WO H-] 92

8
-‘E- MAI NTENANCE TERM NATI ON UNI T FOR | SDN Background-of the |nvention This
igventi enprelates Lo 'Hg%(pnance Ternination Unit$ (MREPLAGED RHEETEE  SG

exist are i

Plain O d Tel ephone Service' (POTS) MIUs general | yjgieAssuait t h& pE£sence
DC current on the line to close a-solid state;sw fighrphen £he custon

of f - hook.

10

15

20

25

30

35

| zed to disconnect the g¥isDomeptido opagtdes.... 1o paged .3

ui prent or in the net @ribragig(<)Biked .ﬁ&.@?&ﬂ%ﬁd 23
a

tlﬂl’ré""@ﬁ éé&ﬂﬁ Omarpz?gsed eTTee.

terni nat i on ami aSEEIRNNE | | zed to disconnect the J¥sPexmptidnr opagtdI€u.... 1o paged ..3.....
tel ecommnir[mﬂlm'ﬁﬂm k %n order to deternine |Bf @niyn(problpped Wi GBpaged .5
e

...................................

MAINTENANCE TERMINATION UNIT FOR ISDN
Background of the Invention

This invention relates to Maintenance Termination Units (MTUs).

Maintenance termination units are utilized to disconnect the customer
from the telecommunications network in order to determine if any problems which
exist are in the customer equipment or in the network equipment. Present Plain Old
Telephone Service (POTS) MTUs generally rely on the presence of a DC current on
the line to close a solid state switch when the customer is off-hook.

Integrated Services Digital Network (ISDN) is a digital transmission
system which will provide voice, data and video information over customer lines.
One of the problems with such a network is how to provide an MTU in the customer
loop. Since there is sometimes no current to the customer, use of standard MTUs
would result in a disconnection while the customer is off-hook.

Summary of the Invention

The invention is a maintenance termination unit comprising means
responsive to a ringing signal for generating an AC signal, means for rectifying the
signal, and a capacitor coupled to the rectifier means. The unit further comprises a
normally closed semiconductor switch. The capacitor is coupled to the switch such
that when the capacitor is éhargcd, the switch will open.

Brief Description .of the Drawing

These and other features of the invention are delineated in detail in the
following description. In the drawing: -

FIG. 1 is a schematic circuit diagram of an MTU in accordance with an
embodiment of the invention;

FIG. 2 is a schematic tircuit diagram of an MTU in accordance with a
further embodiment of the invention; and

FIG. 3 is a schematic circuit diagram of a portion of an MTU in
accordance with a further embodiment.

Detailed Description

A maintenance termination unit in accordance with one embodiment is
illustrated in FIG. 1. Data, voice, or video signals are supplied from the central
office to input tip and ring conductors 11 and 12. The incoming signals are supplied
to a tone ringer circuit 13. The tone ringer circuit is a commercially available circuit
designed to produce an AC signal (tone) in response to a ringing signal on the
lines 11 and 12. One such circuit, which is generally used to create AC tones on
speakerphones, is made by Motorola under the designation MC 34017-2P.
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The output of the tone ringer is coupled to a transformer, T, which is
used to isolate the remainder of the unit from voltages on the tip and ring conductors.
5 Typically, the transformer, T, has a turn ratio of 1:1. The output of the transformer
is coupled to a rectifying means which, in this example, is a standard silicon
rectifying diode D ;.
A capacitor, C;, has one plate coupled to conductor 14 extending from
the cathode of the diode D; and its other plate coupled to conductor 15 extending
10 from the secondary winding of the transformer T;. Generally, the capacitance of C;
should be within the range 2-10 microfarads. Coupled in parallel with the capacitor
C, is aresistor R | which, for reasons to be discussed, has a resistance in the range
10-30 megohms. A zener diode D, is also coupled in parallel with capacitor C; and
resistor R y. _
15 A pair of MOS Field Effect Transistors (MOSFETs), Q, and Q2,havea
common gate electrode G coupled to conductor 15 and a common source region
coupled to conductor 14. The drain region of transistor Q is coupled to the tip
conductor 11, and the drain of transistor Q4 is coupled to the output tip conductor 16
which is connected to the customer equipment. The transistors Q, and Q; are
20 normally conducting, depletion mode MOSFETs. A capacitor C is coupled across
the two transistors Q, and Q, to minimize losses of high frequency signals through
the circuit during normal transmission by providing a path which bypasses Q; and
Q. for such signals. C, generally has a value in the range 0.1 to 1 microfarads.
During the normal operation of the customer equipment, transistors Q;
25 and Q, will be conducting so that the circuit of FIG. 1 is transparent to the central
office and customer. If, however, a service problem should develop, or if the central
office merely wants to conduct a routine test, a ringing signal is transmitted from the
. central office and appears on conductors 11 and-12. This signal, which normally has
a frequency of approximately 20 Hz and an RMS amplitude of approximately
30 84 RMS, is not used in the normal operation of ISDN systems. The tone ringer, 13,
detects the presence of the ringing signal and, in response, produces an AC signal at
its output. This signal is applied to transformer T and to diode D for rectification.
The rectified signal is used to quickly charge up capacitor C;. When
the voltage across the capacitor reaches a certain level, in this example
35 approximately 2 volts, the depletion mode MOSFETs Q, and Q will be rendered
non-conductive as a result of the corresponding voltage established between the
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gate G and source regions of the MOSFETs. The customer is thereby cut off from
the network while standard tests can be performed to determine if any problem exists
in the network.

