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A computer interface (30) comprising a demultiplexer (110), multiplexer (100), and shift registers (92) for providing a data
communication path between an input port (42) and a selected one of a plurality of output ports (44). The data communication path
is provided in response to an address signal (50) received at the input port (42). A secondary address signal (52), derived from a previous
address signal, is provided to each of the plurality of output ports (44). The resulting interface is hermaphroditic in that a first interface
can address a second interface coupled thereto. A tree-like cascading of one or more like interfaces (424, 426, 428) produces a system for
interfacing a computer with a plurality of remote peripheral devices (400-420). Embodiments of the present invention for both serial input
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ADDRESSABLE COMMUNICATION PORT EXPANDER
Technical Field

This invention generally relates to computer
data communications, and more particularly, to commu-
nication between a computer and a plurality of periph-

eral devices.

Background Art

Transmission of digital data using serial
communications is a long established practice in the art
of data communication. With the advent of the digital
computer, and specifically personal computers, the use
of serial communications has become commenplace.
Personal computers use serial communication to drive
peripheral devices, such as printers, plotters, modems,
and page scanners, via serial output ports located on
each computer. The RS-232 standard, defined by specifi-
cation EIA-232-D, is the predominant standard by which
serial communication is performed using a personal
computer. Hence, many personal computers contain at
least one RS-232 serial port, wired in a data terminal
equipment (DTE) configuration, for communication with
peripheral devices containing an RS-232 serial port
wired in a data circuit-terminating egquipment (DCE)
configuration. A difference between the DTE and DCE
configurations is a result of reversing a data receive
line (also known as an RD line or an RXD line) with a
data transmit line (also known as a TD line or a TXD

line).
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In many industrial applications, the monitor-
ing and recording of measurements made from electronic
instrumentation devices are of interest. Such electron-
ic instrumentation devices include digital voltmeters,
ammeters, power meters, pressure meters, flow meters,
and thermometers. To facilitate the use of computers to
automatically monitor, record, and process measurements,
many electronic instrumentation devices have incorporat-
ed RS-232 serial ports therein to enable data to be
transferred to a computer.

Although the RS-232 protocol has been favor-
ably employed for interfacing conventicnal peripheral
devices to computers, its scope of application is
limited by its inherent design for communication between
a single sending device and a single receiving device,
namely, a single computer and a single peripheral
device. Therefore, an unaccompanied use of a single
RS-232 port presents an obstacle in applications where
a large number of peripheral devices are to be inter-
faced to the computer, such as a power plant or any
general process control application wherein many instru-
mentation devices are to be monitored.

One method of interfacing a plurality of
peripheral devices to a single RS-232 port on a computer
is by wiring, in parallel, the RS-232 ports on the
peripheral devices to the RS-232 port on the computer.
Although parallel wiring does allow the same serial data
to be sent to the plurality of peripheral devices,
difficulties arise when the peripheral devices attempt
to transmit data to the computer. Moreover, damage to
either a peripheral device or the computer can result
when two peripheral devices simultaneously attempt to
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impress different voltages on the same parallel -wired

line.

An improved approach to handling data from
multiple RS-232 devices is to employ one RS-232 computer
port for each device. Many personal computers have
software provision for four serial ports (COM1, COM2,
COM3, and COM4), although only two of these ports have
operating-system-specified software interrupts. Hence,
when using an unmodified, off-the-shelf personal comput-
er, this approach is currently limited to applications
having no greater than four peripheral devices. '

Another approach is to install a multi-port
expansion board in an internal computer slot. In
currently-available multi-port expansion boards, the
number of serial ports can be extended up to eight.
However, the multi-port board approach suffers in that
the number of peripheral devices is limited to the
number of output ports on the board. This limitation is
significant in applications such as power plant monitor-
ing, where the number of devices that need to be ac-
cessed can be more than a dozen, with 16 or 32 peripher-
al devices being common.

A more flexible method for communication
between a single computer port and many remote peripher-
al devices is based on a serial communication standard
defined by EIA specification RS-485. The RS-485 stan-
dard utilizes tri-state outputs on the sending units of
each remote device, in other words, each device output
is either high, low, or off. When the computer needs to
exchange data with a specific device, the computer first
sends an address for a selected peripheral device of
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interest on a transmit line of the computer. To be
RS-485 compatible, each peripheral device must have
inherent addressing circuitry so that it can recognize
its own address code. Typically, the individual address
code for each peripheral device is set by the positions
of a number of DIP switches on the device. After the
selected peripheral device has recognized that its
address code was sent on the transmit line of the
computer, the device activates its output and seizes a
receive line of the computer. When the receive line of
the computer is seized, other devices on the system must
release the receive line of the computer by putting
their respective device output in the off state to avoid
incapacitating any messages sent from the addressed
device. All devices that are not sending data to the
computer must be in the off state so that there is no
contention for the computer’s receive line. A shortcom-
ing of the RS-485 protocol is that if identical address
codes are assigned to more than one remote device, the
possibility exists of a system malfunction caused by two
devices forcing two different voltage levels on the
receive line of the computer. Moreover, many peripheral
devices are not equipped to communicate using the RS-485

standard.

A method of providing parallel communications
between a computer and a plurality of peripheral devices
employs the IEEE-488 interface bus. IEEE-488 has been
applied to a wide variety of conventional peripherals,
such as disk drives, printers, and plotters, along with
programmable instrumentation devices such as data
recorders, oscilloscopes, and digital voltmeters.
Hewlett-Packard has combined the IEEE-488 standard with
a communication system that allows devices on the
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IEEE-488 bus to communicate with one another, the
combination being known as HPIB. However, the HPIB
interface is currently limited to no more than 15

devices being connected in parallel on an HPIB bus.

Another method of providing parallel communi-
cations between a computer and a plurality of peripheral
devices employs a Small Computer Systems Interface
(SCSI) . SCSI was developed by the American National
Standards Institute (ANSI) in response to a need for a
sophisticated, high-speed parallel interface capable of
serving multiple intelligent peripheral devices. A SCSI
bus is designed to support up to eight devices (includ-
ing the computer) with up to 2,048 addressable units per
device. Data may be transferred using SCSI not only to
and from the host computer, but between peripheral
devices as well. A shortcoming of SCSI is in its
general unavailability as an option for instrumentation
devices. Further, the cost of providing the intelli-
gence mandated by the SCSI protocol can be prohibitive
for some applications.

Summary of the Invention

For the foregoing reasons, there is a need for
a computer interface that is capable of providing an
unlimited number of addressable multiplexed output ports
to interface with remote peripheral devices, wherein the
remote peripheral devices need not have inherent ad-
dressing circuitry, and wherein the computer interface

can be inexpensively manufactured.
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It is thus an object of the present invention
to increase the number of addressable multiplexed output

ports in a computer interfacing system.

Another object of the present invention is to
provide the multiplexed output ports to remote peripher-

al devices not having inherent addressing circuitry.

A further object 1is to provide a computer
interfacing system which can be constructed using

conventional integrated circuit components.

A still further object is to include presence
detectability in a computer interface, wherein the
presence can be detected by a computer using routine

transmitted and received data signals.

In carrying out the above objects, the present
invention provides a cascadable compﬁter interface
apparatus for providing a data communication path
between an input port and a selected one of a plurality
of output ports. The apparatus comprises a data selec-
tor circuit which provides the data communication path
between the input port and the selected one of the
plurality of output ports based upon a received signal
indicating the selected one of the plurality of output
ports. The apparatus further comprises a secondary
signal generator responsive to the received signal,
which provides a secondary signal to each of the plural-
ity of output ports capable of driving a like cascadable
computer interface apparatus, wherein the secondary
signal is derived from a previous received signal.
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In carrying out the above objects, the present
invention further provides a computer interface appara-
tus for providing a data communication path between an
input port and a selected one of a plurality of output
ports, wherein the input port and each of the plurality
of output ports is a RS-232 port having a data transmit
line, a data receive line, a first control line, and a
second control line. The apparatus comprises a shift
registeér having a data input, a clock input, and a
plurality of outputs. The data input is responsive to a
first control signal received from the first control
line of the input port, and the clock input is respon-
sive to a second control signal received from the second
control line, so that the plurality of outputs identi-
fies the selected one of the plurality of output ports.
The apparatus further comprises a multiplexer which
responds to the plurality of outputs of the shift
register to provide a first data transmission path
between the data transmit line of the selected one of
the plurality of output ports and the data receive line
of the input port. The apparatus further comprises a
demultiplexer with responds to the plurality of outputs
of the shift register to provide a second data transmis-
sion path between the data transmit line of the input
port and the data receive line of the selected one of
the plurality of output ports. The first control line
of each of the plurality of output ports is coupled to
a selected one of plurality of output ports, and the
second control line of each of the plurality of output
ports is coupled to the second control line of the input
port.

