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MULTIPLE INTERFACE INPUT/OUTPUT PORT
FOR A PERIPHERAL DEVICE

CKGRO

Field of the Invention

The present invention relates generally to data
communications between .a host computer and a peripheral
device, and more particularly, to a multiple interface
input/output port that enables a peripheral device to be
connected to any one of a plurality of different types of
interface buses of a host computer.

Description of the Prior Art

A variety of so-called interface buses exist for
enabling communication between a host computer and one or
more peripheral devices, such as disk drives, printers,
scanners, modems and the like. These interface buses include
the Small Computer Systems Interface (SCSI) bus, which has
several versions (i.e., SCSI-1, SCSI-2 and SCSI-3), and a
number of parallel port buses, including the standard uni-
directional parallel port found in early IBM PCs, the bi-
directional parallel port found in IBM PS-2s, the extended
capability port (ECP), the enhanced parallel port (EPP), and
the IEEE-1284 standard parallel poft. A host computer might
have one or more of these interface buses, or "ports", to
which peripheral devices can be connected. ' In other cases,
the host computer may only have a single interface port for
éonnecting peripheral devices. Commun;patibn of data over
each of these different interface buses is usually performed
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in accordance with a communications protocol specific to the
particular bus structure. ' '

~‘Unfortunately, the existence of such a variety of
interface buses and associated communication protocols
creates compatibility problems and generally makes the
purchase of peripheral equipment more difficult and confusing
for a typical consumer. For example, a consumer may purchase
a new disk drive that is configured to communicate across a
SCSI-2 interface, only to find that the computer to which the
disk drive is to be attached only has a single, parallel port
interface. In an attempt to provide a solution to this
problem, a number of vendors provide parallel port-to-SCSI
translators that can be connected between a SCSI peripheral
and the parallel port of a personal computer for enabling
communication of SCSI commands to the peripheral device via
the host parallel port interface. While such an adapter
provides a solution to the incompatibility problem, the
consumer is faced with the cost of an additional component,
as well as the time and effort needed to connect the adapter
and install any necessary driver software.

Farago, U.S. Patent No. 4,972,470, describes a
"programmable connector" for a host computer that can be
programmed to reconfigure its physical connections to match
the serial interface characteristics, e.g., RS-232, RS-422 or
RS-485, of a peripheral device to which it is connected. . For
example, the connector of Farago allows the user to _
reconfigure the I/0 interface of the host computer so that it
matches the I/0 interface of a particular peripheral device
that the user wishes to connect. While this may eliminate
the need to purchase a different interface adapter for each
new application, the programmable connector of Farago
requires the user to identify the serial interface protocol,
e.g., RS-232, RS-422 or RS-485, of the peripheral device, and
then to download the appropriate programming instructions to
the programmable connector in order to reconfigure the
physical interface of the connector to match that of the

peripheral interface. Unskilled users may find such
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programming difficult and confusing. Finally, because the
connector of Farago simply reconfigures the necessary timing,
pin-outs, voltages and other physical parameters to match the

physical interface characteristics of the device to which it
5 is connected, it does not provide any sort of logical

protocol translation necessary to enable communication
-between interfaces that operate in accordance with more
sophisticated interface protocois, such as a SCSI protocol or
the more advanced parallel port protocols..

10 _ Latif et al., U.S. Patent No. 5,289,580, discloses
an input/output controller that can be programmed to interact
with a variety of interface protocols, such as IPI, SCSI and
Message Level Interface (MLI). While the input/output
controller provides the necessary logical protocol

15 translation for enabling communication between two interface
buses that communicate in accordance with different interface
protocols, it too must be "programmed" to provide the

- appropriate protocol translation and does not automatically'
detect the type of interface bus to which it is connected.

20 Consequently, the input/output controller of Latif et al.
requires significant knowledge and input on the part of the
user. ' .

. Accordingly, there is a need for a multiple
interface input/output port adapted for use in a peripheral

25 device that is capable of automatically detecting the type of
interface bus to which it is connected in a host computer and
then routing communications between the two devices through .
an appropriate intérfacé adapter, if necessary, in a manner
transparent to the user. Such apparatus would eliminate the

30 need for cumbersome adapter devices and would provide a more
ugser-friendly operation. The present invention satisfies
this need.:

OF. I
The present invention is directed to a multiple
35 interface input/output port for a peripheral device that is
capable of automatically detecting the type of interface bus
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to which it is connected in a host computer and then routing
communicatigns between the two devices through an appropriate
interface adapter, if necessary, in a manner transparent to
the user. According to the present invention, the multiple
interface input/output port comprises a connector, and an
interface bus detection circuit.electrically coupled to the
connector. The interface bus detection circuit automatically
detects the type (e.g., SCSI, parallel port, etc.) of the
interface bus to which the connector is connected. The
multiple interface input/output port further compriseé a
plurality of interface adapters, each connected between the
connector and an internal interface bus of the peripheral
device. Each of the interface adapters is capable of
providing the necessary physical and logical translation
between the interface bus of the peripheral device and a
respective one of the plurality of different types of
interfaces buses to which the peripheral device may be
Conﬁected on a host computer. Once the type of the interface

- bus of the host computer has been detected by the interface

bus detection circuit, an appropriate ocne of the interface
adapters is enabled to provide the neceSsary translation
between the detected interface bus of the host computer and
the internal interface bus of the peripheral device. :
Communications between the hosticomputer and the peripheral
device are then routed through that interface adapter. '

Accorxrding to yet another aspect of the present
invention, the multiple interface input/output port further
comprises a pass-through bus for enabling communicatiQn
between a third device and the host computer through the
peripheral device.

In a preferred embodiment of the present invention,
the peripheral device has a Small Computer Systems Interface
{scsi) bus for communicating with a host computer, and the -
multiple interface input/output port of the present invention
allows the peripheral device to communicate with either a
SCSI interface or a parallel port interface on the host

computer. In accordance with this embodiment, the interface

[ —
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bus detection circuit detects whether the interface bus of
the host computer is a SCSI bus or a parallel port interface
bus. When a parallel port interface is detected,
communications between the host computer and peripheral
device are routed through a Parallel Port-to-SCSI (PP-SCSI)
interface adapter that provides the necessary translation
between the parallel port of the host computer and the SCSI
bus of the peripheral device. When the interface bus

.detection circuit detects that the peripheral device is

connected to a SCSI bus on the host computer,'communications
are routed through a repeater circuit that redrives signals
transmitted between the SCSI bus of the peripheral device and
the SCSI bus of the host computer.

