-1- - ANALOG' MODEM OVERCURRENT PROTECTI ON AGAI NST ﬂgoémﬁiﬁﬂé LI NE
CURRENT Background and Summary of the Invention

application is related to nodem protection circuits.

Background: The Mbile Wrkplace 5 Advances in portable conputi ng
have enhanced the nobile wor k envi ronnent all owi ng persons to work
and comrunicate with home or office fromnearly any |ocation. Hotels
and ot her busi ness- es catering to the nobile conputer user seek ways
to lure in the busi ness by perhapsl-nstalling the latest in

t el econmuni cations 10 systens for the business traveller. For exanple,

el ephone - aapag R bR EsEu il i RGRTBR, 1Cnal Yancl 0
tel ephone - DIGYTABALINBBRUBRENENE provide a tel ephone systemw th many -
nor e enhancenents (e.qg. nessaglng and caII queU|ng) t han an anal og 15
systen1mhlle qggbk% abl e Y :ahandl e t he
CoNMUNISEaT T Oh S FOtHR ' gFt al Phone Systens
Al standard anal ogfhe! wamygtﬁmearﬂym&ieanebm@éuapmmts  signal

to each phone. To alert "the end-user to an incom'ng call, a 20 ring
current is sent over the wires to energize, typically, an audible
device (e.g. ringergiek 4t ')Thé'MBbile is picked up, a
switch closes int ed the tip cu’rrent)

fl1 ows overdthe wi r Advancepinnporablencomputing havei eshansedcthe mebile

current, .and | L& ng 25
the nurber . THEOPEPRYREabef A Toe BeFSiV I Witk dnd UGmBRRaRAM WA " ¢
vol ts- across thomeior @ﬁﬁberfmm Ineat!y ulocationc UHiotels and other bediress- a
resi stance of 400 to. 17? t?) Cﬂ) ced In . series vmi( e 48:volt
es catering to the mobile computer user see ways to lure in the
business by perhaps installing the latest in telecommunications
10 systems for the business traveller. For example, some hotels are
now providing digital Private Branch eXchange ("PBX") telephone
lines into hotel rooms instead of the traditional analog telephone
. systems.. PBX systems.provide a telephone system with many more
=ona o enhancements: (e.g. messaging and- call queuning) than an analog
15 system while reducing the number of cables required to handle the
communications.
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Background: Analog and Digital Phone Systems

All standard analog telephone systems provide a direct-current

signal to each phone. To alert the end-user to an incoming call, a

20 ring current is sent over the wires to energize, typicaily, an audible
device (e.g. ringer for a bell). When the handset is picked up, a
switch closes in the telephone and a current (called the tip current)
flows over the wires. Equipmént at the central office detects the
current, and listens for the touch tones entered by the person dialing

25 the number. The telephone company typically places approximately
48 volts across the tip and ring leads, but the current is limited by

a resistance of 400 to 1750 ohms placed in series with the 48-volt
source. Therefore, the resulting line current is usually less than



source. Therefore, the resulting line current is usually |less than

-2- approxi mately 120 mA and, in nost cases, the tel ephone conpany
limts the current, to 60 mA or | ess. Digital phone systens work
differently. Like a LAN, a PBX communi cates in digital pulses with the
desk set. Because a PBX 5 provides the power to run the mcrocontroller
and other features in the desk set, nore current is typically

avai |l abl e on the phone |ines. In a PBX digital system a DC voltage is
applied across the tip and ring leatls - typically in the range of 12
to 90 volts. However, the current fromthe supply is not limted and
may typical | y apprezimacely0l2mA and, in mostBzasess thedelephonsscampany andar ds
In some ways, 1m)de actrrlj ust | iée tyaditi onal tel ephones: an i nt er nal
switch connectt¥Mfisfhg, PH§ t G OTIESE switch is typically an
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sol i d-state r&omEUEHeates-m digital pylges with the ‘%‘éi‘i $fited REGAUSE & E heat
froma 60 5A Gtovils B el {o"AlR e microtofrPlien Shd/Sihep feapes finom a

ring signal. gital systens typica i/ use higher vol tages and
currents 20 whedeskrsetdanormcumtustypmaglyaaw ahleom thaphope lmesd nodens

cannot di ssi pat.e addi-3 hQnal heat -hj

used in digi t%?%h@%é@%&?f" > a&@éﬁgﬁg?‘?%ﬁ’ IEBS%?IPS%?H%%@ and e
Ici rcuit ryht hatringrlfewdshs typgddibl ixn thre range o'fslzI lwd}ﬂ Edlts. Howeyery dhee,
eaving the rest o e em oper.ating.nor . This 25, present s,a

or obl em to a (REFONS F1PTR 1B, SURRIE I8 i Jsnted wad spaypically e fo

typi cal l yjoncldes the nore common anal og nodem The anal og nodem can
only withstand analog Iine currents. This woul d

Background: Modems and Standards
In some ways, modems act just like traditional telephones: an
internal switch connects tip and ring together. This switch is
typically an electromechanical relay in most modems. PC Card
15 modems, however, are much smaller and cannot accommodate the
electromechanical relay, so solid-state relays are used. The relay is
designed to dissipate heat from a 60-mA current and to withstand
the higher AC voltages from a ring signal.
Digital systems typically use higher voltages and currents
20  which are destructive to the analog modem. Most PC Card modems_ . -
cannot dissipate the additional heat caused by the higher currents
used in digital telephone systems. Consequently, the part of the
modem circuitry that connects to the phone line is rendered
inoperable, leaving the rest of the modem operating normally. This
25 presents a problem to a user with a portable computer, for example,
which typically includes the more common analog modem. The
analog modem can only withstand analog line currents. This would
not normally be of concern, except that there is no visible distinction
between a digital telephone wall plug and an analog plug.
30 The way in which modems connect to the public telephone
system has been largely standardized. This standardization is due