In carrying out the above objects, the present
invention still further provides a system for providing
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a data communication path between a computer and a
selected one of a plurality of peripheral devices. One
or more cascadable interfaces, wherein each of the
interfaces has an input port and a plurality of output
ports, are coupled in a tree-like configuration such
that each of the plurality of peripheral devices is
coupled to the computer by a cascade of at least one of
the one or more cascadable interfaces. Each of the
interfaces is capable of providing a local data communi-
cation path between the input port and a selected one of
the plurality of output ports based upon an address
signal received at the input port. Each of the inter;
faces is further capable of providing a secondary
address signal at each of the plurality of output ports
capable of driving a like cascadable interface, wherein
the secondary address signal is derived from a previous
address signal received at the input port. The data
communication path is provided in response to a global
address signal generated by the computer, wherein the
global address signal contains the address signal for
each local data communication path forming the cascade
of the at least one of the one or more interfaces
coupling the selected one of the peripheral devices to
the computer.

In carrying out the above objects, the present
invention yet further provides a cascadable computer
interface apparatus for providing a first data communi-
cation path between an input port and each of a plurali-
ty of output ports, and for providing a second data
communication path between the input port and a selected
one of the plurality of output ports. The first data
communication path is provided by coupling means between
the input port and each of the plurality of output
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ports. A data selector circuit provides the second data
communication path between the input port and the
selected one of the plurality of output ports based upon
a received signal indicating the selected one of the
plurality of ocutput ports. A secondary signal generator
provides a secondary signal, derived from a previous
received signal, to each of the plurality of output
ports capable of driving a like cascadable computer
interface apparatus.

In carrying out the above objects, the present
invention yet still further provides a computer inter-
face apparatus for providing a first data communication
path between an input port and each of a plurality of
output ports, and for providing a second data communica-
tion path between the input port and a selected one of
the plurality of output ports, wherein the input port
and each of the plurality of output ports is a parallel
communications port having at least one selectable data
line, at least one fixed data line, a first control
line, and a second control line. A bus provides the
first data communication path by coupling in parallel
the at least one fixed data line of the input port to
the at least one fixed data line of each of the plurali-
ty of output ports. A plurality of outputs of a shift
register having a data input responsive to a first
control signal received from the first control line of
the input port, and a clock input responsive to a second
control signal received from the second control line,
identifies the selected one of the plurality of output
ports. At least one multiplexer provides at least one
data transmission path from the at least one selectable
data line of the selected one of the plurality of output
ports to the at least one selectable data line of the
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input port, in response to the plurality of outputs of
the shift register. The first control line of each of
the plurality of output ports is coupled to a selected
one of the plurality of outputs of the shift register,
and the second control line of each of the plurality of
output ports is coupled to the second control line of
the input port.

In carrying out the above objects, the present
invention further provides a computer interface appara-
tus. The apparatus comprises a serial input port, a
pluralitylof serial output ports, and a data selector
which provides a data communication path between the
serial input port and a selected one of the plurality of
serial output ports in response to a received signal
indicating the selected one of the plurality of serial
output ports.

In carrying out the above objects, the present
invention still further provides a computer system. The
computer system comprises a computer having a communica-
tion port, a plurality of peripheral devices each having
a corresponding communication port, and one or more
cascadable interfaces each having an input port and a
plurality of output ports. The one or more cascadable
interfaces are coupled in a tree-like configuration such
that the corresponding communication port of each of the
plurality of peripheral devices is coupled to the
communication port of the computer by a cascade of at
least one of the one or more cascadable interfaces.
Each of the interfaces is capable of providing a local
data communication path between the input port and a
selected one of the plurality of output ports based upon
an address signal received at the input port. Each of
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the interfaces is further capable of providing a second-
ary address signal at each of the plurality of output
ports capable of driving a like cascadable interface,
wherein the secondary address signal is derived from a
previous address signal received at the input port. The
computer communicates with a selected one of the plural-
ity of peripheral devices upon sending a global address
signal containing the address signal for each local data
communication path forming the cascade of the at least
one of the one or more interfaces coupling the computer

to the selected one of the peripheral devices.

In carrying out the above objects, the present

invention yet still further provides a peripheral system

having a communication port for interfacing with a
communication port of a computer. The system comprises
a plurality of peripheral devices, each having a corre-
sponding communication port, and one or more cascadable
interfaces, each having an input port and a plurality of
output ports. The one or more cascadable interfaces are
coupled in a tree-like configuration such that the
corresponding communication port of each of the plurali-
ty of peripheral devices is coupled to the communication
port of the computer by a cascade of at least one of the
one or more cascadable interfaces. Each of the inter-
faces is capable of providing a local data communication
path between the input port and a selected one of the
plurality of output ports based upon an address signal
received at the input port. Each of the interfaces is
further capable of providing a secondary address signal
at each of the plurality of output ports capabie of
driving a like cascadable interface, wherein the second-
ary address signal is derived from a previous address
signal received at the input port. The computer commu-
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nicates with a selected one of the plurality of peri-
pheral devices upon sending a global address signal
containing the address signal for each 1local data
communication path forming the cascade of at least one
of the one or more interfaces coupling the computer to

the selected one of the peripheral devices.

These and other features, aspects, and advan-
tages of the present invention will become better
understood with regard to the following description,

appended claims, and accompanying drawings.

Brief Description of the Drawings

FIGURE 1 shows a plurality of peripheral
devices interfaced to a computer;

FIGURE 2 shows a block diagram of a general
embodiment of an interface apparatus of the present

invention;

FIGURE 3 shows a block diagram of a more
specific embodiment of the interface apparatus of the
present invention;

FIGURE ¢ shows a schematic drawing of a
circuit embodiment of the present invention;

FIGURE 5 shows a timing diagram for the
circuit embodiment of the present invention;

FIGURE 6 shows a timing diagram illustrating
a presence detection aspect of the present invention;
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FIGURE 7 shows a flow chart of a method of

addressing;

FIGURE 8 shows a block diagram of the inter-
faces cascaded in a tree-like structure to couple a
computer to a plurality of remote devices;

FIGURE 9 shows a flow chart of a method of
global addressing;

FIGURE 10 shows an interface card for instal-
lation in an expansion port of a personal computer;

FIGURE 11 shows a block diagram of an alterna-
tive embodiment of the present invention; and

FIGURE 12 shows a schematic drawing of an
alternative embodiment of the present invention.

Detailed Description of the Invention

Figure 1 pictorially shows a representative
plurality of remote peripheral devices comprising a
digital thermometer 20, a digital voltmeter 22, a
digital ammeter 24, a digital pressure meter 26, and a
digital power meter 28 interfaced via an addressable
computer interface 30 to a computer 32. The computer 32
has a monitor 34 as an output interface to a user (not
shown), and a keyboard 36 as a user input interface.
The addressable computer interface 30 receives an
address signal from the computer 32 in order to deter-
mine with which of the remote peripheral devices 20, 22,
24, 26, or 28 to establish a bidirectional data communi-
cation path. It is noted that the remote peripheral
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devices need not have addressing circuitry since all
addressing operations are performed within the address-
able computer interface 30. After receiving the address
signal, the interface 30 establishes a bidirectional
data communication path between the computer 32 and a
selected peripheral device. Suppose that the voltmeter
22 is the device that was selected. The computer 32 can
then signal the voltmeter 22 to perform functions such
as transmitting its present measurement, changing the
scale of measurement, clearing its memories, or initiat-
ing a calibration routine. The extent of the functions
which can be performed depend on the capabilities of the
device. Supposing that the computer inquires the
present voltage measurement from the voltmeter 22, the
voltmeter 22 would then transmit a data signal which
represents the measurement through the interface 30 for
reception by the computer 32. After a step such as
processing or storing the measurement, the computer 32
could either signal the voltmeter 22 to perform a
further function or could transmit a further address
signal in order to access another of the devices.

