A O O 0 A

6737 Al

<

0O 01

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date

& x
&@V

At

D00 000 O

(10) International Publication Number

25 January 2001 (25.01.2001) PCT WO 01/06737 Al
(51) International Patent Classification’: HO04M 1/00 (81) Designated States (national): AE, AG, AL, AM, AT, AU,
AZ,BA, BB, BG, BR,BY,BZ, CA,CH, CN, CR, CU, CZ,
(21) International Application Number: PCT/US00/18329 DE, DK, DM, DZ, EE, ES, Fl, GB, GD, GE, GH, GM, HR,
HU,ID, 1L, IN, IS, JP, KE, KG, KP, KR, KZ,LC, LK, LR,
22 . e X LS,LT, LU, LV, MA, MD, MG, MK, MN, MW, MX, MZ,
(22) International Flhrng Date: 30 June 2000 (30.06.2000) NO, NZ, PL, PT, RO, RU, SD, SE, SG, SI, SK, SL, TJ, TM,

TR, TT, TZ, UA, UG, UZ, VN, YU, ZA, ZW.

(25) Filing Language: English

(84) Designated States (regional): ARIPO patent (GH, GM,
(26) Publication Language: English KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZW), Eurasian

(30) Priority Data:

09/353,111 14 July 1999 (14.07.1999) US

(71) Applicant: 2WIRE, INC. [US/US]; 1704 Automation
Parkway, San Jose, CA 95131 (US).

(72) Inventors: SUN, Ting; 1175 Tall Maple Court, Hous-
ton, TX 77095 (US). HINMAN, Brian; 37 Broadway, Los
Gatos, CA 95030 (US).

(74) Agents: YEE, Susan et al.; Carr & Ferrell LLP, Suite 200,
2225 East Bayshore Road, Palo Alto, CA 94303 (US).

patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), European
patent (AT, BE, CH, CY, DE, DK, ES, FI, FR, GB, GR, IE,
IT, LU, MC, NL, PT, SE), OAPI patent (BF, BJ, CF, CG,
CI, CM, GA, GN, GW, ML, MR, NE, SN, TD, TG).

Published:

With international search report.

Before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments.

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations" appearing at the begin-
ning of each regular issue of the PCT Gazette.

(54) Title: ODD-ORDER LOW-PASS POTS DEVICE FILTER

150

404

FILTER 4

— LTEER O

]L}LWUL___H
TN

ELEPHONE VOLTAGE  e— L
TO TEL! PROTECTION ;
NETWORK 136 ( i ; ‘ TO POTS DEVICE
1
- BEAD »>
! . ¢ vl
410 LAY \
M2 44, &

(57) Abstract: An odd-order low-pass filter is disclosed for being interposed between a home telephone wiring network and a POTS,
or voice-band device to separate voice-band signals from higher frequency signals, such as ADSL signals and home networking
signals. The filter topology is substantially symmetric so that the filter is reversible in that either end of the filter may be directly
~~ coupled to the home telephone wiring network without impairing high frequency signal performance or the filter characteristic of
the filter. In one embodiment, the filter is a third-order, or three-pole filter (402, 404, 406) with a single capacitor (406) disposed
between a pair of inductors. According to this configuration, regardless of which of the inductors is coupled closest to the home
telephone wiring network, the capacitor is separated from the home telephone network by an inductor to prevent frequency signals,
such as ADSL signals, from being shorted across the capacitor. Hence, the filter will function satisfactorily regardless of the direction

in which it is installed.
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ODD-ORDER LOW-PASS POTS DEVICE FILTER

By Ting Sun and Brian L. Hinman
BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates generally to low pass filters and, more particularly, a
reversible, odd-order low-pass filter for separating xXDSL and home networking signals from

voice-band signals existing on the same pair of copper wires.

2. Description of the Background Art

With the advent of xXDSL and home networking data transmission technologies, it
may be desirable to have xDSL signals, home networking signals, or both present on a home
telephone wiring network simultaneously with voice-band signals. Voice-band signals are
commonly referred to as POTS (Plain Old Telephone Service) signals. Providing xDSL
service, home networking, and POTS over standard telephone lines permits the home
telephone wiring network to operate as a local area network (LAN), while at the same time
permitting voice-band and xDSL service to be transmitted across the home telephone wiring
network.

