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(57) Abrege(suite)/Abstract(continued):
terminal (DSLAM) and the subscriber home DSL equipment. A bridge module is provided for connection between first and second

conductors of a line under test to a test instrument. The bridge module Iincludes first and second high impedance resistors
connected with the first and second conductors of the line under test and first and second input switches connected with the first
and second conductors of the line under test. First and second coupling capacitors are provided and connected with the input
switches and the resistors. The bridge module provides a clickless connection of the bridge module to the active DSL
communications link to avoid disruption in DSL service.
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ABSTRACT

Communication failure in DSL circuits can result from noise or other problems
in the DSL circuit. Currently wideband DSL measurement methods are invasive and
require disruption of the communications link between the telephone company DSL
terminal (DSLAM) and the subscriber home DSL equipment. A bridge module is
provided for connection between first and second conductors of a line under test to
a test instrument. The bridge module includes first and second high impedance
resistors connected with the first and second conductors of the line under test and
first and second input switches connected with the first and second conductors of
the line under test. First and second coupling capacitors are provided and
connected with the input switches and the resistors. The bridge module provides a
clickless connection of the bridge module to the active DSL communications link to

avoid disruption in DSL service.
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PATENT

WIDEBAND HIGH IMPEDANCE BRIDGING MODULE

- BACKGROUND OF THE INVENTION

Communication failure in DSL circuits typically results from noise or other
problems in the DSL circuit. Correction of the failure and improvement of the DSL

service typically involves measurement, identification, and isolation of noise in a wide

frequency range, for example in a range of 4000 Hz up to 30 MHz.

Currently available wideband DSL measurement methods are low impedance, |
highly invasive and require disruption of the communications link between the telephone
company DSL te@hal ( DSLAM) and the subscriber home DSL equipment. These
methods require connection at either end of the .DSL communications line, thercby
preventing DSL cominunications and disturbing the measurement environment.

One example of such a measurement tool 1S multifunction test tool sold by Tempo

under the trademark Sidekick® Plus. A typical cable used to carry telecommunication -

signals from the DSLAM to the subscriber’s homc DSL equipment includes a plurality of

twisted pairs surrounded by a cable shield and a sheath. The test tool provides for

connection of the test tool to the twisted pair to carry out a plurality of tests which assist
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in measuring, identifying and isolating noise and other problems on the twisted pair. The

Sidekick® Plus, for example, is capable of performing loop current tests, longitudinal
balance (Stress Test), transmission aﬁd noise tests. As Wi‘th other currently available test
tools, the Sidekick® Plus is low impedance, highly invasive and -fequires disruption of
the communications link between the DSLAM and the subscriber’s home DSL
equipment. The disruption of the communication link not only prevents DSL .

communications but disturbs the measuring environment.

- SUMMARY OF THE INVENTION

A bridge module is provided for connection between first and second conductors

‘of a line under test to a test instrument. The bridge module a'dapts the source impedance

of the line under test to the load impedance' of the test instrument to provide a clickléss
connection of the bridge module to the line under test, thereby avoiding disruption of the
service on the line.

The bridge module includes first and second high impedance resistors in

. communication with the first and second conductors of the line under test and first and

second input switches in communication with the first and second conductors of the line

under test. First and second coupling capacitors are provided in communication with the

input switches and the high impedance resistors. When the switches are in an off state a
charging path is provided to the coupling capacitors through the high impedance resistors
to slowly charge the coupling capacitors. After charging of the coupling capacitors, the

mput switches are switched to an on state and DSL signals are provided to a receiver.

The receivers amplify the power of the received signal before passing the signal to the test

instrument.
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BRIEF DESCRIPTION OF THE DRAWINGS

The organization and manner of the structure and operation of the invention, '

together with further objects and advantages thereof, may best be understood by reference

to the following description, taken in connection with the accompanying drawings,
wherein like reference numerals identify liké elements in which:

FIG. 11s a block diagram illustrating connection of the'bn'dge module to a test
instrument and to the first and second conductors of a line under tesf;

FIG. 2A is a block diagram further illustrating a first portion of the circuits of the

‘bndge module, the test instrument; and the connection therebetween along with a legend

illustrating the relationship between FIG. 2A and FIG 2B;

FIG. 2B is a block diagram further illustrating a second poftion of the circuits of
the bridge module'-,, the test instrument and the connection therebetween along with a '
legend illustrating thé relationship bétWeen.FIG. 2A and FIG 2B;

FIG. 3A 1s a detailed schematic of a first portion of the circuit of the Bridge
module along with a legend illustrating the relationship betwem FIG. 3A and 3B;

FIG. 3B is a detailed schematic of a second portion of the circuit of the bridge
module along with a legend illustrating the relationship between FIG. 3A and 3B; and

FIG. 4 illustrates the interconnect cable.