A block diagram of a general embodiment of an
addressable computer interface 40 for providing a data
communication path between an input port 42 and a
selected one of a plurality of output ports 44 is given
in Figure 2. The input port 42 and the plurality of
output ports 44 each comprise means for transferring
data signals, represented by data signal lines 46 and
48, and each comprise means for transferring address
signals, represented by address signal lines 50 and 52.
This embodiment of the addressable computer interface 40
comprises a data selector circuit 54 and an address
generator 56. The data selector circuit 54 receives an
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address signal, representatively received along the
address signal line 50, which identifies the selected
one of the plurality of output ports 44 to which the
data communication path is to be provided. 1In response
to the address signal received at the input port 42, the
data selector circuit 54 establishes the data communica-
tion path between the input port 42 and the selected one
of the plurality of output ports 44. The data communi-
cation path is established by a coupling of the data
signals at the input port 42, representatively present
at data signal line 46, with the data signals at the
selected one of the plurality of output ports 44,
representatively present at data signal line 48 for the
selected one of the output ports 44.

The address generator 56 responds to the
address signal received at the input port 42 by provid-
ing a secondary address signal, representatively trans-
mitted along address lines 52, to each of the plurality
of output ports 44 capable of driving a like addressable
computer interface. The secondary address signal is
derived from a previous address signal, representatively
received via address line 50, received at the input port
42.

The embodiment of Figure 2 is used for provid-
ing the data communication path between a computer 58
having a computer port 60 coupled to the input port 42,
and a selected one of a plurality of remote peripheral
devices 62, wherein each remote peripheral device
includes a port 64 for coupling to a corresponding
output port. The transmission of the secondary address
signal allows the addressable computer interface 40 to
be cascadably interfaced to a like addressable computer
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interface, wherein the input port 42 of the like ad-
dressable computer interface is coupled to one of the
plurality of output ports 44 of the interface 30.
Further remote devices can then be coupled to the
computer 58 by the output ports of the like addressable

computer interface.

A block diagram of an embodiment of the
addressable computer interface for providing a serial
data communication path between an input port 70 and a
selected one output port 72 of a plurality of output
ports 74 is given in Figure 3. The input port 70 is a
serial data port comprising a data receive line 76,-a

data transmit line 78, a first control line 80, and a

second control line 82. Each of the plurality of output
ports 74 is a serial data port comprising a data trans-
mit line 84, a data receive line 86, a first control

line 88, and a second contrel line 90.

A shift register 92, having a data input 94,
a clock input 96, and a plurality of outputs 98, is used
for converting address signals received along the first
and second control lines 80 and 82 to an address identi-
fying the selected one output port 72. The data input
94 is coupled to the first control line 80 of the input
port 70 and the clock input 96 is coupled to the second
control line of the input port 70. In response to a
clock pulse received at the input port 70 along the
second control line 82, the shift register 92 shifts the
contents of the register by one bit position, thus
shifting the values of the plurality of outputs 98 by
one output position. The shift register 92 then inserts
a bit derived from a signal present at the first control

line 80 of the input port 70 into a resulting open
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register position, which can be observed at a least
significant bit output 99.

A multiplexer 100, having a plurality of
multiplexer inputs 102, a multiplexer output 104, and a
plurality of selection inputs 106, is used for providing
a data transmission path between the data transmit line
84 of the selected one of the plurality of output ports
74 and the data receive line 76 of the input port 70.
Each of the plurality of multiplexer inputs 102 is
coupled to a corresponding data transmit line 84 for
each of the plurality of output ports 74. The multi;
plexer output 104 is coupled to the data receive line 76
of the input port 70. Each of the plurality of selec-
tion inputs 106 is coupled to a corresponding one of the
plurality of outputs 98 of the shift register 92.

A demultiplexer 110, having a demultiplexer
input 112, a plurality of demultiplexer outputs 114, and
a plurality of selection inputs 116, is used for provid-
ing a data transmission path between the data transmit
line 78 of the input port 70 and the data receive line
86 of the selected one of the plurality of output ports
74. The demultiplexer input 112 is coupled to the data
transmit line 78 of the input port 70. Each of the
plurality of demultiplexer outputs 114 is coupled to a
corresponding data receive line 86 for each of the
plurality of output ports 74. Each of the plurality of
selection inputs 116 is coupled to a corresponding one
of the plurality of ocutputs 98 of the shift register 92.

In this embodiment, the data selector 54 1is
provided by the demultiplexer 110 and the multiplexer

100, wherein the bidirectional data communication path
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between the input port 70 and the selected one 72 of the
output ports 74 is formed by the unidirectional data
transmission path provided by the demultiplexer 110 and
the unidirectional data transmission path provided by
the multiplexer 100.

To provide secondary address signals, the
first control line 88 of each of the plurality of output
ports 74 1is coupled to a selected output 120 of the
plurality of outputs 98, and the second control line 90
of each of the plurality of output ports 74 is coupled
to the second control line 82 of the input port 70. In
order, both, to employ all of the plurality of outputs
18 for addressing and to provide for independent ad-
dressing of a like interface cascadably connected to the
cascadable computer interface, a most significant bit
output 122 is chosen as the selected one of the plurali-
ty of outputs coupled to the first control line 88.
Hence, this configuration is preferred, élthough alter-
native embodiments are generally not limited thereto.

A schematic drawing of a circuit embodiment of
the present invention is given in Figure 4. This
embodiment provides five serial output ports 130, 132,
134, 136, and 138, addressable from a single serial
input port 140 in a manner to conform to the RS-232
information interchange specification. The input port
comprises a data receive line 142, a data transmit line
144, an address select line 146, an address shift line
148, and a common ground line 150. Each of the five
serial output ports 130, 132, 134, 136, and 138 compris-
es a data transmit line 152, a data receive line 154, an
address select line 156, an address shift line 158, and

a common ground line 160. The input port 140 is wired
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in the DCE configuration for coupling with a mating
serial port wired in the DTE configuration. Similarly,
each of the five output ports 130, 132, 134, 136, and
138 is wired in the DTE configuration for coupling with
a mating serial port wired in the DCE configuration. As
a result, the embodiment is hermaphroditic in that the
input port of an interface can be mated with one of the
five output ports of a second identical interface. 1In
terms of the RS-232 specification, the data receive line
142 is coupled to the received-data (RD) pin, the data
transmit line 144 1is coupled to the transmitted-data
(TD) pin, the address select line 146 is coupled to the
data-terminal-ready (DTR) pin, the address shift line
148 is coupled to the request-to-send (RTS) pin, and the
common ground line 150 is coupled to the signal ground

pin.

For the purpose of clarity, it is noted that
the use of the words “"transmit" and '"receive" for
describing a data line is referenced in terms of activi-
ty of a device coupled to the port containing the line.
Specifically, the data transmit line 144 of the input
port is the line on which data is transmitted by the
computer; and the data receive line 142 of the input
port is the line on which data is received by the
computer. Similarly, the data transmit line 152 of each
of the five output ports is the line on which data is
transmitted by a corresponding remote peripheral device;
and the data receive line 154 of each of the five output
ports is the line on which data is received by the
corresponding remote peripheral device.

The data transmit line 144, the address select
line 146, and the address shift 1line 148 are each
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applied to a corresponding one of RS-232 line receiver
circuits 162, 164, and 166, respéctively. The RS-232
line receiver circuits 162, 164, and 166, convert RS-232
logic signals typically based on +12 V and -12 V levels,
but generally based on + 3 V to + 25 V levels, to TTL
logic signals based on 5 V and 0 V levels, and further
provide the necessary termination impedance (i.e., input
impedance) of between 3 kQ to 7 kQ for RS-232 lines.
The line receiver circuits are included to allow conven-
tional TTL logic gates to be employed in processing
signals received at the input port and the five output

ports.