Despite the advantages of providing xDSL, home networking, and POTS signals
simultaneously over a common network, it is desirable to prevent energy from the xDSL
and/or home networking signal carriers from reaching voice-band, or POTS, appliances
coupled to the network. Voice-band appliances may include, for example, telephone sets,
facsimile machines, 56K modems, and the like. Indeed, energy from the xDSL or home
networking signal carriers may cause the non-linear behavior of the voice-band appliances to
create noise into the POTS connection. Further preventing xXDSL and home networking
signals from reaching voice-band appliances protects the xXDSL and home networking
transports from high-frequency inter-modulation products of the voice-band appliances.

In addition, voice-band appliances typically undergo impedance changes during
operation. For example, state changes in a POTS device such as on / off hook, dialing, and
ringing tend to affect the impedance of the POTS device. This change in impedance, unless

isolated from the xDSL and home networking devices, may limit the throughput of the xDSL
1
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or home networking devices and may require dynamic bit reloading inter-modulation and
line retraining.

Accordingly, a need exists to provide a system and method for preventing energy
from xDSL and home network signal carriers from reaching voice-band appliances such as
telephones, facsimile machines, and 56K modems. Another need exists to provide a system
and method for 1solating xDSL and home network (homePNA) devices from the impedance
fluctuations of voice-band appliances. Moreover, an additional need exits to provide a
system and method for separating, or isolating, voice-band appliances from ADSL and home

PNA devices that is robust, inexpensive, and easy to install.
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SUMMARY OF THE INVENTION

The present invention overcomes or substantially alleviates prior problems
associated with systems and methods for separating or isolating voice-band appliances
from xDSL and home PNA devices. In general, the present invention provides a
reversible odd-order low-pass filter that may be disposed between a POTS device and a
home telephone wiring network to isolate the POTS device from certain higher frequency
signals that may be present on the home telephone wiring network. Moreover, the filter
topology is substantially symmetric in that it features reversible plug-in capability so that
either end of the filter may be coupled to the home telephone wiring network without
interfering with the filtering function of the filter and without shorting the higher
frequency signals on the home telephone wiring network. Further, the filter presents a
relatively low insertion loss so that the filter does not cause significant attenuation of the
POTS signal as it passes through the filter, thus not impairing the operation of the
associated POTS device.

In one embodiment, the low-pass filter is a passive third-order, or 3 pole, low-
pass filter design scheme based on a 600 Ohm balanced network and includes a pair of
coupled inductors separated by a capacitor. Due to the inter-winding capacitance of the
inductors, the frequency response of the low-pass filter appears as a somewhat elliptic
function in that the filter provides a steep attenuation above the cutoff frequency.

Another embodiment is a fifth-order, or 5 pole, low pass filter. This embodiment
includes three pairs of coupled inductors. A capacitor is disposed between each pair of
inductors. Again, due to the inter-winding capacitance of the inductors, the frequency
response of the low-pass filter appears as a somewhat elliptic function.

This odd-order design is advantageous in that it effectively and inexpensively
isolates high frequency signals on a home telephone wiring network from reaching POTS
devices as well as preventing the impedance changes of the POTS devices from
interfering with the ADSL or home networking service. Additionally, since the odd-
order filter does not employ a capacitor disposed outside of the inductors, the filter is
reversible in that either end of the filter may be coupled to the home telephone wiring
network without shorting the high frequency signals across a capacitor or otherwise
impairing the filter characteristic of the filter. Thus, even if the end user installs the filter

“backwards,” the filter will still generate the same frequency response and function
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satisfactorily without shorting the higher frequency signals on the home telephone wiring
network.
Other advantages and features of the present invention will be apparent from the

drawings and detailed description as set forth below.
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BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a block diagram illustrating an ADSL service network;
FIG. 2 is a block diagram of the splitter of FIG. 1;

FIG. 3 is a block diagram illustrating an alternative ADSL service network;
FIG. 4 illustrates details of the filter of FIGS. 1 and 3;

FIG. 5 illustrates the filter of FIG. 4 in a reversed installation configuration;
FIG. 6 illustrates the frequency response of the filter of FIG. 4; and