" According to another aspéct of the present
invention, the interface bus detection circuit comprises
means for comparing signai levels on selected ones of the
lines of an interface bus under consideration to a reference
potential to determine which of the selected lines is
grounded. The interface bus type is then indicated based on
the determination of which of its lines are grounded. 1In a
preferred embodiment of the interface bus detection circuit,
the circuit is capable of detecting whether an interface bus
is a SCSI bus or a peripheral bus. In this embodiment, the
circuit comprises means for comparing voltage levels on each
of lines 14, 16, 19 and 25 of an interface bus to a reference
potential to determine which of these lines are grounded. A
SCSI bus is detected when lines 14 and 16 are'determined to
be grounded; a parallel port interface is detected when
either (i) line 25 of the interface bus under consideration
is determined to be grounded or (ii) line 19 is determined to
be grounded, and at least one of lines 14 and 16 are
determined not to be grounded. o

An alternative embodiment of the interface bus
detection circuit detects whether line 25 of an interface bus
under consideration is grounded. The circuit identifies the
interface bus as a SCSI bus when line 25 is not grounded, and

&
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identifies the interface bus as a parallel port interface

when line 25 is grounded.

Additional features and advantages of the present

DESCR ON OF THE DRAWING

The foregoing summary, as well as the following
detailed description of the preferred embodiments, is better
understood when read in conjunction with the appended
drawings. For the purpose of illustrating the invention,
there is shown in the drawings embodiments that are presently
preferred, it being understood, however, that the invention
is not limited to the specific methods and instrumentalities
disclosed. 1In the drawings:

Figure 1 is a block diagram of a multiple-interface

input /output port according to the present invention;

| Figure 2 is a block diagram of a preferred
embodiment of a multiple-interface input/output port
according to the present invention that enables a peripheral
device to communicate with either a SCSI interface or a
parallel port interface on a host computer;

Figure 3 is a block diagram illustrating further
details of the interface bus detection and control block of
Figure 2; ' '

Figure 4 is a schematic diagram illustrating
further details of the Host 1/0 Control block-Cf Figure 2;

- Figure 5 is a schematic diagram illustrating
further details of the Pass-through I/O Control block of
Figure 2; -

Figure 6 isg a schematic diagram illustrating
furcther details of the Device I/0 Control block of Figure 2.

Figure 7 is a state diagram illustrating a method
for determining whether an interface bus is a SCSI bus or a
parallel port interface bus in accordance with a preferred
embodiment of the present invention}

Figure 8 is a schematic diagram of one embodiment
of an interface bus detection circuit for determining whether
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an interface bus is a SCSI bus or a parallel port interface

" bus;

Figure 9 is a schematic diagram of a second
embodiment of an interface bus detection circuit accordlng to
the present invention; '

Figure 10 is a schematic diagram of a third
embodiment of an interface bus detection circuit according to
the present invention; '

Figures 11(a) and 11(b) illustrate further details
of the parallel port-to-SCSI (PP-SCSI) interface adapter of
Figure 2; and

Figures 12(a) and 12(b) illustrate further details
of the SCSI-to-SCSI repeater circuit of Figure 2 in
accordance with a preferred embodiment of the present
invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT |

Referring to the drawings wherein like numerals
indicate like elements throughout, there is shown in Figure 1
a multiple interface input/output port 11 in accordance with
the present invention that enables communication between a
peripheral device 10 having one type of interface bus 14 and

~a host computer 16 having any one of a plurality of different

types of interface buses, e.g., interface bus 18. For
example, the interface bus 14 of the peripheral device 10 may
be a Small Computer Systems Interface (SCSI) bus, such as a
SCSI-1, SCSI-2 or SCSI-3 bus. The interface bus 18 of the
host computer 16 might be one of the different types of SCSI.
buses, or one of the various types of parallel port buses,
e.g., ECP, EPP or IEEE-1284. The multiple interface ' _
input/output port 11 of the present invention automatically
detects the type of host computer interface bus to which it
is connected and then routes communications between the two

devices through an appropriate interface adapter, if

necessary, in a manner transparent to the user. Thus,
communication between the peripheral device and host computer
is enabled despite the fact that their Tespective interface
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buses are different. The multiple interface input/output
port 11 of the present invention may be employed in a wide _
variety of different peripheral devices, such as disk drives,
printers, CD-ROM drives and the like.

As shown in Figure 1, -the multiple interface
input/output port 11 of the present invention comprises a
connector 20 adapted to connect ta a particular interface bus ; i
18 of the host computer 16 via a mating connector 21 on the
host computer 16. The connectors 20, 21 can be connected
either directly, or via a suitable cable (not shown). An
interface bus detection circuit 22 is electrically coupled to
the connector 20 via an intermediate bus 24. -Upon connection
of the connector 20 to the interface bus 18 of the host
computer, which effectively makes the intermediate bus 24 an
extension of the interface bus 18 of the host computer 16,
the interface bus detection circuit 22 operates to detect the
type (e.g., SCSI, parallel port, etc.) of the interface bus
18 to which it is now connected. A plurality of interface
adapters 26, 28, 30 are each electrically coupled between the
connector 20 (i.e., intermediate bus 24) and the internal
interface bus 14 of the peripheral device 10. Each interface
adapter 26, 28, 30 provides the necessary physical and
logical interface protocol translation between the interface

bus 14 of the peripheral device 10 and a respective one of a
plurality of different types of interface buses to which the
peripheral device 10 may be connected on the host computer,
e.g., computer 16. In the embodiment shown, each of the
interface adaptexrs 26, 28, 30 is coupled via a respective
lipe 32, 34, 36 to the interface bus detection circuit 22 for
receiving an enabling signal from the interface bus detection
circuit. '

In accordance with the present invention, the
interface bus detection circuit 22 automatically detects the
type of interface bus to which it is connected, and then
enables an appropriate one of the plurality of interface
adapters 26, 28, 30 based upon the detected type (e.g., SCSI,
parallel port, etc.) of the interface bus’ to which it is
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connected, e.g., interface bus 18 of host computer 16. The
enabled interface adapter then provides any necessary
physical and logical protocol translation between the
interface bus 14 of the peripheral device 1¢ and the detected
type of interface bus to which it is connected. Thus, the
I/0 controller 12 of the peripheral device 10 can communicate
over its interface bus 14 to the host computer 16
irrespective of the type of interface bus to which it is
connected on the host computer 18.