not normally be of concern, except that there is no visible distinction

between a digital telephone wall plug and an anal og plug. 30 The
way in which nodens connect to the public tel ephone system has been

| argely standardi zed. This standardization is due

- 3- to the need for tel ephonic systens to be conpatible and

I nt er change- abl e. The standard connector used in the United States is
an RJ-11, 6- pi n modul ar plug or receptacle. A typical wall tel ephone
jack is an RJ-11 receptacle desigr8d for interfacing to tel ephone or
nodem 5 systens. Unfortunately for the anal og nodem user, a PBX digital
system nmay al so enploy an RJ-11 receptacle in a wall jack, with no

di scernabl e cﬁoftherm&chfon&elepimﬁy sysﬁermsxmlbe qumpatible andhintgrchangerodem
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consi der ag 'Orsy rﬁﬁm@@l hﬂldd%?n‘i’fsepaﬁsl’BXQ ifal active
evi ces An ana dem not con

protection d ructed Stand t he
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enough for a B esq e f t her
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condi tions. manuf acturers are integrating
saf eguar ds t HRPdem, le&v&gﬁi IRPRET, ﬁﬁg;emfuse from bei ng bl own. For exanpl e,
Hayes M croconputer Products installs high-current resistors in PC
Card .

10 Background: Conventional Protection Methods

Common approaches use passive recoverable fuses in the
analog modem front-end to open the circuit. Other more costly
techniques may use active devices to control the current. Two
considerations which must be addressed are the use of passive or

15 active protection devices. An analog modem not constructed to
withstand the high current associated with digital systems will not
hold up long enough for a passive recoverable fuse device to act.
On the other hand, it is preferable to have a passive device for
current control to minimize distortion on modem signal when

20 operating under normal conditions.

Several modem manufacturers are integrating safeguards that
prevent the modem fuse from being blown. For example, Hayes
Microcomputer Products installs high-current resistors in PC Card
modems to provide a "comfort factor” for users. For another

25 example, Megahertz uses a C40 chipset which includes a Digital
Line Guard that disconnects the modem when the current exceeds
125 mA.

Analog Modem Protection Circuit Against Digital Line Current

The application discloses an architecture for protecting
30 telecom units against overcurrents. The architecture is particularly



nodens to provide a "confort factor" for users. For another 25 exanple,

Megahertz uses a C40 chi pset which includes a Digital Line Guard that
di sconnects the nodem when the current exceeds 125 mA. Anal og
Modem Protection Circuit Against Digital Line Current The

application discloses an architecture for protecting 30 telecomunits
agai nst overcurrents. The architecture is particularly

-4- advant ageous for preventing the destruction of an anal og nodem
whi ch has been plugged into a digital tel ephone system which uses
current and vol tages destructive to the nodem A main feature of this

protective circuit is that it appears pugely resistive under normal 5
operating conditions. Therefore, the voltage-current characteristics
are linear which results in a flat response across the voice band
frequenci es. The active devi ces pr ovide a shunt path for

overcurrents, L1 t i devi ces
al so provide gaygrslﬁgl‘?égggonse 0 ove urrretfefﬁlg{)drtlgﬁ} Pgnésh di%ié% ?‘eirmbl y, the
circuit al so whichphasabeen plugged tinta 8 digital telephene systemrwhioht uggsot ect i on
agadi nst subst v t ROl Ll e a ctive
devi ce circui ?ﬂ“e%t n(fv%%gﬁg qgeﬁ&gli‘fpi gie ﬂ}Péjeﬂ?I b@hﬁgﬁﬁp %€
usi ng passi vethxs prot@tftwselrbaﬂtlsrthat Muppham ufelyeresmtm wnderdicrtmal i on of
t he rmdem515 nal S under, norr:ﬁ1 P ratd)n% iondlt
ope atmg conditions erefore, the vo tage—current characteristics
are linear which results in a flat response across the voice band
frequencies. = The active devices provide a shunt path for
overcurrents, but are not connected in the series path. Active
devices also provide a fast response to overcurrent conditions.
10  Preferably, the circuit also incorporates a resettable fuse as last-
resort protection against substantial overcurrents not protected
against by the active device circuit.
The invention has the principal advantage of using passive-
device features which minimize noise and distortion of the modem
15 signals under normal operating conditions.



- 5- Brief Description of the Draw ngs The di scl osed

I nventions will be described with reference to t he acconpanyi ng

drawi ngs, which show i nportant sanple em bodi ments of the invention
and which are incorporated in the 5 specification hereof by reference,

wher ei n: Figure 1 shows a circuit diagramof the presently
preferred enbodi nent . Figure 2 shows an alternative
protection circuit. _ Figure 3 shows a bl ock diagram of a nodem 10
Figure 4 shows a bl ock diagram of a portable conputer connected to an
adapter according to the presently prefayred enbodi - ment .

Figure 5 shows an alternative enbodi nent where the protection circuit
is a contiguous part of the nmodemcircuitry.

- 6- Det ai | ed Description of the Preferred Enbodi nents The

numer ous | nnoYgtete TS ERERIIIN°DE e TORARANAPP! ' ot O

The disclosed inventions will be described with reference to
the aécompanying drawings, which show important sample em-
bodiments of the invention and which are incorporated in the

5 specification hereof by reference, wherein: -

Figure 1 shows a circuit diagram of the presently preferred
embodiment.

Figure 2 shows an alternative protection circuit.

Figure 3 shows a block diagram of a modem.

10 Figure 4 shows a block diagram of a portable computer
connected to an adapter according to the presently preferred embodi-
ment.

