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This invention relates to integrated services digital network (ISDN)
customer premise equipment, and more specifically to an apparatus and method for
interfacing one or more analog telephone station sets and/or one or more digital data
terminals to an ISDN line. '

Background of the Invention -

Integrated services digital network (ISDN) switching systems are now
being deployed around the world, making new features and services available to
customers and providing voice and data communication'through a single line into the
customer premises. Customer acceptance of ISDN is somewhat slow, due in part to
the cost of new equipment needed to use ISDN services. A customer cannot plug an
analog telephone into an ISDN line and receive telephone services. Likewise, a
customer cannot plug a personal computer or other digital data terminal directly into
an ISDN line and receive data services. Part of the problem is the nature of ISDN
transmission. '

According to ISDN standards as set forth by the International Telegraph
and Telephone Consultative Committee (CCITT), ISDN customer premises
equipment communicates with ISDN switching systems in two 64 kilobits per
second (kbps) channels, 'referred_ to as B-channels, and in one 16 kbps per second
channel referred to as a D-channel. Each of the B-channels is usable to convey
digitized voice samples at the rate of 8,000, 8-bit samples per second or data at a rate
of 64 kbps. The D-channel is used both to convey signaling packets to effect
message signaling between ISDN stations and to convey data packets among ISDN
stations.
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One system for transmission between ISDN customer premises
equipment and the ISDN switching system uses a 4-wire, digital subscriber line
(DSL). A 4-wire DSL conveys a serial bit stream at the rate of 192 kbps, which
comprises 144 kbps, for the above-mentioned two 64 kbps B-channels and one 16
kbps D-channel and which further comprises 48 kbps used for a number of functions
including framing, DC balancing, control and maintenance. A 4-wire DSL |
represents what is referred to by International Telegraph and Telephone Consultative
Committee (CCITT) as the T-interface. : |
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anal og tel ephone into an I SDN |ine and receive tel ephone services.

Li kewi se, a customer cannot plug a personal conputer or other digital data
~termnal directly into an I1SDN |ine and receive data services. Part of the
problemis the nature of |1SDN transmission. According to | SDN standards as
set forth by the International Tel egraph and Tel ephone Consultative
Committee (CCITT), |SDN custoner prem’ses equi pnent comruni cates with | SDN
switching systems in two 64 kilobits per second (kbps) channels, referred
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relatively expensive, require special knowledge to set up, and may require that the
telephone network between the ISDN switching system and the customer premises
be rewired from a 2-wire to a 4-wire network.

CCITT recommendations also recognize a U-interface, which provides
ISDN service using a 2-wire DSL. This 2-wire DSL transmits a serial bit stream at
the rate of 80 kbps where each bit conveys four levels of information, yielding an
effective data rate of 160 kbps, thus providing two 64 kbps B-channels, one 16 kbps
D-channel, and signaling and maintenance information. The advantage of the U-
interface is that the local telephone network does not require rewiring. Neither a
standard analog telephone nor a digital data terminal can connect directly to a 2-wire
DSL. Additionally, a further piece of customer premises equipment, a network
interface, is required to provide 2 to 4 wire conversion and the associated data rate
conversion. ‘The network interface is then connected to the above-discussed special
telephone or special personal computer board.

Therefore, a problem in the art is that there is no inexpensive apparatus |
for providing a plug-in and use interface to an ISDN digital subscriber line for both
analog telephones and digital data terminals. |
Summary of the Invention

This problem is solved and a technical advance is achieved in the art by
an exemplary apparatus that provides a plug-in interface for analog telephones and
digital data terminals in one small, inexpensive box, connected to an ISDN line
comprising two B-channels and a D-channel. The apparatus comprises a stored
program control processor, an analog interface connected to an ISDN line for
inferfacing analog telephones to one or more B-channels of the ISDN line under the
control of the stored program control processor, and a digital interface connected to
the ISDN line for interfacing a digital data terminal to either the D-channel or a B-
channel under control of the stored program control processor. Advantageously, the
apparatus of this invention includes an interface transceiver for providing a U- '
interface between the apparatus and the ISDN line. The apparatus may comprise two
analog interfaces and two digital interfaces to provide ISDN service for up to two
analog telephonés and four digital data terminals. Additionally, an ISDN
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line (DSL).

A 4-wire DSL conveys a serial bit streamat the rate of

*kbps, which conprises 144 kbps, for the above-nentioned two 64 kbps
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A more complete understanding of the invention may be obtained from
a consideration of the following description in conjunction with the drawings in
which: .

FIG. 1 is a block diagram illustrating the principles of this invention
embodied in a voice/data controller in the context of a telephoné switching network;

FIG. 2 is a block diagram of the voice/data controller of FIG. 1
according to the 'preferred embodiment of this invention;

'FIG. 3 is a flow chart describing the program control of the voice/data
controller of FIG. 2 for a call origination;

FIG. 4 is a flow chart describing the program control of the voice/data
controller of FIG. 2 for incoming call treatment; '

FIG. § is a flow chart describing the program control of the voice/data
controller of FIG. 2 for call waiting treatment; and

FIG. 6 is a flow chart describing the program control of the voice/data
controller of FIG. 2 for a data call. '

Detailed Description '

An exemplary voice/data controller is described herein in the context of
the switching network configuration of FIG. 1, having two central office switches,
100 and 200, an inter-switch signaling network 250, e.g. a common channel
signaiing (CCS7) network 180 and illustrative communication stations including
conventional analog stations 116 and 126, an integrated services digital network
(ISDN) station 136 and a personal computer 137. Switches 100 and 200 are
interconnected by a communication path 26, which méy include intermediate

switches.

Iustratively, switch 100 is a distributed control, ISDN switching
system such as the system disclosed in U. S. Patent 4,592,048, issued to
M. W. Beckner et al., on May 27, 1986. An integrated services digital network
(ISDN) is a network that provides end-to-end digital connectivity to support a wide

‘range of services, including voice and non-voice services, to which users have access

by a limited set of standard multipurpose customer interfaces. Switch 100 includes a

| number of switching modules (SMs), each associated with a different subset of

stations or trunks. Each switching module includes a control unit for controlling
connections to and from its associated station or trunks.
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conputer, (such as an AT&T Personal Conputer Term nal Adapter) to which the
custoner may connect a standard anal og tel ephone. Both of these

- alternatives are rel atively expensive, require special know edge to set up,
and may require that the tel ephone network between the | SDN swi tching
system and the custoner prem ses be rewyred froma 2-wire to a 4-wire
network. CCITT recomendati ons al so recogni ze a U-interface, which provides
| SDN service using a 2-wire DSL. This 2-wire DSL transmts a serial bit
stream at the rate Jhegohitguregiswitch 06 has compunisgtionrigpdule (M) d S ps
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net wor k i ntesnhections ite and-fromrtelgphanerstasionset 126t 0 4 wire conversion and the
associ ated data rat @wirching module 120 includes an integrated services line unit
(ISLU) 122, which terminates the digital subscriber lines, e.g., 125 and 135, and
provides access to a time slot interchange unit (TSIU) 123 and a packét switching
unit (PSU) 124. TSIU 123 and PSU 124, respectively, provide circuit and packet
switched connections to and from the associated stations under control of control
unit 121. Switching module 110 includes an analog line unit (ALU) 112 which
terminates conventional analog lines, e.g., 115, and provides access to a TSIU 113.
TSIU 113 provides circuit-switched connections to and from the associated
stations 116 under control of control unit 111.
Switching module 130 is similar to switching modules 110 and 120, but
includes the appropriate analog or digital trunk unit (not shown) for interfacing with
the outgoing trunk included in communication path 26 to switch 170.
A prior art ISDN telephone station set 136 and associated personal
computer 137 are connected to ISLU 122 via 2-wire digital subscriber line
(DSL) 135. An NT1 interface 138 is required to perform two to four wire
conversion and perform data rate adaptation between DSL 135 and ISDN
telephone 136. Information is conveyed between ISDN station 136 and NT1 138,
using a 4-wire, digital subscriber line (DSL) 139. As stated previously, DSL 139
transmits a serial bit stream at the rate of 192 kilobits per second, which comprises
144 Kilobits per second, for the above-mentioned two 64 kilobits per second B-
channels and one 16 kilobits per second D-channel and which further comprises 48
kilobits per second used for a number of functions including framing, DC balancing,
control and maintenance. Signaling packets are conveyed between ISDN stations
and the switching module control units enclosed in level 2 (link-level) frames, for
example, in accordance with the standard Link Access Protocol D (LAPD). The
exemplary signaling message used for the control of circuit-switched calls are in

accordance with CCITT recommendation Q.931.

_ The relative disadvantage of this system is that only one telephone
station set and one data terminal may be supported by NTI 138 and DSL 135.
Additionally, NTI 138 and telephone station set 136 are special equipment that the
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conversion. The network interface is then connected to the above-di scussed
speci al tel ephone or special personal conputer board. Therefore, a problem
-in the art is that there is no inexpensive apparatus for providing a
plug-in and use interface to an | SDN digital subscriber line for both
anal og tel ephones and digital data termgnals. Summary of the Invention This
problemis solved and a technical advance is achieved in the art by an
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: B-channel traffic between switching modules as well as packet traffic between PSUs

. in different switching modules. The switching module control unit provides call
processing and overall control and maintenance functions for the switching module.
Switching module control units in different switching modules communicate with
others and with the administrative module 160 through a message switch (not
shown) in communications module 150 using an internal mesSage protocol.

~ The architecture provides flexibility in placing specific processing
functions in specific processing elements. The general strategy is to place much of
the required processing capability in the switching module control units, but to
reserve the administrative module for those functions that are inherently centralized.
The call processing functions can, for example, be distributed in a number of ways.

" In one alternative, most of the call processing functions are placed in the switching
module control units with routing, terminal hunting, and péth hunt functions located
in the administrative module. In another alternative, all call pfocessiqg functions are
placed in the switching module control units, with the administrative module
reserved for truly administrative processing. .

- To complete the description of FIG. 1, switch 170 is shown connected to
a conventional analog station 175, used for purposes of illustration, as the originating
station in the examples described herein. The architecture of switch 170 and the
types of stations served by switch 170 are not important to the present invention and
are thus not described further. |

The system for providing analog telephone and digital data interfaces to

an ISDN line may be achieved in a first embodiment in connection with a voice/data
controller 200. Voice/data controller 200 is not to scale in this drawing so that the
internal components may by illustrated. In the preferred embodiment, all .
components of voice/data controller 200 comprise commercially available 'integratcd
circuits, and is approximately the size of an external modem as known in the art.
Therefore, voice/data controller 200 comprises a small, inexpensive interface
between currently available analog telephones and personal computers and ISDN
digital subscriber lines.

D
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channel .under control of the stored program control processor.

Advant ageously, the apparatus of this invention includes an interface
transceiver for providing a U interface between the apparatus and the |-SDN
| i ne. The apparatus nmay conprise two analog interfaces and two digital
interfaces to provide | SDN service for yw_to two anal og tel ephones and four
digital data termnals. Additionally, an |SDN -3- communi cati ons
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conversion. The output of interface transceiver 210 is connected to ISDN bus 220.
ISDN bus 220 provides two B-channels and one D-channel to the components of
voice/data controller 200. _

Voice/data controller 200 is under control of processor 225.

Processor 225 is a stored program control processor, with its program stored in
memory 230. Processor 225 controls the various functional blocks of voice/data
controller 200 via control signals on a system bus 235 and on ISDN bus 220,

Signaling messages between switch 100 and processor 225 are received
at ISDN communications controller ICC) 240, which perfbnns a translation and
notifies processor 225. Processor 225 receives the signaling message from ICC 240
and responds accordingly. When processor 225 needs to alert or signal switch 100,
processor 225 notifies ICC 240, which formats an ISDN signaling message and
sends it on ISDN bus 235 through interface 210 to switch 100.

Voice/data controller 200 is connected to analog telephones 126 and 128
via tip-ring pairs 127 and 129, at analog interface 250 and 260, respectively. Analog
interface 250 and 260 provide ringing, DTMF detection, coding and decoding
(codec) of the analog signal, and other functions as will be described below in
connection with FIG. 2." Analog interfaces are also connected to ISDN bus 220 and
are under the control of processor 225 via system bus 235 and ISDN bus 220.
Alternatively, only one analog interface may be provided which may serve one or
two telephones without departing from the scope of this invention.

Digital data terminals are represented by personal computers 130
and 132, but may also be display terminals, file servers, or other digital data devices
as known in the art, or hereafter invented. Digital data terminals 130 and 132 are
connected by RS-232 serial lines 131 and 133 to voice/data controller 200 at digital
interface 270, and 280, respectively. Each digital interface of the preferred '
embodiment may support two digital data terminals.