For example, assuming that the interface bus 14 of
the peripheral device 10 is a SCSI-2 bus, and that the
interface bus 18 of the host computer 16 is a parallel port'
bus, one of the interface adapters 26, 28, 30 may comprise a
parallel port-to-SCSI (PP-SCSI) interface adapter. With
appropriate software drivers, the SCSI I/0 controller 12 of
the peripheral device 10 can transmit and receive SCSI
commands over its internal interface bus 14 in accordance
with the SCS1-2 protocol, while the PP-SCSI interface adapter
provides the necessary physical and logical protocol

translation to transmit and receive those commands to and

from the parallel port interface 18 of the host computer 16.
Cn the other hand, because the interface bus 14 of the
peripheral device 10 and the interface bus 18 of the host
computer 16 may in some cases be of the same type, in which
case no protocol translation is really needed, one of the
interface adépters 26, 28, 30 may comprise a repeater circuit
that operates simply to redrive signals transmitted between
the interface buses 14, 18 of the peripheral device 10 and
host computer 16. The repeater circuit would be enabled
whenever the interface bus 14 of the peripheral device 10 is .
of the same type as the detected interface bus 18 of the host
computer 16. Although not illustrated in Figure 1, the
multiple interface input/output port 11 may further comprisé
means for routing data communicated between the interface
buses 14, 18 of the peripheral device 10 and host computer 16
through the particular interface adapter (or repeater
circuit) that has been enabled. .
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Most interface buses comprise a plurality of lines,
some of which may be defined to carry data or control signals
and others of which may carry a system ground. A particular
type of interface bus is typically characterized by
predetermined ones of the lines of the interface bus being
grounded. Different lines are grounded on different types of
interface buses. According to the present invention, as
described hereinafter in accordance with a preferred
embodiment thereof, the interface bus detection circuit 22
comprises means for comparing signal levels on selected ones
of -the lines of the host interface bus to a reference
potential to determine which of the selected lines is

grounded, and means for indicating the type of the host

interface bus based on the determination of which of its
lines are grounded. -

e w_of the P Embodiment
Figure 2 is a block diagram of a preferred
embodiment of a multiple interface input/output port 40 in
accordance with the present invention, which is embodied as
part of a peripheral device (not shown) having an internal
interface bus 60. According to the preferred embodiment, the
multiple interface input/output port 40 of the present

invention comprises a connector 42 (analogous to connector 20

of Figure 1) that is adapted to connect to an interface bus
or port (not shown) on a host computer (not shown). In the
preferred embodiment, the connector 42 éomprises a 25-pin DB
connector, however, in other embodiments, the connector may
comprise a 36-pin Centronics, 36-pin High Density, 50-pin
Centronics or 50-pin High Density connector. When the
connector 42 is connected to an interface bus of a host
computer, an intermediate bus 44 of the multiple interface
input/output port 40 (analogous to intermediate bus 24 of
Figure 1) serves as an extension of the host interface bus.
In the present embodiment, the internal interface
bus 60 of the peripheral device is a SCSI-2 bus. As
described hereinafter, the multiple inteyface input/output
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port 40 of the preferred embodiment is designed to enable
communication between the SCSI-2 bus 60 of the peripheral
device and either another SCSI-2 bus on the host computer, or
a different type of bus such as, for example, the standard
unidirectional or bi-directional parallel port bus, the
extended parallel port bus (EPP) or the enhanced capability
poxrt (ECP). '

An interface bus detection and control circuit 46
is coupled to selected lines 45 of the intermediate bus 44
for automatically detecting the type of interface bus to
which it is commected on the host computer. Based on this
determination, the interface bus detection and control
circuit 46 provides "mode" and "enable" signals on lines 48
for purposes described hereinafter. .

A SCSI-to-SCSI repeater circuit 54 and a parallel
port-to-SCSI (PP-SCSI) interface adapter 56 are each coupled
'in parallel between the intermediate bus 44 and the interface
bus 60 of the peripheral device via respective I/O control
blocks 50 and 58. As described hereinafter in greater
detail, the SCSI-to-SCSI repeater circuit 54 serves to
redrive signals transmitted between the interface bus 60 of
the peripheral device and the interface bus of the host
computer when both interface buses are of the same type
(i.e., SCSI-2). The PP-SCSI interface adapter 56 provides
physical and logical protocol translation between the host
interface bus and the interface bus 60 of the peripheral
device when the host interface bus is of a different type
than the SCSI-2 bus 60 of the peripheral device. With
appropriate software drivers, the peripheral device can
continue to transmit and receive SCSI commands over its
interface bus 60 in accordance with the SCSI-2 protocol,

‘while the PP-SCSI interface adapter 56 provides the necessary

physical and logical protocol translation to transmit and
receive those commands to and from the detected parallel port

interface bus of the host computer via intermediate bus 44
and connector 42.
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Once the'interface bus detection circuit 46 of the
present embodiment determines whether the connector 42 is
connected to a SCSI bus or a parallel port bus on the host

- computer, the interface bus detection circuit 46 provides
5 "mode" and "enable®" signals on lines 48 in order to enable
either the SCSI-SCSI repeater circuit 54 or the PP-SCSI

interface adapter 56, as appropriate. In the present
embodiment, a ﬁafticular ocne of the two adapters 54, 56 is
enabled by routing communications through that adapter via

10 the Host and Device I/0O control blocks S0 and 58. The Host
and Device I/O contrel blocks 50, 58 are controlled by the
‘mode" and "enable" signals provided on lines 48 by the
interface bus detection and control block 46. In the present
embodiment, it is primarily the "mode" signal that determines

15 whether communications are routed through the SCSI-to-SCSI

' repeater circuit 5S4 or the PP-SCSI interface adapter 56.

Ag can be appreciated, in the present embodiment,
the SCSI-to-SCSI repeater circuit 54 and the PP-to-SCSI
interface adapter 56 do not themselves receive "enabling”

20 signals from the interface bus detection and control circuit
46. Rather, as described above, one of the two circuits 54,
56 is enabled by routing communications through that circuit
via the Host and Device I/0 control blocks S0 and 58. Figure _
1 illustrates an alternative possibility where the respective - =

25 interface adapters (and/or repeater circuit) 26, 28, 30
receive respective'enabling signals from the interface bus
detection circuit 22 via lines 32, 34 and 36. As used herein
and in the appended claims, the terms "enable" and venabling*
are intended to éncompass all such possibilities.

30 In the present embodiment, the connector 42
comprises a 25 pin DSUB connector having 25 pins numbexed
consecutively, and the intermediate bus 44 likewise comprises
25 lines each coupled to a respective one of the pins of the
connector 42. Table 1 illustrates how the 25 pins of the

35 connector 42 and corresponding 25 lines of the intermediate

bus 44 are defined, in accordance with the present invention,
for both SCSI-2 and parallel port connections.
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F LINE # SCSI Function PP _Function _
1 REQ. N NSTROBE
2 MSG.__ ' D1
' 3 1/0 D2
_ 4 RST D3
5 ACK b4
H____E - _BsSY ps
7. _GRQUND ' De
" 8 DEQ D7
2 GROUND - ne___
L 10 __DB3 DACK.
| : DRS - BUSY. *
= = mace
13 : DB7 SELECT. “
s GROUND DAFEED ]l
I 15 ' _C/D OFAULT
Y GROUND . _DINIT |
“ 12 ATN nSELECT IN |
18 GROUND GROUND
19 SEL _GROUND
" 20 RRP _GROUND,
IFA DBE1L _GROUND
22 DBE2. _GROUND
23 _DB4. GROUND
24 _GROUND GROUND

Table 1. SCSI and Parallel Port (PP) Definitions for Intermediate
Bus 44

Collectively, there are twenty-two lines (1-17 and 19-23)

designated to carry data and/or control signals in accordance

with either a SCSI or pérallel port connection, and two lines
defined as dedicated grounds (18 and 24). Line 25 carries
termination power when the host interface bus is a SCSI bus,
such as a SCSI-2 bus.