Figure 5 shows an alternative embodiment where the
protection circuit is a contiguous part of the modem circuitry.



wi |l be described with particular reference to the presently preferred
enbodi nent. However, it should be understood that this class of 5

enbodi ments provides only a few exanples of the many advant a- geous
uses of the innovative teachings herein. In general, state- ments nmade
in the specification of the present application do not necessarily
delimt any of the various clained inventions. More- over, sone
statenents may apply to sonme inventive features but not 10 to others.

Modem Protection Circuit The i nnovative nodem protection circuit
provi des overcurrent protection usifmy passi ve-devi ce features for
protection during normal operation to mnimze noise and distortion.
Figure 1 sho '

enbodi nent .

i nput. A nai t
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di ode bridge) heny ayadiedn! theC SpeEficatibf of fhé | a plick@dn ajte ﬂdt DC for
use wi th MOSFET transistor, M. _For rrent thyough

resistor R | émesm y sielisnitrame of the vamgus rﬁ&alm dnvmmmm oMoEenr ough
either of t he q@% IMPSFET
transi st or wé)g?tecongfaay %ﬁooséﬁgeqﬁwe Egg %?\%’tng an

i nt er nal lﬁpe(termhers -7-

Modem Protection Circuit
The innovative modem protection circuit provides overcurrent
protection using passive-device features for protection during normal
operation to minimize noise and distortion. Figure 1 shows a
15 circuit diagram of the presently preferred embodiment. The
protection circuit shunts large currents at the modem input. A main
feature of this protective circuit is that it appears resistive under
normal operating conditions.  Therefore, the voltage-current
characteristics are linear, which results in a flat response across the
20  voice band frequencies. Furthermore, the protection circuit provides
active-device features for protection when destructive voltage and
current levels are present.
In this embodiment, the protection circuit uses photovoltaic
relays (101 and 103) to provide overcurrent detection. A rectifying
25 circuit B1 (e.g. diode bridge) is provided to convert the tip-ring AC
voltage to DC for use with MOSFET transistor M1.
For a loop current through resistor R1 less than approximately
120 mA, no current flows through either of the photocoupler diodes
(D1 and D2). Consequently, MOSFET transistor M1 will not
30 conduct. Therefore, the modem 100 having an internal impedance



Z[err] receives all of the current. For loop currents greater than 120

mA, and depending on the polarity of the tip-ring voltage, one of t he
phot ocoupl er di odes (D1 and D2) conducts and turns ON its respective
out put phototransistor (Tl or T2). The respective output 5 :
phot otransi stor then conducts a small current to turn ON transistor

ML, which in turn shunts nost of the current. Wen the |oop current
exceeds approxi mately 200 mA, the resettable fuse F1 trips. As the
| oop current drops bel ow approxi mat el y 120 mA, I\/Il swi t ches OFF and
t he nodem 100 nmaintains the trip state current. Val ues for circuit
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Figure 2 sho R | e 201 and
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exceeded. 30 If the CQurrent_is $uc does_not_ exCeed t heﬂéatlng of

the fuse MBS byt &mmalelns_tummut,nﬂlmanm&onbfla. s mdfalgB,
sustained by py phillips, the resettable fuse F1 is model RXE017 and made by

Raychem, and the photovoltaic device is a model TLP628 by
15 Toshiba.

Protection Circuit Variation
Figure 2 shows an alternative protection circuit. The relays
(201 and 203) in this variation are model PVT312 devices manufac-
tured by International Rectifier. For a large tip voltage presented
20 at the tip terminal TIP, a majority of the tip voltage is dropped
across resistor RS, generating a sufficient current to turn ON
optocoupler 203. The remaining current (through R4) is routed
through the transistors of optocoupler 203 (the path of least
resistance) back through the resettable fuse F2 to the ring terminal
25 RING. For current of 136 mA and above, optocoupler 203 turns
on, shorting out the modem 100, and effectively protecting the
analog modem by taking it out of the circuit.
For an excessive ring current presented at the ring terminal
RING, the resettable fuse F2 will trip when its ratings are exceeded.
30 If the current is such that it does not exceed the rating of the fuse
F2, optocoupler 203 turns ON. The holding voltage is sustained by



the current path through the nodem if it is still in an "off-hook"

condi ti on. Forward current of either of the optocouplers (201
and 203) is amnnmm2 nm with a maxi numof 25 mA. Forward voltage 5
of either optocoupler is approximately 1.2 V. The working voltage of

ei ther optocoupler is approximately 250 V which will survive ring

vol tages (which may reach, e.g., 90-100 volts DCin a digital regi nme).
Maxi mum | oad current of an optocoupler is 320 mA, which will survive
the digital loop current (which may exceed 90 10 nmA). The circuit gives no
interference up to 120 mA through a 10 ohmresistor. The worst case
ring current is 33 mA which does not generate, enough voltage to

activate the 6t eeEept @athghrough the mOdeUthfelﬁ isrstild an; @ "aikhoek”

I'n one class Qi dg@ﬁvat i ve enbodi nents, the innovative 15 protection
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connect ed bet ween Forwiand murnent: ef ejthen®fsthgneptoaouplers (20dea

h Fi . u t r 400 i's
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bl ock di agram of a basi ¢ nod dem external |in th| exanpl e)
i s connect ed Tegimedomviagimum loadzcmrrcaug)f ans@pmoup&ms;t mAz;. The

i nnovati ve pr u u whi ch

is inter posed‘ghﬁﬁ{ l‘@n smlv%hﬁfe afd%ﬁ%?r?@ﬁ@&@?%ﬁ@%hge%ﬁ e ot her
modem 10 condect iThe Gﬂeunrgweslm itterferemee upeot 120 mAmfmonghlaohOm rcuit
316. 30 The %@e%?s% ) o(%gt ey dn%lgecu%?gn e%tjfﬁoﬁu;sov&lﬁgh td%eg (Ene line

generate enough voltage to activate the optocoupler 203.