The MOSFETs will remain non-conducting for a period of time

5 depending on the value of R; since the capacitor C; will be discharging through R
during this disconnect interval. It is generally desirable to keep the customer
disconnected for a period of 30-180 seconds. Consequently, a resistance of R; in
the range 6-30 megohms is appropriate. Once the capacitor C has discharged
below a certain level, MOSFETs Q; and Q4 will resume their normal conducting

10 state, and further tests can then be performed on the customer equipment.

The diode D, serves as a protector element. In the event that too much
voltage is generated across conductors 14 and 15, D, will break over and conduct
current away from the capacitor.

FIG. 2 illustrates an alternative embodiment where elements

15 corresponding to those of FIG. 1 are similarly numbered. In this embodiment, a
second pair of MOSFETs, Q3 and Q4, are coupled to the output ring conductor 17 to
provide an additional switch. The additional switch is operated by a similar
combination of transformer T, coupled to the tone ringer, 13, a rectifying diode D3,
capacitors C3 and Cj,, a resistor R and a zener diode D4. This circuit permits both

20 central office tip and ring conductors 11 and 12 to be disconnected from the
customer. The circuit will also add additional impedance to the lines, which can be
minimized by the presence of capacitors C, and C4 to bypass transistors Q; ~Q4
for high frequency signals.

Various additional modifications will become apparent to those skilled

25 in the art. In the FIG. 2 embodiment, a single 3-winding transformer can replace the
two transformers T; and T,. Further, a MOSFET with one input and two outputs,
each coupled to one of the output tip and ring conductors, could simplify the

p circuitry of FIG. 2 by eliminating T, D3, C2, R and Dy.

Also, as shown in FIG. 3 a bridge circuit including tip, ring, and ground

30 conductors can be used to provide the incoming signal to the tone ringer 13. This
modification would ensure that the MTU would operate even if there is a short
between tip and ring by applying the signal between tip or ring and ground.

" All such variations which basically rely on the teachings through which
the invention has édvanced the art are properly considered within the scope of the

35 invention.
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responsive to a ringing signal for generating an AC signal, means (D, ) for rectifying
the AC signal, a capacitor (C;) coupled to the rectifying means, and a normally
5 closed semiconductor switch (Q; Q;) coupled to the capacitor such that when the

capacitor is charged the switch will open.

2. A unit according to claim 1 wherein the switch comprises a pair of
normally conducting MOS field effect transistors (Q;, Qz).

3. A unit according to claim 2 wherein the MOSFETS have a common
10 gate electrode (G;) coupled to one plate of the capacitor (C;), and a common source
region coupled to the other plate of the capacitor.

4. A unit according to claim 3 wherein the drain of one MOSFET (Q, ) is
coupled to a ring conductor (11) adapted for coupling to a central office, and the
other MOSFET (Q;) has a drain coupled to a ring conductor (16) adapted for

15 coupling to a customer’s equipment.

S. A unit according to claim 1,2,3 or 4 wherein the means for generating
an AC signal comprises a tone ringer circuit (13).

6. A unit according to any preceding claim wherein the rectifying means
comprises a semiconductor diode (Dy).

20 7. A unit according to any preceding claim comprising a transformer
(T;) coupled between the means for generating the AC signal and the means for
rectifying the AC signal.