A data transmission cable can be employed to
connect the 25-pin DB connector 42 of the multiple interface
input/output port 40 to a corresponding connector of the
interface bus (SCSI or parallel port) of the host computer.
In the case where the mating comnnector on the host computer
is also a 25-pin DB connector (either SCSI or parallel port},
connection between -the connector 42 ané the pérticular
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interface port on'the host computer is preferably made using

an interchangeable SCSI/Parallel Port cable, such as that
claimed and described in co-pending application Serial No.
08/439,776, filed May 12, 1995, and entitled "Combined
SCsi/Parallel Port Cable".

Referring still to Figure 2, lines 1-17 and 19-23
(twenty-two lines total) of the intermediate bus 44 are
provided to the Host I/0 control block 50. The Host 1/0
Control block 50 provides these lines to the SCSI-to-SCSI
repeater circuit 54 and to the PP-SCSI interface adapter 56,
respectively, via an internal HostIN bus 52. (Note: the bus
widths are indicated in Figure 2 for each bus, e.g., "22",

T w1gw, n25¢% ) Lines 18 and 24 of the intermediate bus 44 are

grounded, and line 25 (not shown) is used to carry
termination power from the host computer when the interface
bus of the host computer to which the peripheral is connected
is of the same type as the internal bus 60 of the peripheral,
i.e., a SCSI-2 bus. Line 25 provides a ground when the host
interface bus of the host computer is a parallel port bus.
The interface bus 60 of the peripheral device
comprises eighteen signal lines that correspond to lines 1-6,
8, 10-13, 15, 17 and 19-23 of the intermediate bus 44. SCSI
signals to be transmitted from the peripheral device to the

‘host cbmputer are provided by the Device I1I/0 Control block 58

to the SCSI-SCSI repeater circuit 54 and the PP-SCSI
interface adapter 56, via an internal DevicelIN bus 64.

As described hereinafter in greater detail, the =
SCSI-to-SCSI repeater circuit 54 redrives signals received on
lines 1-6, 8, 10-13, 15, 17 and 19-23 of the HostIN bus 52
and provides these redriven signals to the Device I/0 Control
block via an internal SCSI-SCSI OUT bus 62. Lines 7, 9, 14
and 16 of the HostIN bus 52 are ignored in the SCSI-SCSI
repeater circuit and are not provided to the input of the
Device I/0 Control block 58. Signals received by the SCSI-
SCSI repeater circuit 54 from the Device I/0 Control block 58
via. the DeviceIN bus 64 are likewise redriven and provided to
an input of the Host I/0 Control block 50-via corresponding

LRI Ml CED Gl SRR AP St e s by
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lines 1-6, 8, 10-13, 15, 17 and 19-23 of a twenty-two line
internal SCSI-Host OUT bus 70. Lines 7, 9, 14 and 16 of the

The PP-to-SCSI interface adapter 56 receives
signals transmitted from the host computer via the HostIN bus
52 and, when the interface bus of the host computer is a
parallel port bus, provides both logical and physical
translation of signals received on the HostIN bus 52 in a
parallel port format into appropriate SCSI-2 signals that are
then provided via an eighteen line internal PP-SCSI OUT bus
66 to an input of the Device I/0 Control block 58. SCSI-2

Pty

Device I/0 Control block 58 via the DevicelN bus 64 are
translated from their SCSI-2 format into appropriate parallel
port signals which are then output to the Host I1/0 Control
block 50 via a twenty-two line internal PP-HostOUT Bus 68.
The twenty-two lineé of the PP-HostOUT bus 68 correspond to
lines 1-17 and 19-23 of the intermediate bus 44. For

- purposes of controlling the Host I/O Control block 50, the

20

25

30

35

PP-SCSI interface adapter 56 provides a "PP enable" signal on
line 49.

As mentioned above, the interface bus detection and
control block 46 provides "mode” and "enable" signals
depending on whether the host interface bus is determined to
be a parallel port bus or a SCSI bus, such as a SCSI-2 bus.
When it is determined that the interface bus of the host
computer to which the ?eripheral device is connected is a
SCSI bus, the "mode" and "enable" signals cause the Device
I/0 Control block 58 to route signals on the SCSI-SCSI OUT
bus 62 to the interface bus 60 of the peripheral device. The
Device 1/0 Control block 58 disables the PP-SCSI OUT bus 66
in this case. Similarly, the "mode" and “enable" signals
cause the Host I/O Control block 50 to receive signals from
the repeater circuit 54 via the SCSI-HostOUT bus 70 and to
route those signals to the intermediate bus 44 while
disabling the PP-HOStOUT bus 68. As a result, communications

.between the interface buses of the host ,computer and
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' peripheral deviee . are effectively routed through the scsI-

scsI repeater circuit 54 via the respective I/0 Control
blocks 50, 58.

If, on the other hand, it is determined that the
interface bus of the host computer to which the peripheral

‘device is connected is a parallel port bus (i.e., a different

type than the interface bus 60 of the peripheral device), the
"mode" and "enable" signals cause the Device I/0O Control
block 58 to route signals transmitted on the PP-SCSI OUT bus
66 to the interface bus 60 of the device, while disabling the

 SCSI-SCSI OUT bus 62. The "mode"” and "enable" signals cause

the Host I/O Control block 50 to receive signals from the
interface adapter 56 via the PP-HostOUT bus 68 and to route
those signals to the intermediate bus 44 while disabling the
SCSI-HostOUT bus 70. In this case, therefore, communications
between the interface buses of the host computer'and the
pexipheral device are effectively routed through the PP-SCSI
interface adapter 56 via the respective I/0 Control blocks
50, 58 in order to provide the necessary interface
translation.

The Pass-through Bus

Still referring to Figure 2, according to an
additional feature of the present invention, the multiple
interface input/output port 40 further comprises a pass-
through bus 72 that allows a third device (not shown) to be
connected to the host computer through the multiple interface
input/output port 40. A second connector 73 is coupled to
the pass-through bus 72 to facilitate connection of the third
device to the pass-through bus 72. Selected lines 75 of the
pass-through bus 72 are provided to the interface bus
detection and control block 46 which, in addition to
detecting the type of the interface bus of the host computer,
also detects the type of the interface bus of the third
device. 1In the present embodiment, the pass-through bus 72
is enabled only when the interface bus of the third device is
of'the same type as the interface bus of ‘the host computer.
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A Pass-through I/O0 Control block 74 controls access to the
pass-through bus 72 in response to the aforementioned "mode"
signal from the interface bus detection and control block 46,
as well as an additional "PT enable" signal described
hereinafter.