The output of line receiver 166 is applied to
clock inputs 170, 172, and 174 of corresponding first,
second, and third D-type flip-flop integrated circuits
176, 178, and 180, respectively. The first, second, and
third flip-flops 176, 178, and 180 are connected in
cascade to form a three-bit shift register circuit.
Specifically, the output of line receiver 164 is applied
to a data input 182 of the first flip-flop 176, an
output 184 of the first flip-flop 176 is connected to an
input 186 of the second flip-flop 178, and an output 188
of the second flip-flop 178 is connected to an input 190
of the third flip-flop 180. In response to a clock
pulse received at the address shift line 148 of the
input port, the resulting shift register shifts the
contents of the register by one bit position, i.e., an
output 192 of the third flip-flop 180 contains the
previous signal at the output 188 of the second
flip-flop 178, the output 188 of the second flip-flop
178 contains the previous signal at the output 184 of
the first flip-flop 176, and the output 184 of the first
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flip-flop 176 contains an inverted value of the signal
present at the address select line 146.

The flip-flop outputs 184, 188, and 192 are
each connected to a corresponding one of selection
inputs 200, 202, and 204 of a demultiplexer circuit 206.
The demultiplexer circuit 206 is of a one-of-eight data
selector variety having a data input line 208 and eight
output lines 210, 212, 214, 216, 218, 220, 222, and 224.
The demultiplexer input line 208 is coupled to the data
transmit. line 144 by the output of the line receiver
162. Five output lines 210, 212, 214, 216, and 218 of
the eight demultiplexer output lines . 168 are each
coupled to the data receive line 154 of a corresponding
one of the five output ports by corresponding RS-232
line driver circuits 230, 232, 234, 236, and 238,
respectively. Each RS-232 line driver circuit converts
the processed TTL logic signals, based on +5 V and 0 V,
back into RS-232 logic signals based on +12 V and -12 V.
As a result, the demultiplexer circuit 206 provides a
data transmission path from the data transmit line 144
of the input port 140 to the data receive line 154 of a
selected one of the five output ports based upon a
previous three bits clocked into the shift register.
Moreover, the demultiplexer circuit 206 inhibits the
transmission of data from the data transmit line 144 to
the data receive 1line 154 of any of the four
non-selected output ports. Further, the data transmis-
sion path accepts RS-232 logic level signals at the
input port and produces RS-232 logic level data signals
at the selected one of the five output ports.

The flip-flop outputs 184, 188, and 192 are
also each connected to a corresponding one of selection
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inputs 240, 242, and 244 of a multiplexer circuit 246.
The multiplexer circuit 246 is of a 3-to-8 line decoder
variety having eight data input lines 250, 252, 254,
256, 258, 260, 262, and 264 and an output line 266.
Five input lines 250, 252, 254, 256, and 258 of the
eight multiplexer input lines are each coupled to the
data transmit line 152 of a corresponding one of the
five output ports by corresponding RS-232 line receiver
circuits 270, 272, 274, 276, and 278, respectively.
Each of the RS-232 line receiver circuits converts
RS-232 logic signals into TTL logic signals for process-
ing by the multiplexer 246. The multiplexer output line
266 is coupled to the data receive line 142 by a line
driver 280 to produce RS-232 logic signals. Based upon
the previous three bits clocked into the shift register,

the multiplexer circuit 246 provides a data transmission

. path from the data transmit line 152 of the selected one

of the five output ports to the data receive line 142 of
the input port 140. Similar to the operation of the
demultiplexer 206, the multiplexer circuit 246 inhibits
the transmission of data from the data transmit line 152
of any of the four non-selected output ports to the data
receive line 142 of the input port 140.

The address shift line 158 for each of the
five output ports 130, 132, 134, 136, and 138 is coupled
to the output of line receiver 166 by line driver
circuits 290, 292, 294, 296, and 298, respectively.
This produces, at each of the five output ports, a
regenerated version of a clocking signal received at the
address shift line 148 of the input port 140. The
address select line 156 for each of the five output
ports 130, 132, 134, 136, and 138 is coupled to the
output 192 of the third flip-flop 180 by line driver
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circuits 300, 302, 304, 306, and 308. As a result, a
regenerated version of a previous signal present at the
address select line 156, specifically the signal present
three clock pulses in the past, is provided to each of
the five output ports 130, 132, 134, 136, and 138. The
combination of the signals at address shift line 156 and
the address select line 158 provide secondary address
signaling for driving the input port of a like computer
interface. Thus, in the embodiment of Figure 4, all of
the five output ports are capable of driving a 1like
computer interface. It should be emphasized that,
although the address signals received at the input port
direct data signals to and from only the selected one 6f
the output ports, the secondary address signaling is
provided to each of the output ports including the
non-selected output ports.

The embodiment of the present invention in
Figure 4 further has means for enabling a computer
interfaced to its input port to detect its presence
using standard data communication means. A first means
of detecting presence is produced by one output 224 of
the demultiplexer 206 being coupled to one input 264 of
the multiplexer 246. The output 224 is selected from
the three demultiplexer outputs 220, 222, and 224 that
are not coupled to an output port, and the input 264 is
similafly selected from one of the three multiplexer
outputs 260, 262, and 264 that is not coupled to an
output port. Further, the output 224 and input 264 are
paired so that they are both enabled for the same
selection inputs. Similarly, a second means of detect -
ing presence is produced by leaving input 262 open.
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The first and second means for detecting
presence are employed as follows. The computer trans-
mits address signals to select the first presence
detecting means. The computer then sends data signals
along the data transmit line and compares the sent data
signals to the data signals at the data receive line.
If the sent and received data signals are equivalent,
then the computer concludes that either the TD pin of
the computer is directly connected to the RD pin of the
computer, or that the interface apparatus is connected
to the port of the computer. Next, the computer trans-
mits address signals to select the second presence
detecting means. The computer follows by sending out
data signals along the data transmit line. If the
transmitted data signals are not present at the data
receive line, then the computer concludes that the
interface apparatus is connected to the port of the
computer, and further concludes that there is no exter-
nal loopback between the TD pin and the RD pin of the
computer other than the controlled loopback provided by
the first presence detecting means. If the transmitted
data signals were present for the second presence
detecting means, then the computer would conclude that
there is an external loopback between the TD pin and the
RD pin.

One with ordinary skill in the art will
recognize that the present invention is not limited to
the circuit embodiment having five output ports. The
number of output ports can be increased by employing a
greater number of cascaded flip-flops to form the shift
register, and substituting a demultiplexer and a multi-
plexer having a suitable number of selection lines.
Moreover, it is obvious that a discrete shift register
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integrated circuit can be substituted for the cascaded
flip-flops.

Further, it would be obvious to one with
ordinary skill in the art that the use of TTL logic
components in the circuit embodiment of the present
invention is not to be construed as a limitation.
MOS-based logic components could be employed with
substantially equivalent functionality. If an embodi-
ment of the invention is to operate with a wide range of
supply voltages, or with low power dissipation, then the
MOS-based components would be preferred over TTL-based

components.

A timing diagram illustrating the operation of
the circuit embodiment of the present invention is shown
in Figure 5. The signals present on the data receive
line (RXD), data transmit line (TXD), address select
line (SELECT), and address shift line (SHIFT) are shown
for the input port 330 and each of the five output ports
332, 334, 336, 338, 340. Also shown are the signals
present at the output of the first (Ql), second (Q2),
and third (Q3) flip-flops 342. Each signal is drawn to
indicate logical values of "O" or "1" vs. time rather
than the voltage of each signal vs. time. This conven-
tion is selected since a negative logic is employed in
the RS-232 specification, while a positive logic is used
in the demultiplexer, multiplexer, and flip-flops. The
voltage polarity of the RS-232 signals can be determined
based on Figure 5 by simply inverting the RXD, TXD,
SELECT, and SHIFT signals. For ease in designating each
of the output ports, a unique channel number from 1 to
5 is assigned to each output port. Specifically, output
port 130 is channel number 1, output port 132 is channel
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number 2, output port 134 is channel number 3, output
port 136 is channel number 4, and output port 138 1is
channel number 5.