Modem Protection Adapter
In one class of innovative embodiments, the innovative

15 protection circuit is encased in the form of a standalone module
adapter and connected between the incoming telephone signal and
the modem, as shown in Figure 4. In this particular illustration, the
adapter 400 is placed between a portable computer 402 (with an
internal modem 406) and telephone jack 404 (providing the

20 telephone line signal). The adapter has an RJ-11 plug which
connects to the modem, and an RJ-11 receptacle which accommo-
dates the incoming telephone line from the wall plug.

General Modem Features
Figure 3 shows a block diagram of a basic modem. A
25 modem 300 (external in this example) is connected to a computer
302 through a serial connection 304. The innovative protection
circuit 316 may be contained in a module which is interposed
between the modem and the telephone line 320. The other modem
connection 306 provides the interface to the protection circuit 316.
30 The modem connection 306, and the connection to the telephone line




-9- 320, are typically RJ-11 connectors. As nentioned before, the
t el ephone line 320 may provide connection to a PBX digital system
carrying voltage and current |evels which are destructive to input
circuitry of the anal og nodem 300. The nodem 300 nay conprise 5 a

controller 308 which controls the transfer of data fromthe conput er
302 to the nodem 300, and all of the nodem s basic functions. It can
al so operate the nodemis LED or LCD di sploay 324, if available, to
show t he status of various functions. The controller 308 may al so

connect to a nenory 322 (e.g. flash ROM 10 which is software upgradeable
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protection circuit |s contiguous Wth the nodemcircuitry. Orcu

board 500 conpePBEller Ak may also.qqr;negééouaomemmnr(ek&nﬂasltROM) al |
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sanme boar over current
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Lo PR SRR R0t rom o™
controller 308, including sound that has been converted to digital
form. It may also drive a speaker 318 to emit audible tones which
15 the user may hear for perhaps diagnostic purposes or general
operational functions. An analog-to-digital converter ("A/D") 312
receives the analog output of the DSP 310 and digitizes the signal
for input to a Data Access Arrangement ("DAA") circuit 314. The
DAA 314 is a telephone line interface circuit which provides an
20 impedance match between the modem and the telephone line
connection 320.

Alternative Embodiment: Protection Circuit Internal to

Modem
Figure 5 shows an alternative embodiment where the
25 protection circuit is contiguous with the modem circuitry. Circuit
board 500 comprises a modem circuitry section 504 which handles
all modem functions. The protection circuit 502 is engineered onto
the same board 500 as the modem circuitry 504, and provides
overcurrent protection from excessive currents presented at either of
30 the input/output telephone connections (506 and 508). The circuit
board 500 may be that which, for example, is used either in an
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-10- external nodem configuration, or an internal nodem
configuration where the nodemis inserted into a conputer chassis
(e.g. PCMCIA card, or internal bus adapter card).

According to a disclosed class of innovative enbodiments, 5 thereis
provi ded: an overcurrent protection circuit for an anal og nodem
conprising: an input for receiving a tel econmuni cations channel ; an
out put operatively connected to pass through signals fromsaid

t el ecomuni cati on channel; and a shuntiA&8-circuit for shunti ng

overcurrent fromsaid tel ecommunications channel, said 10 shunting circuit

Connect ed i n Ryl SofGh, cORFeRrRidH, SF b bt modem CBKEERadb

Accordi ng to wheteéhthe ticiemisdnsdriesbimbd a compatévehassis (e.g. POMCHent s,
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FOm Saidteledo

circuit for POUBHRENQVETSHALERL ¢ DyPRpiFations chapnslasaid sai o

signals 1@to sﬁuﬁﬁ'i'ilguéﬁ'buiteéé ri%,iﬁgrz{&i\ﬁe device8Naviiered i YaideAétipe ot ecti on
circuit, conprising a shunting circuit for_shunting overcurrent from
said tel eco caft aph sopneaied in segies between said input and said output.

According to another disclosed class of innovative em-
bodiments, there is provided: an overcurrent protection circuit for
an analog modem, comprising: an input for receiving a telecommu-

15 nications channel; an output operatively connected to pass through
signals from said telecommunication channel; and a shunting circuit
for shunting overcurrent from said telecommunications channel, said
shunting circuit comprising at least one photo-sensitive element; a
rectifying circuit; and a switching element; wherein no active

20 devices are connected in series between said input and said output.

According to another disclosed class of innovative em-
bodiments, there is provided: an analog modem, comprising: an
input for receiving a telecommunication channel; an output opera-
tively connected to pass through signals from said telecommunica-

25 tion channel; a translation circuit for receiving signals from said
output and translating said signals into a computer-readable format;
and an overcurrent protection circuit, comprising a shunting circuit
for shunting overcurrent from said telecommunications channel, said
shunting circuit comprising active devices; wherein no said active

30 devices are connected in series between said input and said output.