In the preferred embodiment of this invention, switch 100 is provisioned
as if DSL 125 supports four separate terminals, each having a voice and data

" capability. Since ISDN has only two B-channels, only two analog telephone may be
used simultaneously in this preferred embodiment. However, since switch 100
provisions voice/data controller 200 as if it were four terminals, two telephone
numbers can be provisioned for each of the two telephones, each number may then
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which: FIG 1 is a block diagramillustrating the principles of this

i nvention enbodied in a voice/data controller in the context of a tel ephone
*switching network; FIG 2 is a block diagramof the voice/data controller
of FIG 1 according to the preferred enbodi nent of this invention; FIG 3
is a flow chart describing the program7control of the voice/data controller
of FIG 2 for a call origination; FIG 4 is a flow chart describing the
program control of the voice/data controller of FIG 2 for incom ng call
treat ment ; bElagoctatedswith hldissinctirer tingitene of pattegn.t he program control of the
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flow chart describing the am con o the v ta controller of
FI G 2 for csampleqtelephpne g@qum set d7proste Lqpbtt)lpeo}{z 6, and, s1multaneously a voice call

may be placed from telephone 116 to telephone station set 128. In this example,
telephone 176 goes off-hook and the telephone number of telephone 126 is dialed.
Switch 170, upon receiving the dialed digits from telephone station set 176, sends a
message via signaling network 180 to switch 100. Switch 100 receives the message
at its administrative module (AM) 160 and determines whether telephone station
set 126 is busy. If telephone station set 126 is not busy, AM 160 selects a trunk
connecting switch 170 with SM 130 and sends a message back to switch 170,
including the trunk ID. AM 160 also causes a path to be set up through switch 100
from SM 130 to SM 120 via CM 150. '

In response, SM 120 sends a set up message to voice/data
controller 200. The setup message is received at voice/data controller 200 at _
interface 210 and is received by ICC 240. ICC 240 notifies processor 225, which
causes analog interface 250 to be set up for the call. Simultaneously, processor 225
causes ringing to be applied through tip-ring pair 127 to telephone 126. When off-
hook is detected at analog interface 250, analog interface 250 notifies processor 225
and processor 225 causes ICC 240 to send a signaling message to SM 120. SM 120
notifies AM 160, which forwards the message to switch 170 and a call path is
completed. '

Simultaneously, the user of telephone 116 may dial the telephone
number of telephone station set 128. ALU 112 of switch module 110 detects off-
hook and collects digits. Control unit 111 determines that the call is an interoffice
call and causes the path to be set up through TSIU 113, CM 150, and TSIU 123 to
ISLU 122. Control unit 121 sends a signaling message to voice/data controller 200
through interface 210, which is received at ICC 240. ICC 240 notifies
processor 225, which alerts analog interface 260 and simultaneously applies ringing
through tip-ring pair 129 to telephone 128. When off-hook is detected in analog
interface 260, procéssor 225 is notified, which removes ringing and sends a message
to control unit 121, which then causes a circuit to be completed to telephone station
set 116.

In another exemplary call scenario, while a call is stable between
telephone station set 176 and telephone 126, the user of telephone 116 could call
telephone 126. In this example, ALU 112 forwards collected digits to control
unit 111 as before and control unit 121 is notified. Control unit 120 sends a message

e
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An exenpl ary voice/data controller is described herein in the context of
the switching network configuration of FIG 1, having two central office
'swi t ches, 100 and 200, an inter-swtch signaling network 250, e.g. a conmon
‘channel signaling (CCS7) network 180 and illustrative comunication
.stations including conventional anal og ations 116 and 126, an integrated
services digital network (1SDN) station 136 and a personal conputer 137.

Swi tches 100 and 200 are interconnected by a comunication path 26, which
may i ncl ude vianiSLU22 & eoiseddata cemtroller 20Q thrawgh/ipteyface sircuit2 100 Thes a
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i ncl udes a has the option of flashing the sthch hook, which is detected by analog interface 225,
which would then notify processor 225 of the flash. Processor 225 causes ICC 240
to send a message to SM 120 requesting the first call to telephone 176 put on hold
and the call from telephone 116 connected through to telephone 126. The user of
telephone 126 may then converse with the user of telephone 116, or, through flashing
the switch hook agé.in (which would be detected by analog interface 250) may cause
a conferenée bridge to be established as is known in the art. Alternatively, by
flashing switch hook signaling analog interface 250 notifies processor 225 which
causes a message to be sent from ICC 240 to cause control unit 121 to change from
one call to the other, as is known in the art. _

An outgoing call may be placed from telephone 126 by telephone 126
going off-hook. Off-hook is detected by analog interface 250 which notifies
processor 225 via system bus 235. Processor 225 causes ICC 240 to format and send
a signaling message to SM 120. In response to the message, control unit 121 of

- SM 120 causes ISLU 122 to send dial tone through line 1235, interface 210, and
ISDN bus 220. Analog interface 250 receives dial tone, performs digital-to-analog
conversion, and provides dial tone through tip-ring pair 127 to telephone 126. The
user of telephone 126 then dials digits which are collected at the analog
interface 250. Analog interface 250 informs processor 225 of the dialed digits,
which are then forwarded to SM 120. The call is then completed through the system
in the normal fashion.

A data call may be made from terminal 130, for example, to
terminal 137. A message would be sent from data terminal 130 via serial bus 131,

- using RS 232 protocol. Alternatively, bus 131 could be a parallel bus. Digital
interface 270 receives the request for connection from terminal 130 and sends a
message to processor 225 via system bus 235, including the address (telephone
number) of the destination. Processor 225 sends a message via ICC 240 to SM 120
to initiate the call. After the call has been initiated, SM 120 sends a message back to
processor 225 and processor 225 begins packet transfer, as will be discussed further
below.

—_—
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nunber of sw tching nodules (SMs), each associated with a different subset
of stations or trunks. Each switching nodule includes a control unit for
controlling connections to and fromits associated station or trunks.

The architecture of switch 100 has conmuni cation nodule (CM 150 as a hub,
with the switching nodules (SMs) 110, 129, and 130, and an adm nistrative
nodul e (AM 160 emanating therefrom Sw tching nodul e 110, for exanple,:

i ncl-udes control -unit 111 for cantrolling_connections to and ferrgm %Suion
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ringing, and there also may be a plurality of call waiting and other call indicator

tones to indicate which number is waiting and which number is active.

Digital interface 270 and 280 may use the B-channels of the ISDN'

interface in order to have a higher data transfer rate. In this manner, digital

interface 270 and 280 would be acting as a modem. However, as each B-channel is

being used, the associated voice channels may not be used to telephone station

set 126 and 128. o
FIG. 2 shows a more detailed functional block diagram of the voice/data
controller 200 according to the preferred embodiment of this invention. Power is
supplied to voice/data controller 200 by a 120 VAC to 12 VDC wall converter, as is
known in the art, and therefore not shown in this drawing for clarity. The 12 VDC
supply is delivered to power supply 201 which in turn regulates and modifies the
voltage into +5 VDC, -5 VDC, +12 VDC, and -48 VDC, as is known in the art,and
required to operate the various integrated circuits and other components in voice/data
controller 200. Connections of the power supplies to the various componénts is well
known in the art and is, therefore, not shown in this drawing for clarity.

High voltage power which is required for ringing (+75 VDC and

-75 VDC) is supplied by power ringing circuit 202. Power ringing circuit 202 is
enabled by processor 225 whenever ringing is to be delivered to telephone station
set 126 and/or 128. A power supply lead from power ring 202 to analog
interface 250 and 260 is not shown for clarity, but is well known in the art.

" Operation of analog telephones 226 and 228 is expected during periods
where electrical distribution has been interrupted. Therefore, a battery circuit 203 is
included to provide power to the voice/data controller 200 when there is no external
AC power. In the preferred embodiment of this invention, battery 203 will supply
power for up to approximately four hour, during which time calls from analog
telephones 126 and 128 may be placed or received. Because ringing requires more
power, this time may be shorter when numerous calls are received, or when a
number of calls are placed, or the duration of calls is lengthy. Battery 203 in the
preferred embodiment of the invention is a nickel cadmium battery charged by both
a trickle charger (when the battery is at or near full charge) and a quick charger
(when the battery has run down), as are both known in the art.
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provi des access to a tine slot interchange unit (TSIU 123 and a packet
swtching unit (PSU) 124. TSIU 123 and PSU 124, respectively, provide
"circuit and packet sw tched connections to and fromthe associated stations
under control of control unit 121. Switching nodul e 110 includes an anal og
line unit (ALU) 112 which term nates capventlonal anal og lines, e.g., 115,
and provides access to a TSIU 113. TSIU"113 provides circuit- SMAtChed

connections to and fromthe a_ssocrat ed sta’gions 116 gnder control of
control unit 111. SGewwdiiofficerivttfaec 2 camprisesra RBIQtW-interfacshimbirhnodul es 110
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shown) for acing w out goi ng_trunk incl gded 1 n conmuni cation
path 26 to & wacw%r 2R1Q-dagy trapsmigsignn The) neefs ImeAt cUIRprisss 2and
associ at ed Querhédy PEBI0TIMimerfice rahisceived meﬁ&ﬁdafﬁce infrfdcd 280 vira. 2- Wi re
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bet ween DSlinteffacea2D al®bixicludes adaptive echo cancellation and digital filtering. Central
office interface 210 provides primary lightening protection and overload protection,
as known in the art. Central office interface 210 receives data from, and delivers
data to, ISDN bus 295.
ISDN bus 2935 is connected to [ISDN communication controller
(ICC) 240. ICC 240 controls traffic on ISDN bus 295 and transmits control ' _
messages between processor 225 and the analog interfaces 250 and 260. In the
preferred embodiment of this invention, ICC 240 comprises a Siemens PEB2070.
ICC 240 is connected to processor 225 via system bus 290. ICC 240 receives and
decodes D-channel communication from ISDN bus 295, and sends control packets to
processor 225. Conversely, processor 225 can send control packets to switch 100 via
ICC 240.

Processor 225, which generally controls voice/data controller 200,
comprises, in the preferred embodiment of this invention, an INTEL80C188
microprocessor. Processor 235 is connected to program memory 230 for storage of
operation code and for s'cratch-pad memory. Memory 230 comprises RAM 231 and
programmable read only memory (PROM) 232. In the preferred embodiment,
scratch-pad RAM 231 comprises 128Kb of static RAM. Alternatively, up to 256Kb
static RAM may be used. RAM 231 is used to store current status of the devices
attached to voice/data controller 200 and other information in the preferred
embodiment of this invention.

Operational code for processor 225 is stored in PROM 232. In the
preferred embodiment of this invention, PROM 232 is electronfcally erasable,
programmable read only memory (EEPROM) comprising a 128Kb or 256Kb '

~ EEPROM. EEPROM was selected for the preferred embodiment of PROM 232
because it may be updated or reprogrammed via a memory card socket 233. When 4
memory card, or “smart" card, is inserted into socket 233, processor 225 detects its
presence and power enables power to PROM 232 and the memory card is read by
processor 225 into EEPROM 232, as is known in the art. Alternatively, PROM 232

" - may be replaced by read only memory (ROM), a floppy disk drive (such as a 3.5
inch floppy disk drive), or a hard disk system. Additionally, PROM 232 may be
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t el ephone

136. Information is conveyed between | SDN station 136 and NT1

138, using a 4-wire, digital subscriber line (DSL) 139. As stated
- previously, DSL 139 transmts a serial bit streamat the rate of 192

kil obits per second, which conprises 144 kil obits per second,

for the

above-nentioned two 64 kilobits per seqgnd B- channels and one 16 kilobits

per second D-channel

and which further conprises 48 kilobits per second
used for a nunmber of functions including fram ng, DC, bal anci ng, control

and

mai nt enanceonstajedhtol systepubust®l and apdated, BiaPackss CORBMNIOZPRA SO/ | ons and t he

thqogpntrol uEi ts enclosed in level 2 (link-level) frames, for
n accordapce with the standard Li cess .P D (LAPD). Th
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di sadvant a

data term

known in the art, for interfacing analog telephone 126 to a digital system.
Telephone 126 is connected to analog interface 250 via tip-ring pair 127 at
subscriber line circuit 251. Subscriber line circuit 251 in the preferred embodiment
is a Harris HC5502B subscriber line integrated circuit. Subscriber line circuit 251 is
electrically connected to power supply 201 and power ringing 202 and provides
battery feed and ringing via tip-ring pair 127 to telephone 126. Subscriber line
circuit 251 also contains internal switch-hook detecting circuifry and reports on-hook
and off-hook transitions to processor 225. Subscriber line circuit 251 provides
over-current protection, over-voltage protection during ringing, conversion from the
tip-ring interface (two wire) to an input for coding and decoding (four wire) and
signal amplification. ,

Connected to subscriber line circuit 251 is dual tone multifrequency
(DTMEF) receiver 252. DTMF receiver 252 comprises, in the preferred embodiment,
a Motorola MC145436 DTMF tone decoder. DTMF receiver 252 receives DTMF
signals from telephone 126, translates the digits and reports received digits to
processor 225 via system bus 235. DTMF receivers such as DTMF receiver 252 are
well known in the art and, thus will not be described further.

