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HIGH CURRENT PROTECTION CIRCUIT FOR 
TELEPHONE INTERFACE 

FIELD OF THE INVENTION 

[0001] The present invention relates in general to com 
munication systems, and is particularly directed to a circuit 
for protecting the electronic circuitry of telephone equip 
ment, such as but not limited to a telephone test set, from an 
excessive current condition such as may occur, if the tele 
phone ring and tip leads become directly coupled to a loW 
impedance path to a high voltage source, such as battery or 
loop feed circuit. 

BACKGROUND OF THE INVENTION 

[0002] The fact that manufacturers of telephone equip 
ment provide instruction manuals and guidelines for use and 
maintenance of their equipment is no guarantee that users 
Will not subject such equipment to potentially damaging 
operational and/or environmental conditions. Indeed, it is 
often the case that telephone repair technicians connect their 
portable test set equipment to very high voltage and current 
sources, such as poWer supplies or telephone loop feed 
circuits having very loW series resistances and/or high 
voltages. When this happens, loop currents considerably in 
eXcess of the rated value (e.g., on the order of 100 - 150 ma) 
may result. Prolonged operation of the equipment in such a 
high current condition Will eventually lead to failure of the 
equipment’s electronic circuitry. 

[0003] One proposal to deal With the high current condi 
tion has been to sWitchably interrupt or insert a high imped 
ance device in the loop current path to the protected cir 
cuitry. While this overcurrent intervention approach 
prevents damage to the circuit to be protected, it also 
effectively renders the telephone equipment inoperative 
until the high current condition has terminated. 

SUMMARY OF THE INVENTION 

[0004] Rather than effectively shutting doWn the tele 
phone equipment until the overcurrent condition subsides, 
the invention employs selectively controlled high current 
protection circuit that is effective to maintain suf?cient 
current ?oW for continuous operation of the telephone 
equipment’s functional circuitry, While at the same time 
controllably by-passing eXcess and/or reducing the amount 
of loop current being draWn into the equipment, that could 
potentially damage the protected circuitry. 

[0005] For this purpose, the over current protection circuit 
of the invention comprises a series current-limiting element 
installed in the loop current ?oW path betWeen a tip and ring 
interface (bridge recti?er) and the circuitry of the telephone 
equipment to be protected. An overcurrent current shunting 
or by-pass circuit is installed across the tip-ring ports of the 
protected circuit doWnstream of the current-limiting ele 
ment. This overcurrent by-pass circuit may include the 
collector-emitter path of a bipolar transistor, the base of 
Which is coupled through a level-shifting and ampli?er 
transistor to a current sense circuit. 

[0006] The current sense circuit may include a current 
sensing bipolar transistor, Which is controllably turned on by 
the voltage across a relatively loW value current sense 
resistor installed in the loop current path through the tele 
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phone’s electronic circuitry to be protected. By relatively 
loW value resistance is meant one that does not affect the 
operational performance of the circuitry to be protected. 

[0007] During normal operation, the current ?oW through 
the current sense resistor Will be less than that suf?cient to 
forWard bias the current sense transistor, so that the shunting 
circuitry is turned off, and all of the loop current ?oWs 
through the tip-ring path, including the series current-lim 
iting element, the protected circuitry and the current sense 
resistor. If the tip-ring terminals of the telephone (test) set 
are coupled to a high current source, such as being placed 
directly across the terminals of battery, then the current ?oW 
through the current sense resistor Will increase to a value 
suf?cient to turn on the current sense transistor. This, in turn 
Will cause the overcurrent by-pass transistor to divert or 
by-pass a portion of the current that Would otherWise ?oW 
through the electronic circuitry by Way of the tip-ring loop 
current path. 

[0008] For a medium magnitude overcurrent condition 
(e.g., on the order of 100 - 150 ma), this by-pass operation 
is sufficient to alloW useful loop current (e.g., on the order 
of 20 - 100 ma) to How through the protected circuitry, While 
alloWing the eXcess current to be diverted Without damaging 
the current-shunting components. HoWever, if a substantial 
overcurrent condition persists for an extended period of 
time, the resulting poWer dissipation associated With this 
high current How Will cause the series high impedance 
element to change from its loW impedance state to its high 
impedance state. In this high impedance state, suf?cient 
operational loop current (e.g., 20 - 30 ma) Will continue to 
How through the protected circuitry, yet the components of 
the shunting circuitry Will be protected. Once the overcur 
rent condition terminates, the series element Will revert to its 
loW impedance state. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] FIG. 1 is a functional block diagram of a high 
current protection circuit in accordance With the present 
invention; and 

[0010] FIG. 2 is a schematic diagram of the high current 
protection circuit of FIG. 1. 