FIG. 7 illustrates another embodiment of the filter of FIGS. 1 and 3.
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
FIG. 1 illustrates an ADSL service network 100 that includes a central office 102
including a Digital Subscriber Line Access Muliplexer (DSLAM) 103 and a home 104

coupled by a loop 106. As shown, the central office 102 includes an ADSL transceiver
unit 110 and a loop interface 112. The loop interface 112 includes a high pass filter 114
and a low pass filter 116 to split high frequency ADSL components of the loop signal and
the lower frequency POTS (Plain Old Telephone Service) components of the loop signal.
In this configuration, the high pass filter 114 passes signals in the ADSL frequency range
to the broadband network 120 via the ADSL modem 110. Likewise, the low pass filter
116 passes the lower frequency POTS signals to the narrow band network 122 over a
PSTN (Public Switched Telephone Network) line.

The home 104 is shown as including a splitter 130, an ADSL modem 132, a
computer 134, a telephone, or POTS, a home telephone wiring network 136, and POTS
devices, such as telephone 138 and facsimile machine 139. Further, personal computers
141 and 143 are illustrated as being coupled to the network 136. The computer 141 is
shown as having an external HPNA network interface card 145. The computer 143 has
an internal HPNA card (not shown) so that the computers 141 and 143 may communicate
using high-frequency home networking signals over the network 136. While the ADSL
modem 132 is illustrated as being disposed outside of the computer 134, those skilled in
the art will appreciate that the ADSL modem 132 could also be positioned inside the
computer 134.

The splitter 130 splits the incoming signal into high and low frequency
components. As discussed in more detail below with reference to FIG. 2, the splitter 130
routes the high frequency component along line 140 to the ADSL modem 132, which is
coupled to a network device, such as a computer 134, by a line 142. Likewise, the
splitter 130 routes the low frequency, or POTS, component of the incoming signal to the
home telephone wiring network 136 along line 144. The telephone 138, the facsimile
machine 139, as well as other POTS devices (e.g. 56k modems, etc.) (not shown), are
coupled to the home telephone wiring network 136 by lines 148.

A low-pass filter 150 is shown as being disposed between each POTS device and
the home telephone wiring network 136. As discussed in more detail below, the low-pass
filters 150 prevent the home networking high frequency energy on the home telephone

wiring network 136 from reaching the POTS voice-band appliances, such as the
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telephone 138 and the facsimile machine 139. The filters 150 substantially reduce, or
eliminate, the non-linear behavior of the voice-band appliances from creating noise onto
the home telephone wiring network 136 and protects home networking transports from
high-frequency inter-modulation products from the voice-band appliances.

Moreover, the low-pass filters 150 isolate the home networking, or home PNA
(Home Phoneline Networking Alliance), transmission medium from the voice-band
appliances’ impedance changes during their operation. As those skilled in the art will
appreciate, voice-band appliances undergo impedance changes as they undergo state
changes, such as on /off hook, dialing, ringing, etc. Isolating these impedance changes
from the high frequency transmission medium, substantially alleviates the need for
dynamically performing bit reloading inter-modulation and line retraining, prevents loss
of data transfer rate, and helps to maintain high data throughput for the home networking
environment.

Additional details concerning ADSL equipment are found in Standards Project for
Interfaces Relating to Carrier to Customer Connection of Asymmetrical Digital
Subscriber Line (ADSL) Equipment, T1E1.4/97-007R6, T1.413 Issue 2, edited by John
Bingham and Frank van der Putten, dated September 26, 1997, which is incorporated
herein by reference.

FIG. 2 illustrates details of the splitter 130 of FIG. 1. As shown, the splitter 130
includes a high pass filter 202 and a low pass filter 204 coupled to the loop 106 via lines
206 and 208 respectively. The high pass filter 202 permits higher frequency signals, such
as ADSL signals, to pass from the loop 106 to the ADSL modem 132 (FIG. 1) while
preventing the lower frequency POTS signals from entering onto the line 140 and
potentially interfering with the operation of the ADSL modem 132. Similarly, the low
pass filter 204 permits the lower frequency POTS signals to pass onto the home
telephone wiring network 136 while preventing higher frequency signals, such as ADSL
signals, from entering onto the home telephone wiring network 136.