Also connected to subscriber line circuit 251 is audio ringing codec
filter 253. In the preferred embodiment of this invention, audio ringing codec
filter 253 is an ARCOFI®, which is a registered trademark and a product of the
Siemens Company. Audio ringing codec filter 253 provides coding of the analog
signal into digital data and decoding of digital data into an analog signal, as is known
in the art. The encoded signal is then placed on the ISDN bus 295 on either of the
two B-channels. Processor 225 controls audio ringing codec filter 253 by sending a
message to ICC 240 via 235, which translates the message and places it on ISDN
bus 220. Audio ringing codec filter 253 also includes a tone and warble generator to
provide audible tones to analog telephone 126. _
_ - Voice/data controller 200, in the preferred embodiment, supports up to
four RS-232C asynchronous serial ports. Each of digital interface 270 and 280
supports two serial ports, wherein digital interface 270 and 280 are identical. Hence,

- This Sheet Has Been

N



-5- custoner nust purchase and install on prem ses. The NTI 138 may require
special wiring, and both pieces may be relatively expensive. Returning. now
"to switch 100, communicati-ons nodul e 150 includes a tine-shared
space-division switch or tinme-nmultiplexed switch, that provides 64 kilobits
per second circuit sw tched paths between smntchlng nmodul es. It supports

" B-channel traffic between sw tching nodul es as mell as packet traffic

bet PSUs di fferent ul es. i t chi ng _modul e contr ol |
Uﬁl \tNegpow Bﬁlgl‘ﬁ%ﬁfal“ Pifacs: @ﬁ@alg%?d:{ég?fg%ai A E"B‘HF’P F“ R4 erEpald 38y functi ons

for the swusecvoicegdan dotteolle5200 inhd parkendhnd mode ot Inod cirtuit switchedlidth er ent
swi t chi ng 9'&%%89%’ ﬁtlﬁd@k&ﬂﬁﬂ;@ " and with the adm nistrative

nodul e 160 rough a nessa not
In the packet data mode, both ports on d1g1ta1 interface 270 are

controlled by a single serial communication controller 271, which in the preferred
embodiment, is a Z85C30 dual serial communications controller, manufactured by
the Zilog Corporation. Each of the two ports in the serial communications
controller 271 is configured as a separate data packet address.

The output of serial communications controller 271 is connected to the
system bus 235 and sent to processor 225. Packetization of incoming data from
serial communications controller 271 is performed by processor 225. Processor 225
then delivers these packets to ICC 240 for communication to switch 100 via the D-
channel. Reception of data packets from the D-channel operates in the reverse
manner.

Alternatively, ISDN terminal adapter 270, when directly connected to
data terminal 130, acts as a modem for circuit-switched data calls. In this manner, a
baud rate of 38,400 bps is supported. When used in this fashion, only one data
terminal may operate through the ISDN terminal adapter 270 at a time, and voice
calls to the associated analog telephone will receive a busy signal. The other data
terminal connected to serial communication controller 271 may place packet data
calls via the D-channel and the other data terminals and the other analog station set is
unaffected.

FIG. 3 shows a flow chart for the actions taken by processor 225
(FIG. 2) in response to a user placing a telephone call from either telephone 126 or
telephone 128. Processing begins at circle 300 and proceeds to box 301 where off-
hook is detected. Off-hook is detected in the préferred embodiment at subscriber
line circuit 251 (FIG. 2). Subscriber line circuit 251 notifies processor 225 by
sending an interrupt, or alternatively by sending a message on system bus 235.
Processing proceeds to box 302 where switch 100 is notified, by the processor 225
sending a message via ICC 240 to the switch, requesting dial tone. Dial tone is
provided by the switch through ISDN bus 225 to telephone 126. Processing
continues to box 303 where the audio ringing codec filter 253 is configured by
processor 225 to receive dial tone and pass dial tone to telephone 126. This includes
notifying audio ringing codec filter 253 of the selected B-channel.
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shown) in communications nodule 150 using an internal message protocol. The
architecture provides flexibility in placing specific processing functions
- in specific processing elenments. The general strategy is to place nuch of
the required processing capability in the switching nodule control units,
but to reserve the adm nistrative noduhe_for those.functions that are

i nherently centralized. The call proceSsing functions can, for exanple, be

distributed in a nunber of ways. 4n one alternative, nost of the call
processi ng funct i orRroeessinglpaecsads 1o hox304whesn digiss arspollected at PEME ni t s with

routing, t %aaqg@bgpgm ﬂlégyphéﬁplmtlgi[ghyﬂk thétgdnt Wﬁﬁ'obc%@{m; iPlodessing

Lot | ons. arepiiodax 35 CHERSBREEHPHEE S iRt hengrd FOR st e
adm Plafte r ?Eﬂaﬁlgggﬂzs ®© %\gﬁéh; 100}vih eessages foravinediamt seat from [0G24%si ng.  To
ggme nti onal anal oglprg' ?’%Sﬂn%r? '@/ﬂ%s f?sdé%}%&é‘f&]%‘éﬁzg%%g@g% cﬁﬁ%ﬂx‘?xéﬁ{tfoﬁ r11g Oag t he
ori gi nat i ngnasteaf thecall has beensompidted Hsheeallhag ngtbesncompltedy themiinect ure of
swi tch 170 jandioh ¥mond 307 subscriber line circuit 251 is checked to determine if

telephone 126 is now on-hook. If telephone 126 is not on-hook then prbcessing

returns to decision diamond 306. If telephone 126 is on-hook in decision

diamond 307, then in box 310 processor 225 notifies switch 100 that the call has

been abandoned and processing ends at 311. _

If, in decision diamond 306, the call is completed, processing continues
to box 308 where the call state for telephone 126 is set to busy in the internal table of
processor 225. Processing proceeds to decision diamond 304 where a determination
is made by processor 225 if télephonc 126 is on-hook. If telephone 126 is on-hook,
then processor 225 notifies the switch of call termination in box 310, processor 225
updates its internal table, and processing ends at circle 311.

_ If telephone 126 is not on-hook in decision diamond 309, then
processing proceeds to decision diamond 312 where a determination is made if a
termination message has been received at ICC 240 from switch 100. If a termination
message has not been received, then processing proceeds back to decision
diamond 309. If a termination nﬁssage has been received in decision diamond 312,
processing proceeds to decision diamond 313 where a determination is made if
telephone 126 is on-hook. If telephone 126 is on-hook then processing ends in
circle 314. If telephone 126 is not on-hook, processing waits at decision
diamond 313 for on-hook. Altematively,'after a predetermined period of time,
processor 225 could cause audio ringing codec filter 253 to generate tones to notify
the user to return the handset to the cradle.

Turning now to FIG. 4, a flow chart of processing when a call is
terminated to one of the telephone station sets connected to voice/data control 200.
Processing begins in circle 400 and proceeds to box 401 where a message is received
at ICC 240, indicating a call origination to one of the telephones connected to
voice/date controller 200. Processing proceeds to box 402 where a determination is
made as to which telephone is the destination telephone. Processing proceeds to
box 403 where a determination is made as to which B-channel the incoming call is

on. Processing then proceeds to decision diamond 404 where a determination is
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types of stations served by swtch 170 are not inportant to the present

i nvention and are thus not described further. The system for providing

" anal og tel ephone and digital data interfaces to an ISDN |ine may be
achieved in a first enbodinent in connection with a voice/data controller
200. Voice/data controller 200 is not-1é-scale in this drawing so that the
I nternal conponents may by illustrated. In the preferred enbodi nent, al

conponent s pffie xptoceﬁaﬁeﬁhe aegtfnghwferlé)%?&& @ysmﬁ@mmﬁéﬂ feke lepRY bl e

integrated circuits, a 'S r Xl slze an exte nal nmodem as
: Shgrantie HE 5

known in t RBSYafhen PToRssEng Fent ?HE?‘EHE%?“BB‘HP’F& 3200 conprises a small,
i nexpensive interfdém Msmemaﬁmaaouhhewandmltaeﬂmqgn&@@phﬁé}es and

per sonal CB@Q&S?JgSprQ%dL ?‘PB&P&& ﬁere%lg §pcprrtl);?nearte audis %ng codec filter 253 is
configured to receive data from the proper B-channel then translated to analog audio
signals. Processing continues to box 406 where ringing is applied by processor 225,
connecting power ringing circuit 202 to the subscriber line circuit 251.

Processing proceeds to decision diamond 407 where a determination is
made if off-hook has been detected at subscriber line circuit 251. If off-hook has not
been detected, then processing proceeds to decision diamond 408 where
determination is made whether a termination message has been received from
switch 100, indicating that the dialing party has abandoned the call. If not,
processing returns to decision diamond 407. If a termination message was received
in decision diamond 408, then processing proceeds to box 409 where ringing is
removed from subscriber line circuit 251 and processing ends at 410.

If in decision diamond 407 off-hook is detected, then processing
proceeds to box 411 where stable call is established, including updating the

. processor’s internal table. Processing continues to decision diamond 412 where
determination is made if signaling has been detected, either from telephone station
set 126 or alternatively from a message received from switch 100. If signaling has
been detected in decision diamond 412, then processing proceeds to box 413 and
digits are collected from telephone station set 126 at DTMF receiver 256, as is
known in the art. Alternatively, processor 225 takes action as appropriate.
Processing continues to box 414 where a message is sent to switch 100, indicating
either acknowledgement of the message from the switch, or requesting features. In
the case of request for features, switch 100 would be requested to place the first call
on hold and receive digits for a second call. Alternatively, switch 100 could be
requested to bridge, as would be the case if there are currently one call on hold and
one call active. Both of these cases are known in the art and will, therefore, not be
described further. Processing then continues back to box 411 where a stable call is
recorded. :

If signaling is not detected in decision diamond 412, then a
determination is made in decision diamond 415, whether on-hook has been detected
at subscriber line circuit 251. If on-hook is not detected, then processing returns to
box 411. If on-hook has been detected in decision diamond 415, then processing
continues to box 416 where a termination message is sent to switch 100. The call is
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Voi ce/ data controller 200 is connected to switch 100 via 2-wire DSL 125 at
I nterface transceiver 210. Interface transceiver 210 provi des two-to-four

*wire conversion (Uinterface to T-interface conversion) and the associ ated
data rate conversion. The output of interface transceiver 210 is connected
to I SDN bus 220. | SDN bus 220 provi desigwo B-channels and one D-channel to
t he conponents of voice/data controller 200. Voice/data controller 200 is
.under control of processor 5. Processor 225 s a stored program control

processor, Qmdowny prog WdIOGESSIRG S;Fféz Pr ocessoP 2%5 control s

t he various functi oRiG. iﬂescﬂiﬁesaﬁe progrand cattrol farrd cadll waitin@ @nanica cont r ol

ui'th 100 AP EPE St nicgh Lo AT Ve@“&%e%F%okﬁ%%“‘m%h%}%gf@%%%%%n??éYﬁP
(1 CC) 240, camdes augierringingcadee filters 33 toProduse agall iwaiting terdcessor 225.
Processor %\m&g%e&y thd Gl td?ﬂ 1% ARARGIVe 161 6&&&4&;@% a0
accor di ng! >{he telephone ngtggesrodlaleg gy tl?eeca ht;[gopa?'tlye rl;[roc%r5'>51ng ntmug;Mtot ec1s1on

diamond 502 where a determination is made if a switch hook signal has been

received. The switch hook signal is the standard response from an analog station set

such as 126 to instruct the switch to put one call on hold and receive the call waiting. -

Switch hook would be received at subscriber line circuit 251, and communicated to

processor 225. If switch hook is not received, then a determination is made in

decision diamond 503 whether the call waiting process has timed out. If it has not

timed out, then processing proceeds to decision diamond 502. If the call waiting

timed out in decision diamond 503, then proceesing proceeds to box 504 where a

termination message is sent to switch 100 via ICC 240. This branch ends at 505. If

a switch hook signal is detected in decision diamond 502, then processing proceeds

to box 506 where a message is sent to the switch. This message would indicate to

the switch to put the first call on hold, and deliver digital date representing the

second call to voice/data controller 200. Processing then continues to connector B,

FIG. 4. _
' FIG. 6 describes program control for a data connection from a data
terminal, for example 130 to a remote destination. Processing starts at 600 and
proceeds to box 601 where serial communication controller 271 receives a message
from data terminal 130, indicating a communication request. Processing continues
to box 602 where a message is sent to processor 225, indicating a packet connection
request, and, in response, processor 225 configures a serial port for data
communication. Processor 225 in box 603 sends a message to switch 100 indicating
a data connection and the destination number. Processing continues to box 604
where a message is received from switch 100 indicating a data connection.
Processing continues to box 605 where data call is then in a stable state and packet
transmission and reception takes place. Processing continues to decision
diamond 606 where a determination is made if a termination message has been
received from either data terminal 130 or from switch 100. If a termination messa ge
has not been received then processing continues to box 605.
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processor 225 notifies ICC 240, which formats an | SDN signal i ng nessage and
sends it on | SDN bus 235 through interface 210 to switch 100. Voice/data
*controller 200 is connected to anal og tel ephones 126 and 128 via tip-ring
pairs 127 and 129, at analog interface -2%0 and 260, respectively. Anal og.
interface 250 and 260 provide ringing, DITMF detection, coding and decodi ng

(codec) of the anal og Slefhaiofiils @bl Rbs bsh TdeARS ifGectlidd aiBBoF 366! Do
el ow in connection w . Andlog Tnterfaces are al so connected to

| SDN bus 22¢hemprogessingrieeecds o baxfil7ovhese piacetses 22 sepdsn messagy/st em bus 235
and | SDN busacRAOwlefbing atednhin@ioh mesthye 6@ stirh 100 bPiIRHHGElyTRYialifg R OVi ded
whi ch may serve one or two te,I&EMS%QCW t h%% Esgpg];r'{ol Eeg frgm t he %cope of
thi s i nvent i ‘SUNR{IQH feqpesy i swit €35Qr 224 glsaagknosedgss prteadnal

conput er s 13@rmindtidiBdessage todya wkminabe30li Proteiyingends 808, file servers, or
other digital data devices as known in the art, or -hereafter invented.