—-.\——--I'—-u--u--\-— RN e M AR B i e e = s g s g s e ey
: H
0 :



10

15

20

25

CA 02704103 2010-05-13

- DETAILED DESCRIPTION OF THE ILLUSTRATED EMBODIMENT

While the invention 'may be susceptible to embodiment in different forms, there is
shown in the drawings, and herein will be described in detail, a specific embodiment with
the understanding that the present disclosure is to be considered an exemplification of the

principles of the invention, and is not intended to limit the invention to that as illustrated

and desm'ibed hcrein.

As shown 1n FIG. 1 the invention provides a bridge module 10 for use in testing

of a line under test 12 of a telecommunication circuit. As also shown in FIG. 1 the'bridge

“module 10 is used with a test instrument 14 to test the line under test in order to detect

and'identify problems in the telecommunications circuit which can cause disruption in or .
failure of the telecommunications circuit. The bridge module 10 includes a housing (not
shown) which houses the bnidge module circuit (see FIG. 3). An interconnect cable 16 is
provided to connect the bridge module to the test instrument 14. First and second leads
18, 20 are provided to connect the bridge modulc 10 via élips 22,24 to a first conductor
26 and a second conductor 28 of a twisted patr of the line under test 12.

The test instrument 14 includes a housing 34 which houses circuitry for testing of
the line under test 12. A display 36 is provided to display information to the user relating
to the tests performed. The test instrument 14 receives the interconnect cable 16 to
provide communication from the bridge module 10 to the test instrument 14. A ground
lead 32 is also provided in order to connect the test instrument 14 to earth ground 30. As
will be described herein, the test instrument 14 functions as a host systém for the bridge
module 10. The test instrument can be, for example, a Sidekick® Plus test instrument
which has been adapted to be used in connection with the bridge module 10.

A block diagram illustrating the circuitry of the test instrument/host system 14 and
the bridge module 10 is shown in FIG. 2. The test instrument 14 generally includes a
core host system 14a and a wideband host system 14b. The core host sj/steni 14a includes
circuitry found in test instruments typically used for analyzing the line under test, such as
those found in the SideKick® Plus, for example.

The wideband host system 14b includes circuitry which allows the test instrument
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to work in connection with the bl'idge module 10. The wideband host system 14b of the

 test instrument 14 includes a shielded twisted pair connection 40, a cable connector 42, a

network interface 44, attenuators and impedance matching networks 46, amplifiers and
filter networks 48, a wide band transformer 50, a control interface 52, and a control logic
noise 1solation portion 54. - . H

The shieldcd twisted pair connection 40 provides for connection of the test
instrument 14 to the first and second conductors 26, 28 (tip and ring) of thé line under test
12 when the bridge module 10 is not utilized. - '

The cable connector or test cable termination 42 receives the interconnect cable
16. when the bridge module 10 is to be utilized in connection with the test instrument 14.
The cable connector 42 can be, for example, a nine-pin LEMO connector. |

The network interface 44 provides isolation and protection of the remaindef of the
test tool circuitfy from hazardous DC signals. The network interface 44 a]loﬁvs 'fof
selection of the termination impedance and can for example allow for selection of
termination impedance fanging from approximately 75 Ohms to 135 Ohms. Signals
present on the tip and ring 26, 28 of the pair 12 are passed to attenuators and impedance
matching networks 46 .,through the network interface 44.

Amplifiers and filters 48 receive the signals from the attenuators and impedance

- matchmg networks 46 and pass the signals to the wide band transformer 50. The gain of

the amphﬁer can be selected for provide either high or low gain. And the filter can be
selected to provide filtering in the range of 8.5 MHz to 30 MHz.

The wideband transformer 50 is capable of handing signals in the range of
approxlmately 4Khz To 300 MHz.

The control mterface 52 1n connection with the control logic noise isolation circuit
54 provides an interface which allows the user to control the setting of the wideband host
system such as a gain of the amplifier, a frequency of the filter, an attenuation setting, and
a termination impedance-. -

The core host system 14a provides a power supply 56 and provides for connection
to the control interface 52 of the wideband host system 14b. Details of the core system |
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14a are not 1llustrated.

As best shown ih FIG. 2, the bridge module 10 generally provides connection to
the test instrument 14 through the interconnect cable 16. The mterconnect cable 16 1s
preferably approximately six (6) feet long and is of a controlled 1mpedance The
interconnect cable 16 preferably includes a minimum of five (5) conductors. Connection

between the bridge module 10 and the first and second conductors 26, 28 of the line

“under test 12 is'provided by first and second leads 18, 20. First and second leads 18, 20
 are preferably short. More specifically, first and second leads 18, 20 are preferably a

fraction of a quarter wavelength of the highest frequency signal to be measured by the test
instrument 14. For example, if the DSL signals to be measured have a frequency of 30

MHz, the wavelength associated with these frequencies is 10 meters. Thus, the length of |

the test leads 18, 20 should be a fraction of one-fourth of 10 meters i.c. a fraction of 2 5
meters. Preferably the length of the leads 18, 20 is less than 10% of the quarter
wavelength. In the example given, therefore, the length of the leads is preferably less
than .25 meters. The shorter leads 18, 20 minimize the effect of bridged-tap reflections
and standmg waves introduced by the bridging connection to the line under test.