’ 8. A unit according to any preceding claim comprising a resistor (Ry)
coupled in parallel with the capacitor.

25 9. A unit according to claim 8 wherein the resistor has a resistance in the
range 10-30 megohms.

10. A unit according to any preceding claim wherein the capacitor has a
capacitance in the range 2-10 microfarads.
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from the tip conductor, and an additional switch (Q3,Q4) coupled to disconnect the
customer from the ring conductor.
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Abstract

Disclosed is a Maintenance Termination Unit (MTU) for an Integrated
Services Digital Network (ISDN). A tone ringer (13) is provided at the end of the
5 customer loop to generate an AC signal. The signal is applied through a transformer
(T and rectifier (D1) to charge a capacitor (Cy). The resulting voltage across the
capacitor causes a normally closed MOS switch (Q; , Q2) to open and disconnect
the customer until the capacitor discharges.

‘i"ypi cally, the transforner, [err], ﬂﬁ%hétﬁé&rﬂéerf@ﬁ @dof 1:1. The output of
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MAINTENANCE TERMINATION UNIT FOR ISDN
Background of the Invention

This invention relates to Maintenance Termination Units (MTUs).

Maintenance termination units are utilized to disconnect the customer
from the telecommunications network in order to determine if any problems which
exist are in the customer equipment or in the network equipment. Present Plain Old
Telephone Service (POTS) MTUs generally rely on the presence of a2 DC current on
the line to close a solid state switch when the customer is off-hook.

Integrated Services Digital Network (ISDN) is a digital transmission
system which will provide voice, data and video information over customer lines.
One of the problems with such a network is how to provide an MTU in the customer
loop. Since there is sometimes no current to the customer, use of standard MTUs
would result in a disconnection while the customer is off-hook. '
Summary of the Invention

The invention is a maintenance termination unit comprising means
responsive to a ringing signal for generating an AC signal, means for rectifying the
signal, and a capacitor coupled to the rectifier means. The unit further comprises a
normally closed semiconductor switch, The capacitor is coupled to the switch such
that when the capacitor is éharged, the switch will open.

Brief Description .of the Drawing

These and other features of the invention are delineated in detail in the
following description. In the drawing:

FIG. 1 is a schematic circuit diagram of an MTU in accordance with an
embodiment of the invention;

FIG. 2 is a schematic circuit diagram of an MTU in accordance with a
further embodiment of the invention; and

FIG. 3 is a schematic circuit diagram of a portion of an MTU in
accordance with a further embodiment.

Detailed Description

A maintenance termination unit in accordance with one embodiment is
illustrated in FIG. 1. Data, voice, or video signals are supplied from the central
office to input tip and ring conductors 11 and 12. The incoming signals are supplied
to a tone ringer circuit 13. The tone ringer circuit is 2 commercially available circuit
designed to produce an AC signal (tone) in response to a ringing signal on the
lines 11 and 12. One such circuit, which is generally used to create AC tones on
speakerphones, is made by Motorola under the designation MC 34017-2P.
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The output of the tone ringer is coupled to a transformer, T, which is
used to isolate the remainder of the unit from voltages on the tip and ring conductors.
Typically, the transformer, T}, has a turn ratio of 1:1. The output of the transformer
is coupled to a rectifying means whichi, in this example, is a standard silicon
rectifying diode D;.

A capacitor, Cy, has one plate coupled to conductor 14 extending from
the cathode of the diode D and its other plate coupled to conductor 15 extending
from the secondary winding of the transformer T;. Generally, the capacitance of Cy
should be within the range 2-10 microfarads. Coupled in parallel with the capacitor
C,isaresistorR; whicii, for reasons to be discussed, has a resistance in the range
10-30 megohms. A zener diode D is also coupled in parallel with capacitor C, and
resistor R . ' -

A pair of MOS Field Effect Transistors (MOSFETs), Q; and Q4, have a
common gate electrode G coupled to conductor 15 and a common source region
coupled to conductor 14. The drain region of transistor Q; is coupled to the dp
conductor 11, and the drain of transistor Q5 is coupled to the output tip conductor 16
which is connected to the customer equipment. The transistors Q; and Q3 are
normally conducting, depletion mode MOSFETs. A capacitor C; is coupled across
the two transistors Q and Q to minimize losses of high frequency signals through
the circuit during normal transmission by providing a path which bypasses Q; and
Q, for such signals. C, generally has a value in the range 0.1 to 1 microfarads.