For illustration, the output of each of the
first, second, and third flip-flops is assumed to be
initially a binary "0" at time t0. Suppose that a data
communication path from the input port to channel 3,
corres?onding to output port 134, is desired. Within
the computer, the channel number "3" is reduced by 1,
yielding "2", and then converted into a three-bit binary
number. The three-bit representation for "2" base 10 ié
"g1lo0". Next, for each of the bits in reverse order
(i.e., from right to left), the computer sets the RTS
line to be logical "0", followed by setting the DTR line
to be equal to the bit value, and finally raising the
RTS line to logical "1". Since the DTR line is coupled
to the SELECT line of the interface, and the RTS line is
coupled to the SHIFT line of the interface, this process
acts to load the shift register with the three-bit
representation of the channel number. Referring back to
Figure 5, the rightmost "0" is locaded at time tl, the
mim ig loaded at time t2, and the leftmost "0" is loaded
at time t3, resulting in the output (Q1, Q2, Q3) of the
three flip-flops being "010". As a result, the data
communication path is established between the input port
and the selected output port 134 at time t3.

The data communication path is illustrated by
a first data signal 350, transmitted by the computer
along the data transmit line of the input port, being
present at the data receive line of the selected output
port 134. If an instrumentation device is coupled to
the output port 134, the first data signal 350 would
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represent a command to the device, such as activate data
transmission, clear device memories, or transmit con-
tents of device memories. 1In response, the instrumenta-
tion device would transmit a second data signal 352
along the data transmit line of the selected output port
134. The second data signal 352 typically would be
representative of some measurement obtained by the
device. The computer can receive the second data signal
352 along the data receive line of the input port.

Next, suppose that after a length of data
transmitted by the peripheral device coupled to the
output port 134, it is desired to communicate with'a
peripheral device coupled to output port 132, corres-
ponding to channel 2. Once again, the channel number
w2n is reduced by 1 and converted into a three-bit
representation. The resulting three bits, "001", are
loaded into the shift register in reverse order; a "1"
is loaded at time t4, a "0" is loaded at time t5, and
another "0" is loaded at t6. At time t6, a data commu-
nication path is established between the input port and
the selected output port 132 corresponding to channel 2.
In order to further illustrate the bidirectional nature
of the communication path, a third data signal 354
transmitted by the computer is shown to be receivable at
the peripheral device at the data receive line of the
selected output port 132, and simultaneously, a fourth
data signal 356 transmitted by the peripheral device is
shown to be receivable at the computer at the data
receive line of the input port. Moreover, the third
data signal 354 transmitted by the computer is receiv-
able only by the peripheral device at the selected
output port 132 as illustrated by the RXD line for each
non-selected output port being inactive after time t6.
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The preceding establishment of channel 2
further illustrates the generation of the secondary
address signal at each of the output ports, wherein the
secondary address signal is derived from a previous
address signal received at the input port. At time t4,
the SELECT line for each of the output ports is "0" and
the SHIFT line for each of the output ports is a transi-
tion from "0" to "1". This corresponds to the previous
address signal received at the input port at time t1,
namely the signal at the SELECT line being "0" and the
signal at the SHIFT line being a transition from "0" to
"1, Similarly, at time t5, the SELECT line is "1" and
the SHIFT line is a transition from "0" to "1" for each
of the output ports, which is equivalent to the address
signal received at the input port at time t2. Finally,
the secondary address signal at time té6, SELECT being
"0" and SHIFT being a transition from "0" to "1v, is
equivalent to the previous address signal received at
the input port at time t3. Hence, if a second cascad-
able computer interface is coupled to any of the output
ports, a bidirectional communication path will be
established between the input port of the second inter-
face and the output port of the second interface corre-
sponding to channel 3. Moreover, if the second cascad-
able computer interface is coupled to channel 2 of the
first interface, a bidirectional data communication path
is established between the input port of the first
interface and the output port corresponding to channel
3 of the second cascadable interface.

A timing diagram illustrating the operation of
the presence detecting means in the circuit embodiment:
of the present invention is shown in Figure 6. The
first means for detecting presence is assigned to
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channel number 8, and the second means for detecting
presence is assigned to channel number 7. The computer
transmits address signals along the SELECT and SHIFT
lines of the input port 330, to enable channel number 8
at time t7. After time t7, the computer sends a fifth
data signal 360 along the data transmit line of the
input port. The first presence detecting means directs
the fifth data signal 360 back to the input port along
the data receive line. Next, the computer enables the
second presence detecting means by transmitting address
signals along the SELECT and SHIFT lines to enable
channel number 7. The computer follows by sending out
a sixth data signal 362 along the data transmit line of
the input port. The second presence detecting means
inhibits the sixth data signal 362 from being directed
to the data receive line of the input port. This is
evident by the seventh data signal 364 directed back to
the input port along the data receive line.

A flow chart detailing a method of addressing
the circuit embodiment of the present invention is shown
in Figure 7. This method allows addressing based on
either a base 10 channel number or a binary address. 1In
conditional block 380, the method first determines
whether a base 10 channel number or a binary address is
given. If a base 10 channel number is given, then the
base 10 channel number is reduced by one in block 382.
Next, the reduced base 10 channel number is converted to
a three-bit binary representation in block 384. Block
386, in which the address signaling is performed, is
executed if a binary address was given in block 380 or
after the conversion of the base 10 channel member in
block 384. The address signaling is performed as
follows. For each of the bits from right to left in the
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binary address, DTR is set to "0", RTS is set to the bit
value, followed by DTR being set to "1".

A block diagram in Figure 8 shows an example
of a system for providing a communication path between
a computer and a selected one of a plurality of periph-
eral devices. In general, the system comprises one or
more cascadable interfaces having an input port and a
plurality of output ports. Each of the interfaces is
capable of providing a local data communication path
between the input port and a selected one of the plural-
ity of output ports based upon an address signal re-
ceived at the input port. Furthermore, each of the

interfaces is capable of providing a secondary address

signal at each of the plurality of output ports, the
secondary address signal being based upon a previous
address signal received at the input port. The cascad-
able interfaces are generally coupled in a tree-like
configuration such that each of the pluraiity of periph-
eral devices is coupled to the computer by a cascade of

at least one of the one or more cascadable interfaces.

The example in Figure 8 shows eleven peripher-
al devices 400, 402, 404, 406, 408, 410, 412, 414, 41e,
418, and 420, interfaced with a computer 422 using three
cascadable interfaces 424, 426, and 428. The input port
of the first interface 424 is coupled to the computer
422. The five output ports of the first interface 424
are coupled to peripheral A 400, peripheral B 402,
peripheral C 404, the input of the second interface 426,
and peripheral D 406, respectively. The five output
ports of the second interface 426 are coupled to periph-
eral E 408, the input of the third interface 428,
peripheral F 410, peripheral G 412, and peripheral H
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414, respectively. Three of the five output ports of
the third interface 428 are employed for coupling
peripheral I 416, peripheral J 418, and peripheral K
420, respectively, thereto. The resulting configuration
is tree-like in that each of the eleven peripheral
devices is coupled to the computer by a single corre-
sponding cascade of at least one of the three cascadable
interfaces. For example, peripheral D 406 is coupled to
the computer by the cascade of the first interface 424,
peripheral E 408 is coupled to the computer 422 by the
cascade of the first interface 424 and the second
interface 426, and peripheral J 418 is coupled to the
computer by the cascade of the first, second, and third
interfaces 424, 426, and 428.