Tt is noted that the first and second leads 18, 20 are relatively short requiring closé
proximity of the bridge module 10 to the line undcr test 12, however, connection of the
test instrument 14 to the bridge module 10 is provided by the cable 16. Thus, the cable
16 can be sufficiently long to allow the user to comfortably hold the test instrument 14

and view the display 36, as shown in FIG. 1.

The bridge module 10 is used in connection with the test instrument 14 for
passive monitoring of the line under test 12. When the test instrument 14 is used for
passive monitoring of the line under test no signals are provided by the test instrument to
the line under test and the bridge module 10 provides for one way communication of the
signals on the line under test 12 to the test instrument 14. ' .

The circuitry 60 of the bridge module 10 is illustrated \in further detail in FIG. 3.
For ease of discussion, different portions or circuits within the bridge module circuit 60

will be described. It is to be understood that each of these portions or circuits together
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form the bridge module circuit 60. The bri dge module circuit 60 generally includes, a
quiet connect circuit 62, a quiet connect control circuit 64, a wideband amplifier circuit
66, and a power supply circuit 68. Details of each of these circuits 60, 62 or portions of

the bridge module circuit 60 are provided below followed by a description of the

ooperation of the bridge module circuit 60.

QUIET CONNECT CIRCUIT

The quiet connect circuit 62 provides a signal path between the line under test 12
through the leads 18, 20 ahd thé wideband amplifier circuit 66 without disturbing the
DSL. signals on the line under test 12. | ‘

The quiet connect circuit 62 includes a line connector 70 for providing connection
of the bridge module 10 to the first conductor (tip) 26 and the second conductor (ring) 28
of the pair of the line under test 12. The line connector 70 provides a first (tip)
connection to receive lead 18 connected to the first conductor (tip) 26. of the Iiiie under
test 12 and a secphd (ring) connection to receive lead 20 bonnected to the second
conductor (ring) 28 of the line under test 12. The line connector 70 can be, for exémple, a
banana or RJ11 type connector.

" The quiet connect circuit 62 includes a first input switch Ul and a second inpiit

switch U4. The first input switch Ul is in electrical communication with the first
connection of the line connector 70 and the second input switch U4 is in electrical

communication with the second connection of the line connector 70. The input switches

- Ul and U4 are, for example, CPC 1018N SoP-4 type switches and include light activated

MOSFET transistors.

The‘ quiet connect circuit 62 includcs a plurality of resistors R2, R4, R5, R11,
R13, R15,R17,R23, and R26. Resistor RS is a first high impedance input resistor and
resistor R15 is a second high impedance input resistor each of these high irnpedance
resistors is approximately 10 Meg Ohms. Resistors R4 and R13 are preferably
approximately 1 Meg Ohm. Discharge resistors R2 and R17 and protection resistor R11

, are approximately 10 Meg Ohms. Switch resistors R23 and R26 each have a value of
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approximately 1.0K Ohms. '
The quiet connect circuit 62 iﬁcludes diodes D3, D4, D5, D6, D7 and D9. Bridge

rectifier diodes D3 and D5 are, for example, BAV199 SOT 23 type diodes and are

arranged to provide " bridge rectifier. Protection diodes D4 and D7 are, for example,

- MAZ9120H type diodes. Protection diode D6 is, for example, a MAZS1100ML type

diode. Switch on diode D9 is, for example, a blue LED.

The quiet connect circuit 62 further includes a first couphng capacitor C3 and a

second coupling oapaCitor C12. The coupling capacitors C13 and C12 are, for example,

0.1 uF capacitors with a voltage rating of 250 Volts. Capacitor C11 1s, for example, a

0.1uF capacitor.

QUIET CONNECT CONTROL CIRCUIT

~ The quiet connect control circuit 64 senses the DC voltage between the first and
second conductors of the hine under test 12 (tip-to-nng voltage) to determine if the

voltage 1s within a pre-detennined' range to allow connection of a DSL signal path

 between the line under test 12 and the wideband amplifier 66.

The quiet connect control circuit 64 includes a plurality of operational amplhifiers

‘U5A, USB, U6A and U6B. Voltage detection comparator USA and timer comparator

US5B are provided by operational amplifiers such as for exampie AS8034/S0 type
operational amplifiers. Voltage reference source U6A and timer reference source U6B
are also provided by operational amplifiers, such as for example, LM6132/SO type

operational amplifiers.