During the normal op-eration of the customer equipment, transistors Q
and Q, will be conducting so that the circuit of FIG. 1 is transparent to the central
office and customer. If, however, a service problem should develop, or if the central
office merely wants to conduct a routine test, a ringing signal is transmitted from the
central office and appears on conductors 11 and 12. This signal, which normally has
a frequency of approximately 20 Hz and an RMS amplitude of approximately
84 RMS, is not used in the normal operation of ISDN systems. The tone ringer, 13,
detects the presence of the ringing signal and, in response, produces an ACsignal at
its output. This signal is applied to transformer T, and to diode D for rectification.

" The rectified signal is used 1o quickly charge up capacitor C;. When
the voltage across the capacitor reaches a certain level, in this example
approximately 2 volts, the depletion mode MOSFETs Q; and Q, will be rendered
non-conductive as a result of the corresponding voltage established between the



state, apdRERLACEMENT é@EETc n then be performed on the custoner equipnent.
The di odg¢ | protector elenent. In the event that too nuch
voltage {s conductors 14 and 15, [err] will break over and
conduct ¢u he capacitor. FIG 2 illustrates an alternative
enbodi nment | orresponding to those of FIG 1 are simlarly
nunberedjIn this enbodi nent, a second pair of MOSFETs, [err] and [err], are
coupled t ' conductor 17 to provide an additional swtch.

The additional switch is operated by a simqar conbination of transforner
[err] coupled to the tone ringer, 13, a rectifying di ode D3,

gate G and source regions of the MOSFETs. The customer is thereby cut off from
the network while standard tests can be performed to determine if any problem exists
in the network.

The MOSFETs will remain non-conducting for a period of time
depending on the value of R since the capacitor C; will be discharging through R,
during this disconnect interval. It is generally desirable to keep the customer
disconnected for a period of 30-180 seconds. Conséquently, a resistance of R; in
the range 6-30 megohms is appropriate. Once the capacitor C; has discharged
below a certain level, MOSFETs Q, and Q; will resume their normal conducting
state, and further tests can then be performed on the customer equipment.

The diode D, serves as a protector element. In the event that too much
voltage is generated across conductors 14 and 15, D, will break over and conduct
current away from the capacitor.

FIG. 2 illustrates an alternative embodiment where elements
corresponding to those of FIG. 1 are similarly numbered. In this embodiment, a
second pair of MOSFETs, Q3 and QJ, are coupled to the output ring conductor 17 to
provide an additional switch. The additional switch is operated by a similar
combination of transformer T, coupled to the tone ringer, 13, a rectifying diode D3,
capacitors C3 and Cj, a resistor R and a zener diode D 4. This circuit permits both
central office tip and ring conductors 11 and 12 to be disconnected from the
customer. The circuit will also add additional impedance to the lines, which can be
minimized by the presence of capacitors C, and Cj4 to bypass transistors Q; —Qg4
for high frequency signals.

Various additional modifications will become apparent to those skilled
in the art. In the FIG. 2 embodiment, a single 3-winding transformer can replace the
two transformers T and T,. Further, a MOSFET with one input and two outputs,
each coupled to one of the output tip and ring conductors, could simplify the
circuitry of FIG. 2 by eliminating T4, D3, C2, Rz and Dg4.

' Also, as shown in FIG. 3 a bridge circuit including tip, ring, and ground
conductors can be used to provide the incoming signal to the tone ringer 13. This
modification would ensure that the MTU would operate even if there is a short
between tip and ring by applying the signal between tip or ring and ground.

" All such variations which basically rely on the teachings through which
the invention has édvax;ced the art are properly considered within the scope of the
invention.
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the AC signal, a capacitor (C;) coupled to the rectifying means, and a normally
closed semiconductor switch (Q; Qo) coupled to the capacitor such that when the
capacitor is charged the switch will open.

2. A unit according to claim 1 wherein the switch comprises a pair of
normally conducting MOS field effect transistors (Q;, Qz).

3. A unit according to claim 2 wherein the MOSFETs have a common
gate electrode (G;) coupled to one plate of the capacitor (C;), and a common source
region coupled to the other plate of the capacitor.