FIG. 3 illustrates an alternative ADSL network 300. The network 300 differs
from that illustrated in FIG. 1 in that it does not include the splitter 130 disposed between
the loop 106 and the home telephone wiring network 136 or the ADSL modem 132. As
such, the loop 106 is directly coupled to the home telephone wiring network 136 via the
line 144 and, therefore, both ADSL, home networking, and POTS (or voice-band) signals

pass simultaneously over the home telephone wiring network 136. Like the network 100
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shown in FIG. 1, the network 300 includes low pass filters 150 disposed between the
home telephone wiring network 136 and the voice-band appliances 138 and 139. The
low-pass filters 150 generally prevent the higher frequency signals from interfering with
operation of the associated voice-band or POTS devices 138 and 139 and separate the
lower frequency voice band signals from the signals in the ADSL spectrum and the
signals in the home networking spectrum. These higher frequency signals may include,
for example, ADSL signals, home networking signals, or both.

FIG. 4 illustrates the topology of one embodiment of the filter 150 shown in
FIGS. 1 and 3. The filter 150 of FIG. 4 is a reversible 3-pole, third-order, low-pass filter
and includes first and second coupled inductors, or transformers, 402 and 404 with a
single capacitor 406 disposed therebetween. Moreover, the filter 150 is shown as having
a pair of ferrite beads 408 and a hazardous transient voltage protection circuit 410. In a
preferred embodiment, the hazardous transient voltage protection circuit 410 comprises a
sidactor transient voltage suppressor.

The filter 150 is further illustrated as being disposed between the home telephone
wiring network 136 and a POTS device, such as the telephone 138 (FIG. 1) with the
inductor 404 closest to or adjacent the home telephone wiring network 136. A significant
advantage of the design of FIG. 4 is that the capacitor 406 is disposed between the two
coupled inductors 402 and 406 so that regardless of which end of the filter 150 is coupled
to the home telephone wiring network 136, the capacitor 406 will not short a high
frequency signal, such as an ADSL or home networking signal, on the home telephone
wiring network 136. This advantage makes the filter 150 reversible in that either end of
the filter 150 may be coupled to the home telephone wiring network 136 without shorting
high frequency signals across a capacitor or otherwise impairing transmission of high
frequency signals.

The first and second coupled inductors 402 and 404 are shown as being
configured identical to one another. The first coupled inductor 402 includes a pair of
windings 412 wrapped about a core 414. Advantageously, each of the windings 412 has
an inductance of about 5.5 mH or more. This coupled inductor configuration yields a
relatively high inductance as it includes both the self inductance of each winding together
with the mutual inductance of the coupled inductor and thereby produces better high

frequency attenuation. Further, the interwinding capacitance of the coupled inductors
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402 and 404 enhances the filter characteristic of the filter 150 by contributing to a steeper
frequency roll off as shown in FIG. 6.

The ferrite beads 408 reduce high frequency, common mode noise as well as
provide EMI suppression. The hazardous transient voltage protection circuit 410 is
conventional and is used to protect the associated POTS device from being damaged by
transient voltages, such as those that might be produced by a lightning strike, for
example.

FIG. 5 illustrates the reversible nature of the filter 150 of FIG. 4. That is, FIG. 5
shows the filter 150 of FIG. 4 coupled to the network 136 (FIG. 1) in a manner opposite
that shown in FIG. 4. As illustrated in FIG. 5, the filter 150 is disposed between a POTS
device, such as the telephone 138 (FIG. 1) and the home telephone wiring network 136
with the home telephone wiring network 136 being coupled to the filter adjacent to the
inductor 402. It should be noted that in the instaliation of FIG. 5, like in the installation
of FIG. 4, the capacitor 406 is separated from the home telephone wiring network 136 by
a coupled inductor. In FIG. 4, the capacitor 406 is separated from the home telephone
wiring network 136 by the coupled inductor, or transformer, 404 whereas in FIG. 5, the
capacitor 406 is separated from the home telephone wiring network 136 by the coupled
inductor 402.

As discussed above, separating the capacitor 406 from the home telephone wiring
network 136 by an inductor, regardless of the direction in which the filter 150 is installed,
prevents the capacitor 136 from shorting high frequency signals, such as ADSL or home
network signals, that might be present on the home telephone wiring network 136.