. The quiet connect control circuit 64 includes a charge/discharge path diode D10
and an isolation diode D11. Charge/discharge path diode D10 and isolation diode D1 1
are provided, for example, by BAV199 SOT23 type diodes.

The quiet connect control circuit includes a plurality of resistors R21, R22, R24,
R25, R27, R28, R29, R30, R31. Resistor R21 has a value of approximately 1K
Ohm, resistor R22 has a value of approx_imately' 10Meg OhIhs, resistors R24, R27, R28,
R29, and R31 each have a value of approximately 100K Ohms. Resistor R25 has a value
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of approximately 110K Ohms. Resistor R30 has a value of approximately 10 K Ohms.
The quiet connect control circuit 64 includes a plurality of capacitors C15, C16,
C17 and C18. Each capacitor C15, C16, C17 and C18 is, for example, a O1. uF capacitor
with a voltage ratmg of 25 Volts. ‘ '
The quiet connect control circuit 64 also includes an override switch leuch as

for example a FDN337N SoT23 type MOSFET.

WIDE BAND AMPLIFIER CIRCUIT .
The wideband amplifier circuit 66 generally serves to adapt DSL signals between

~4kHz and 30MHz from the line under test 12 using a high impedance connection

(typically 200KOhms) down to a low 1mpedance ( for example, 100 ohms) for
presentation to si gnal analysis functions within the test instrument 14, without dlsturbmg
the line under test 12. The wideband amplifier circuit 66 amplifi es the power of the DSL
signals provided By the quiet connect circuit 62 before pasSin'g the signals to the test
instrument 14. |

The wideband amplifier circuit 66 includes a receiver provided by a first receiver
U2A and a second receiver U2B. The first and second receivers U2A'and U2B are ‘
operational amplifiers providing a gain of 2 such as, for example, AD8019/SO type
operational amplifiers.

The wideband amplifier circuit 66 mcludes over voltage protectors D2 and DS.
D2 and D8 are diodes such as for example, BAS40-04 type diodes.
- The wideband amphﬁer circuit 66 includes a plurality of capacitors C6 C7, C8,
C9, C10. C7 and C9 are, for example, 0.01pF capacitors and C6 and C8 are, for

example, 10 uF capacitors.

The wideband amplifier circuit 66 includes noise lsolators L3and L4. The nmse
1solators L3 and 14 are ferrite beads, such as for example, 0603BLM1 S$HG102SN1D
type fermte beads. . .

‘The wideband amplifier circuit includes a plurality of resistors R1, R3, R6, R7,
R8, R9, R10, R12, R14, R16, R18, and R19. First signal path resistor R6 and second

— R AN e Ml i g WA g A AL I
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signal path resistor R16 each have a value of approximately 1K Ohm. First terminate

resistor R7 and second terminate resistor R10 each have a value of approximately 100K

Ohms. First line driver resistor R9 and second line driver resistor R14 each have a value

of approximately 49.9 Ohms. R1, R8, R16, and R19 each have a value of épproximately

1K Ohm. R3 and R18 each have a value of approximately 49.9 Ohms.

'POWER CIRCUIT

The power circuit 68 includes a control signal translator U3 provided by a dual
optical isolator such as, for example, a MOCD207M type isolator.

- The power circuit 68 includes resistors R12, R20 and capacitor C10. Resistor
R12 has a vélue of approximately 10 Meg Ohms and resistor R20 has a value of
approximately 100K Ohms. ) |

The power circuit 68 includes capacitors Ci, C2, C4, C5, CI'O, C13 and C14. C1,
C4, and C14 are, for example, 0.01uF capacitors and CZ,B C5 and C13 ére, for example,
10 pF capacitors. Capacitor C10 has a value of 0.01pF. |

The power circuit 68 includes noise isolators L1, L2 and L5 which are ferrite
beads, such as for example, BLM18HG102SN1D type ferrite beads.

- The power circuit 68 include_s power on diode D1 which is for example a green
LED.

The power circuit 68 includes connection for the interconnect cable 1' 6, direct
wired or a connector 72 such as, for example, an RJ45-10 type jack which receives the
interconnect cable 16 to provide connection between the bridge module 10 and the test
instrument 14, As shown in FIG. 4, the interconnect cable 16 is a two-pair shielded cable
and includes a-100 Ohm signal pair 74a, 74b, a first control lead 76, a second control lead
78, a first shield 80, a second shield 82, a test instrument side end 84 for connection of
the test instrument 14 and a bridgc module side end 86 for connection to modular jack 72

 of the bridge module 10.

If the bridge module 10 is to be powered by the host system 14, control leads 76,

78 become power supply connections.

10

......