' Like the intermediate bus 44, lines 1-17 and 19-23
{twenty-two lines total) of the pass-through bus 72 are _
provided to the Pass-through I/0 Control block 74. The Pass-
through I/0 Control block 50 routes these lines to the SCSI-
to-8CSI repeater circuit 54 and to the PP-SCSI interface
adaptér 56 via an internal Pass-throughIN bus 76. Lines 18
and 24 of the pass-through bus 72 are grounded. Line 25 of
the pass-through bus is controlled by.the interface bus
detection and control circuit 46, as described hereinafter.

Wwhen it is determined that the interface bus of the
host computer and the interface bus of a third device’
‘connected to the pass-through bus 72 are both SCSI buses,
e.g., SCSI-2 buses, SCSI signals received on the HostIN bus
52 from the host computer will be redriven by the SCSI-to-
SCSI repeater circuit 54 and provided to the Pass-through 1/0
Control block 74 via an internal SCSI-PT OUT bus 80. The
"mode" and "PT enable"” signals from the interface bus
detection and control block 46 cause the Pass-through I/0
Control block 74 to route the signals on the SCSI-PT OUT bus
80 to the pass-through bus 72 for communication with the
third device. Conversely, SCSI signals imposed on the Pass-
throughIN bus 72 from the third device will be redriven on
the SCSI-Host Out bus 70 for communication via the Host I/0
Control block 50 to the host computer. As described
hereinafter in greater detail, redriving of SCSI signals
between the intermediate bus 44 and the pass-through bus 72
occurs in conjunction with the redriving of signals between
the intermediate bus 44 and the interface bus 60 of the
peripheral device. That is, the SCSI-SCSI repeater circuit
54 is a three-way redriving circuit that allows the first bus
signal asserted on the HostIN, DeviceIN or Pass-throughIN
buses 52, 64, 76 to control the output buses (SCSI-HostOUT
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70, SCSI-SCSI OUT. 62, SCSI-PT OUT 80) corresponding to the

other two input buses. All of the devices therefore appear
connected to a single, continuous SCSI bus.

When it is determined that the interface bus of the
host computer and the interface bus of a third device
connected to the pass-through bus 72 are both parallel port
buses, parallel port signals received on the HostIN bus 52
from the host computer can be passed through the PP-SCSI

_interface adapter, without translation, to the Pass-through

I/0 Control block 74 via an internal PP-PT OUT bus 78. The
Pass-through I/0 Control block 74 will then route those
signals to the pass-through bus 72; the SCSI-PT OUT bus 80 is
disabled in this case:. A command must be sent from the host
computer to the PP-SCSI interface adapter 56 via the HostIN
bus 52 in order to control the flow of parallel port data
through the PP-SCSI adapter 56. When communication with the
peripheral device is desired, the PP-SCSI intexface adapter
56 is instructed to translate parallel port signals received
on the Host IN bus 52 into appropriate SCSI-2 signals and to
route those signals to the Device I/0 Control block 58 via
the PP-SCSI OUT bus 66. On the other hand, when
communication with the third device attached to the pass-

. through bus 72 is desired, the PP-SCSI interface adapter 56

is instructed to simply allow any parallel port data received
on the HostIN bus 52 to pass through the PP-SCSI interface
adapter 56, without translation, to the PP-PT OUT bus 78.

I c rol _ _
Routing of communications between the host, device
and pass-through buses via either the SCSI-SCSI repeater
circuit 54 or the PP-SCSI interface adapter 56 is controlled
by the interface bus detection and control block 46 and the
respective I/0 control blocks 50, 58 and 74. Figure 3 is a
block diagram illustrating further details of the interface
bus detection and control block 46 in accordance with the
preferred embodiment of the present invention. As shown, the
interface bus detection and control block 46 comprises a

H
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first interface bus detection circuit 82a which receives, as
inputs thereto, lineg 14, 16, 19 and 25 of the intermediate
bus 44. ' As described hereinafter, the first interface bus
detection circuit 82a compares signal levels on those lines
to a reference potential to determine whether the interface
bus of the host computer is a SCSI bus or a parallel port

"bus. When a SCSI bus is detected, the first interface bus

detection circuit 82a'provides'an active-low (i.e., logic-0)
signal on line 92. Conversely, when a parallél port bus is
detected, the first interface bus detection circuit 82a

provides an active-low signal on line 94. When neither a
parallel port bus nor a SCSI bus is detected, lines 92 and 94

remain high (i.e., logic-1).

An "enable" signal is provided on line 48a by an
exclusive-OR gate 95 that receives the signals on lines 92
and 94 at invertéd inputs thereof. As described hereinafter,
the "enable" signal enables the output drivers of the Host
and Device I/0 Control blocks 50, 58 when a valid interface
bus (i.e., SCSI or parallel port) is detected on the
intermediate (host) bus 44. The enable signal is an active-
high signal. If neither type of bus is detected, or if for
some reason the interface bus detection circuit 82a provides
a logic-0 signal on both lines 92 and 94, the exclusive-OR
gate 95 ensures that the enable signal will not be asserted
(i.e., line 48a will remain at logic-0). As further shown in
Figure 3, the active-low output on line 92 defines a "mode"
signal that is provided to the respective I/0 control blocks
via line 48b. As described hereinafter, the "mode" signal
controls the flow of data (either SCSI or parallel port)
through the Host, Device and Pass-through I/0 Control blocks
50, S8, 74. When the host interface bus is detected to be a
SCSI bus, the "mode" signal on line 48b is low. Otherwise,
the "mode" signal remains high. .

_ A second interface bus detection circuit 82b
receives, as inputs thereto, lines 14, 16, 19 and 25 of the
pass-through bus 72. Assuming a third device is connected to
the.pass-through bus, the second interface bus detéction '
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circuit 82b compares signal levels on lines 14, 16, 19 and 25
to a reference potential to determine whether the interface
bus of the third device is a SCSI bus or a parallel port bus.
When a SCSI bus is detected,'the second interface bus
detection circuit 82b provides an active-low (i.e., logic-0)
signal on line 96. Conversely, when a parallel port bus is
detected, the second interface bus detection circuit 82b
provides an active-low signal on line 98. When neither a
parallel port bus nor a SCSI bus is detected, lines 96 and 98
remain high (i.e., logic-1).

