio system, a series-configured, capacitor-less crossover network
for partitioning by frequency an electrical audio signal into a pluxjaﬁty of frequency bands
comprising a high frequency band and a low frequency band to drive a high frequency
driver and a low frequency driver, respectively, said capacitor-less crossover network
comprising;

a. a positive input and a negative input forming an input pair for
receiving said electrical audio signal an audio systein amplifier;

b. an inductor connected in shunt with the high frequency driver,
having a first input end electrically coupled to said positive input of said input
pair, said inductor also having a second input end, said inductor for coupling in
shunt with said high frequency driver via said first and second input ends; and a
shunt resistor having a first end electrically coupled to said second input end of
said inductor, said shunt resistor also having a second end electrically coupled to
said negative input of said input pair, said shunt resistor for coupling in shunt

with said low frequency driver via said first and second ends, said capacitor-less
crossover network containing no discrete capacitors for partitioning said audio
signals into said frequency bands.

16. In an audio system, the series-configured, capacitor-less crossover

network, as recited in claim 15, comprising:

a. an inductor connected in shunt with high frequency driver, said
inductor having a value of approximately 0.25 milliHenries; and
b. said shunt resistor having a value of approximately 10 ohms.

17. Inanaudio system, a series-configured, capacitor-less crossover network

for partitioning by frequency an electrical audio signal into a plurality of frequency bands
comprising a high frequency band, a mid-range frequency band and a low frequency band
to drive a high frequency driver, a mid-range frequency driver and a low frequency
driver, respectively, said capacitor-less crossover network comprising:

a. a positive input and a negative input forming an input pair for
receiving said electrical audio frequency signal from an audio system amplifier;
b. a first inductor having a first input end electrically coupled to said
positive input of said input pair, said first inductor also having a second input
end, said first inductor for coupling in shunt with said high frequency driver via
said first and second input ends;

_
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.D. a flbSh o . f r NayiRREAN RYDEGGER LSEELEPUL FANND. dBWFEY i ta
coupl ed t%ﬁ(@gjog%éﬁgg%(/e }‘oﬁgﬂ{{ of said input pair, and to
end of . hi gh frequency driver, said first ind
second i nput end for el ectrigally coupling to negative input
end of high frequency driver, said 5 negative input end of high

frequency driver is also elegtri %ag | Mi%ﬂ&reguﬁl& in series with said RRei tive input
end of md-range frequency driver; C a second

i nduct or having a f i inddctopFig e Srskiapyt endegleetyically cqypledito said second input endiof h s aj d

positive input of saiafd firtEhducttiRsdid seaddd itdbtorSalb haBRCOBM infil WAd, @did havi ng

a second end electrig Ily C uQI ed to.the negati. e.&rrg,pu end qf. said
scgb&d“ %c?o,r ogrt]:((r]up g In shunt with a said imd-range uency lvcr

P, 05/0

&2

m d-range 10 odar i a shunt
resi stor havi Ag a fi Yissaidfingy and|secondripputendisyandoupl ed t o sai d second
input end of said inductor, and 3hddt Béd?Aein@a%rsDénd SR ed to

resistor electrically.cou %ed to,s ﬁla@ tive 1n %‘sof sai.d . nput pair and
f or coupt nsécf"lf? mﬁutn%gf e‘?ﬁ?%ﬁﬁ‘fm&f’a 532* Y IERRF f“fde"&lﬁaé‘ﬁcy
el ectro-acousti c tr aseeud drdactor] Bid shunt resistor 2igp dahaum secprdsing telpetridally coupl i ng
at least partially i&QuS@Uit saltl AcBati®@ inut! (TV¥aid input pair, said shin€ ERBICHK:
el ectro- acousltol C transc{gcer . salgl (%gg CL# ?)r- ess C ,osso,\éer t wor k
cont ai ni ng nodi scr eTPUPIPR Bttty i shunt itk said {op, Fegysnqy siriger, e "% gnal s into
said _ f r eopdeofigajd emondSnductor2@d said second en® Of said shunt resibtor fon audi o
system the series- cQRid Ay &tpting Wi ClalaObw | fogindy” BREOWS capacitor- less
network, as recited i-n claim19, c¢qnprigsi ng: . e . .
crossover network contaiming no discret® capacitors for partitioning said audio
signals into said frequency bands.
15
18. In an audio sysiem, the scries-configured, capacitor-less
crossover network, as recited in claim 17, comprising;
a a first inductor connected in shunt with high frequency
driver, said inductor having a value of approximately 0.25 milliHenries;
20 b. a second inductor commecled in shunt with mid-range
frequency driver, said inductor having a value of 2 milliHenries; and
c. said shunt resistor having a value of approximately 10
ohms.

25 19. In an audio system speaker, a series-configured, capacitor-less
crossover network for partitioning by frequency an clectrical andio signal into
a plurality of frequency bands comprising a high frequency band, a mid-range
frequency band and a low frequency band to drive a high frequency driver, a
mid-range frequency driver and a low froquency driver, respectively, said
30 capacitor-less crossover network comprising:
' a a positive input and a ncgative input forming an input
pair for receiving said electrical audio frequency signal from an audio system
amplificr;

-
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sai d second i nducdt or

. sai : 3 Bty WORKAN PEGCER SFEEWEY of FABIG &)@?1%“7”25&/;@; %, P08
a sai lﬂW‘fmf‘Q@tWEW e r AP # of FAHK Y haig‘gé&%

of 2 mlliHMenries;

d 25 ) i d
an - c sai rm

val ue of approximately 10 ohns.
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b. a first inductor having a first input end electrically
coupled to said positive input of said input pair, and to positive input end of
high frequency driver, said first inductor also having a second input end for
clectrically coupling o negative input cnd of high frequency driver, said
negative input end of high frequency driver is also electrically coupled to
positive input end of mid-range frequency driver;

c. a second inductor having a first end electrically coupled
with said positive input of said input pair, and the said second inductor having
a sccond end electrically coupled to the negative input end of said mid-range
driver; and

d. a shunt resistor having a first end electrically coupled to
said second input end of said inductor, and said second end of said shunt
resistor electrically coupled to said negative input of said input pair and for
coupling to a negative input of said Jow frequency electro-acoustic transducer,
said shunt resistor for coupling at least partially in shunt with said low
frequency electro-acoustic transducer, said capacitor-less crossover network
containing no discrete ¢apacitors for partitioning said audio signals into said
frequency bands.

20. In an audio system, the scries-configured, capacitor-less crossover
network, as recited in claim 19, comprising:

a. said first inductor having a value of approximately 0.25
milliHenries;

b. said second inductor having a value of2 milliHenries; and

c. said resistor having a valuc of approximately 10 ohms.
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(57) Abstract

A crossover network for partition-

ing by frequency an electrical audio signal +0—

from an amplifier into a plurality of fre-
quency bands, namely a high frequency
band, and a low frequency band, and
alternatively a high frequency band, a
mid-range frequency band, and a low fre-
quency band. The crossover network is
implemented in a simplified configuration
without the required use of capacitors and
in a series configuration which reduces
cost and component matching complexity,
In one embodiment, high frequency driver
(48) is configured in shunt with inductor
(46) with a resistive component connected
at least partially in shunt with low fre-
quency driver (52). This crossover net-
work provides improved performance and
simplified crossover network implementa-
tion.
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