Digital data termnals 130 and 132 are connected by RS-232 serial |ines 131
.and 133 to voice/data controller 200 at digital '

-
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i nterface 270, and 280, respectively. Each digital interface of the
preferred enbodi nent may support two digital data~%eLnLﬂgL§‘g%2eéE§S
-preferred enbodi nent of this invention, switch 10 S prOVISI i f DSL
125 supports four separate term nals, each haV|ngZH
capability. Since ISDN has only two B-channels | ephone
may be used sinultaneously in this preferted enbodlnent FUMBVGF# si nce

switch 100 provisions voice/data eontroller 200 as if it were four
term nal s, Crginisel ephone nunbers can be provisioned for each of the two

ol ephones, ech, DUTORS OB i s s AR RTEHORE bl g oL v
made from feominal to an integrated services digital network (ISDN) line, said ISDN line
comprising two B-channels and a D-channel, said apparatus comprising:
a stored program control processor;
analog interface means connected to said ISDN line for mterfacmg said
analog telephone to said B-channels under the control of said processor; and _
digital interface means connected to said ISDN line for interfacing said
digital data terminal to said D-channel and said B-channel under the control of said
processor.

2. An apparatus according to claim 1 further including ISDN interface
means for interfacing said ISDN line to said analog and digital interface means.

3. An apparatus according to claim 2 wherein said ISDN interface means
comprises a U-interface.

4. An apparatus according to claim 1 further including communication
controller means connected to said ISDN line and said processor for receiving
control messages from said ISDN line, translating said messages and forwarding said
messages to said processor, and for receiving control messages from said processor,
translating said messages and forwarding said messages on said ISDN line.

5. An apparatus according to claim 1 further including memory means
for storing said control program of said processor.

6. An apparatus according to claim 5 further including update means
connected to said memory means for changing the contents of said memory means.

7. An apparatus according to claim 6 wherein said update means
comprises a card reader for reading electronically encoded memory cards.

8. An apparatus according to claim 1 wherein said analog interface
means comprises
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exanpl e, tel ephone station set 176 to tel ephone 126, —and—s+ruttaneousty a

voice call may be placed fromtel ephone 116 to tel eph tat | 8.
*In this exanple, telephone 176 goes off-hook and the agiﬂiﬂlﬂﬁ!m‘@jh f
tel ephone 126 is dialed. Switch 170, upon receiving t c [ rrom

t el ephone station set 176, sends a nessage via signaling network 180 to
switch 100. Switch 100 receives the nesd ge at its adm nistrative nodul e
(AM 160 and detern nes whet her tel ephone station set 126 is busy. If

tel epﬂoggost at LonMsig%diﬁégﬁ@d&gaianﬂﬁeans ﬂé‘{'cbg%rigﬁg aiyial @atéh ﬁ?gksac@nnlecg ing
switc t nd .se a_.Ires ck to switch. i nc ing -
The £ unk | ShepeT i SaloE BETA o S ARROE flparodet S el gL TP RaHE 00
from SM 130 analogitéléptibneiinto@igit datalfor saidbBenhamnelSM 120 sends a set up _
nmessage to voice/data controller 200. The setup nmessage is received at

voi ce/data controller 200 at interface 210 and is received by | CC 240. |CC
240 notifies procesQoAmapparafisiacpordingde slaimd| whereintsaidranglogin®riges be set up

for the cal lyeank BympAsaeus! y, processor 225 _
means for detecting on-hook and off-hook transitions of said analog
telephone; and '
means for providing electricity to said analog telephone.

10. An apparatus according to claim 1 wherein said analog interface
means comprises
means for detecting dual-tone, multi-frequency (DTMF) signals from
said analog telephone and reporting detected DTMF signals to said processbr.

11. An apparatus according to claim 1 wherein said analog interface
means comprises :
tneans for generating audible tones for said analog telephone.

12. An apparatus according to claim 1 wherein said digital interface
comprises: '
means for sending and receiving ISDN signals from said ISDN line;
means for sending data packets from said D-channel to said digital
terminal. '

13. An apparatus according to claim 1 wherein said digital interface
means comprises a serial communications controller.

14. An apparatus according to claim 1 wherein said digital interface
comprises:
means for receiving ISDN signals connected to said ISDN line;
means for demultiplexing said ISDN signals into two B channels and a
D channel, and
means for sending one of said B channels to said digital terminal.

15. An apparatus according to claim 1 wherein said digital interface
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causes ringing to be applied through tip-ring pair 127 to tel ephone 126.
When of f- hook is detected at analog interface 250, anal og interface 250
notifies processor 225 and processor 225 causes | CC 240 to send a signaling
message to SM 120. SM 120 notifies AM 160, which forwards the-ressage to
switch 170 and a call path is conpl eted.,,Si mul taneously, th .
. tel ephone 116 may dial the tel ephone ndnger of tel ephﬂiﬁ E\ﬁnﬁﬂm{m@lzs
ALU 112 of switch nodule 110 detects off- hook and coli® S. ntrol
unit -111 deteomprises twddataphss.call is an interoffice call and causes the
path to be set up through TSI'U 113, CM 150, and TSI U 123 to I SLU 122.

Control unit 121 sends a signaling nmessage.to voice/data controller 200
through interface 210; AdanrpaAratus aceerdingdg claim) lophergin sajdintegnaied, sryicese s

processor 22§giraitiethorkipeovidesad e 6ffcafiiréy, fidiRr Aftfudiimeans ot fReVity ¥ applies
rlnglngthrou%.tlg-rlgaa gﬁur 9tote|e§h8ne 158. Wien q{g-.hoa IS '
detect ed i n SéPALGE TR id analog ilephope connetted 10 said PrAcEFSOR, VEIPTEI S | enpves
ri ngi ng and preceisords nespessie to said means for receiving signaling from said analog

telephone for sending signaling messages on said ISDN line to access said ISDN

feature set.

17. An apparatus according to claim 16 further including a signaling
means for sending and receiving signaling messages on said ISDN line, said
signaling means sending messages on said ISDN line responsive to said processor
and reporting signaling messages received on said ISDN line to said processor.

18. An apparatus according to claim 1 further including means for
providing electrical power to said analog telephones when local power supply is
interrupted.

19. An apparatus according to claim 18 further wherein said means for
providing telephone service comprises rechargeable battery means.

_ 20. An apparatus for interfacing analog telephones and digital data
terminals to an integrated services digital network (ISDN) line, said apparatus
comprising:

a stored program control processor;

analog interface means under the control of said processor for receiving
analog signals from said analog telephone and lranslétihg said analog signals into
ISDN signals, and for receiving ISDN signals and translating said ISDN signals into
analog signals, said analog interface means comprising coding and decoding means
for converting digital data into analog signals and analog signals into digital data,
means for detecting on-hook and off-hook transitions of said analog telephone,
means for detecting DTMF signals from said analog telephone and reporting
detected DTMF signals to said processor, and means for providing electricity to said
analog telephone;

SRS
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to control unit 121, which then causes a circuit to be conpl eted—to——0

‘tel ephone station set 116. In another exenplary call sceﬂm’ ' a call
“is stable between tel ephone station set 176 and tel epho ,E,I,ﬂWlﬁgmuEf
t el ephone 116 could call tel ephone 126. In this exanple, ‘ALY 1 X
collected digits to control unit 111 asjgefore and control unit 121 is
notified. Control unit 120 sends a nessage - 8- vialSLU 122 to

voi ce/data controller 200 through interface circuit 210. The nmessage is

received at | CC 240 digitabintarface meanpendes theoptrpkef sajd preeesserfoprseiyiiger ni nes

through an id’iiﬁil@?éna&tf?&ﬂ%aih ifal Qfita Wrhfthal SRR FrardshingtsaidenfieN QighdR in® busy.

|C2| |t hi/vaii It Pﬁtglg (i\?éiggarl(sj,ca% 81[ regexvm%qgﬁﬁssigga?s[ gx?d.tirgr}s artiilgggid%g N[s?gxga?sni%;oat €a

digital signals; _
a system bus interconnecting said processor, said analog interface and
said digital interface;
' an ISDN interface means for interfacing said apparatus to an ISDN line;
and _
-an ISDN bus connected to said analog interface, said digital interface
means and said ISDN interface for communication of said ISDN signals.

e
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tone audible at tel ephone station set 126. The user of tel ephone station
set 126 then has the option of flashing the sw tch ho®¥sShettiHa$Béen Repbiceict ed
by anal og interface 225, which would then notify proce :
flash. Processor 225 causes |ICC 240 to send a nessage I sting
the first call to tel ephone 176 put on hold and the call fromtelephone 116
connected throu to tel ephone 126. The user- of tel ephone 126 nmay then
converse with t user. of tel ephone dGQ fthrough flashing the switch

hook agai n (whi wblB d be detected by anal og interface 250) cause a
conference d) be established as is knom—n—n—t—he-a-Ll__AMna.t ively
by flashing sw MOOR Sromar T y—arrat Ug trrterfeeep 250 not iSWIERH processor |
225 which causes a message to be sg@P0from | CC p4p to causettbntrol unit
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a signaling message to SM 120. |In response to the nessage, control itrol unit 121
of SM 120 causes |SLU 122 to send dial tone through |ine—12571 Tnterface
»210, and | SDN bus 220. Anal og interface 250 receives di lsts &JﬁiaaB@Jn \anced
di gi tal -to-anal og conversion, and provides dial tone th a|r
127 to telephone 126. The user of tel ephone 126 then dial \E‘B are
collected at the analog interface 250. mﬁg erface 2

processor - 225 of the dialed digits, @ t n forwarded to SM 120. The
call is then conpleted through the system int normal fashion. A data

call may be made fromtermnal 130, for exanyf <
woul d be sent fromdatf termni nal 13§0I0EaDARA iCONTROELER3,
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"toinitiate the call. After the call has been initiated, SM 120 sends a

. hessage back to processor 225 and processor 225 begins packet transfer, as
*will be discussed further below. . -9- As stated above, in the preferred
enbodi ment, each anal og interface 250 and 260 has two tel ephone nunbers
assigned to it. Processor 225 could cause a different ringing sequence or
signal to be sent, depending on whichzgginber is ringing, and there also may
be a plurality of call waiting er call indicator tones to indicate
whi ch nunber i F'GtiR8 and Whi STARTImMbgr is active. Digital interface 270
and 280 may use t he B-channel SDN i nterface in order to have a

hi gher data transfer rate. In thig mannpdQ) digital
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interface 270 and 280 woul d be acting as a nodem However,
t he associ ated voi ce channels may not be used to

B- channel

I s being used,

as each

-t el ephone station set 126 and 128. FIG 2 shows a nore detailed functional
bl ock di agram of the voice/data controller 200 according to the preferred -

enbodi nent of this invention.
200 by a 120 VAC to 12 VDC wal |

converter,

Power is supplied to voice/data controller
as is known in the art,

and

therefore not shown in this drawing for clarity. The 12 VDC supply is

delivered to power suppl yD%DIg/ni C
i : 2.V

-5 VI

vol tage into +5 VDC,

in turn regulates and nodifies the
, and -48 VDC, ‘as is known in the art,

and required to operate the vari ouiognt egrated circuits and ot her
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enabl ed by processor 225 whenever ringing is to be delivered to tel ephone

_ station set 126 and/or 128. A power supply lead from power ring 202 to

-anal og interface 250 and 260 is not shown for clarity, but is well known in
the art. Operation of anal og tel ephones 226 and 228 i.s expected during
periods where electrical distribution has been interrupted. Therefore, a
battery circuit 203 is included to provide power to the voice/data
controller 200 when there is no external AC power. In the preferred

enbodi ment of this invention, battery 203 will supply power for up to
approxi mately four hour, during which tinme calls from anal og tel ephones 126
and 128 may be placed or received. Because ringing requires nore power,
this tinme may be shorter when numerous calls are received, or when a nunber
of calls are placed, or the duration of calls is lengthy. Battery 203 in
the preferred enbodi nent of the invention is a nickel cadm um battery
charged by both a trickle charger (when the battery is at or near ful
charge) and a quick charger (mhen the battery has run down), as are both
‘known in the art.
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¥

-10- Central office interface 210 conprises a 2B1Q U-interface, which
conplies with Anmerican National Standards Institute (ANSI) recomrendati on
F1.601-1988 for 2B1Q data transmission. The preferred enbodi ment conprises
a Sienens PEB2091 U-interface transceiver. Central office interface 210 can
comuni cate with switch 100 on two wre | oops of up to 18,000 feet. Central
office interface 210 al so includes adaptive echo cancel'l ati on and digital
filtering. Central office interface 210 provides prinmary |ightening
protection and overl oad protection, as known in the art. Central office

i nterface 210 receives data from and delivers data to, |SDN bus 295. | SDN
bus 295 is connected to | SDN conmuni cation controller

FIG. 6
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(1CC) 240. I1CC 240 controls traffic on I SDN bus 295 and transmts control
nessages between processor 225 and the analog interfaces 250 and 260. In
tshe preferred enbodi ment of this invention, |1 CC 240 conprises a Sienens
PEB2070. | CC 240 is connected to processor 225 via system bus 290. |CC 240
recei ves and decodes D-channel communication from | SDN bus 295, and sends
control packets to processor 225. Conversely, processor 225 can send
cantrol packets to switch 100 via I'CC 240. Processor 225, which generally
control s voi ce/,ﬁsﬁtmccontrol | er 200, conprises, in the preferred enbodi nent

of this invention, an EPFSOEp
connected to program A%ngl age o opera@ on coc}é anggfor

scrat ch-pad menory. NEMNDMGI@AWKT&WH&L&'B@ ANISONTRNE e read only
Compr | ses L2BKb of st at (il IRPLo{orE BRIk Bebice, AL BRAE SOOI (129) 1
used. RAM 231 ifer up tktwocanglagrdual mnpemulﬂgteauwydclephmel 36:128) and up to four
personal computers or data terminals (130-132). A stored program-controlled
processor (225) controls access to the ISDN line for the analog and digital interface
circuits. The processor also provides access to switch-controlled ISDN features for
the analog telephones (e.g., call waiting, call hold, etc).