DETAILED DESCRIPTION 

[0011] Before describing in detail the neW and improved 
high current protection circuit in accordance With the present 
invention, it should be observed that the invention resides 
primarily in What is effectively a prescribed combination of 
conventional communication circuit components, that are 
readily interfaced With the communication conductors of 
conventional telecommunication equipment, such as but not 
limited to a craftsperson’s telephone test set. Consequently, 
the con?guration of such circuits and components, and the 
manner in Which they are interfaced With other communi 
cation system equipment have, for the most part, been 
illustrated in the draWings by a readily understandable 
functional block diagram and associated schematic. These 
diagrams shoW only those speci?c details that are pertinent 
to the present invention, so as not to obscure the disclosure 
With details Which Will be readily apparent to those skilled 
in the art having the bene?t of the description herein. Thus, 
the block diagram and associated schematic illustrations are 
primarily intended to shoW the major components of the 
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protection circuit in a convenient functional grouping, 
whereby the present invention may be more readily under 
stood. 

[0012] As pointed out brie?y above, rather than shutting 
doWn the protected telephone circuitry until the overcurrent 
condition subsides, the present invention employs a selec 
tively controlled high current protection circuit that is effec 
tive to provide suf?cient current ?oW for maintaining opera 
tion of the telephone equipment’s functional circuitry, While 
controllably by-passing eXcess and/or reducing the amount 
of loop current being draWn into the equipment, that could 
potentially damage the protected circuitry. 

[0013] For this purpose, as diagrammatically illustrated in 
FIG. 1, the over current protection circuit of the invention, 
shoWn in dotted lines 10, comprises a series current-limiting 
element 13 installed in the loop current ?oW path 11-12 
betWeen a tip and ring interface (bridge recti?er) 15 and 
circuitry 20 of the telephone equipment to be protected. An 
overcurrent current shunting or by-pass circuit 30 is installed 
across the tip-ring ports 21 - 22 of the protected circuit 20 
doWnstream of the current-limiting element 13. As Will be 
described beloW With reference to FIG. 2, the overcurrent 
by-pass circuit 30 may include the collector-emitter path of 
a bipolar transistor, coupled through a level-shifting and 
ampli?er transistor to a current sense circuit 40. 

[0014] The current sense circuit 40 is coupled in the loop 
current path and is operative to monitor the magnitude of the 
loop current ?oWing therethrough. During normal current 
operation, Wherein the loop current is less than a prescribed 
threshold (e.g., on the order of one hundred milliamps), the 
output of the current sense circuit 40 Will maintain the 
overcurrent by-pass circuit 30 in a non-shunting state. HoW 
ever, in the event of an overcurrent condition, such as Would 
occur if the tip-ring terminals of the telephone equipment 
Were directly coupled to a high current source, such as being 
placed directly across the terminals of poWer supply (bat 
tery), the current sense circuit 40 Will detect the increased 
current How and trigger the overcurrent-shunting operation 
of the overcurrent by-pass circuit 30. For a medium mag 
nitude overcurrent condition (e.g., 100 - 150 ma), loop 
current in eXcess of that necessary to provide useful loop 
current (e.g., on the order of 20 - 100 ma) to the telephone 
circuitry is shunted through by-pass circuit 30, While still 
alloWing useful current to be supplied to and operate the 
telephone circuitry 20. 

[0015] If the overcurrent condition is substantial, hoWever, 
the resulting poWer dissipation associated With this high 
current How Will cause the series current-limiting element 13 
to change from its loW impedance state to a high impedance 
state, thereby substantially reducing the magnitude of the 
loop current (e.g., to a value How on the order of 20 - 30 ma). 
During this high impedance state, this small but suf?cient 
operational loop current Will continue to How through the 
circuitry 20, so that the telephone circuitry remains opera 
tional. In response to termination of the overcurrent condi 
tion, the series element Will revert to its loW impedance state. 

[0016] Referring noW to FIG. 2, a non-limiting eXample 
of a circuit schematic for implementing the functional block 
diagram of FIG. 1 is shoWn as comprising a resettable fuse 
element 101 (such as a standard conductive polymer-based 
poWer dissipation device) as the current-limiting series 
element 13 installed in the tip path 11 betWeen the tip and 
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ring interface (bridge recti?er) 15 and the ?rst end 21 of the 
telephone circuitry 20 to be protected. The current shunt 
circuit 30 is shoWn as including an overcurrent by-pass or 
shunting NPN bipolar transistor 110 having its collector 
emitter path 112-113 coupled in circuit betWeen the fuse 
element 101 and the ring path 12. 

[0017] The base 111 of overcurrent by-pass transistor 110 
is coupled to a common node connection 121 of a pair of 
resistors 123 and 125, Which are coupled in series With the 
collector-emitter path 132-133 of a level shifting and ampli 
?er PNP bipolar transistor 130, betWeen the tip path-in 
stalled fuse element 101 and the ring path 12. The base 131 
of PNP bipolar transistor 130 is coupled to a common 
connection 141 of a pair of resistors 143 and 145. 