An active-high *PT enable" signal is provided on
line 48c to enable the output drivers of the Pass-through bus
72 whenever the interface buses of the host computer and
third device are either both SCSI buses or both parallel port
buses. Thus, in the preferred embodiment, the pass-through .
bus 72 is only enabled when the interface bus of the host
computer is of the same type as the interface bus of the
device attached to the pass-through bus 72. This simplifies
the implementation of the pass-through bus 72 because no
protocol translation is necessary. The "PT enable" signal is
generated by logic gates 100, 106 and 108. Lines 92 and 96
are input to gate 100 (an OR function) which provides an
active-low output (i.e., logic-0) whenever lines 92 and 96
are both at logic-0, indicating that the interface buses of.
the host computer and third device are both SCSI buses. Line
94 and 98 are input to gate 106 which provides an active-low
output (i.e., logic-0) whenever lines 94 and 98 are both at
logic-0, indicating that the interface buses of the host
computer and third device are both parallel port buses. The
outputs of gates 100 and 106 are fed to inverted inputs of
gate 108. Thus, the "PT enable" line 48c is asserted (i.e.,

- logic-1) whenever the interface buses of the host computer

and third device are either both SCSI buses or both parallel
port buses. N |

As illustrated in Figure 3, two additional gates
102 and 104 are ?rovided for future implementations in which
the multiple-protocol input/output circuit 40 is adapted to
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- handle cases in which the host interface bus and the

interface bus of a third device connected to the pass-through
bus are of different types. The output of gate 102 will be
asserted (i.e., logic-0) when the interface bus of the host
computer is a parallel port bus, but the pass-through device:
has a SCSI interface bus. Alternatively, the output of gate.
104 will be asserted (i.e., logic-0) when the host interface
bus is a SCSI bus, but the pass-through device has a parallel
port bus. As can be appreciated, the multiple interface
ihbut/output port 40 can be configured to handle such'mixed‘
modes by adding an additional parallel port-to-SCSI interface
adapter between the intermediate (host) and pass-through
buses 44, 72 in order to provide the necessary protocol
translation between the host computer and pass~through
devices in such cases. .

Finally, as further illustrated in Figure 3, when
the interface bus of a third device connected to the pass-
through bus 72 is detected to be a SCSI, line 25 is coupled
to a +5V power supply via diode 88 and transistor 86 in order
to provide termination power to the pass-through device. A
self-resetting fuse 87 is provided to protect the passQ
through device, if necessary. Alternatively, when the-
interface bus of the third device is detected to be a
parallel port interface bus, line 25 is grounded through
transistor 90. '

Figure 4 is a block diagram showing further details
of the Host I/0 control block 50. In particular, Figure 4
illustrates the two-way'routing of signalé between each of
the twenty-two lines (1-17 and 19-23) of the intermediate
(host) bus 44 and the respective lines of the HostIN, PP-Host
OUT and SCSI-Host OUT buses 52, 68, 70. As shown, signals
transmitted from the Host computer are allowed to flow freely
from each of lines 1-17 and 19-23 of the intermediate bus 44
to the HostIN bus 52 through the input 207 of. a respective
bi-directional line driver 206. Each line of the

‘intermediate bus 44 is coupled to a +5V source through a

pull-up resistor 203. The "enable" and "mode" signals are

b
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received on lines-48a and 48b from the interface bus

- detection and control block 46. These signals control first

and second multiplexers 200,202 and an AND gate 204 for each
line 1-17 and 19-23 of the intermediate bus 44.

When the interface bus of the host computer is.
detected to be a SCSI bus, e.g., a SCSI-2 bus, the "mode"
signal is at logic-0 and the "0" input of each multiplexer

200, 202 is selected. Active high signals are provided by

the SCSI-SCSI repeater circuit 5S4 on each line of the SCSI-
Host OUT bus 70. When one of the lines of the SCSI-Host OUT
bus 70 is asserted'(i.e.,'logic-l), the output 208 of the
respective bi-directional line driver 206 is enabled via line
205, and the cofresponding line of the intermediate bus 44 is
therefore pulled to ground through the "0" input of the
respective multiplexer 202 on that line. Thus, the active
high signals on the SCSI-Host OUT bus 70 are converted by the
Host I/O control block 50 into active low SCSI signals on the

intermediate bus 44.

When the interface bus of the host computer is
detected to be a parallel poft bus, the "mode" signal is at
logic-1 and the other input of each_multiplexer 200, 202 is
selected. Also, in this mode, the PP-SCSI interface adapter

58 provides a "PP enable" signal (logic-1) on line 49. For
each line of the ihtermediate bus 44, the "PP enable” signal

is routed through the respective multiplexer 200 and gate 204
to enable the output 208 of the respective line driver 206
for that line. BEach line of the intermediate bus 44 can then

be driven by the PP-Host OUT bus 68 through the "1" input of |

its respective multiplexér'zoz.

Further in accordance with the preferred
embodiment, as indicated at block 209 of Figure 4,
termination is prov1ded on selected lines of the 1ntermed1ate
bus 44 in SCSI mode. 1In the present embodiment, SCSI
termination is provided only on lines 1-6, 8, 10-13, 15, 17
and 19-23. When the interface bus of the host computer is
detected to be a paréllel port bus, termination is disabled
by'the “mode" gsignal. .

et SRR MIIA o 17 1
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Figure 5 is a block diagram showing further details
of the Pass-through 1/0 control block 74. 1In particular,
Figure 5 illustrates the two-way routing of signals between
each of the twenty-two lines (1-17 and 19-23) of the pass-

" through bus 72 and the respective lines of the Pass-

throughIN, PP-PT OUT and SCSI-PT OUT buses 76, 78, 80. As
shown, signals transmitted from a third device connected to
the pass-through bus are allowed to flow freely from each
line (1-17 and 19-23) of the pass-through bus 72 to the Pass-
through IN bus 76 through the input 207’ of a respective bi-
directional line driver 206’. Each line of the pasé—through
bus 72 is coupled to a +5V source through a pull-up resistor
203’. The Pass—through 1/0 Control block 74 receives the "PT

“enable" signal on line 48c from the interface bus detection

and control circuit 46, rather than the "enable" signal that
the Host and Device I/O Control blocks 50, 58 receive. The

"mode" signal is received on line 48b. These signals control:
first and second multiplexers 200‘, 202° and an AND gate 204’

for each line (1-17 and 19-23) of the pass-through bus 72.
As can be appreciated, the Pass-through I/0 Control block 74
functions similarly to the Host I/O Control block 50.

When the interface bus of the third device
connected to the pass-through bus 72 is detected to be a SCSI
bus, the "mode" signal is at logic-0 and the "0" input of |
each multiplexer 200’, 202’ is selected. Active high signals
are provided by the SCSI-SCSI repeater circuit 54 oh each
line of the SCSI-PT OUT bus 80. When one of the linés of the
SCSI-PT OUT bus 80 is asserted (i.e., logic-1), the output
208’ of the respective bi-directional line driver 206’ .is
enabled via line 205’, .and the corresponding line of the
pass through bus 72 is pulled to ground through the "0" 1nput
of the respective multiplexer 202’ on that line. Thus, the
active-high signals on the SCSI-PT OUT bus 80 are converted
by the Pass-through 1I/0 Control block 74 into active-low SCSI
signals on the pass-through bus 72. .