SRR A e o s g 0 S8 5§ A it Ll e g

L e el S ey 7 g



10

15

20

25

CA 02704103 2010-05-13

METHOD OF OPERATION
IDLE MODE

Use of the bridge module 10 for passively monitoﬁng the line under test 12 begins

by connecting the bridge module 10 to the test instrument 14 by connecting the
interconnect cable 16 to the cablé connector 42 of the test instrument 10 and by
connecting the bridge module end 86 of the interconnect cable 16 to the modular jack 72
of the bridge module 10. | ‘ N \

. The signal wires 74a, 74b provide a 100 ohm signal pair. The pair 74a, 74b '
receives a tip side bridge module signal BRIDGE_MOD__SI from pin 6 of the modular
j'a.ck 72 and a ring side bridge module signal BRIDGE_MOD_S?. from pin 5 of the
modular jack 72. Shielding of the pair 74-a, 74b is provided by a ﬁfst shield 80 through
pin 7 of the modular jack 72 and a second shield 82 through pin 4 of the modular jack 72.

The first control lead 76 of the interconnect cable 16 is cormected to the bndge '.
module circuit 60 mrough pin 1 of the modular jack 72 and the second control lead 78 of
the interconnect cable 16 is connected to the bridge module circuit 60 through pin 10 of
the modular jack 72. The first and second control leads 76, 78 provide control signals '
from the test instrument 14 to the dual optical isolator U3 through the modulaxj jack 72.

Dual optical isolator U3 translates the control signals from .the test insﬁument 14

to the wideband bridge module circuit 66. Dual ;o.ptical 1solator U3 includes input

~ connections Al, K1, A2 and K2 and oufput connections C1, E1, C2 and E2. Connection

Alof the isolator U3 receives a power control signal BRIDGE_MOD C1 from pin 1 of
the modular plug 72 which receives a sxgnal from a first control lead 76 in
communication with the test instrument 14. The power signal BRIDGE MOD Cl is
passed from connection A1 to output connections C1 and E1 to activate the power supply

battery switches. Upon activation of the power supply battery switches, power is supplied

11
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from the batteries to the bridge module circuit 60. Power can, for example, be provided
by two internal recha.rgeable 12 volt batteries. Altematively two 9 volt transistor style
batteries can be utilized. Alternatively still, power may be derived from the host
instrument 14. Upon receiving the command to provide power to the bridge module
circuit 60, the circuit 60 is in an idle mode.

In this idle mode, the first mput switch U1 and the second input switch U4 are off
The DC input resistance of the first conductor or t1p 26 1s greater than 20 Meg Ohms
primarily due to resistor RS and the DC mput resistance of the second conductor or rng
28 1s greater than 20 Meg Ohms primarily due to resistor R15. In the 1d1e mode, the first
conductor or tip 26 AC input impedance is greater than 1 Meg Ohm for DSL frequencies
primarily due to resistor RS and the second conductor or ring 28 AC impedance is greater

than 1 Meg Ohm for DSL'frequencies primarily due to resistor R15. Due to the .

‘capacitance of the solid-state switches Ul and U4 there is a small amount bf high '

frequency conduction through switches Ul and U4. When switches U1 and U4 are in the
off state each switch has a resistance of approx1mately 100 Meg Ohms.

TESTING MODE '

When passive testing of the line under test 12 is to begin, the bridge module 10 is
connected to the line under test 12. More specifically, the bridge module 10 is connected
to the first and second conductors 26, 28 of the line under test by connecting the first test
lead 18 between the line connector 70 and the first conductor 26 of the line under test 12

| and the second test lead 20 between the line connector 70 and the second con&uctor 28 of

the line under test 12.
The quiet connect circuit 62 provides a signal path between the line under test 12
and the wideband amplifier circuit 66 without disturbing the DSL signals on the line

under test | 12. Upon connection of the module 10 to the line under test 12, the mput

- switches Ul and U4 are in the off state and the Signal ccupling capacitors C3 and C12

slowly begn to charge and adapt to the DC voltage of the line under test 12 via the tipx
input resistor RS and the ring mput resistor R15. A charging path is provided by first

12
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high impedance input resistor RS, first coupling capacitor C3, first signal path resistor R6,
first terminate resistor R7, second terminate reststor R10, second signél path resistor R16,
second coupling capacitor C12, and second high impedance input resistor R15. The

amount of time required to fully charge coupling capacitors C3 and C12 is approximately

10
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25

five (5) time constants, wherein the time oonsfant 18 determined by the values of the
coupling capacitors C3, C12 and the high impedance input resistors RS, R15. If the time
constant 15 sufficiently high, the chaz;ging of the coupling capaéitors C3, C12 will take |
place sufficiently slowly such that no andible click will occur when the bridge module 10
1S connectéd to the line under test 12. |
- While charge balancing is taking place, the quiet connect control circuit 64 is

presented with the voltage signal TR_DCV_SENS from the bridge rectifier arrangement
D3, D5 of the quiet connect circuit 62. The voltage signal TR DCV_SENS is a polarity-

~ assured positive voltage. The voltage signal TR DCV_SENS represents the DC voltage

between the first and second conductors 26, 28, 1.e. the tip-ring DC voltage. The voltage
TR__DCV_SENS is presented to the quiet connect control circuit 64 for determination of
the appropriate time to activate the DSL signal path.