[0018] Resistors 143 and 145 are coupled in series With 
the current sense circuit 40, Which includes the collector 
emitter path 152-153 of a current sensing NPN bipolar 
transistor 150, coupled betWeen the tip path 11 and the ring 
path 12. The base 151 of current sense transistor 150 is 
coupled to a ?rst end 161 of a current sense resistor 160, a 
second end 163 of Which is coupled to the emitter 153 of 
current sense transistor 150. The current sense resistor 160, 
Which is coupled in the loop current path betWeen the ring 
lead 12 and a second end 21 of the telephone’s electronic 
circuitry 20 to be protected, has a relatively loW resistance 
(e.g., on the order of four to siX ohms) so that it does not 
affect the operational performance of the circuitry 20. 

[0019] During normal (non-overcurrent) operation, the 
current ?oW through current sense resistor 160 Will be less 
than that suf?cient to forWard bias the base-emitter junction 
of current sense transistor 150, so that each of transistors 
110, 130 and 150 is turned off, and all of the loop current 
?oWs through the tip-ring path, including the tip path 
installed fuse element 101, the circuitry 20 and the current 
sense resistor 160. (As noted above, the magnitude of the 
current sense resistor 160 is suf?ciently loW that it does not 
affect the operational performance of the circuitry 20.) 

[0020] If the tip-ring terminals of the telephone (test) set 
are coupled to a high current source, such as being placed 
directly across the terminals of battery as a non-limiting 
eXample, then the current ?oW through the current sense 
resistor 160 Will increase to a value suf?cient to forWard bias 
the base-emitter junction of and turn on the current sense 
transistor 150. The resulting current ?oW through resistors 
143 and 145 and the collector-emitter path 152-153 of 
current sense transistor 150 Will forWard bias the base 
emitter junction of level shift transistor 130, Which turns on 
transistor 130 and causes current ?oW through resistors 123 
and 125. This in turn forWard biases the overcurrent by-pass 
transistor 110, causing its collector-emitter path 112-113 to 
divert a portion of the current that Would otherWise ?oW 
through the electronic circuitry 20 by Way of the tip-ring 
loop current path. 

[0021] For a medium magnitude overcurrent condition 
(e.g., on the order of 100 - 150 ma), the above-described 
operation is suf?cient to alloW useful loop current (e.g., on 
the order of 20 - 100 ma) to How through the circuitry 20, 
on the one hand, While alloWing excessive current to be 
diverted Without damaging the diverting or shunting com 
ponents. HoWever, if the overcurrent condition is substantial 
(e.g., it eXceeds a feW hundred milliamps for an eXtended 
period of time), then the resulting poWer dissipation asso 
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ciated With this high current How Will cause the resettable 
fuse element 101 to change from its loW impedance state to 
a high impedance state. During this high impedance state of 
the current-limiting element 101, suf?cient operational loop 
current (e.g., 20 - 30 ma) Will continue to How through the 
circuitry 20; hoWever, the components of the shunting 
circuitry 30 Will be protected. Once the overcurrent condi 
tion terminates, the series element 101 Will revert to its loW 
impedance state, as described above. 

[0022] In this state, the telephone circuitry and the pro 
tection circuit of the invention appear as a continuous load 
on the telephone line, as seen from upstream central office 
sWitching equipment. Since (a small amount of) loop current 
continues to 110W, the central of?ce equipment does not 
detect that the telephone circuit has gone on-hook and drop 
the call. The invention also accommodates the situation 
Where the user attempts to go off-hook during a ringing 
signal, Which may have peaks on the order of Well in eXcess 
of 100 volts. In a conventional protection circuit, transition 
ing to its high impedance protection state may prevent the 
ring-trip circuit at the central of?ce from responding, so that 
the ringing signal does not immediately terminate, as the 
normally loW off-hook termination resistance Will not be 
sensed. This constitutes an annoyance to the user, Who is not 
accustomed to the phone ringing When it is off-hook. 

[0023] Thus, rather than sWitchably interrupt or insert a 
high impedance device in the loop current path to the 
circuitry to be protected, as in the prior art, Which effectively 
renders the telephone equipment inoperative until the high 
current condition has terminated, the overcurrent protection 
mechanism of the invention maintains suf?cient current ?oW 
for continuous operation of the telephone equipment’s func 
tional circuitry, While at the same time controllably by 
passing eXcess and/or reducing the amount of loop current 
being draWn into the equipment, that could potentially 
damage the protected circuitry. 