The following table shows the resulting
addresses for each of the eleven peripheral devices
shown in Figure 8. From the table, it is immediately
apparent that the number of bits in the address is not
the same for each device. 1In general, a global address
signal which initiates the data communication path
between the computer and the selected one of the plural-
ity of peripheral devices is a concatenation of a local
address signal for each local communication path in the
corresponding cascade. For example, the global address
signal for peripheral E 408 is the local address to
provide a local communication path from the input port
to the channel 4 output port in the first interface,
"0l11l", concatenated with the local address which pro-
vides a local communication path from the input port of
the second interface 426 to the channel 1 output port,
"000"; therefore, the resulting global address is
"011000".
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Table 1
PERIPHERAL ADDRESS DTR BIT SEQUENCE
A 000 000
B 001 100
C 010 010
D 100 001
E 011 000 000110
F 011 010 010110
G 011 011 110110
H 011 100 001110
I 011 010 000 000010110
J 011 010 001 100010110
K 011 010 010 010010110

One with ordinary skill in the art will
recognize that the configuration of the system presented
in Figure 8 is merely for illustrative purposes, and is
not limiting with respect to the number of interfaces
nor number of peripheral devices that can be configured
using embodiments of the present invention. Moreover,
systems for providing the data communication path
between the computer and the selected one of the plural-
ity of peripheral devices are not limited to cascadable
interfaces having five output ports, nor limited to the
specific protocol of secondary addressing employed.

A flow chart illustrating a method of provid-
ing a data communication path between a computer and a
selected one of a plurality of peripheral devices is
shown in Figure 9. 1In block 450, each of the peripheral
devices 1is coupled to the computer by a tree-like
configuration of cascadable interfaces. Next, in block
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452, a global address is formed for each of the periph-
eral devices. The global addresses are formed by
concatenating the local address for each local communi-
cation path which comprises the global path from the
computer to the peripheral device. In block 454, the
global address for each peripheral device is stored in
the computer. It is noted that the steps in blocks 450,
452, and 454 can be performed off-line during an initial
set-up of the system. The computer then selects one of
the peripheral devices for communication therewith in
block 456. The computer follows by sending an address
signal based on the stored global address for the
selected device in block 458. After the.address signél
has been sent, the computer can communicate with the
selected peripheral device using transmitted and
received data signals in block 460. After communication
between the computer and the selected peripheral device
has completed, the method returns to block 456 enabling
the computer to select another one of the peripheral

devices with which to communicate.

Figure 10 shows an interface card embodiment
of the present invention. An interface card 500, which
contains circuitry for providing an addressable, cascad-
able interface, can be connected to a computer 502 via
an expansion slot 504. The interface card 500 has five
RS-232 connectors 506 accessible from the back of the
computer 502 upon installation of the card 500 in the
expansion slot 504. Each of the connectors 506 is
coupled to a corresponding one of the five output ports
of the interface. The connectors 506 can be of the D9,
D25, or DIN variety. Of course, any limitation to
either the size of the connectors 506 or the number of
connectors 506, imposed by the area available at the
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back of the interface card 500 can be overcome by
providing a pigtail-type connection of the connectors
506 to the interface card 500.

It is obvious to one with ordinary skill in
the art that embodiments of the present invention are
not limited to the RS-232 interface standard. For
example, the RS-422 interface standard, which allows for
an increased transmission rate and greater port-to-port
cable lengths than with RS-232, could be the basis for
an embodiment employing differential transmitter and
receiver circuits. Moreover, embodiments of the present
invention are not limited to serial communication ports,

but could be applied to parallel communication ports.

A block diagram of an alternative embodiment
of an addressable computer interface 528 is shown in
Figure 11. The alternative embodiment provides a first
data communication path between an input port 530 and
each of a plurality of output ports 532, and provides a
second data communication path between the input port
530 and a selected one of the plurality of ocutput ports
532. A fixed coupling 534 between a representative
first data signal line 536 of the input port 530 and a
representative first data signal line 538 of each of the
plurality of output ports 532 provides the first data
communication path. A data selector circuit 540 re-
ceives an address signal along a representative address
signal line 542 of the input port 530 to identify the
selected one of the plurality of output ports 532 to
which the second data communication path is to be
provided. The data selector circuit 540 responds by
providing the second data communication path between a
representative second data signal line 544 of the input
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port 530 and a representative second data signal line
546 of the selected one of the output ports. An address
generator 548 provides a secondary address signal along
a representative secondary address line 550 to each of
the plurality of output ports capable of driving a like
cascadable computer interface. The secondary address
signal 1is derived from a previous address signal
received at the input port 530.

The use of the expression "representative
line" in describing means for transferring signals is
not to be construed as limiting with regard to the mode
of signal transfer nor the number of interconnections
provided by the line. For example, a generic represen-
tative line can represent one or more wires for provid-

ing signal transfer.

The alternative embodiment differs from
aforementioned embodiments in that the first data
communication path is continually provided between the
input port and each of the output ports, in addition to
the selectable second data communication path. In a
similar manner as with the aforementioned embodiments,
the transmission of the secondary address signal allows
the addressable computer interface 528 to be cascadably
interfaced to a like addressable computer interface,
wherein the input port 530 of the like addressable
computer interface is coupled to one of the output ports
532 of the interface 528.

A specific alternative embodiment is illus-
trated by the schematic drawing in Figure 12. The input
port 530 and the output ports are parallel communica-
tions ports, each comprising a plurality of data lines
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560 and a plurality of control lines 562. The distinc-
tion between data lines and control lines is made with
respect to operation of the interface 528, and not with
respect to a common application of parallel communica-
tions ports, namely, for control of a parallel printer.
Specifically, data lines are used for communication via
either the first or the second data communication path
and control lines are employed for controlling the
addressing of the interface 528. In general, the set of
data lines and the set of control lines need not be
mutually exclusive. For the sake of clarity, the
coupling of the common ground lines of all ports is not
shown in the schematic drawing of either Figure 12 or

Figure 14.

A bus 564 provides a fixed, parallel coupling
between eight parallel lines 566 of the input port 530
and eight parallel lines 568 of each of the output ports
532. The eight parallel lines enable'eight parallel
bits of data to be sent and received at a time via the
interface 528. The bus 564 further provides a coupling
between a strobe line 570 of the input port 530 and a
strobe line 572 of each of the output ports 532. The
strobe line is typically employed for signaling when the
eight parallel lines of a parallel port are set and
valid for reading by the remote device.

The address generator 548 is formed by a shift
register 574 having a data input 576, a clock input 578,
and a plurality of outputs 580. The data input 576 is
coupled to a first control line 582 and the clock input
is coupled to a second control line 584 of the input -
port. In response to a clock pulse received at the

input port 530 along the second control line 584, the
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shift register 574 shifts the values of the plurality of
outputs 580 by one output position, and inserts a bit
derived from a signal present at the first control line
582 into a resulting open output position. To make the
interface 528 cascadable by providing secondary address
signals, a first control line 586 of each of the output
ports 532 is coupled to a most significant bit output
588 of the shift register 574, and a second control line
of each of the output ports 532 is coupled to the second
control line 584 of the input port 530. As with the
aforementioned embodiments, the shift register 574 is
implemented by a cascaded connection of three flip-flops
592, 594, and 596.

The data selector 540 is provided by a first
demultiplexer 600, a second demultiplexer 602, a first
multiplexer 604, and a second multiplexer 606. Each of
the first demultiplexer 600, the second demultiplexer
602,  the first multiplexer 604, and the second
multiplexer 606 includes a plurality of selection inputs
610, 612, 614, and 616, respectively, for coupling with
the outputs 580 of the shift register 574. The first
demultiplexer 600 further contains a demultiplexer input
618 coupled to a first selectable line 620 of the input
port 530, and a plurality of demultiplexer outputs 622
coupled to a corresponding first selectable line 624 for
each of the output ports 532. Similarly, the second
demultiplexer 602 further contains a demultiplexer input
628 coupled to a second selectable line 630 of the input
port 530, and a plurality of demultiplexer outputs 632
coupled to a corresponding second selectable line 634
for each of the output ports 532. Based upon the
address signal received at the first and second control
lines 582 and 584, the first and second demultiplexers
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600 and 602 each provide a data transmission path from
the input port 530 to the selected one of the output
ports 532.