The purpose of the quiet connect control circuit 64, therefore, is to determine the
appropriate tiine to pass signals from the line under test 12 to the wideband ’ampliﬁer
circuit 66 and ultimately to the test instrument 14 for analysis. The voltage detection

comparator USA at pin 2 receives the voltage TR_DCV_SENS from the bridge rectifier -

of the quiet connect circuit 62 and also receives a reference voltage at pin 3. This
reference voltage is provided by pin 1 of voltage reference source U6A. If the DC
voltage TR_DCV_SENS on pin 2 of the voltage detection comparator USA 1s less than
the reference voltage the quiet connect control circuit remains inﬁctive. If the DC
voltage TR_DCV_SENS on pin 2 of the voltage detection comparator U5A is greéter
than the reference voltage, pin 1 of the voltage detection cdmparator USA drops from

- +12Volts to near O0Voits, actiiwal_;jng the quiet connect control circuit 64.

The reference voltage provided to the voltage detection comparator USA at pin 3

1S preferably 1 volt. It has been determined that a reference voltage of 1volt is sufficiently

13
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low to ensure switching of the voltage detection comparator USA. The lowest
anticipated voltage of the voltage signal TR_DCV SENS is 6 volts. Based on the values

of the resistors provided in the quiet connect circuit 62, a voltage divider having a ratio of

~ approximately 4:1 is provided. Thus, at the lowest anticipated voltage of 6 volts from tip

26 to ring 28, TR_DCV_SENSE will be approximately 1.5 volts. A tip-to-ring jvoltage

- of 1.5 volts will overcome the 1 volt i'e'ference voltage applhied to voltage detection.

Co:mparator USA to initiate the timer C15.

- Upon activation of the quiet connect control circuit 64 and .the' change in voltage
on pin 1 of the voltagé detection comparator USA, a slow discharge of the line ¢onnect
timer C15 begins. The timer C15 is discharged from 12 volts down to 0 volts via resistor
R22, providing zi time delay function, allowing time for the charge 'balancing process in
the quiet connect circuit 62 to complete, i.e. allowing time for coupling capacitors C3 and
C12 to become fully charged. The time constant of the timet C135 and timer resistor R22
is selected to ensure that a time équj\?alent to at least four and preferably five time
constants of the quiet connect circuit 62 (i.e. the time constant provided by high
impedance input resistor RS and coupling capacitor C3, or high impedance input resistor
R15 and coupling capacitor C12) will pass prior to discharge of the capacitor C15. It is to
be understood that the timer function can be provided by a variety of circuits including a
digital timer. | |
‘ The voltage across the timer C15 is provided to pin 5 of the timer comparator
U5B-and pin 6 of the timer comparator U5B receives a reference voltage of 6 volts from
pin 7 of ﬁmef reference source U6B. When timer C15 has discharged to less than 6 volts,
pin 7 of timer compziratqr USB changes from +12 volts to near 0 volts.

Connection from pin 7 of timer comparator U5SB to input switches Ul and U4 of

the quiet connect circuit 62 is provided through isolation diode D11. When pin 7 of timer

comparator USB has changed to near 0 volts, current flows via the connection LEDONN1
through the internal LEDS of input switches Ul and U4, thereby turning on the light
activated MOSFET transistors in the mput switches Ul and U4. When the light activated
MOSFET transistors of input switches U1 and U4 are turned on the resistance of the
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input switches Ul and U4 1s lowered from 100 Meg Ohms to several Ohms. With
switches Ul and U4 1n the on state, current 1s passed to diode. D9 and the blue LED 1s
lighted to provide an indication that Ul and U4 are 1n the on state.

With input switches Ul and U4 m the on state and the resistance of input switches
Ul and U4 lowered, the DSL signal path is activated connecting the line under test 12
through thé wideband amplifier circuit 66 via the signal coupling capacitors C3 and C12,
to the test instfument 14 for analysis. A ﬁrst DSL signal path 1s provided between the
first conductor 26 of the line under test 12 to the test instrument 14 by switch Ul, '
coupling capacitor C3, first signal path resistor R6, resistor R3, first receiver U2A, first

line driver resistor R9, pin 6 of the modular jaCk 72, and line 74a of the interconnect

cable 16. A second DSL signal path is provided between the second conductor 28 of the

line under test 12 to the test instrument 14 by switch U4, couphng capacitor C-12, second
sighal path' resistor R16, resistor R18, second receiver U2B, second lir;e driver resistof
R14, pin 5 of the modular jack 72, and line 74b of the interconnect cable 16. |
In addition to the automatic actiVaﬁon of the switches Ul and U4 through the
timer C135, the circuit also provides for activation of the switches U1 and U4 via the
override switch Q1 . Switches U1 and U4 are connected to the override switch at pin 3 of
the override switch Q1. Connection is provided between the test instrument 14 and the

override switch Q1 via the modular jack 72 and the control signal translator U3.