—_— :
—_—

—
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‘att'ached to voice/data controller 200 and ot her ji-nfermation-fu the—

. preférred enmbodi nent of this invention. Oper at i onal g%ﬁ%’xﬁgpﬁé%éggsg >
is stored in PROM 232. In the preferred enbodi ment ‘gF<iMi®s zll’ljﬁ‘éint"r'of‘f, Pf_’fse
232 is electronically erasable, progranmable _rea§d{§q-_mﬂy“_\’"nerror¥v5‘(dE . ag .
conprising a 128Kb or 256Kb EEPROM EEPROM was sleliétruipefsor: poes -p-r-ef‘é?ﬁgééﬁl
embodi nent of PROM 232 because it may hg updat edga‘,.’.dra“:trsé'ptrtogrim@d:-w-éP&age
menory card socket 233. \Whén a nenory card, or “SRETE"OE&RXECEIPY .i.nserl.ed. ...

¢

..........

Lo Provi 530 and AMEARAIYS BOR MFLEREACING: ANACOGTERERHONBSERrrn 255,
as is known in the AND DAGTEALIDATA YERMRINARSTOAN ISDNaINg ed by read

only menoryyg I Beld OPPY disk drive (such as a 3.5 inch floppy disk

drive), or @ - system Additionally, PROM 232 may be .
This invention relates to integrated services digital network (ISDN) _

customer premise equipment, and more specifically to an apparatus and method for
interfacing one or more analog telephone station sets and/or one or more digital data
terminals to an ISDN line.

Background of the Invention _

Integrated services digital network (ISDN) switching systems are now
being deployed around the world, making new features and services available to
customers and providing voice and data communication through' a single line into the -
customer premises. Customer acceptance of ISDN is somewhat slow, due in part to
the cost of new equipment needed to use ISDN services. A customer cannot plug an
analog telephone into an ISDN line and receive telephone services. Likewise, a
customer cannot plug a personal computer or other digital data terminal directly into
an ISDN line and receive data services. Part of the problem is the nature of ISDN
transmission.

According to ISDN standards as set forth by the International Telegraph
and Telephone Consultative Committee (CCITT), ISDN customer premises
equipment communicates with ISDN switching systems in two 64 kilobits per
second (kbps) channels, referred to as B-channels, and in one 16 kbps per second
channel referred to as a D-channel. Each of the B-channels is usable to convéy
digitized voice samples at the rate of 8,000, 8-bit samples per second or data at a rate
of 64 kbps. The D-channel is used both to convey signaling packets to effect
message signgﬁifg‘between ISDN stations and to convey data packets among ISDN

stations. L
. One system for transmission bétween ISDN customer premises

equipment and the ISDN switching systg:ifxiéh';es a 4-wire, digital subscriber line

: (DSL)._ A_i—_l-wire DSL conveys 3:serial &tﬁﬁg&r}x@t th?ra{égof"i@zgﬁbps, which

' comprises 144 kbps, for the aboyﬁméﬁtidﬁéd%&o@ keBps'B-chidndels and one 16
kbps Dichannel and-which fu_rthex_: gomprises'48 kbps used for a number of functions
including framing, DC balapcmg,comrol and maintenance. A 4-wire DSL
represents what is referred to b}ll-"lhjtxcmati_onal Telegraph and Telephone Consultative
Committee (CCITT) as the T-interface. - o _
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-11- connected to system bus 290 and updated via p
.swi tch 100. The operation of analog interface 250
is identical and, therefore;, only analog interfacej?2
Anal og interface 250 provi des battery, over-voltag
supervi si on, coding/decoding, hybrid, and testing fufettTomarTty (B
functions), as is known in the art, for.gnterfacing anal og tel 1126 to
a digital system Tel ephone 126 is connected to anaTog Interface 250 via

(L9, PRy 327 o SRR Bibebioihd Pl BOBR Usftar o ou1¢
i nt egrat ed celephore, (Sghos theAT&IT moaemmfttelzﬂmncﬁ tol \ebrch theadustomes mayct ed
to power SupRinfectQe &l BoYEa eﬂaa.a Qo&g&earaﬁl agbee{aldﬁ&dqﬂtat&&%nareed and
ringing via ctolmp_urtér,n %ug alasr an AT&T Person omputer Tem%’rllgls éz;pl%grr) to w'l:'uch the
customer may connect a standard analog telephone. Both of these alternatives are
relatively expensive, require special knowledge to set up, and may require that the
telephone network between the ISDN switching system and the customer premises -
be rewired from a 2-wire to a 4-wire network.

CCITT recommendations also recognize a U-interface, which provides
ISDN service using a 2-wire DSL. This 2-wire DSL transmits a serial bit stream at
the rate of 80 kbps where each bit cohvcys four levels of information, yielding an
effective data rate of 160 kbps, thus providing two 64 kbps B-channels, one 16 kbps
D-channel, and signaling and maintenance information. The advantage of the U-
interface is that the local telephone network does not require rewiring. Neither a
standard analog telephone nor a digital data terminal can connect directly to a 2-wire
DSL. Additionally, a further piece of customer premises equipment, a network
interface, is required to provide 2 to 4 wire conversion and the associated data rate
conversion. The network interface is then connected to the above-discussed special
telephone or special personal computer board.

Therefore, a problem in the art is that there is no inexpensive apparatus
for providing a plug-in and use interface to an ISDN digital subscriber line for both
analog telephones and digital data terminals.

Summary of the Invention |

This problem is solved and a technical advance is achieved in the art by
an exemplary apparatus that provides a plug-in interface for analog telephones and
digital data terminals in one small, inexpensive box, connected to an ISDN line
comprising two B-channels and a D-channel. The apparatus comprises a stored
program control processor, an analog interface connected to an ISDN line for
interfacing analog teleghqnes to one or more B-channels of the ISDN line under the
control of the stored program control progessor, and a digital interface connected to
the ISDN line for mtéx’f“acmg a digital data terminal to either the D-channel or a B-
channel under control of the stored program control processor. Advantageously, the
apparatus of this invention includes an interface transceiver for providing a U-
interface between the apparatus and the ISDN line. The apparatus may comprise two
analog interfaces and two digital interfaces to provide ISDN service for up to two
analog telephones and four digital data terminals. Additionally, an ISDN

)003M6|

1 anal og i nt erff Ce 260
rotection, ri
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circuit 251 also contains internal swtch-hook det BREP[FWHEIIS d

., sreports on-hook and of f-hook transitions to procesgof 225. Subscripey line
circuit 251 provides over-current protection, overiveltpgeunN fLect] o s
during ringing, conversion fromthe tip-ring interfage (two wre) o] an
I nput for coding and .decoding (four wire) and signgl *emptrfrcatTom
Connected to subscriber line circuit 253-is dual tgne nultifregquency! (DTMF)
‘recei ver 252. DINF recei vér 252 conprises, in the preferred enbodi nent, a

Mot or ol & Mebfrdificdibs chifthsties 8Cneeided BTREeive afd ¥SismaPAghaAmgiaas DTMF
signals fromtelephone 126, translates.the digits lgnd. regor'ts recei ved
digits to PRUMESEIE DaALss Lebisep &g HIEESYSIAG BE BIRFERCFs uch as DTME

recei ver 2¥riefrResoriptionroftie Drawing art and, thus wi | not be descri bed
codec 111 ter 253, N Eg BrBitle Shdetindht B e ujenlinf Biay 18 I S 00
‘ringi ng codawonsideragon 26 the; follawingrlesrriptiontin conjinctionrwigh hesirawings tdenmar k and
a product Qfpithe :
FIG. 1 is a block diagram illustrating the principles of this invention
~ embodied in a voice/data controller in the context of a telephone switching network;
FIG. 2 is a block diagram of the voice/data controller of FIG. 1
according to the preferred embodiment of this invention;
FIG. 3 is a flow chart describing the program control of the voice/data
controller of FIG. 2 for a call origination;
FIG. 4 is a flow chart describing the program control of the voice/data
controller of FIG. 2 for incoming call treatment;
FIG. 5 is a flow chart describing the program control of the voice/data
controller of FIG. 2 for call waiting treatment; and
FIG. 6 is a flow chart describing the program control of the voice/data
controller of FIG. 2 for a data call.
Detailed Description
An exemplary voice/data controller is described herein in the context of
the switching network configuration of FIG. 1, having two central office switches,
100 and 200, an inter-switch signaling network 250, e.g. a common channel
signaling (CCS7) network 180 and illustrative communication stations including
conventional analog stations 116 and 126, an integrated services digital network
(ISDN) station 136 and a personal computer 137. Switches 100 and 200 are
interconnected by a communication path 26, which may include intermediate

switches.

INustratively, switch 100 is a distributed control, ISDN switching
system such as the system disclosed in U. S. Patent 4,592,048, issued to
M. W. Beckner et al., on May 27, 1986. An integrated services digital network
(ISDN) is a network that provides end-to-end digital connectivity to support a wide
range of services, including voice and non-voice services, to which users have access
by a limited set of standard multipurpose customer interfaces. Switch 100 includes a
number of switching modules (SMs), each associated with a different subset of
stations or trunks. Each switching module includes a control unit for controlling
connections to and from its associated station or trunks.
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includes control unit 111 for controlling connections to and from station 116.

Similarly, switching module 120 includes control unit
connections to and from telephone station set 126.

121 for controlling

Switching module 120 includes an integrated services line unit
(ISLU) 122, which terminates the digital subscriber lines, e.g., 125 and 135, and
provides access to a time slot interchange unit (TSIU) 123 and a packet switching
unit (PSU) 124. TSIU 123 and PSU 124, respectively, provide circuit and packet
* switched connections to and from the associated stations under control of control
unit 121. Switching module 110 includes an analog line unit (ALU) 112 which
terminates conventional analog lines, e.g., 115, and provides access to a TSIU 113.
TSIU 113 provides circuit-switched connections to and from the associated

stations 116 under control of control unit 111.

Switching module 130 is similar to switching modules 110 and 120, but
includes the appropriate analog or digital trunk unit (not shown) for interfacing with
the outgoing trunk included in communication path 26 to switch 170.

A prior art ISDN telephone station set 136 and associated personal
computer 137 are connected to ISLU 122 via 2-wire digital subscriber line -
(DSL) 135. An NT1 interface 138 is requii'ed to perform two to four wire
conversion and perform data rate adaptation between DSL 135 and ISDN
telephone 136. Information is conveyed between ISDN station 136 and NT1 138,
using a 4-wire, digital subscriber line (DSL) 139. As stated previously, DSL 139
transmits a serial bit stream at the rate of 192 kilobits per second, which comprises
144 kilobits per second, for the above-mentioned two 64 kilobits per second B-
channels and one 16 kilobits per second D-channel and which further comprises 48
kilobits per second used for a number of functions including framing, DC balancing,
control and maintenance. Signaling packets are conveyed between ISDN stations
and the switching module control units enclosed in level 2 (link-level) frames, for
example, in accordance with the standard Link Access Protocol D (LAPD). The
exemplary signaling messagé used for the control of circuit-switched calls are in

accordance with CCITT recommendation Q.931.
The relative disadvantage of this system i
station set and one data terminal may be supported by

s that only one telephone
NTI 138 and DSL 135.

Additionally, NTI 138 and telephone station set 136 are special equipment that the



i nal -
ircuit

only digital interface 270 will be described. A ter|REPRA
130 nay use voice/data controller 200 in a packet datja= :
swi tched data node, each of which will be describeq. : elag. In the

data node, both ports on digital interface 270 arejc¢nt IJQ‘\@IW aj sfngle
serial comunication controller 271, which in the pr ed enbodi prept, is
a Z85C30 dual serial conmunications contfeller, mapufactured by the gi
Corporation. Each of the two ports in.the serial commmmeat+ers—cantlroller .

271 is confi : @feﬁ a . iageri al
communi cat i o%gog‘geﬁ?ﬁumﬁpgﬁng{ﬁa&‘lﬁég%%g%@ ed(E?Sb_qS{?ﬁyls?’tEgﬁﬁ )gﬁgggégﬁgglnd sent
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rever se manniglobits per second circuit switched paths between switching modules. It supports
B-channel traffic between switching modules as well as packet traffic between PSUs
in different switching modules. The switching module control unit provides call
processing and overall control and'maintenan_ce functions for the switching module.
Switching module control units in different switching modules communicate with
others and with the administrative module 160 through a message switch (not
'shown) in communications module 150 using an internal message protocol.