According to another disclosed class of innovative em-




shunting circuit conprising active devices; wherein no said active 30
devi ces are connected in series between said input and said out put.
Accordi ng to anot her disclosed class of innovative em

-11- bodi ments, there is provided: a nethod of overcurrent
protection for an anal og nodem conprising the steps of: (a.)
receiving a tele- communi cati ons channel at an input of said
protection circuit; (b.) operatively connecting to an output to pass
t hrough signal s fromsaid 5 tel ecommupijcations channel; (c.) shunting
overcurrents fromsaid t el ecomunications channel with a shunti ng
circuit, said shunting circuit conprising active devices; wherein no

sai d actlve deyi ces ar.e on ted i er.i es between sa

251 d out put bodimcnts, tere g pTPUIIRSL omatBed of oyeEareRt EBEsRLlob Y, 2% e
em 10 bOd'aﬁ?%ﬁlo%Dr}ﬁbaehﬁ 86191 88 theBie Qdoief(aoy%@awiﬁgtanélétectlon
for an anal og dem conpr S|ng the steps of: (a. rece|V|ag a tele-

conmuni cat i cHyMBRiRiGations channghat agx llmtwﬁywénprqt@cswarfar%ww

connect i ng tc&géﬂtﬁﬁeﬁ anh?ctﬂ@g ?3) E\H ﬁt & gﬂﬁé ﬁll‘B{lgn t Sé‘if\zﬁs from scfuti

t el ecomruni c 1 oNns I ng overcurr rom sal
t el ecomm®Bni dnieamnnnimoamd)nwatianaelshmb i shgmtmg: overcuentss fitomi saj

o Comput or - Helneptaiat-Hend GhBRBe it o shubfiBEGRbug? said g?éh@ﬁ%' nto
nected in saﬁr@@ltl@@mmgnxgea@tweﬂdmcesgmdxmm said active devices agecor di ng
t o anot her di scl ose‘g .class of innovative em ngﬁal%o nts, there is

provi ded: a ANSEEIESy ?@Yﬁe%ﬁ%lﬂﬂ‘ﬁrﬁ - anal og nodem

conprising the stgpgofdin g("to) andfifer | didchsed! @lass of GANBVAivat épps channel
at an input of said protection circuit; (b.) operatively co nectlng to

an out pd® t bodiments; theye isipyexided:raomethod of OVBTW,\HGBB PROISCHEN
channel ; andarf GrhlGE YAbUBHh, C¥sHpHLiAR! the! SRPs of: (a.) receiving a tele-
communications channel at an input of said modem; (b.) operatively
connecting to an output to pass through signals from said
telecommunications channel; (c.) shunting overcurrents from said
15 telecommunications channel with a shunting circuit, said shunting
circuit comprising active devices; and (d.) translating said signal into
a computer-readable format; wherein no said active devices are con-
nected in series between said input and said output.
According to another disclosed class of innovative em-
20 bodiments, there is provided: a method of overcurrent protection for
an_analog modem, comprising the steps of: (a.) receiving a tele-
communications channel at an input of said protection circuit; (b.)
operatively connecting to an output to pass through signals from said
telecommunications channel; and (c.) shunting overcurrents from
25 said telecommunications channel with a shunting circuit, said shunt-
ing circuit comprising at least one photo-sensitive element; a rectify-
ing circuit; and a switching element; wherein no active devices are
connected in series between said input and said output.

Modifications and Variations
30 As will be recognized by those skilled in the art, the in-
novative concepts described in the present application can be




25 said tel ecommuni cations channel wth a shunting circuit, said shunt-
ing circuit conprising at |east one photo-sensitive elenent; a rectify-
ing circuit; and a switching elenent; wherein no active devices are

connected in series between said i nput and sai d output. Modi ficati ons
and Variations 30 As will be recognized by those skilled in the
art, the in- novative concepts described in the present application
can be . -12- nodi fi ed
and varied over a trenendous range of applications, and accordingly the
scope of patented subject matter is not limted by any of the specific
exenpl ary teachi ngs given. O-~rpurse, in inplenmenting circuits
and systens, safety is a 5 very high priority. Those of ordinary skill in
the art will therefore recogni ze the necessity to review safety issues
carefully, and to make any changes in conponents or in circuit

caf ety st andamesifigd and JRrie ovep anivgrbendous Farge of Epplications; ahd
accordingly the scope of patented subject matter is not limited by
any of the specific exemplary teachings given.
Of course, in implementing circuits and systems, safety is a
5 very high priority. Those of ordinary skill in the art will therefore
recognize the necessity to review safety issues carefully, and to
make any changes in components or in circuit configuration which
may be necessary to improve safety or to meet safety standards in
various countries.



- 13- ' CLAI VB What is clainmed is: 1 1.
An overcurrent protection circuit, conprising: 2 an i nput for receiving

eLEQQﬂHHQLE§£¥EE;T;2?nne| 3 an out put operatively connected to pass
throu signal s d 4 t el ecommuni cati on channel; and 5

a shuﬁmnﬂumm shunting overcurrent fromsaid telecom 6
muni c ’ﬂnald shunting circuit conprising 7 active

devi ceS; Shérein mo active devices are connected in 8 series
between said input and said output. 2. The circuit of Claim1, wherein
said active devices in said 2 shupding circuit include photovoltaic
devices. 3. The circuit of Caim 1, wherein said shunting circuit further
2 conprises a switching circuit which controls a transistor. 4. The

circuit of Claim1l, wherein said shunting circuit further 2

conprises a rectifier circuit opera@%%mgnnect ed across said 3

output. 5. The circuit of daim 1 said shunting circuit appears

2 purely resistive under normal operating conditions. 6. The
circuit of d Sfurth&r conprising a fuse in series with 2 sai d
i nput for i thaﬁg} &IAFBEE I8h excess of that which can be 3 _ shunt ed

by said shunting circuit.
1 1. An overcurrent protection circuit, comprising: -
2 an input for receiving a telecommunications channel;
an output operatively connected to pass through signals from said
telecommunication channel; and
a shunting circuit for shunting overcurrent from said telecom-
munications channel, said shunting circuit comprising
active devices; wherein no active devices are connected in
series between said input and said output.

@ N N Y N W

1 2. The circuit of Claim 1, wherein said active devices in said
2 shunting circuit include photovoltaic devices.

1 3. The circuit of Claim 1, wherein said shunting circuit further
2 comprises a switching circuit which controls a transistor.