4. A unit according to claim 3 wherein the drain of one MOSFET (Q,) is
coupled to a ring conductor (11) adapted for coupling to a central office, and the
other MOSFET (Q;) has a drain coupled to a ring conductor (16) adapted for
coupling to a customer’s equipment.

5. A unit according to claim 1,2,3 or 4 wherein the means for generating
an AC signal comprises a tone finger circuit (13).

6. A unit according to any preceding claim wherein the rectifying means
comprises a semiconductor diode (D, ).

7. A unit according to any preceding claim comprising a transformer
(T;) coupled between the means for generating the AC signal and the means for
rectifying the AC signal.

8. A unit according 10 any preceding claim comprising a resistor (R;)
coupled in parallel with the capacitor.

9. A unit according to claim 8 wherein the resistor has a resistance in the
range 10-30 megohms.

10. A unit according to any preceding claim wherein the capacitor has a
capacitance in the range 2-10 microfarads.

This Sheet Has Been Rei

(AW

Tl




circuitry of FIG 2 b natln [err] and [err
3abr|dge Ci ﬂm‘]ﬁjm R ring, and grourd
to provide thlﬂ““l l to t he tone ringer

woul d ensure tHat “the Mru mould operate even if
tip and ring by applying the signal between tip

HE&&@W@Q !

13. This nodifi
re'ﬂsﬂljﬁﬂ”st

Ling and groy

such variations which basically rely on the _teachings throug

¥in FI G
e used
cition
bgt ween

ndf Al

ch the

i nvention has advanced the art are properly-~conskdered-uithin the Jscope of

the i nventi on.

11. A unit according to any preceding claim comprising a tp conductor
(11) and ring conductor (12), the switch being coupled to disconnect a customer
from the dp conductor, and an additional switch (Q3,Q4) coupled to disconnect the

customer from the ring conductor.

I

This Sheet Has Been Re ilac

il

Il




§ REPLALEMEDNE oRZCE

-4- The clains defining the invention are as follows:i{ 1. A maintenange
termnation unit conprising nmeans responsive to a nringi g giignevs f
generating an AC signal, neans for rectifying the ACisignal, a capaciitor
coupled to the rectifying nmeans, and a normal |y cl dsed—semnT or {5
switch coupled to the capacitor such that whegn the jcapacitor is _charged the
switch wll open. :

MAINTENANCE TERMINATION UNIT FOR ISDN
Abstract

Disclosed is a Maintenance Termination Unit (MTU) for an Integrated
Services Digital Network (ISDN). A tone ringer (13) is provided at the end of the
customer loop to generate an AC signal. The signal is applied through a transformer
(T l)land rectifier (D) to charge a capacitor (C;). The resulting voltage across the
capacitor causes a normally closed MOS switch (Q;. Q2) to open and disconnect
the customer untl the capacitor discharges.

Figure 1
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The claims defining the invention are as follows: |
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ringing signal for generating an AC signal, means for rectifying the AC signal, a
capacitor coupled to the rectifying means, and a normally closed semiconductor
switch coupled to the capacitor such that when the capacitor is charged the switch
will open.

2. A unit according to claim 1 wherein the switch comprises a pair of
normally conducting MOS field effect transistors.

3. A unit according to claim 2 wherein the MOSFETs have a common
gate electrode coupled to one plate of the capacitor, and a common source region
coupled to the other plate of the capacitor.

4. A unit according to claim 3 wherein the drain of one MOSFET is
coupled to a ring conductor adapted for coupling to a central office, and the other
MOSFET has a drain coupled to a ring conductor adapted for coupling to a
customer’s equipment.

5. A unit according to claim 1, 2, 3 or 4 wherein the means for
generating an AC signal comprises a tone ringer circuit.

6. A unit according to any preceding claim wherein the rectifying means
comprises a semiconductor diode.

7. A unit according to any preceding claim comprising a transformer
coupled between the means for generating the AC signal and the means for
rectifying the AC signal.

8. A unit according to any preceding claim comprising a resistor coupled
in parallel with the capacitor.

9. A unit according to claim 8 wherein the resistor has a resistance in the
range 10-30 megohms.

10. A unit according to any preceding claim wherein the capacitor has a
capacitance in the range 2-10 microfarads.
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11. A unit according to any preceding claim comprising a tip conductor
and ring conductor, the switch being coupled to disconnect a customer from the tip

conductor, and an additional switch coupled to disconnect the customer from the ring
conductor.