Comnection A2 of the isolator U3 receives a control signal BRIDGE MODE_C2 from

- pin 10 of the modular plug. The control signal BRIDGE_;MODE‘_CZ is passed from the

mput connection A2 of the isolator to the output connections C2 and E2. Upon initiation

at the test instrument by a user, outputs C2 and E2 of translator U3 activate the override

~switch Q1. A signal, FORCE CONN, is provided by the control si gnal translator U3 to

pm 1 of the over ride switch Q1. In response, the voltage on pin 3 of Q1 1s provided at

near 0 volts and current flows via the connection LEDONNT1 through the internal LEDS
of input switches Ul and U4, thereby turning on the light activated MOSFET transistors
in the input switches U1 and U4. When the light activated MOSF ET transistors of input

switches Ul and U4 are turned on, the resistance of the input switches Ul and U4 is
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loweréd from 100 Meg Ohms to several Ohms and switches U1 and U4 are in the on
state. Thus, regardless of the voltage provided to the voltage detection compara_torUSA
by the bridge rectifier D3 DS; the user can force switches Ul and U4 into the on state.
The overmde switch Q1 can, therefore, be used in instances when no or low voltages are -
present on the line under test 12. For instance, the override switch Ql. can be used when
DSL services are provided on the line under test 12 but no analog phone service is

provided on the line 12.
With switches U1 and U4 in the on state, the DSL signal paths are activated

allowing DSL signals to pass from the line under test 12 to the wideband amplifier circuit

66. The wideband amplifier circuit 66 serves to adapt the source impedance of the line
under test 12 to the load impedance of the test instrument 14, i.e. using a high impedance
connection, DSL signals in the frequency range of approximately 4Khz to 30 MHz from

the line under test 12 are converted to approximately 100 Ohms for presentation to the

" test instrument 14 for signal ahalysis without disturbing the line under test 12. -

“ The source impedance is adapted to the load impedance primarily through the
recelver provided by U2A, U2B. Thereceiveris a differential amplifier provided by a

first amplifier U2A and a second amplifier U2B, Each amplifier U2A and UZB‘ provides

a gain of 2. The receiver U2A, U2B amplifies the current received at the imput of the

amplifier and thus translates the lower power si gnal received from the line under testtoa

higher powered signal which drives the measuring circuits of the test instrument 14

having a load impedance of 100 Ohms. The impedance matching line-driver resistors R9 |

and R14 lose half of the amplified signal, resulting in a net gain of 1 between the line
under test 12 and the test instrument 14, The receiver U2A U2B can be defined as a
transimpedance ampliﬁct. | ‘

Over protection diodes D2 and D8 provide additional over-voltage protection of
the inputs of the receivers U2A and U2§ by clamping incoming transient voltages to' the
+/- power supply voltages. ' _ '

Noise isolators L1, L2, L3 and L4 isolate high frequency noise from reaching the

amplifier inputs and outputs.
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The bridge module 10 allows monitoring of active communication lines
12 carrying signals in a frequency range of 400Hz to 30 MHz without
disruption to an active DSL line connection. The high impedance circuit 60 of
the bridge module 10 provides a quiet (or clickless) connection of the test
instrument 14 to the line under test 12 which provides unobtrusive
monitoring and measurement of impulse noise, and spectrum analysis of
DSL signals between the telephone company DSL terminal (DSLAM) and the
subscriber home DSL equipment over a wide range of frequencies. This

monitoring and measurement can be performed at any point in the DSL

communications link.

The scope of the claims should not be limited by the preferred

embodiments set forth in the examples, but should be given the broadest

iInterpretation consistent with the description as a whole.

17
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THE INVENTION CLAIMED IS:

1. A bridge module for providing connection between a test instrument
and a line under test, the 'ine under test having a first conductor and a

second conductor, the bridge module comprising:

a first high impedance resistor connected with the first

conductor;

a second high impedance resistor connected with the second

conductor;
a first input switch connected with said first conductor;
a second input switch connected with said second conductor;

a first coupling capacitor connected with said first high impedance
resistor and said first input switch;

a second coupling capacitor connected with said second high
impedance resistor and said second input switch;

a receiver to amplify the signals received from said first and
second capacitors;

wherein when said first and second switches are in an off state,
a charging. path is provided by said first and second high impedance

resistors and said first and second capacitors to charge said first and

second capacitors; and

wherein when said first and second switches are in an on state,
a signal path is provided from said line under test to said test instrument by
said first and second switches, said first and second capacitors and said

recejver.