1 4. The circuit of Claim 1, wherein said shunting circuit further
2 comprises a rectifier circuit operatively connected across said
3 output.

1 5. The circuit of Claim 1, wherein said shunting circuit appears
2 purely resistive under normal operating conditions.

1 6. The circuit of Claim 1, further comprising a fuse in series with
said input for limiting current in excess of that which can be
shunted by said shunting circuit.

V]
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-14- 1 7. The circuit of Cdaiml, wherein said shunting circuit
conprises 2 a switching circuit conprising only photovoltaic
deV| ces __L_&—Ihe—el—r—ew—t— of Caim 1, wherein said shunting circuit

switching circuit which controls a
tran5| st or, ”ﬂmm'“'l m} ransi stor operatively connected to a rectifying
circuit to excess input current. 1 9. The circuit of

Claim1, mhereln sald shunting circuit further 2 conpri ses a diode
bri dge. 1 10. An overcurrent protection circuit for an anal og nodem
com 2 prising: 3 an input for receiving a tel ecomunications
channel ; 4 an out put operatively cokfacted to pass through signals
fromsaid 5 t el econmuni cati on channel; and 6 a shunting

circuit for shunting overcurrent fromsaid telecom 7

muni cati ong cHanfie¢ cisalitl of Kﬂhmmg wherein saidvshusting ciscuit compnses east
one photo-sensitive a.rectifyi and 10

a sw tchindg el emen®; S\Yetnﬁlng,\ﬁéch%cwpa}’stlpgé)rgx\ngggvgitél cg?ﬁmﬁed in
series between said 12 input and said output. 1 11. The circuit of

Claim 10, whereipn said phot nsitive el eren tovol taic
device. 17128.ThBeceignit; o fé ig h, 1Whepeiy é?nﬁiz §HPH“BSOF’69§Eng}1Fh%

element 2 , Ceomprises & sWwittHihg Hircuit WiiER controls a transistor, said
3 transistor operatively connected to a rectifying circuit to
4 switch excess input current.

1 9. The circuit of Claim 1, wherein said shunting circuit further
2 comprises a diode bridge.

1 10. An overcurrent protection circuit for an analog modem, com-

2 prising:

3 an input for receiving a telecommunications channel;
4 an output operatively connected to pass through signals from said
5 telecommunication channel; and

6 a shunting circuit for shunting overcurrent from said telecom-
7 munications channel, said shunting circuit comprising
8 at least one photo-sensitive element;

9 a rectifying circuit; and

10 a switching element;

u wherein no active devices are connected in series between said
12 input and said output.

1 11. The circuit of Claim 10, wherein said photo-sensitive element
2 is a photovoltaic device.

1 12. The circuit of Claim 10, wherein said photo-sensitive element
2 controls said switching element.



- 15- 1 13. The circuit of Caim110, wherein said rectifying circuit is 2
connec 0ss said output. 1 14. The circuit of Caim 10, wherein said
shuntiEeeﬁﬁfiarfxaﬁpeafs—z purely resistive under normal operating
condi ti "M" ircuit of Claim 10, further conprising a fuse in
series Wy m i?@‘é input for limting current in excess of that
which can be 3- # nted by said shunting circuit. 1 16. The circuit
of Claim 10, wherein said shunting circuit conprises 2 only said
phot o-sensitive elenents. 1 17. The circuit of Caim 10, wherein said
phot o-sensitive el ement 2 controls said switching el enent, said

swi tching el enent opera- 3 tivel yl2onnected to said rectlfylng
circuit to switch excess 4 i nput current. 1 18. The circuit of

Claim 10, wherein said rectifying circuit further 2 conprises a

di ode bridge. .. _ X ] . ...
% 13. The circuit of Claim 10, wherein said rectifying circuit is

2 connected across said output.

1 14. The circuit of Claim 10, wherein said shunting circuit appears
2 purely resistive under normal operating conditions.

1 15. The circuit of Claim 10, further comprising a fuse in series with
2 said input for limiting current in excess of that which can be

3 shunted by said shunting circuit.

1 16. The circuit of Claim 10, wherein said shunting circuit comprises
2 only said photo-sensitive elements. ‘

1 17. The circuit of Claim 10, wherein said photo-sensitive element

2 controls said switching element, said switching element opera-
3 tively connected to said rectifying circuit to switch excess
4 input current.

1 18. The circuit of Claim 10, wherein said rectifying circuit further
2 comprises a diode bridge.



- 16- 19. An anal og nodem conprising: 2 an input for connection

to a tel econmunicati on channel ; 3 an out put operatively connected to

pass threugh—signals fromsaid 4 t el ecommuni cati on channel; 5

a transl M receiving signals fromsaid output and 6

transl at mgﬂa “ﬂ‘m‘“ into a corrputer-readabl e format; 7 and
rcurrents priotection circuit, conprising 9 a shunting

CIrCUIt for shunting overcurrent fromsaid tel ecom 10

muni cati ons channel, said shunting circuit conprising 11

active devi ces; wherein no said active défices are 12 °

connected in series between said input and said output. 1 20. The circuit
of Claim19, wherein said active devices in said 2 shunting circuit

i ncl ude phog ovpg»tg\lpaﬁg}d%p&oderh céfpriiagei rcuit of Caim19, wherein said
shunting circuit further conpri ses a swtchi ngﬂﬁl rcwt whi ch

control s a 2rans@Bti@put forconnegtion; tocaitelesonumymication ghanegly sai d

shunting 18 U LGt cperatvely GATREIGE R, Pad bR IS fidmeiga Vel

wher ei n sai4d shunting te]ecommuamm%mmchannel purely resistive under

Comrising o 1 usd RASSIATRI cipehif for 185vhAg tidnlls fOf Baid ubblie 880 oy

in excess of that whi ¢rarssdatihg did signalssimotzc¢ompsideatiablel format;cuit.