When the interface bus of the pass-through device
is detected to be a parallel port bus, the "mode" signal is
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at logic-1 and the other input of each multiplexer 2007, 202’
is selected. Also, as mentioned above, the PP-SCSI interface
adapter 58 provides a "PP enable" signal (logic-1l) on line 49
in this mode. TFor each line of the pass-through bus 72, the.
"PP enable” signal is routed through the respective

‘multiplexer 200’ and gate 204’ to enable the output 208’ of

the respective line driver 206’ for that line. Each line (1-
17 and 19-23) of the pass-through bus 72 can then be driven
by the PP-PT OUT bus 78 through the "1" input of its
respective multiplexer 202'. Like the intermediate bus 44,
as indicated at block 209’, termination is provided on
selected lines of the pass-through bus 72 in SCSI mode. In

_the present embodiment, SCSI termination is proVided only on

lines 1-6, 8, 10-13, 15, 17 and 19-23 of the pass-through bus
72. When the interface bus of the pass-through device is
detected to be a parallel port bus, termination is disabled
by the "mode" signal. | _

Figure 6 is a block diagram showing further details
of the Device I/O Control block 58. 1In particular, Figure 6
illustrates the two-way routing of signals between each of
the eighteen lines of the interface bus 60 of the peripheral
device and the respective lines of the DeviceIN, SCSI-SCSI

© OUT and PP-SCSI OUT buses 64, 62, 66, respectively. As

shown, signals asserted by the peripheral device on its
interface bus 60 are allowed to flow freely from each line of
the interface bus 60 to the DeviceIN bus 64 through the input
207" of a respective bi-directional line driver 206". The
other input 208" of eaéh.bi-directional line driver 206" is
coupled to ground. Each line of the peripheral interface bus
60 is coupled to a +5V source through a pull-up resistor '
203", The Device I/O Control block 58 receives the "enable"
and "mode" signals on lines 48a and 48b, respectively, from
the interface bus detection and control block 46. These
signals control a multiplexer 210 and an AND gate 204’’ for
each line (1-18) of the peripheral interface bus 60.

When the interface bus of the host computer is

detected to be a SCSI bus, the "mode® siqnal is at logic-0
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and the *0" input of the multiplexer 210 on each line of the
interface bus 60 is selected. The SCSI-SCSI repeater circuit
54 provides active high signals on each line of the SCSI-SCSI

"OUT bus 62. When one of the lines of the SCSI-SCSI OUT bus

62 is asserted (i.e., logic-1l), the output 208" of the
respective bi-directional line driver 206" is enabled via
line 205", and the corresponding line of the peripheral
interface bus 60 is therefore pulled to ground via the
grounded input 208" of the line driver 206". Thus, the
active high signals on the SCSI-SCSI QUT bus 62 are converted
by the Device I/0 Control block 58 into active low SCSI
signals on. the interface bus 60 of the peripheral device.

When the interface bus of the host computer is
detected to be a parallel port bus, the "mode" signal is at
logic-1 and the other input of each multiplexer 210 is
selected. The PP-SCSI interface adapter 56 provides active
high signals on each line of the PP-SCSI OUT bus 66. When
one of the lines of the PP-SCSI OUT bus 66 is asserted (i.e.,
logic-1), the output 208" of the respective bi-directional
line driver 206" is enabled via line 205", and the
correspdnding line of the peripheral interface bus 60 is
therefore pulled to ground via the grounded input 208" of the
line driver 206". Thus, the active high signals on the PP-
SCSI OUT bus 66 are also converted by the Device I/0O Control
block 58 into active low signals on the interface bus 60 of
the peripheral device. No termination is provided on the
interface bus 60 of the peripheral device.

As the foregoing illustrates, the Host, Device and
Pass-through I/0 Control blocks 50, 58, 74 respond to the
"mode", "enable" and "PT enable" signals in order to route
communications between the host computer, the peripheral
device and a third device through either the SCSI-SCSI
repeater circuit 54 or the PP-SCSI interface adapter 56
depending on the detected interfaces of the host and pass-
through devices.
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Interface Bus Detecdtion

As mentioned above, most interface buses comprise a
plurality of lines, some of which may be defined to carry
data and control signals, and others of which may carry a
system ground. A particular type of interface bus {e.g.,
SCSI, parallel port, etc.) is typically characterized by
predetermined ones of the lines of the interface bus being
grounded. Typically, different lines are grounded on
different types of interface buses. For example, lines 14
and 16 of a SCSI bus are grounded, whereas a parallel port
bus has either line 25 grounded, or line 19 grounded and at

least one of lines 14 and 16 not grounded.

According to another aspect of the present
invention, a method of detecting a particular type of
interface bus from a plurality of different known types of
interface buses comprises the steps of comparing signal
levels on selected ones of the lines of an interface bus
under consideration to a reference potential to determine
which of the selected lines of the interface are grounded,
and then indicating the type (e.g., SCSI, parallel port,
etc.) of the interface bus based on the determination of -
which lines are grounded. Figure 7 is a state diagram
illustrating a preferred embodiment of the method of the
present invention. The method illustrated in Figure 4 is
capable of detecting whether an interface bus is either a
SCSI bus or a parallel port bus. '

In the present embodiment, the interface bus under
consideraéion (e.g., intermediate (host) bus 44 or pass-
through bus 72) is assumed to comprise twenty-five lines
numbered consecutively, each line being defined as indicated
in Table 1 depending on whether the interface bus is a SCSI
bus or a parallel port bus. As shown in Figure 4, the method
comprises the steps of comparing voltage levels on each of
lines 14, 16, 19 and 25, and then indicating the type of_the
interface bus based on the determination of which lines are
grounded. Specifically, an indication that the intexface bus

" under consideration is a parallel port protocol is made when
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either (i) line (i.e., conmnector pin) 25 is grounded or (ii)
line 19 is'grounded and at least one of lines 14 and 16 is
not groﬁnded. An indication that the interface bus is a SCSI
bus, e.g., SCSI-1, SCSI-2 or SCSI-3, is made when line 25 is

determined to be grounded. A state in which lines 25 and 19
are not grounded and at least one of lines 14 and 16 is not
grounded is undefined. It is understood that the method of
the present invention is ﬁét limited to detecting parallel
port and SCSI buses, but may be employed to distinguish

. between any number of different interface buses so long as

each interface bus is characterized by a unigque pattern of
groundedllines. Moredver, the preferred embodiment is hot
limited to use in connection with SCSI and/or parallel port
interface buses of twenty five lines. Rather, the method may
be employed to detect a SCSI or parallel port bus on any one
of the standard bus sizes typically employed in accordance
with these interfaces. Also, other lines of the SCSI and

‘parallel port bus structures may be examined to determine

whether a particular interface bus is a SCSI bus or a
parallel port interface bus, and the present invgntion is by

' no means limited to use of lines 14, 16, 19 and 25 in this

regard.