[0024] While I have shoWn and described an embodiment 
in accordance With the present invention, it is to be under 
stood that the same is not limited thereto but is susceptible 
to numerous changes and modi?cations as knoWn to a 
person skilled in the art, and I therefore do not Wish to be 
limited to the details shoWn and described herein, but intend 
to cover all such changes and modi?cations as are obvious 
to one of ordinary skill in the art. 

What is claimed is: 
1. A protection circuit comprising: 

input terminals arranged to be coupled to a source of 
electrical energy; 

output terminals arranged to be coupled to an output 
circuit to be protected; 

a variable impedance device coupled in a current ?oW 
path of said output circuit betWeen said input and 
output terminals; 

an overcurrent by-pass circuit coupled to divert current 
from said current ?oW path; and 

a current ?oW sense circuit coupled to monitor current 
?oW through said current ?oW path and being opera 
tive, in response to an overcurrent condition, to cause 
said overcurrent by-pass circuit to controllably divert a 
portion of current aWay from said current ?oW path 
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through said output circuit, While alloWing current 
suf?cient to operate said output circuit to continue to 
How through said current ?oW path and said output 
circuit. 

2. Aprotection circuit according to claim 1, Wherein said 
variable impedance device is operative, in response to said 
overcurrent condition reaching a prescribed level, to change 
from a loW impedance state to a high impedance state, 
thereby reducing current ?oW therethrough to a value suf 
?cient to continue to operate said output circuit, but less than 
a value that could damage said overcurrent by-pass circuit. 

3. Aprotection circuit according to claim 2, Wherein said 
variable impedance device is operative, in response to said 
overcurrent condition dropping beloW said prescribed level, 
to change from said high impedance state to said loW 
impedance state. 

4. Aprotection circuit according to claim 1, Wherein said 
output circuit comprises a telephone circuit and said input 
terminals are arranged to be coupled With tip and ring 
conductors of a telephone line. 

5. Aprotection circuit according to claim 4, Wherein said 
variable impedance device comprises a series current-lim 
iting element installed in a loop current ?oW path betWeen 
a tip and ring interface and circuitry of telephone equipment 
to be protected. 

6. Aprotection circuit according to claim 5, Wherein said 
overcurrent by-pass circuit is installed across tip-ring ports 
of said circuitry of telephone equipment to be protected 
doWnstream of said series current-limiting element. 

7. Aprotection circuit according to claim 1, Wherein said 
overcurrent by-pass circuit includes a current input-output 
path of a controlled sWitching device, Which is controlled by 
said current ?oW sense circuit. 

8. Aprotection circuit according to claim 1, Wherein said 
current ?oW sense circuit includes a current sensing resistor 
installed in said current ?oW path, and a threshold circuit 
Which is coupled to monitor voltage across said current 
sensing resistor and to control the operation of said current 
?oW sense circuit. 

9. Aprotection circuit according to claim 8, Wherein said 
overcurrent by-pass circuit includes a current input-output 
path of a controlled sWitching device, Which is controlled by 
said threshold circuit. 

10. A method of protecting a signaling circuit from an 
overcurrent condition in a current supply path for said 
signaling circuit, While alloWing said signaling circuit to 
continue to operate in the presence of said overcurrent 
condition comprising the steps of: 

(a) monitoring current ?oW through said current supply 
path; (b) in response to said overcurrent condition in 
said current supply path, diverting a portion of current 
aWay from said current supply path, While causing 
current suf?cient to operate said signaling circuit to 
continue to How through said current supply path and 
said signaling circuit. 

11. A method according to claim 10, Wherein said signal 
ing circuit comprises a telephone circuit and Wherein said 
current supply path is coupled With tip and ring conductors 
of a telephone line. 

12. A method according to claim 10, further including the 
step of: 

(c) in response to said overcurrent condition reaching a 
prescribed level, placing a high impedance device in 
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said current supply path, thereby reducing current ?oW 
therethrough to a value suf?cient to continue to operate 
said signaling circuit. 

13. A method according to claim 10, Wherein step (b) 
includes diverting said portion of current through a current 
shunting circuit that by-passes said signaling circuit. 

14. A method according to claim 13, Wherein step (c) 
cornprises installing a variable irnpedance device in said 
current supply path and, in response to said overcurrent 
condition reaching a prescribed level, placing said variable 
irnpedance device in a high impedance state, thereby reduc 
ing current ?oW therethrough to a value suf?cient to con 
tinue to operate said signaling circuit, but less than a value 
that could damage said current shunting circuit. 
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15. Arnethod according to claim 14, Wherein said variable 
irnpedance device comprises a series current-lirniting ele 
rnent installed in a loop current ?oW path betWeen a tele 
phone tip and ring interface and said signaling circuit. 

16. A method according to claim 14, further including the 
step of: 

(d) in response to said overcurrent condition dropping 
beloW said prescribed level, placing said variable 
irnpedance device in a low impedance state. 