The architecture provides flexibility in placing specific processing
functions in specific processing elements. The general strategy is to place much of
the required processing capability in the switching module control units, but to
reserve the administrative module for those functions that are inherently centralized.
The call processing functions can, for example, be distributed in a number of ways.
In one alternative, most of the call processing functions are placed in the switching
module control units with routing, terminal hunting, and path hunt functions located
in the administrative module. In another alternative, all call processing functions are
placed in the switching module control units, with the administrative module
reserved for truly administrative processing. |

To complete the description of FIG. 1, switch 170 is shown connected to
a conventional analog station 175, used for purposes of illustration, as the originating
station in the examples described herein. The architecture of switch 170 and the
types of stations served by switch 170 are not important to the present invention and .
are thus not described further.

The system for providing analog telephone and digital data interfaces to
an ISDN line may be achieved in a first embodiment in connection with a voice/data
controller 200. Voice/data controller 200 is not to scale in this drawing so that the
internal components may by illustrated. In the preferred embodiment, all
components of voice/data controller 200 comprise commercially available integrated
circuits, and is approximately the size of an extemal modem as known in the art.
Therefore, voice/data controller 200 comprises a small, inexpensive interface
between currently available analog telephones and personal computers and I[SDN

digital subscriber lines.
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system bus 2\§o§¢e/data controller 200.

Voice/data controller 200 is under control of processor 225.

Processor 225 is a stored program control processor, with its program stored in -
memory 230. Processor 225 controls the various functional blocks of voice/data
controller 200 via control signals on a system bus 235 and on ISDN bus 220.

- Signaling messages between switch 100 and processor 225 are received
at ISDN communications controller (ICC) 240, which performs a translation and
notifies processor 225. Processor 225 receives the signaling message from ICC 240
and responds accordingly. When processor 225 needs to alert or signal switch 100,
processor 225 notifies ICC 240, which formats an ISDN signaling message and
sends it on ISDN bus 235 through interface 210 to switch 100.

Voice/data controller 200 is connected to analog telephones 126 and 128
via tip-ring pairs 127 and 129, at analog interface 250 and 260, respectively. Analog
interface 250 and 260 provide ringing, DTMF detection, coding and decoding
(codec) of the analog signal, and other functions as will be described below in
connection with FIG. 2. Analog interfaces are also connected to ISDN bus 220 and
are under the control of processor 225 via system bus 235 and ISDN bus 220.
Alternatively, only one analog interface may be provided which may serve one or
two telephones without departing from the scope of this invention.

Digital data terminals are represented by personal computers 130
and 132, but may also be display terminals, file servers, or other digital data devices
as known in the art, or hereafter invented. Digital data terminals 130 and 132 are
connected by RS-232 serial lines 131 and 133 to voice/data controller 200 at digital
interface 270, and 280, respectively. Each digital interface of the preferred
embodiment may support two digital data terminals.

In the preferred embodiment of this invention, switch 100 is provisioned
as if DSL 125 supports four separate terminals, each having a voice and data
capability. Since ISDN has only two B-channels, only two analog telephone may be
used simultaneously in this preferred embodiment. However, since switch 100
provisions voice/data controller 200 as if it were four terminals, two telephone
numbers can be provisioned for each of the two telephones, each number may then
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and sent fr 993:41&9 t%feghone station set 176 to telephone 126, and, simultaneously a voice call '
may be placed from telephone 116 to telephone station set 128. In this example,
telephone 176 goes off-hook and the telephone number of telephone 126 is dialed.
Switch 170, upon receiving the dialed digits from telephone station set 176, sends a
message via signaling network 180 to switch 100. Switch 100 receives the message
at its administrative module (AM) 160 and determines whether telephone station
set 126 is busy. If telephone station set 126 is not busy, AM 160 selects a trunk
connecting switch 170 with SM 130 and sends a message back to switch 170,
including the trunk ID. AM 160 also causes a path to be set up through switch 100
from SM 130 to SM 120 via CM 150.

In response, SM 120 sends a set up message to voice/data
controller 200. The setup message is received at voice/data controller 200 at
interface 210 and is received by ICC 240. ICC 240 notifies processor 225, which '
causes analog interface 250 to be set up for the call. Simultaneously, processor 225
causes ringing to be applied through tip-ring pair 127 to telephone 126. When off-
hook is detected at analog interface 250, analog interface 250 notifies processor 225
and processor 225 causes ICC 240 to send a signaling message to SM 120. SM 120
notifies AM 160, whlch forwards the message to switch 170 and a call path is
completed

Simultaneously, the user of telephone 116 may dial the telephone
number of telephone station set 128. ALU 112 of switch module 110 detects off-
hook and collects digits. Control unit 111 determines that the call is an interoffice
call and causes the path to be set up through TSIU 113, CM 150, and TSIU 123 to
ISLU 122. Control unit 121 sends a signaling message to voice/data controller 200
through interface 210, which is received at ICC 240. ICC 240 notifies
processor 225, which alerts ana.log' interface 260 and simultaneously applies ringing
through tip-ring pair 129 to telephone 128. When off-hook is detected in analog
interface 260, processor 225 is notified, which removes ringing and sends a message
to control unit 121, which then causes a circuit to be completed to telephone station
set 116.

In another exemplary call scenario, while a call is stable between
telephone station set 176 and telephone 126, the user of telephon.e 116 could call
telephone 126. In this example, ALU 112 forwards collected digits to control
unit 111 as before and control unit 121 is notified. Control unit 120 sends a message
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which would then notify processor 225 of the flash. Processor 225 causes ICC 240
to send a message to SM 120 requesting the first call to telephone 176 put on hold
and the call from telephone 116 connected through to telephone 126. The user of
telephone 126 may then converse with the user of telephone 116, or, through flashing
the switch hook again (which would be detected by analog interface 250) may cause
a conference bridge to be established as is known in the art. Alternatively, by
flashing switch hook signaling analog interface 250 notifies processor 225 which
causes a message to be sent from ICC 240 to cause control unit 121 to change from
one call to the other, as is known in the art. |
An outgoing call may be placed from telephone 126 by telephone 126
going off-hook. Off-hook is detected by analog interface 250 which notifies
processor 223 via system bus 235, Processor 225 causes ICC 240 to format and send
a signaling message to SM 120. In response to the message, control unit 121 of
SM 120 causes ISLU 122 to send dial tone through line 125, interface 210, and
ISDN bus 220. Analog interface 250 receives dial tone, performs digital-to-analog
conversion, and provides dial tone through tip-ring pair 127 to telephone 126. The
user of telephone 126 then dials digits which are collected at the analog
interface 250. Analog interface 250 informs processor 225 of the dialed digits,
which are then forwarded to SM 120. The call is then completed through the system
in the normal fashion. :
A data call may be made from terminal 130, for example, to
terminal 137. A message would be sent from data terminal 130 via serial bus 131,
using RS 232 protocol. Alternatively, bus 131 could be a parallel bus. Digital
interface 270 receives the request for connection from terminal 130 and sends a
message to processor 225 via system bus 235, including the address (telephone
number) of the destination. Processor 225 sends a message via ICC 240 to SM 120
to initiate the call. After the call has been initiated, SM 120 sends a message back to
processor 225 and processor 225 begins packct transfer, as will be discussed further
below.



made

'proce55| ng proceeds to decision dianmond 312 where al@lﬁ“{@ﬁMﬁN’[‘
If a

-if a term nation nessage has been received at | CC 2§40

term nati on nessage has not been received, then pr edd Hack to
deci sion dianond 309. If a term nation nessage has |b enbgéﬁh\ﬂéﬁ '

deci sion.di anond 312, processing proceeds to decisilo nd 313 vhe'r_.e a
determ nation is made i f tel ephone 126-9s on-hook. {If tel ephone 126 is
on-hook then processing ends in circle 314. If tel ephonme—126—ts—hot--

on- hook, processing méédgﬁo@eﬁi ﬁbgpefwg?&ﬂém Qz{ch%afagq}&erf e 250

Alternat|ver after a et er m ne rocessor 225 could
cause audi 03#d %@Qh@t@f@d@@phqnet@ambzwsmngbm a?@cgs(gg@&&@umﬁa,upg,at he user

to return t \%ffd?ém(ﬂﬁl@ingtdéqﬁé]ﬁe oF ﬁ@hﬂ to Do/ kétt dkp F@di’ﬂ £ onWHizh dumberfi$ ow chart of
D001 1, HiEhe st s b3 o B g SRR BB, 5 304
proceeds t otdnextmmdlcatcewh;chnnmbs:agwanmgaﬂewhaeldnmbéﬂﬁ:am indicating a
cal | origination to 386.QhetaCe R SRR QRNEE BEhahfels of the ISDN
interface in order to have a higher data transfer rate. In this manner, digital
interface 270 and 280 would be acting as a modem. However, as each B-channel is
being used, the associated voice channels may not be used to telephone station
set 126 and 128. _ .
FIG. 2 shows a more detailed functional block diagram of the voice/data
controller 200 according to the preferred embodiment of this invention. Power is
supplied to voice/data controller 200 by a 120 VAC to 12 VDC wall converter, as is
known in the art, and therefore not shown in this drawing for clarity. The 12 VDC
supply is delivered to power supply 201 which in turn regulates and modifies the
voltage into +5 VDC, -5 VDC, +12 VDC, and -48 VDC, as is known in the art, and
required to operate the various integrated circuits and other components in voice/data
controller 200. Connections of the power supplies to the various componénts is well
known in the art and is, therefore, not shown in this drawing for clarity.
High voltage power which is required for ringing (+75 VDC and
-75 VDC) is supplied by power ringing circuit 202. Power ringing circuit 202 is
enabled by processor 225 whenever ringing is to be delivered to telephone station
set 126 and/or 128. A power supply lead from power ring 202 to analog
interface 250 and 260 is not shown for clarity, but is well known in the art.
Operation of analog telephones 226 and 228 is expected during periods
where electrical distribution has been interrupted. Therefore, a battery circuit 203 is
included to provide power to the voice/data controller 200 when there is no external
AC power. In the preferred embodiment of this invention, battery 203 will supply
power for up to approximately four hour, during which time calls from analog
telephones 126 and 128 may be placed or received. Because ringing requires more
power, this time may be shorter when numerous calls are received, or when a
number of calls are placed, or the duration of calls is lengthy. Battery 203 in the
preferred embodiment of the invention is a nickel cadmium battery charged by both
a trickle charger (when the battery is at or near full charge) and a quick charger
(when the battery has run down), as are both known in the art.
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Siemens PEB2091 U-interface transceiver. Central office interface 210 can
communicate with switch 100 on two wire loops of ﬁp to 18,000 feet. Central office
interface 210 also includes adaptive echo cancellation and digital filtering. Central
office interface 210 provides primary lightening protection and overload protection,
as known in the art. Central office interface 210 receives data from, and delivers
data to, ISDN bus 295. '

' ISDN bus 295 is connected to ISDN communication controller
(ICC) 240. ICC 240 controls traffic on ISDN bus 295 and transmits control
messages between processor 225 and the analog interfaces 250 and 260. In the
preferred embodiment of this invention, ICC 240 comprises a Siemens PEB2070.
ICC 240 is connected to processor 225 via system bus 290. ICC 240 receives and
decodes D-channel communication from ISDN bus 295, and sends control packets to
processor 225. Conversely, processor 225 can send control packets to switch 100 via
ICC 240. _

Processor 225, which generally controls voice/data controller 200,
comprises, in the preferred embodiment of this invention, an INTEL80C188
microprocessor. Processor 235 is connected to program memory 230 for storage of
operation code and for scratch-pad memory. Memory 230 comprises RAM 231 and
programmable read only memory (PROM) 232. In the preferred embodiment,
scratch-pad RAM 231 comprises 128Kb of static RAM. Altematively, up to 256Kb
static RAM may be used. RAM 231 is used to store current status of the devices
attached to voice/data controller 200 and other information in the preferred
embodiment of this invention.