The first multiplexer 604 includes a multi-
plexer output 638 coupled to a third selectable line 640
of the input port 530, and a plurality of multiplexer
inputs 642 coupled to a corresponding third selectable
line 644 for each of the output ports 532. In a similar
manner, the second multiplexer 606 further contains a
multiplexer output 648 coupled to a fourth selectable
line 650 of the input port 530 and a plurality of
multiplexer inputs 652 coupled to a corresponding fourth
selectable line 654 for each of the output ports 532.
The first and second multiplexers 604 and 606 each
provide a data transmission path from the selected one
of the output ports 532 to the input port 530.

The interface 528 of Figure 12 further
includes presence detecting means as the embodiment of
Figure 4. A first means of detecting presence is
produced by coupling a loopback input 656 of the first
multiplexer 604 with a loopback ocutput 658 of the first
demultiplexer 600, wherein the loopback input 656 and
loopback output 658 are enabled for the same selection
inputs. A second means of detecting presence is pro-
duced by leaving input 660 of the first multiplexer 604
open. The same method of presence detection used in the
embodiment of Figure 4 is employed using the first
selectable line 620 and the third selectable line 640 of
the input port 530.

One with ordinary skill in the art will
recognize that many alternative embodiments of the
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interface of Figure 12 can be devised. For example, a
different number of parallel lines can be included 1in
the bus 564 for parallel ports which send and receive
bytes comprising other than eight bits. Further, at
least one of the parallel lines can be applied to the
data selector circuit 540 rather than the bus 564 for
the purpose of making the parallel lines selectable.
Likewise, the strobe line can be applied to the data
selector circuit 540 rather than the bus 564 to allow a
selected remote device to signal the computer when the
data lines are set and valid for reading in a bi-direc-
tional parallel port. Also, the number of demulti-
plexers and the number of multiplexers employed in the
data selector circuit 540 are not limited to two; the
data selector circuit 540 is said to generally contain
at least one demultiplexer or at least one multiplexer.

The previously described versions of the
present invention have many advantages. One such
advantage is that the use of secondary addressing allows
identical embodiments of the interface to be cascaded,
thus providing any number of addressable multiplexed

output ports necessary for the application of interest.

Another advantage is that remote peripheral
devices need not have inherent addressing circuitry for
use with embodiments of the invention. The remote
peripheral devices are addressed by the use of secondary
address signals which produce global shift registers
formed by individual 1local shift registers in each

interface unit.

A further advantage of an embodiment of the
present invention is that it is inexpensive to manufac-
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ture. By employing a demultiplexer, a multiplexer, and
either a shift register or discrete flip-flops, embodi-
ments of the cascadable interface can be econcmically

constructed using conventional integrated circuits.

While the best mode for carrying out the
invention has been described in detail, those familiar
with the art to which this invention relates will
recognize various alternative designs and embodiments
for practicing the invention defined by the following

claims.
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What is Claimed is:

1. A cascadable computer interface apparatus
for providing a data communication path between an input
port and a selected one of a plurality of output ports,
the apparatus comprising:

a data selector circuit, responsive to a
received signal indicating the selected one of the
plurality of output ports, for providing the data commu-
nication path between the input port and the selected
one of the plurality of output ports; and

a secondary signal generator, responsive to
the received signal, which provides a secondary signal
to each of the plurality of output ports capable of
driving a like cascadable computer interface apparatus,
wherein the secondary signal is derived from a previous

received signal.

2. The apparatus of claim 1 wherein the re-

ceived signal is an address signal.

3. The apparatus of claim 1 wherein the
secondary signal is a secondary address signal.

4. The apparatus of claim 1 wherein the re-
ceived signal is received at the input port.

S. The apparatus of claim 1 wherein the data
selector circuit comprises a multiplexer, responsive to
the received signal, for providing a first data trans-
mission path from the selected one of the plurality of.
output ports to the input port.
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6. The apparatus of claim 1 wherein the data
selector circuit comprises a demultiplexer, responsive
to the received signal, for providing a second data
transmission path from the input port to the selected

one of the plurality of output ports.

7. .The apparatus of claim 1 wherein the input

port is a parallel communications port.

8. The apparatus of claim 1 wherein the input

port is a RS-232 serial communications port.

9. The apparatus of claim 8 wherein the input
port comprises a data transmit line, a data receive

line, a first contrcol line, and a second control line.

10. The apparatus of claim 8 further compris-
ing line receiver means for converting RS-232 logic
signals at the input port to TTL logic signals.

11. The apparatus of claim 1 wherein each of
the plurality of output ports is a RS-232 serial commu-

nications port.

12. The apparatus of claim 11 wherein each of
the plurality of output ports comprises a data transmit
line, a data receive line, a first control line, and a

second control line.

13. The apparatus of claim 11 further com-
prising line driver means for converting TTL logic
signals to RS-232 logic signals for application at each
of the plurality of output ports.
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14. The apparatus of claim 1 wherein the re-
ceived signal and the secondary signal are digital

signals.

15. The apparatus of claim 14 wherein the
received signal and the secondary signal each comprise

a first control signal and a second control signal.

16. The apparatus of claim 15 wherein the
data selector circuit comprises a shift register having
a data input, a clock input, and a plurality of outputs
wherein the data input is responsive to the first
control signal, the clock input is responsive to the
sécond control signal, and the plurality of outputs
identifies the selected one of the plurality of output

ports.

17. The apparatus of claim 1 further compris-
ing presence detecting means, responsive to the received
signal, for providing a presence signal to the input
port.

18. The apparatus of claim 17 wherein the
presence detecting means comprises:

data inhibit means for inhibiting transmission
of data signals from each of the plurality of output
ports to the input port.

19. The apparatus of claim 17 wherein the
presence detecting means comprises:

first presence means for returning a data
signal received at the input port back to the input port

in response to a first selected received signal.
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20. The apparatus of claim 17 wherein the
presence detecting means comprises:

second presence means for inhibiting transmis-
sion of a data signal received at the input port back to
the input port in response to a second selected received

signal.

21. The apparatus of claim 1 wherein the
secondary signal generator provides the secondary signal
to each of the plurality of output ports.

22. A computer interface apparatus for
providing a data communication path between an input
port and a selected one of a plurality of output ports,
wherein the input port and each of the plurality of
output ports is a RS-232 serial communications port
having a data transmit line, a data receive line, a
first contrcl line, and a second control 1line, the
apparatus comprising:

a shift register having a data input, a clock
input, and a plurality of outputs, wherein the data
input is responsive to a first control signal received
from the first control line of the input port, and
wherein the clock input is responsive to a second
control signal received from the second control line, so
that the plurality of outputs identifies the selected
one of the plurality of output ports;

a multiplexer responsive to the plurality of
outputs of the shift register, for providing a first
data transmission path from the data transmit line of
the selected one of the plurality of output ports to the
data receive line of the input port; and

a demultiplexer, responsive to the plurality
of outputs of the shift register, for providing a second
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data transmission path from the data transmit line of
the input port to the data receive line of the selected
one of the plurality of output ports;

wherein the first control line of each of the
plurality of output ports is coupled to a selected one
of the plurality of outputs of the shift register, and
the second control line of each of the plurality of
output ports is coupled to the second control line of
the input port.

23. A system for providing a data communica-
tion path between a computer and a selected one of a
plurality of peripheral devices, the system comprisiné:

one or more cascadable interfaces having an
input port and a plurality of output ports, each of the
interfaces capable of providing a local data communica-
tion path between the input port and a selected one of
the plurality of output ports based upon an address
signal received at the input port, each of the interfac-
es further capable of providing a secondary address
signal at each of the plurality of output ports capable
of driving a like cascadable interface, the secondary
address signal being derived from a previous address
signal received at the input port, wherein the one or
more cascadable interfaces are coupled in a tree-like
configuration such that each of the plurality of periph-
eral devices is coupled to the computer by a cascade of
at least one of the one or more cascadable interfaces;

wherein the data communication path is provid-
ed in response to a global address signal generated by
the computer, the global address signal containing the
address signal for each local data communication path
forming the cascade of the at least one of the one or
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more interfaces coupling the selected one of the periph-

eral devices to the computer.