7 and
s an overcurrent protection circuit, comprising

9 a shunting circuit for shunting overcurrent from said telecom-
10 munications channel, said shunting circuit comprising
1 active devices; wherein no said active devices are
2 connected in series between said input and said output.

1 20. The circuit of Claim 19, wherein said active devices in said
2 shunting circuit include photovoltaic devices.

1 21. The circuit of Claim 19, wherein said shunting circuit further
2 comprises a switching circuit which controls a transistor.

1 22. The circuit of Claim 19, wherein said shunting circuit further
2 comprises a rectifier circuit operatively connected across said
3 output.

1 23. The circuit of Claim 19, wherein said shunting circuit appears
2 purely resistive under normal operating conditions.

1 24. The circuit of Claim 19, further comprising a fuse in series with
said input for limiting current in excess of that which can be
shunted by said shunting circuit.

~N

W



-

-17- 1 25. The circuit of Caim19, wherein said shunting circuit
conpri ses m circuit conprising only photovoltaic

devi ces. 1 26. “ML Claim 19, wherein said shunting circuit
further “\‘E “‘m witching circuit which controls a

transi stor Striansi stor operatively connected to a rectifying

circuit to SMAtCh excess input current. 1 27. The circuit of
Claim 19, mhereln said shunting circuit further 2 conpri ses a diode
bri dge. 1 28. A nmethod of overcurrent 4¥7et ection for an anal og nodem 2
conprising the steps of: 3 (a.) receiving a tel ecommuni cati ons channel
at an input of said 4 protection circuit; 5 (b.)
operatively, Comiephedrciat df ClBith 19 WheRihild gmmgcugéuncom risest hrough
signal s from sai'd teleconminicat I ong c annel shunt

overcurrents from saiswitehingoeinewit comprisinghanlyephowvoltaic deVlC&Sl t h a
shunting circuit, said shunting circuit conprising 9 active

devi ces; wherein no active devices are connected in 10 series

bet ween said i261uTI‘hendireaitdobﬂII|aim 19,1“&ﬁzreifhsainbslmmting c@tcaiimfﬁﬁhemher ein
said active devices in sa I rcuit u oltalc
Govi cas 230" TheeOTIPRBES & Switshine STl orich Cotiolsi franst

further 2 COFRASISEST Q)pia\i'hﬁ’\?@lyngzoﬁiﬂe@téd tohiaC 'i*e@t@ﬁ&ﬁ?' élr@uitr Q@S' stor.
1 31. The method of Q ajm 28, wherei'n said shunting circuit further 2

conpri ses & rectlflsévltéhrﬂiﬂeﬁsdpﬁﬂbﬁum connected across said 3
out put .

1 27. The circuit of Claim i9, wherein said shunting circuit further
2 comprises a diode bridge.

1 28. A method of overcurrent protection for an analog modem,

2 comprising the steps of:

3 (a.) receiving a telecommunications channel at an input of said
4 protection circuit;

5 (b.) operatively connecting said input to an output to pass
6 through signals from said telecommunications channel;

7 (c.) shunting overcurrents from said telecommunications channel
8 with a shunting circuit, said shunting circuit comprising
9 active devices; wherein no active devices are connected in

10 series between said input and said output.

1 29. The method of Claim 28, wherein said active devices in said
2 shunting circuit include photovoltaic devices.

1 30. The method of Claim 28, wherein said shunting circuit further
2 comprises a switching circuit which controls a transistor.

1 31. The method of Claim 28, wherein said shunting circuit further
2 comprises a rectifier circuit operatively connected across said
3 output.



- 18- 32. The nethod of C aim 28, wherein said shunting circuit
appears 2 purely resistive under normal operating conditions. 1
Claim 28, further conprising a fuse in series 2

W|th Sulmtlng current in excess of that which can 3
be sdml lailm u“ nting circuit. 1 34. The method of C aim 28,

wher ei'f sald sMunting circuit conpris- 2 es a switching circuit
conpri sing only photovol tai c devices. 1 35. The method of C aim 28,
wherein said shunting circuit further -18- conprises a sw tching
circuit which controls a transistor, said 3 transi stor operatively
connected to g rectifying circuit to sw tch excess input

current. 1 B3slheqzcthedof Chimy Z@nml'e%éﬂlél $h‘§lilrtg SHGHIL 2RPEATB cui t
furth h d of
ver cur % pr ot ec?ﬁféwrlje%?ﬁ‘% fi &ethgﬂg%pergtlﬁg%zm corrpr|05| (rjlg the steps

overcurren ron” for an ana
of : 3 (a.) receiving a teleconnunlcatlons channel at an input of said

out put 1o bact~ The niethod OF GaBRCAL. inffihe UHRRMRD RIS I Beieba: Tons

channel ; 27 ( cwitlsénidtinpot ﬁnelinunngrdlmémtqm exieds tofIthaowitich cahi ons

—|

channel 8 W th shunt circuit, said shunting circuit
conprising® 9 be Shunt%ng%ala 2 gHguite (d.) denodul ating said
signals into a conputer- readabl e format; 11 wherein no Said active

devices are connected in serie
1 34. The method of Clalm 28, wherein said shunting circuit compris-

2 es a switching circuit comprising only photovoltaic devices.

1 35. The method of Claim 28, wherein said shunting circuit further

2 comprises a switching circuit which controls a transistor, said
3 transistor operatively connected to a rectifying circuit to
4 switch excess input current.

1 36. The method of Claim 28, wherein said shunting circuit further
2 comprises a diode bridge.