Operational code for processor 225 is stored in PROM 232. In the
preferred embodiment of this invention, PROM 232 is electronically erasable,
programmable read only memory (EEPROM) comprising a 128Kb or 256Kb
EEPROM. EEPROM was selected for the preferred embodiment of PROM 232
because it may be updated or reprogrammed via a memory card socket 233. Whena
memory card, or "smart” card, is inserted into socket 233, processor 225 detects its
presence and power enables power to PROM 232 and the memory card is read by
processor 225 into EEPROM 232, as is known in the art. Alternatively, PROM 232
may be replaced by read only memory (ROM), a floppy disk drive (such as a 3.5
inch floppy disk drive), or a hard disk system. Additionally, PROM 232 may be
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message T eceic\c/)&%g;cfegc%lﬁé\f };[ thxdlgn% te&ung%ug&%nmg %RSCHT functions), as is
known in the art, for interfacing analog telephone 126 to a digital system.
Telephone 126 is connected to analog interface 250 via tip-ring pair 127 at
subscriber line circuit 251. Subscriber line circuit 251 in the preferred embodiment
is a Harris HC5502B subscriber line integrated circuit. Subscriber line circuit 251 is
electrically connected to power supply 201 and power ringing 202 and provides
battery feed and ringing via tip-ring pair 127 to telephone 126. Subscriber line
circuit 251 also contains internal switch-hook detecting circuitry and reports on-hook
and off-hook transitions to processor 225. Subscriber line circuit 251 provides
over-current protection, over-voltage protection during ringing, conversion from the
tip-ring interface (two wire) to an input for coding and decoding (four wire) and

signal amplification.
- Connected to subscriber line circuit 251 is dual tone multifrequency
(DTMF) receiver 252. DTMF receiver 252 comprises, in the preferred embodiment,
a Motorola MC145436 DTMF tone decoder. DTMF receiver 252 receives DTMF
signals from telephone 126, translates the digits and reports received digits to
processor 225 via system bus 235. DTMF receivers such as DTMF receiver 252 are
well known in the art and, thus will not be described further.
| Also connected to subscriber line circuit 251 is audio ringing codec
filter 253. In the preferred embodiment of this invention, audio ringing codec
filter 253 is an ARCOFI®, which is a registered trademark and a product of the
Siemens Company. Audio ringing codec filter 253 provides coding of the analog
signal into digital data and decoding of digital data into an analog signal, as is known
in the art. The encoded signal is then placed on the ISDN bus 295 on either of the
two B-channels. Processor 225 controls audio ringing codec filter 253 by sending a
message to [CC 240 via 235, which translates the message and places it on ISDN
bus 220. Audio ringing codec filter 253 also includes a tone and warble generator to
provide audible tones to analog telephone 126.
Voice/data controller 200, in the preferred embodiment, supports up to
four RS-232C asynchronous serial ports. Each of digital interface 270 and 280
supports two serial ports, wherein digital interface 270 and 280 are identical. Hence,
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the Zilog Corporation. Each of the two ports in the serial communications

controller 271 is configured as a separate data packet address.

The output of serial communications controller 271 is connected to the

system bus 235 and sent to processor 225. Packetization of incoming data from.

serial communications controller 271 is performed by processor 225. Processor 225

then delivers these packets to ICC 240 for communication to switch 100 via the D-

channel. Reception of data packets from the D-channel operates in the reverse

manner. ,

Alternatively, ISDN terminal adapter 270, when directly connected to
data terminal 130, acts as a modem for circuit-switched data calls. In this manner, a
baud rate of 38,400 bps is supported. When used in this fashion, only one data
terminal may operate through the ISDN terminal adapter 270 at a time, and voice
calls to the associated analog telephone will receive a busy signal. The other data
terminal connected to serial communication controller 271 may place packet data
calls via the D-channel dand the other data terminals and the other analog station set is
unaffected. ' |

FIG. 3 shows a flow chart for the actions taken by processor 225
(FIG. 2) in response to a user placing a telephone call from either telephone 126 or
telephone 128. Processing begins at circle 300 and proceeds to box 301 where off-
hook is detected. Off-hook is detected in the preferred embodiment at subscriber
line circuit 251 (FIG. 2). Subscriber line circuit 251 notifies processor 225 by
sending an interrupt, or alternatively by sending a message on system bus 235.
Processing proceeds to box 302 where switch 100 is notified, by the processor 225
sending a message via ICC 240 to the switch, requesting dial tone. Dial tone is
provided by the switch through ISDN bus 225 to telephone 126. Processing
continues to box 303 where the audio ringing codec filter 253 is configured by
processor 225 to receive dial tone and pass dial tone to telephone 126. This includes
notifying audio ringing codec filter 253 of the selected B-channel.
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' telephone 126 to switch 100 via messages formatted and sent from ICC 240.
Processing proceeds to decision diamond 306 where a determination is
made if the call has been completed. If the call has not been completed, then in
~ decision diamond 307 subscriber line circuit 251 is checked to determine if
telephone 126 is now on-hook. If telephone 126 is not on-hook then processing
returns to decision diamond 306. If telephone 126 is on-hook in decision
diamond 307, then in box 310 processor 225 notifies switch 100 that the call has
been abandoned and processing ends at 311.
If, in decision diamond 306, the call is completed, processing continues
to box 308 where the call state for telephone 126 is set to busy in the internal table of
processor 225. Processing proceeds to decision diamond 304 where a determination
is made by processor 225 if telephone 126 is on-hook. If telephone 126 is on-hook,
then processor 225 notifies the switch of call termination in box 310, processor 225
updates its internal table, and processing ends at circle 311.
If telephone 126 is not on-hook in decision diamond 309, then
processing proceeds to decision diamond 312 where a determination is made if a
termination message has been received at ICC 240 from switch 100. If a termination
message has not been received, then processing proceeds back to decision
diamond 309. If a termination message has been received in decision diamond 312,
processing proceeds to decision diamond 313 where a determination is made if
telephone 126 is on-hook. If telephone 126 is on-hook then processing ends in
circle 314. If telephone 126 is not on-hook, processing waits at decision
diamond 313 for on-hook. Alternatively, after a predetermined period of time,
processor 225 could cause audio ringing codec filter 253 to generate tones to notify
the user to return the handset to the cradle.
Turning now to FIG. 4, a flow chart of processing when acall is
terminated to one of the telephone station sets connected to voice/data control 200.
Processing begins in circle 400 and proceeds to box 401 where a message is received
at ICC 240, indicating a call origination to one of the telephones connected to
voice/date controller 200. Processing proceeds to box 402 where a determination is
made as to which telephone is the destination telephone. Processing proceeds to
box 403 where a determination is made as to which B-channel the incoming call is
on. Processing then proceeds to decision diamond 404 where a determination is
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connecting power ringing circuit 202 to the subscriber line circuit 251.

Processing proceeds to decision diamond 407 where a determination is

made if off-hook has been detected at subscriber line circuit 251. If off-hook has not

been detected, then processing proceeds to decision diamond 408 where |

determination is made whether a termination message has been received from

switch 100, indicating that the dialing party has abandoned the call. If not,

processmg returns to decision diamond 407. If a termination message was recewed

in decision diamond 408, then processing proceeds to box 409 where ringing is

removed from subscriber line circuit 251 and processing ends at 410.

If in decision diamond 407 off-hook is detected, then processing

proceeds to box 411 where stable call is established, including updating the

processor’s internal table. Processing continues to decision diamond 412 where

determination is made if signaling has been detected, either from telephone station

set 126 or alternatively from a message received from switch 100. If signaling has

~ been detected in decision diamond 412, then processing proceeds to box 413 and

digits are collected from telephone station set 126 at DTMF receiver 256, as is

known in the art. Alternatively, processor 225 takes action as appropriate.

Processing continues to box 414 where a message is sent to switch 100, indicating

either acknowledgement of the message from the switch, or requesting features. In

the case of request for features, switch 100 would be requested to place the first call

on hold and receive digits for a second call. Alternatively, switch 100 could be

requested to bridge, as would be the case if there are currently one call on hold and

one call active. Both of these cases are known in the art and will, therefore, not be

described further. Processing then continues back to box 411 where a stable call is

recorded. '

If signaling is not detected in decision diamond 412, thena
determination is made in decision diamond 415, whether on-hook has been detected -
at subscriber line circuit 251. If on-hook is not detected, then processing returns to
box 411. If on-hook has been detected in decision diamond 415, then processing
continues to box 416 where a termination message is sent to switch 100. The call is



message fromdata termnal 130, indicating a comuni iy
Processing continues to box 602 where a nessage is sgnt to processor

i ndi cating a packet connection request, and, in respgo sep;’pdtjueﬁg@r. 235
configures a serial port for data conmunication. PrdcdssQr 225 in b@x 603

destination nunber. Processi‘ng continues to box 604w
ﬁdi on. Processing cofiti nues

i ved f i t 100 i ndi ' dat
Lo box 605 wiEPEc  eaptssrs i i ag s

SH-6—a-BSSAge |

it e and packet

transm ssi on and r eceBlG.dndeseries thd progranPeamed orragcatioraitingiseenao.deci si on
Gor hgs been

di amond 606 \WhsleSsifs BRI HIdY !CB%JCEF%? prbecbal B YIS BRBRGAGS, DOS been

received fromeit

romswtc

data termn

nmessage has Qadsepaediorigingcadee filter 21306 PEeduse 2 cakh tHaHiNESOR® box 605.

Advantageously, the call waiting tone is a distinctive tone or tones depending upon
the telephone number dialed by the calling party. Processing continues to decision
diamond 502 where a determination is made if a switch hook signal has been
received. The switch hook signal is the standard response from an analog station set
such as 126 to instruct the switch to put one call on hold and receive the call waiting.
Switch hook would be received at subscriber line circuit 25 1, and communicated to
processor 225. If switch hook is not received, then a determination is made in |
decision diamond 503 whether the call waiting process has timed out. If it has not
timed out, then processing proceeds to decision diamond 502. If the call waiting
timed out in decision diamond 503, then processing proceeds to box 504 where a
termination message is sent to switch 100 via ICC 240. This branchi ends at 505. If
a switch hook signal is detected in decision diamond 502, then processing proceeds
to box 506 where a message is sent to the switch. This message would indicate to
the switch to put the first call on hold, and deliver digital date representing the
second call to voice/data controller 200. Processing then continues to connector B,
FIG. 4.

FIG. 6 describes program control for a data connection from a data
terminal, for example 130 to a remote destination. Processing starts at 600 and
proceeds to box 601 where serial communication controller 271 receives a message
from data terminal 130, indicating a communication request. Processing continues
to box 602 where a message is sent to processor 225, indicating a packet connection
request, and, in response, processor 225 configures a serial port for data
communication. Processor 225 in box 603 sends a message to switch 100 indicating
a data connection and the destination number. Processing continues to box 604
where a m'éssagc is received from switch 100 indicating a data connection.
Processing continues to box 605 where data call is then in a stable state and packet
transmission and reception takes place. Processing continues to decision
diamond 606 where a determination is made if a termination message has been
received from either data terminal 130 or from switch 100. If a termination message
has not been received then processing continues to box 605.
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acknow edges or sends a term nation nessayge to data t
Processi ng ends at 608.. - 17 - | claim 1. A custo _
capabl e of interfac- [fmg:mmaaotlmsageélaabedmgcdxeécbpHmaomdmmtmdeﬁ(lﬁhan one

then processing proceeds to box 607 where processor 224 sends a message

- acknowledging a termination message from switch 100 or alternatively initiating a
termination request to switch 100. Processor 225 also acknowledges or sends a
termination message to data terminal 130. Processing ends at 608. = ~




digital data terminal to a si ngl e integrated_ser-vi ces digi- tal network
-{1SDN) line connected to a tel ephone switching systeémsw tch that provides

| SDN services, said I SDN line conprising two B-chann nel ,.
sai d apparatus conprising: a stored program control mmﬁuﬂunnlﬂ)ullﬂmll
comuni cati ons controller, said communications controlsl ef cbrmMniscatti ng
Wi th said processor; analog interface mdans for interfacing said nore than
one anal og tel ephone to said B-channel under the control of said processor,
sai d anal og (EB L.face means receiving ‘anal og signaling indicative of re-

I

gquests for services fromsaid anal og tel e- phones and forwardi ng said
requests to said pr &c AqLapparatus for mterfacmg an analog telephone and a digital data

terminal to an integrated services digital network (ISDN) line, said ISDN line
comprising two B-channels and a D-channel, said apparatus comprising:
a stored program control processor;
analog interface means connected to said ISDN line for interfacing said
analog telephone to said B-channels under the control of said processor; and
- digital interface means connected to said ISDN line for interfacing said
digital data terminal to said D-channel and said B-channel under the control of said

processor.

2. An apparatus according to claim 1 further including ISDN interface
means for interfacing said ISDN line to said analog and digital interface means.

3. An apparatus according to claim 2 wherein said ISDN interface means
comprises a U-interface.

4. An apparatus according to claim 1 further including communication
cont:roller means connected to said ISDN line and said processor for receiving
control messages from said ISDN line, translating said messages and forwarding said

- messages to said processor, and for receiving control messages from said processor,
translating said messages and forwarding said messages on said ISDN line.

5. An apparatus according to claim 1 further including meinory means
for storing said control program of said processor.

6. An apparatus according to claim 5 further including update means
connected to said memory means for changing the contents of said memory means.

7. An apparatus according to claim 6 wherein said update means
comprises a card reader for reading electronically encoded memory cards.

8. An apparatus according to claim 1 wherein said analog interface

means comprises

“ — ‘




sor; digital interface neans for interfacing said nore than one digital
data termnal to said D-channel and said B-channels—tnder_the cc control of
sai d processor, said digital interface neans recel ital S - ing
i ndicative of requests for |SDN services from sai d &Iﬂ" m nal s
and forwarding said requests for | SDN services to s& nd bus
means for connecting said anal og interfagge. means, said di gi f'al sl m erface
means and said com nunicati ons controller to said ISDN |ine, wherei'n said

conmmuni cations control |l e ves | SDN contral . om saig 'switch
oo oAl TSN i ner 1 reReAa SeesiRe memps F Con S R Gl £SO 5 5
channels into analog signals for said analog telephones and analog signals from said
analog telephone into digital data for said B-channels.

9. An apparatus according to claim 1 wherein said analog interface

means comprises:
means for detecting on-hook and off-hook transitions of said analog.

telephone; and
means for providing electricity to sa1d analog telephone.