18
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2. The bridge module as defined in claim 1, further comprising a timer
connected with said first and second high impedance resistors and said first
and second switches and wherein upon expiration of said timer said

switches change from an off state to an on state.

i

3. The bridge module as defined in claim 2, wherein said timer is

provided by a resistor and a capacitor.

4. The bridge module as defined in claim 2, wherein the timer is

provided by a digital timer.

5. The bridge module as defined in claim 2, further comprising a voltage

detection comparator which receives a voltage between said first and

second high impedance resistors.

6. The bridge module as defined in claim 5, further comprising a bridge
rectifier and wherein said voltage between said first and second high
impedance resistors is provided to said bridge rectifier prior to said voltage

detection comparator.

7. The bridge module as defined in claim 5, wherein said voltage
detection comparator is provided by an operational amplifier and a

reference voltage is provided to said operational amplifier.

8. The bridge module as defined in claim 7, wherein said

reference voltage is approximately 1 voit.
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9. The bridge module as defined in claim 2, further comprising a timer
comparator and wherein upon expiration of said timer a signal is provided

from said timer comparator to change said switches from an off state to an

on state.

10. The bridge module as defined in claim 9, wherein a time constant is
provided by said first high impedance resistor and said first coupling
capacitor and wherein expiration of said timer does not occur until a time

equivalent to at least four time constants has passed subsequent the

provision of power to the bridge module.

11. The bridge module as defined in claim 1, wherein said receiver is
provided by a first receiver and a second receiver and wherein said first
receiver receives signals from said first coupling capacitor and said

second receive receives signals from said second coupling capacitor.

12. The bridge module as defined in claim 1, wherein said receiver is

provided by an operational amplifier.

13. The bridge module as defined in claim 1, wherein said receiver
provides a differential amplifier formed by a first amplifier and a second

amplifier.

14. The bridge module as defined in claim 1, wherein said receiver

IS a transimpedance amplifier.

15. The bridge module as defined in claim 1, further comprising a

controller (U3) and an override switch (Q1), wherein said controller
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provides an override signal from said test instrument to said first and

second switches to turn said first and second switches on through

said override switch.

16. The bridge module as defined in claim 1, wherein power to the

bridge module is provided by internal batteries.

17. The bridge module as defined in claim 1, wherein power to the

module is provided by the test instrument.

18. The bridge module as defined in claim 1, further comprising an

interconnect cable providing a connection between the bridge module and

the test instrument.

19. The bridge module as defined in claim 18, wherein said interconnect

cable is provided by a 100 ohm cable.

20. The bridge module as defined in claim 1, further comprising first and
second leads for connection of said bridge module to said first and second
conductors and wherein a length of said first and second leads is shorter

than approximately ten percent of one-fourth of the wavelength of a signal

to be applied to the first and second conductors.

21. A system for testing a line under test having a first conductor and a

second conductor comprising:

an interconnect cable having a first end and a second

end;
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a test instrument for testing characteristics of the line
under test, said test instrument including a connector for receiving
said first end of said interconnect cable, wherein said test

instrument provides a passive mode of operation;

a bridge module for providing connection between said test

instrument and the line under test, the bridge module including:

a connector for receiving said second end of said

iInterconnect cable;

a first high impedance resistor connected with the first
- conductor;
a second high impedance resistor connected with the

second conductor;

a first input switch connected with said first

conductor;

a second input switch connected with said second

conductor;

a first coupling capacitor connected with said first

high impedance resistor and said first input switch; and

a second coupling capacitor connected with

said second high impedance resistor and said second input switch;

said system including a receiver for receiving signals from

said first and second coupling capacitors and amplifying said signals;

wherein when said bridge module is in a passive mode and
said first and second switches are in an off state, a charging path is
provided by said first and second high impedance resistors and said first

and second capacitors to charge said first and second capacitors; and
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wherein when said bridge module is in a passive mode and said
first and second switches are in an on state, a signal path is provided from
said line under test to said test instrument by said first and second

switches and said first and second capacitors.

22. The system of claim 21, wherein said receiver is provided by said

bridge module.

23. The system of claim 21, wherein said receiver is provided by said test

instrument.

24. The system of claim 21, wherein said receiver is provided by a first
receiver and a second receiver and wherein said first receiver receives
sighals from said first coupling capacitor and said second receive receives

signals from said second coupling capacitor.

25. The system of claim 21, wherein said receiver is provided by an

operational amplifier.

26. The system as defined in claim 21, wherein power to the

bridge module is provided by internal batteries.

27. The system as defined in claim 21, wherein power to the module is

provided by the test instrument.
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