FIG. 6 illustrates the frequency response of the filter 150 described above in
FIGS. 4 and 5. In particular, FIG. 6 depicts the filter frequency response based on an
approximately 600 Ohm balanced impedance. As shown, the frequency response permits
the filter 150 to effectively function as a low-pass filter, permitting signals in the voice
band (about 2 kHz — 6 kHz), but preventing higher frequency signals, such as those
above about 30 kHz from passing therethrough.

Specifically, as shown in FIG. 6, the filter 150 provides negligible, if any,
attenuation of voice-band signals in the range of 2 kHz to 6 kHz. For signals above 25
kHz, however, the filter 150 provides considerable attenuation. As an example, for
ADSL signals in the 100 kHz range, the attenuation 1s about 55 dB. Another example
shows that a 1 MHz signal would be attenuated by close to 60 dB.

9
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FIG. 7 illustrates another embodiment of the odd-order filter 150 shown in FIGS.
1 and 3. This embodiment is a reversible fifth-order, or five-pole, filter. As shown, the
filter 150 of FIG. 7 includes three coupled inductors 602, 604, and 606. Each of these
coupled inductors 602, 604, and 606 is configured identical to the coupled inductors 402
and 406 described above in connection with FIG. 4 and, therefore, no additional
description of the coupled inductors 602, 604, and 606 is necessary. A first capacitor 610
is shown as being disposed between the coupled inductors 602 and 604. Likewise, a
second capacitor 612 is disposed between the coupled inductors 604 and 606.

Further, the fifth-order filter 150 shown in FIG. 7 is reversible in the same general
manner that the third-order filter 150 shown in FIG. 4 is reversible. That is, in FIG. 7,
the home telephone wiring network 136 is illustrated as being connected to the side of the
filter 150 closest to the coupled inductor 602. However, the filter 150 could also be
connected to the home telephone wiring network 136 with the home telephone wiring
network 136 connected to the side of the filter closest to the coupled inductor 606. In
both of these configurations, the capacitors 610 and 612 are separated from the home
telephone wiring network 136 by at least one of the coupled inductors 602, 604, or 606.
Consequently, in either configuration, the filter 150 will function satisfactorily without
the risk of shorting a high frequency signal over one of the capacitors 610 or 650.

Hence, as discussed above, by providing an odd-order filter disposed between a
POTS device and the home telephone wiring network 136, the fiiter 150 is reversible and
may be installed with either side coupled to the home telephone wiring network 136
without shorting or otherwise impairing a high frequency signal, such as an ADSL or
home networking signal, on the home telephone wiring network 136.

The invention has been described above with reference to specific embodiments.
It will, however, be evident that various modifications and changes may be made thereto
without departing from the broader spirit and scope of the invention as set forth in the
appended claims. The foregoing description and drawings are, accordingly, to be

regarded in an illustrative rather than a restrictive sense.
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What is claimed is:

1. A reversible odd-order low-pass filter for insertion between a POTS device and a
home telephone wiring network to separate certain high frequency signals on the home
telephone wiring network from the POTS device, comprising:

a first coupled inductor having a pair of windings wrapped about a core;

a second coupled inductor having a pair of windings wrapped about a core;

a single capacitor disposed between the first and the second coupled inductors and
separated from the home telephone wiring network by either the first or the second
coupled inductor to prevent high frequency signals from being shorted across the
capacitor regardless of whether the home telephone wiring network is coupled to the

filter adjacent to the first or the second coupled inductor.

2. The reversible odd-order filter according to claim 1, further comprising at least

one ferrite bead for reducing common mode noise through the filter.

3. The reversible odd-order filter according to claim 1, further comprising a transient

voltage suppressor for protecting the POTS device from hazardous transient voltages.

4. The reversible odd-order filter according to claim 1, wherein each winding has an

inductance of about 5.5 mH.

5. A reversible third-order filter for separating a voice-band device from certain high
frequency signals on a home telephone wiring network, comprising:

a first inductor;

a second inductor;

a single capacitor disposed between the first and second inductors so that when
the filter is interposed between the home telephone wiring network and the voice-band
device, either the first inductor or the second inductor separates the single capacitor from
the home telephone wiring network to prevent certain high frequency signals on the
home telephone wiring network from shorting across the single capacitor regardless of
whether the first inductor or the second inductor is disposed closest to the home

telephone wiring network.