10. An apparatus according to claim 1 wherein said analog interface
means comprises S _
means for detecting dual-tone, multi-frequency (DTMF) signals from
said analog telephone and reporting detected DTMF signals to said processor.

11. An apparatus according to claim 1 wherein said analog interface

means comprises
means for generating audible tones for said analog telephone.

12. An apparatus according to claim 1 wherein said digital interface
comprises: ' | _
means for sending and receiving ISDN signals from said ISDN line;
means for sending data packets from said D-channel to said digital
terminal. |

13. An apparatus according to claim 1 wherein said digital interface
means comprises a serial communications controller.

14. An apparatus according to claim 1 wherein said digital interface
comprises: .
means for receiving ISDN signals connected to said ISDN line;
means for demultiplexing said ISDN signals into two B channels and a
D channel, and

means for sending one of said B channels to said digital terminal.

15. An apparatus according to claim 1 wherein said digital interface
—
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sends said transl ated control messages to said pro- cessor, and where
~sai d processor configures said anal og and di git al

‘responsive to said translated control

communi cations controller receives request nes- sages w
pursuant to requests for |1SDN services fromsaid ana m\
sen‘ds Ssaid -

said digital
nmessages on

said nore th

term nal s.

i nterface nmeans, translated9sai d nessag
said ISDN line to said switch, thus providing | SDN servic

16. An apparatus according to claim 1 wherein said integrated services
digital network provides a set of features, further including means for receiving
signaling from said analog telephone connected to said processor, wherein said
processor is responsive to said means for receiving signaling from said analog

‘telephone for sending 51gnalmg messages on said ISDN line to access said ISDN

feature set.

17. An apparatus according to claim 16 further including a signaling .
means for sending and receiving signaling messages on said ISDN line, said
signaling means sending messages on said ISDN line responsive to said processor
and reporting signaling messages received on said ISDN line to said processor..

18. An apparatus according to claim 1 further including means for
providing electrical power to said analog telephones when local power supply is

interrupted.

19. An apparatus according to claim 18 further wherein said means for
providing telephone service comprises rechargeable battery means.

20. An apparatus for interfacing analog telephones and digital data
terminals to an integrated services digital network (ISDN) line, said apparatus
comprising: :
a stored program control processor;
anaiog interface means under the control of said processor for receiving
analog signals from said analog telephone and translating said analog signals into
ISDN signals, and for receiving ISDN signals and translating said ISDN signals into
analog signals, said analog interface means comprising coding and decoding means
for converting digital data into analog signals and analog signals into digital data,
means for detecting on-hook and off-hook transitions of said analog telephone,
means for detecting DTMF signals from said analog telephone and reporting
detected DTMEF signals to said processor, and means for providing electricity to said

analog telephone;

in

|nterface nmeans
nmessages, and_w sai d

ssor
ns and

es to

g{.},pgggs %ada?@pérﬁl ephone and said nore than one digital data
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- 18 - 2. An apparatus according to claim1 further includ- ing a
U-interface for interfacing said bus neans to said IS ne.

appar at.us according to claim1 further includ- ing nmenor mnuwml‘ g
a control programfor controlling said processor. 4. An gmn ng
to claim3 further includ- ing update nmeans connected to said nendr y *nmedns;

for changing the contents of said nenory2greans. 5. An apparatus according
to claim4 wherein said update neans conprises a card reader.for reading

elec- tronically e”C%‘?E ga.l iAot rﬁ@JnQ%nder the control of said processor for receiving

digital signals from said digital data terminals and translating said digital signals into
ISDN signals, and for recelvmg ISDN signals and translating said ISDN signals into |
digital signals;

a system bus interconnecting said processor, sa1d analog interface and
said digital interface;

an ISDN interface means for mterfacmg said apparatus to an ISDN line;
and _ '

an ISDN bus connected to said analog interface, said digital interface
means and said ISDN interface for communication of said ISDN signals.
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6. An apparatus according to claimi1 wherein said anal og interface means .
.conpri ses codi ng and decodi ng neans for converting digital data from said
B-channel s into anal og signals for said anal og tel ephopes_and anal og
signals fromsaid anal og tel ephone into digital data f .
7. An apparatus according to claim!l V\,herlel n said analjo
conprises: means for detecting on-hook aad.of f-hook trfafsitions 0 _ :
anal og tel ephone; and neans for providing electricitytg S&Bmm?éggg el e-
phone. 8. An apparatus according to claiml| wherein. shi{ o
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anal og interface neans conprises nmeans for detecting-dual-tone
mul ti-frequency (DTMF) signals from said anal og tel ephone a
detected DTMF signals to said proces- sor. 9. An apparatus petgo
claim1 wherein said anal og interface neans conprises neang fjor gene
audi bl e tones for said anal og tel ephone. 40. An. apparatus fc ongng to
claim1 wherein said digital interface meaRs conprises a sgrfal onﬁbﬂ@ga-_
tions controller for interfacing to a serial port of said (i it a
termnals. 11. An apparatus according to claim1l1 wherein

Creperting
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di gi t al interface means conprises two data ports for connecting to said

12. An apparatus according to claim1 further

power to said anal og telephones
par at us

dlmtaI(MIateHnnMS

i ncl ud-

conprises a re-
capabl e ‘of inter-

ing means for providing electrical
when | ocal power supply is int errupted.
-according to claim 12 wherein said neans gfor providing el
chargeabl e battery. 14. <A-custoner prems h K
faci ng nofe than one anal og tel ephone ahd] nore ”t'l '
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one digital data termnal to a single integrated services digital network
..(1SDN) line connected to a tel ephone switching systemthat_provi des ISDN
services, said apparatus conprising: a stored program cofREMIa &
system bus connected to said processor; an | SDN bus connge *’-J
| ine; analog interface nmeans, connected 40 said system
bus, for interfacing sal d nor e than one—enal og-t el ephong

system bus, said anal og |nt er-_face neans adapted to refgeive anarog
si gnal i ng |nd| catlve of- rqu@ﬁ@ fo | SDN service from 5e .
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anal ag tel ephones and forward said requests to said processor via said
system bus, said analog interface neans al so adapted to receive digital
data fromsaid .| SDN bus, translate said data into anal og
deliver said analog signals to said nore than one anatog t
further adapted to re- ceive analog signals fromsaid nor Tone-

| og tel ephone, translate said analog signals into data an eggyeﬁusaid
data to said I SDN bus; digital interface neans, connected|t ai'd 59555n1}
bus and to said | SDN bus, for interfacing said nore than pne-—digital dat
termnal to said | SDN bus and being configurable by said processor via com
mands sent over said system bus, said digital inter- . —
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fa'ceerreans adapted to receive digital signaling indicative of. requests for

. SDN: services fromsaid digital

data termnals and forward said requests

for I'SDN services to said processor over said systembus, said digital

interface means al so adapted to receive digital data fromsaid I SDN bus and

deliver said data to said nore than one digital data term -
further adapted to receive data from sad
termnal and deliver said data to said | SDN bus; and
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a communi cations controller connected to said | SDN bus and to said system
bus for receiving | SDN control nessages fromsaid switch on said | SDN bus,
translating said control messages and sending said translated control
nmessages to said processor over said system bus, wherein said processor
con- figures said analog interface means and said digital interface neans
responsively to said control mes- sages, and for receiving request nmessages
fromsaid processor over said system bus pursuant to requests for | SDN

services from sgb&égggl og interface neans and said digital interface neans,
transl ating sai ges and sendi ng said nessages on said I SDN |line, thus
provi di ng | SDN servi ceAPPARATUS FOR INTERFACING ANALOG TELEPHONES

AND DIGITAL DATA TERMINALS TO AN ISDN LINE

An interface to an integrated service, digital network (ISDN) line (125)
for up to two analog dual tone, multifrequency telephones (126,128) and up to four
personal computers or data terminals (130-132). A stored program-controlled
processor (225) controls access to the ISDN line for the analog and digital interface
circuits. The processor also provides access to switch-controlled ISDN features for
the analog telephones (e.g., call waiting, call hold, etc).

Figure 1
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nore than one anal og tel ephone and sali d rmre t han one digital

t'er m nal s.
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I claim:

1. A customer premxses apparatus capable of interfac-
ing more than one analog telephone and more than one
digital data terminal to a single integrated services digi-
tal nertwork (ISDN) line connected to a telephone
switching system switch that provides ISDN services,
said ISDN line comprising two B-channels and a D-
channel, said apparatus comprising:

a stored program control processor;

a communications controller, said communications

controller communicating with said processor;
analog interface means for interfacing said more than
one analog telephone to said B-channel under the
control of said processor, said analog interface
means receiving analog signaling indicative of re-
quests for ISDN services from said analog tele-
phones and forwarding said requests to said proces-
SOr; '
digital interface means for interfacing said more than
one digital data terminal to said D-channe!l and said
B-channels under the control of said processor,
said digital interface means receiving dxgltal signal-
ing indicative of requests for ISDN services from
said digital data terminals and forwarding said
requests for ISDN services to said processor: and
bus means for connecting said analog interface
means, said digital interface means and said com-
munications controller to said ISDN line,
wherein said communications controller receives
ISDN control messages from said switch on said
ISDN line, translates said control messages and
sends said translated control messages to said pro-
cessor, and wherein said processor configures said
analog and digital interface means responsive to
said translated control messages, and wherein said
communications contraller receives request mes-
sages from said processor pursuant to requests for
ISDN services from said analog interface means
and said digital interface means, translates said
messages and sends said messages on said ISDN
line to said switch, thus providing ISDN services
to said more than one analog telephone and said
more than one digital data terminals.
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2. An apparatus according to claim 1 further includ-
ing a U-interface for interfacing said bus means to said
ISDN line.

3. An apparatus accordmg to claini 1 further includ-
ing memory means for storing a control program for
controlling said processor.

4. An apparatus according to claim 3 further includ-
ing update means connected to said memory means for
changing the contents of said memory means.

3. An apparatus according to claim 4 wherein said
update means comprises a card reader for reading elec-
tronically encoded memory cards.

6. An apparatus according to claim 1 wherein said
analog interface means comprises

coding and decoding means for converting digital

data from said B-channels into analog signals for
said analog telephones and analog signals from said
analog telephone into digital data for said B-chan-
nels.

7. An apparatus accordmg to claim 1 wherem said
analog interface means comprises:

means for detecting on-hook and off-hook transitions

of said analog telephone; and

means for providing electricity to said analog tele-

phore.

§. An apparatus according to claim 1 wherein said
anslog interface means comprises

means for detecting dual-tone, muln-frequency

(DTMF) signals from said analog telephone and

reporting detected D‘I'MF signals to said proces-

SOr.

9. An apparatus accordmg to claim 1 wha-em said

analog interface means comprises

means for generating audible tones for said analog

telephone.

10. An apparatus according to claim % wherein said
digital interface means comprises a serial communica-
tions controller for interfacing to a serial port of saxd
digital data terminals.

11. An apparatus according to claim 1 wherein said
digital interface means comprises two data ports for

connecting to said digital data terminals.

- 12. An apparatus according to claim 1 further includ-
ing means for providing electrical power to said analog
telephones when local power supply is interrupted.
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13. An apparatus acgdrding to claim 12 wherein said
means for providing élaktfiéal fower comprises a re-
chargeable battery. R
14. A customer premises apparatus capable of inter-
facing more than one analog telephone and more than
one digital data terminal to a single integrated services
digital network (ISDN) line connected to a telephone
switching system that provides ISDN services, said
apparatus comprising: _
a stored program control processor;
a system bus connected to said processor;
an ISDN bus connected to said ISDN line;
analog interface means, connected to said system bus
and to said ISDN bus, for interfacing said more
than one analog telephone to said ISDN bus and
being configurable by said processor via com-
mands sent over said system bus, said analog inter-
face means adapted to receive analog signaling
indicative of requests for ISDN service from said
analog telephones and forward said requests to said
processor via said system bus, said analog interface
means also adapted to receive digital data from said
ISDN bus, translate said data into analog signals,
and deliver said analog signals to said more than
one analog telephone, and further adapted to re-
ceive analog signals from said more than one ana-
log telephone, translate said analog signals into
data and deliver said data to said ISDN bus;

digital interface means, connected to said system bus
and to said ISDN bus, for interfacing said more
than one digital data terminal to said ISDN bus and
being configurable by said processor via com-
mands sent over said system bus, said digital inter-
face means adapted to receive digital signaling
indicative of requests for ISDN services from said
digital data terminals and forward said requests for
ISDN services to said processor over said system
bus, said digital interface means also adapted to
receive digital data from said ISDN bus and deliver
said data to said more than one digital data termi-
nal, and further adapted to receive data from said
more than one digitaldata terminal and deliver said
data to said ISDN bus; and
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a communications controlier connected to §aid'ISDN
bus and to said system bus for receiving ISDN
control messages from said switch on said ISI?N
bus, translating said control messages _and sending
said translated control messages to said processor
over said syster bus, wherein said processor con-
figures said analog interface mw:s.and said digital
interface means responsively to said control mes-
sages, and for receiving request messages from said
processor over said system bus.putsuant to requests
for ISDN services from said analog interface
means and said digital interface means, translanx;g
said messages and sending said messages on sa§d
ISDN line, thus providing ISDN services to said
more than one anaiog telephone and said more than
one digital data terminals.