1 37. A method of overcurrent protection for an analog modem,

2 comprising the steps of:

3 (a.) receiving a telecommunications channel at an input of said
4 modem,;

5 (b.) operatively connecting said input to an output to pass
6 through signals from said telecommunications channel;

7 (c.) shunting overcurrents from said telecommunications channel
8 with a shunting circuit, said shunting circuit comprising
9 active devices; and

10 (d.) demodulating said signals into a computer-readable format;
1 wherein no said active devices are connected in series

12 between said input and said output.
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12 bet ween said i nput and said output.

-19- 38. The net Claim 37, wherein said active devices in said 2

shunt i ng circuit include photovoltaic devices. 1 39. The nethod of Oaim

37, V\herlmmlﬂm,mmmmuF circuit further 2 conprises a switching
circuit transistor. 1 40. The nethod of C aim 37, wherein
sai d shuntirfg é&i réuit further 2 conprises a rectifier circuit
operatively connected across said 3 output. 1 41. The nethod of
Claim 37, wherein said shunting circuit qgpears 2 purely resistive
under normal operating conditions. 1 42°7The nmethod of daim37, further
conprising a fuse in series 2 wth said input for limting current
in excess pf 3@aATHNINGéheANoP Claim 37DSvRérenh SAidactveddevieas iifds4ilr cui t .
1 43. The method of G aim 37, wherein said shunting circuit conpris- 2

es a switching ci r%lmmmgnepmmt mclode phtoveltaia devicgsvi ces. 1 44. The
nmet hod of C aim 37, wherein said shunting circuit further 2

conprises a sw t chi ng circuit which controls a transistor, said 3

t ransi st or z op39 atliheemethod rafcCéaim 373 wheréinysaid s&mrmgtcm'wu further switch
excess byt curt ogl el HAEATRL AFeRL WhEh ool kR RiRGES Shunti no

circuit fufther

1 40. The method of Claim 37, wherein said shunting circuit further
comprises a rectifier circuit operatively connected across said
output.

(8]
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1 41. The method of Claim 37, wherein said shunting circuit appears
2 purely resistive under normal operating conditions.

1 42. The method of Claim 37, further comprising a fuse in series
2 with said input for limiting current in excess of that which can

3 be shunted by said shunting circuit.

1 43. The method of Claim 37, wherein said shunting circuit compris-
2 es a switching circuit comprising only photovoltaic devices.

1 44. The method of Claim 37, wherein said shunting circuit further

2 comprises a switching circuit which controls a transistor, said
3 transistor operatively connected to a rectifying circuit to
4 switch excess input current.

1 45. The method of Claim 37, wherein said shunting circuit further
2 comprises a diode bridge. ' '



-20- —1 46. A nethod of overcurrent protection for an anal og nodem 2
conpri sj nﬁlt m 3 (a.) receiving a tel ecommuni cati ons channel
[

at an mmmmlm protection circuit; 5 (b.) operatively
connec m"’ to pass through signals 6 fromsaid

t el ecommuni cati &ns Schannel ; and 7 (c.) shunting overcurrents fromsaid
t el ecommuni cati ons channel 8 with a shunting circuit, said
shunting circuit conprising 9 at | east one photo-sensitive

el enent; 10 a rectifying ?(’/r cuit; and 11 a

swi tching el enent; 12 wherei n no actfve devices are connected in series

bet ween said 13 I nput and said output. 1 47. The nethod of Claim
46, wherein i d,phot 9- sensi tive el enent . I s_a phot ovol tai c device.
118" The e 8o AbARediakd Ot OVEFRITZERE Biotession o oan pRIBEeTSTH, »
controls said sw tc@)liajlpﬂsﬁigem@gtepsloﬁg. The met hod of O aim 46, wherein

is 2

said rectifying circuif i s operatively connected acrogs said
output. ¥ 50. (e IeeeidBg o telesommunicationsi channed ataminpyt ef said t
The method of am AEtep BB e o o m series 2 O win
sai d i nputs for (b.yiapergtively eonnecting tesan outputato pass through signals

6 from said telecommunications channel; and -

7 (c.) shunting overcurrents from said telecommunications channel

8 with a shunting circuit, said shunting circuit comprising

9 at least one photo-sensitive element;

10 a rectifying circuit; and

u a switching element;

12 wherein no active devices are connected in series between said

13 input and said output.

1 47. The method of Claim 46, wherein said photo-sensitive element
2 is a photovoltaic device.

1 48. The method of Claim 46, wherein said photo-sensitive element
2 controls said switching element.

1 "49. The method of Claim 46, wherein said rectifying circuit is
2 operatively connected across said output.

1 50. The method of Claim 46, wherein said shunting circuit appears
2 purely resistive under normal operating conditions.

1 51. The method of Claim 46, furthef comprising a fuse in series
with said input for limiting current in excess of that which can
3 be shunted by said shunting circuit.

N
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3 be shunted by said shunting circuit.
-21- _Jﬁ~52*ﬁlngxgglggghgf Cl ai m 46, wherein said shunting circuit conpris-
es only sai to-sensitive elenments. 1 53. The nmethod of C aim
46 whj,mm”mrm‘ ensitive el enent 2 controls said switching
el enen ”mmWel enment 3 operatively connected to said
rectlfylng ‘cifcUit sto*switch 4 excess input- current. 1 54. The

met hod of C aim 46, wherein said rectlfylng circuit further 2
conprises a diode bridge.

1 52. The method of Claim 46, wherein said shunting circuit compris-
2 es only said photo-sensitive elements.

1 53. The method of Claim 46, wherein said photo-sensitive element
controls said switching element, said switching element
operatively connected to said rectifying circuit to switch
excess input current. -

N W N

1 54. The method of Claim 46, wherein said rectifying circuit further
comprises a diode bridge.

N