11
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6. The reversible filter according to claim 5, wherein the first inductor further

comprises a coupled inductor.

7. The reversible filter according to claim 6, wherein the coupled inductor further

comprises a pair of windings wrapped about a core.

8. The reversible filter according to claim 7, wherein each winding has an

impedance equal to or greater than about 5.5 mH.

9. The reversible filter according to claim 5, further comprising at least one ferrite

bead for reducing common mode noise through the filter.

10.  The reversible filter according to claim 5, further comprising a transient voltage

suppressor for protecting the POTS device from hazardous transient voltages.

11. A reversible fifth-order filter for separating a voice-band device from certain high
frequency signals on a home telephone wiring network, comprising:

a first inductor;

a second inductor;

a third inductor; and

first and second capacitors, the first capacitor being disposed between the first
and second inductors and the second capacitor disposed between the second and third
inductors so that when the filter is interposed between the home telephone wiring
network and the voice-band device, either the first inductor or the third inductor separates
the first and second capacitors from the home telephone wiring network to prevent
certain high frequency signals on the home telephone wiring network from shorting
across the either the first or the second capacitor, regardless of whether the first inductor

or the third inductor is disposed closest to the home telephone wiring network.

12. The reversible filter according to claim 11, wherein the first inductor further

comprises a coupled inductor.

12
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13.  The reversible filter according to claim 12, wherein the coupled inductor further

comprises a pair of windings wrapped about a core.

14.  The reversible filter according to claim 13, wherein each winding has an

impedance equal to or greater than about 5.5 mH.

15.  The reversible filter according to claim 11, further comprising at least one ferrite

bead disposed for reducing common mode noise through the filter.

16. The reversible filter according to claim 11, further comprising a transient voltage

suppressor for protecting the POTS device from hazardous transient voltages.

17. The reversible filter according to claim 5, wherein the first inductor further

comprises a pair of inductors.

18. The reversible filter according to claim 17, wherein the pair of inductors further

include a pair of windings wrapped about a core.

19. The reversible filter according to claim 17, further comprising at least one ferrite

bead for reducing common mode noise through the filter.

20. The reversible filter according to claim 17, further comprising a transient voltage

suppressor for protecting the POTS device from hazardous transient voltages.

21. The reversible filter according to claim 11, wherein the first inductor further

comprises a pair of inductors.

22.  The reversible filter according to claim 21, wherein the pair of inductors further

include a pair of windings wrapped about a core.

23. The reversible filter according to claim 21, further comprising at least one ferrite

bead disposed for reducing common mode noise through the filter.

13
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24.  The reversible filter according to claim 21, further comprising a transient voltage

suppressor for protecting the POTS device from hazardous transient voltages.

25.  Areversible odd-order low-pass filter for insertion between a POTS device and a
telephone wiring network to separate certain high frequency signals on the telephone
wiring network from the POTS device, comprising:

a first pair of inductors;

a second pair of inductors;

a single capacitor disposed between the first and the second pairs of inductors and
separated from the telephone wiring network by either the first or the second pair of
inductors to prevent high frequency signals from being shorted across the capacitor
regardless of whether the telephone wiring network is coupled to the filter adjacent to the

first or the second pair of inductors.

26.  The reversible odd-order filter according to claim 25, further comprising at least

one ferrite bead for reducing common mode noise through the filter.

27.  The reversible odd-order filter according to claim 25, further comprising a
transient voltage suppressor for protecting the POTS device from hazardous transient

voltages.

28. A reversible filter for insertion between a POTS device and a telephone wiring
network to separate certain high frequency signals on the telephone wiring network from
the POTS device, comprising:

a first and a second pair of inductors, each pair of inductors having an inner end
and an outer end; and

a capacitor coupled to the inner ends of the first and second pair of inductors, said
outer ends of the first and second pairs of inductors being connectable between the POTS

device and the telephone wiring network.

29.  The reversible filter according to claim 28, further comprising at least one ferrite

bead for reducing common mode noise through the filter.

14
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1 30. The reversible filter according to claim 28, further comprising a transient voltage

2 suppressor for protecting the POTS device from hazardous transient voltage.

15
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