24. The system of claim 23 wherein the one or

more cascadable interfaces are all of identical design.

25. The system of claim 23 wherein the global
address signal is a concatenation of the local address
signal for each local communication path in the cascade
of the at least one of the one or more interfaces
coupling the selected one of the peripheral devices to

the computer.

26. A method of providing a data communica-
tion path between a computer and a selected one of a
plurality of peripheral devices, the method comprising
the steps of:

coupling each of the plurality of peripheral
devices to the computer by a tree-like coupling of one
or more cascadable interfaces, each of the interfaces
having an input port and a plurality of output ports,
each of the interfaces being capable of providing a
local data communication path between the input port and
a selected one of the plurality of output ports based
upon an address signal received at the input port, such
that each of the plurality of peripheral devices is
coupled to the computer by a cascade of at least one of
the one or more cascadable interfaces; and

sending a global address signal containing a
local address signal for each local data communication
path in the cascade of at least one of the one or more
cascadable interfaces coupling the selected one of the

peripheral devices to the computer;
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wherein the data communication path is provid-
ed by an aggregation of each local data communication
path forming the cascade coupling the selected one of
the peripheral devices to the computer in response to a
global address signal generated by the computer.

27. A cascadable computer interface apparatus
for providing a first data communication path between an
input port and each of a plurality of output ports, and
for providing a second data communication path between
the input port and a selected one of the plurality of
output ports, the apparatus comprising: 3

coupling means for providing the first data
communication path between the input port and each of
the plurality of output ports;

a data selector circuit, responsive to a
received signal indicating the selected one of the
plurality of output ports, for providing the second data
communication path between the input port and the
selected one of the plurality of output ports; and

a secondary signal generator, responsive to
the received signal, which provides a secondary signal
to each of the plurality of output ports capable of
driving a like cascadable computer interface apparatus,
wherein the secondary address signal is derived from a

previous received signal.

28. A computer interface apparatus compris-
ing:

a serial input port;

a plurality of serial output ports; and

a data selector providing a data communication
path between the serial input port and a selected one of
the plurality of serial output ports in response to a
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received signal indicating the selected one of the

plurality of serial output ports.

29. The apparatus of claim 28 wherein the
received signal is an address signal.

30. The apparatus of claim 28 wherein the
received signal .is received at the serial input port.

31. The apparatus of claim 28 wherein the
data selector comprises a multiplexer, responsive to the
received signal, for providing a first data transmission
path from the selected one of the plurality of serial
output ports to the serial input port.

32. The apparatus of claim 28 wherein the
data selector comprises a demultiplexer, responsive to
the received signal, for providing a second data trans-
mission path from the serial input port to the selected
one of the plurality of serial output ports.

33. The apparatus of claim 28 wherein the

serial input port is a RS-232 serial port.

34, The apparatus of claim 33 wherein the
serial input port comprises a data transmit line, a data
receive line, a first control line, and a second control

line.

35. The apparatus of claim 33 further com-
prising line receiver means for converting RS-232 logic

signals at the serial input port to TTL logic signals.



WO 95/19596

10

15

20

25

PCT/US95/00323

-49-

36. The apparatus of claim 28 wherein each of
the plurality of serial output ports is a RS-232 serial

port.

37. The apparatus of claim 36 wherein each of
the plurality of serial output ports comprises a data
transmit line, a data receive line, a first control

line, and a second control line.

38. The apparatus of claim 36 further com-
prising line driver means for converting TTL logic
signals to RS-232 logic signals for application at each
of the plurality of serial output ports..

39. The apparatus of claim 28 wherein the
received signal is a digital signal.

40. The apparatus of claim 28 wherein the
received signal comprises a first control signal and a
second control signal.

41. The apparatus of claim 40 wherein the
data selector comprises a shift register having a data
input, a clock input, and a plurality of outputs,
wherein the data input is responsive to the first
control signal, the clock input is responsive to the
second control signal, and the plurality of outputs
identifies the selected one of the plurality of serial

output ports.

42, The apparatus of claim 28 further com-
prising presence detecting means, responsive to the
received signal, for providing a presence signal to the

serial input port.
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43. The apparatus of claim 42 wherein the
presence detecting means comprises:

data inhibit means for inhibiting transmission
of data signals from each of the plurality of serial

output ports to the serial input port.

44 . The apparatus of claim 42 wherein the
presence detecting means comprises:

first presence means for returning a data
signal received at the serial input port back to the
serial input port in response to a first selected

received signal.

45. The apparatus of claim 42 wherein the
presence detecting means comprises:

second presence means for inhibiting transmis-
sion of a data signal received at the serial input port
back to the serial input port in response to a second
selected received signal.

46. A computer system comprising:

a computer having a communication port;

a plurality of peripheral devices, each of the
plurality of peripheral devices having a corresponding
communication port; and

one or more cascadable interfaces having an
input port and a plurality of output ports, each of the
interfaces capable of providing a local data communica-
tion path between the input port and a selected one of
the plurality of output ports based upon an address
signal received at the input port, each of the interfac-
es further capable of providing a secondary address
signal at each of the plurality of output ports capable
of driving a like cascadable interface, the secondary
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address signal being derived from a previous address
signal received at the input port, wherein the one or
more cascadable interfaces are coupled in a tree-like
configuration such that the corresponding communication
port of each of the plurality of peripheral devices is
coupled to the communication port of the computer by a
cascade of at least one of the one or more cascadable
interfaces;

wherein the computer communicates with a
selected one of the plurality of peripheral devices upon
sending a global address signal containing the address
signal for each local data communication path forming
the cascade of the at least one of the one or more
interfaces coupling the computer to the selected one of

the peripheral devices.

47. A peripheral system for a computer having
a communication port, the peripheral system having a
communication port for interfacing with the communica-
tion port of the computer, the peripheral system com-
prising:

a plurality of peripheral devices, each of the
plurality of peripheral devices having a corresponding
communication port; and

one or more cascadable interfaces having an
input port and a plurality of output ports, each of the
interfaces capable of providing a local data communica-
tion path between the input port and a selected one of
the plurality of output ports based upon an address
signal received at the input port, each of the interfac-
es further capable of providing a secondary address
signal at each of the plurality of output ports capable
of driving a like cascadable interface, the secondary
address signal being derived from a previous address
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signal received at the input port, wherein the one or
more cascadable interfaces are coupled in a tree-like
configuration such that the corresponding communication
port of each of the plurality of peripheral devices is
coupled to the communication port of the computer by a
cascade of at least one of the one or more cascadable
interfaces;

wherein the computer communicates with a
selected one of the plurality of peripheral devices upon
sending a global address signal containing the address
signal for each local data communication path forming
the cascade of the at least one of the one or more
interfaces coupling the computer to the selected one of

the peripheral devices.
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Box I Observations where certain claims were found unsearchable (Continuation of item 1 of first sheet)

This international report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1.[:'

3. ]

Claims Nos.:
because they relate to subject matter not required to be searched by this Authority, namely:

Claims Nos.:
because they relate to parts of the international application that do not comply with the prescribed requirements to such
an extent that no meaningful international search can be carried out, specifically:

Claims Nos.:
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box Il Observations where unity of invention is lacking (Continuation of item 2 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

Please See Extra Sheet.

1.
2 []
3. ]

4.|:|

As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

As all searchable claims could be searched without effort justifying an additional fec, this Authority did not invite payment
of any additional fee.

As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest D The additional search fees were accompanied by the applicant’s protest.

No protest accompanied the payment of additional search fees.
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BOX Il. OBSERVATIONS WHERE UNITY OF INVENTION WAS LACKING
This ISA found multiple inventions as follows:

This International Searching Agency found multiple inventions in this international application, as follows:
Group I. Claims 1-22 and 27-45, drawn to circuitry and signaling of a computer interface.

Group II. Claims 23-26 and 46-47, drawn to a tree-like configuration of cascadable interfaces and a global
address signal.

The two inventions do not share a common special technical feature because Group I is directed to circuitry while
Group Il is directed to a tree-like configuration of cascadable interfaces. The tree-like arrangement of Group II does
not have the technical circuitry feature of Group 1.
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