An alternate method of detecting whether an
interface bus is a SCSI bus or a parallel port bus comprises
the steps of comparing a voltage level on line 25 to a
reference potential to determine only whether line 25 is
grounded. An indication that the interface bus is . a SCSI bus
is made if line 25 is determined not to be grounded. An '
indication that the interface bus is a parallel port bus is

"made if line 25 is determined to be grounded.

An interface bus detection circuit in accordance
with the present invention, which may be used to implement
interface bus detection circﬁits g2a and 82b of Figure 3,
comprises means for comparing signal levels on selected ones

of the lines of an interface bus to a reference potential to
‘determine which of the selected lines jis grounded, and means
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for indicating the type of the interface bus based on the
determination of which lines are grounded.

Figure 8 is a schematic diagram of one embodiment
of an interface bus detection circuit in accordance with the
present invention. The interface bus detection circuit of
Figure 8 implements the alternate method described above. As
shown, the circuit comprises a single open-collector voltage
comparator Ul. The non-inverting input ("+") of the |
comparator Ul is connected directly to line 25 of the
interface bus. Line 25 is coupled to a +5V source through
pull-up resistor 124 to ensure that signal integrity to the
remainder of the multiple interface input/output port 40 is
not lost. The inverting input ("-") of the comparator Ul is
biased with a reference voltage. The reference voltage is
determined by a pair of resistors 126, 130 that form a

'_voltage divider. 1In the preferred embodiment, resistor 126
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comprises a 4.75 kQ resistor, and resistor 130 comprises a
250 Q@ resistor. Consequently, the reference voltage '
appearing at the inVerting input ("-") of the comparator Ul
is slightly above 0 volts. When line 25 is grounded, the
output 128 of the comparator is low indicating that the
interface bus is not a SCSI bus; it is assumed in this case
that the interface bus is therefore a parallel port bus. If
line 25 is not grounded, which is the case with a SCSI bus,
e.g., SCSI-2, the voltage level at the non-inverting input
("+") of the comparator-Ul'will exceed the reference voltage
at the inverting input ("-%). Consequently, the output 128 -
of the comparator Ul will be high indicating that a SCSI bus
has been detected.

Figure 9 is a schematic diagram illustrating both a
circuit for carrying out the method of Figure 7 and another
embodiment of an interface bus detection circuit in
accordance with the present invention. According to this
embodiment, the means for comparing signal levels on selected
ones of the lines of an interface bus under consideration to
a reference potential comprises four open collector voltage
cbmparators Ul, U2, U3 and U4, coupled respectively to lines
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25, 16, 14 and 19: Each comparator Ul, U2, U3, U4 compares
its respective line of the interface bus to a reference
potential determined by resistors 138 and 140 which form a
voltage divider. The reference voltage, which in the present
S embodiment is slightly above 0 volts, is applied to the
inverting input "-" of comparator Ul, and the non-inverting
‘inputs "+" of comparators U2, U3 and U4. The other input of
each comparator Ul, U2, U3, U4 is tied directly to its
respective line of the interface bus. When line 25 is

10 grounded, the output of cdmparator Ul will be low (i.e., = O
volts). When lines 14, 16 or 19 are grounded, the output of
their respective comparators U3, U2, U4 will be high (i.e., =~
5 wvolts).

' The interface bus detection circuit of the present

15 invention ig intended to perform a monitoring function only;
the circuit should not interfere with the signal on any of

z
L3
3
&
£
3
-4

the lines of the interface bus. Accordingly, in the present
embodiment, lines 14, 16, 19 and 25 of the interface bus are
coupled to a +5V source through respective pull-up resistors

20 134, 132, 136 and 130. The pull-up resistors 130-136 ensure
that signal integrity on each line is not lost.

Transistors Ql, Q2, Q3 and respective biasing
resistors 144-162 comprise a means for indicating whether the
interface bus is a SCSI type or a parallel port type based on

25 the outputs of the respective comparators Ul, U2, U3 and U4.
A SCSI bus ig indicated when transistor Q1 is turned on

(i.e., line 92 or 96 goes low), and a parallel port bus is
indicated when either Q3 is turned on or the outpﬁt of
comparator Ul is low (i.e., line 94 or 98 goes low).

30 Transistor Q1 turns on when the outputs of comparatofs U2 and
U3 are both high (i.e., lines 14 and 16 are grounded).
Transistor Q3 turns on when the output of comparator U4 goes
high (i.e., line 19 is grounded) and either comparator U2 or
comparator U3 is low (i.e., either of lines 14 and 16 is not

35 ‘grounded). As the foregoing illustrates, therefore, the
interface -bus detection circuit of Figure 9 indicates that
the interface bus is a SCSI bus when lines 14 and 16 are both
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grounded, and indicates that the interface.bus is a parallel
port bus when either (i) line 25 is grounded, or (ii) line 19
is grounded but at least one of lines 14 and 16 is not '
grounded. .

'Figure 9 is a schematic diagram illustrating an
alternative circuit for carrying out the method of Figure 7,
as well as yet another embodiment of an interface bus
detection circuit in accordance with the present invention.
In this third embodiment, like the previous embodiment, the
means for comparing signal levels on selected ones of the

potential comprises four open collector voltage comparators
Ul, U2, U3 and U4, coupled respectively to lines 25, 16, 14
and 19. Each comparator Ul, U2, U3, U4 compares its
respective line of the interface bus_to a reference potential
determined by resistors 172 and 174 which form a voltage

"divider. 1In the present embodiment, the reference voltage,

which again approaches 0 volts, is applied to the non-
inverting input "+® of each comparator Ul, U2, U3 and U4.

The other input "-" of each comparator Ul, U2, U3, U4 is tied
directly to its respective line of the interface bus. The
outputs of each comparatpr Ul, U2, U3, U4 are coupled to the
+5V source through respeétivé pull-up resistors 176-182.

‘When any one of lines 14, 16, 19 and 25 is grounded, the

output of its respective comparator U3, U2, U4, Ul goes high
{1.e., logic-1). Otherwise, the ocutputs Qf each comparator

are low (i.e., logic-0).

The interface bus detection circuit of the present
invention performs a monitoring function only, and the
circuit should not interfere with the signal on any of'the,
lines of the interface bus. Accordingly, in the present
embodiment, lines 14, 16, 19 and 25 of the interface bus are
coupled to a +5V source through respective pull-up resistors

168, 166, 170 and 164. The pull-up resistors 164-170 ensure

that signal integrity on each line is not lost.
Logic gates US-Ul2 comprise a means for indicating
whether the interface bus is a SCSI bus or a parallel port
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bus based on the outputs of the respective comparators Ul,
U2, U3 and U4. A SCSI bus is indicated when NAND gate Ull
receives a'logic—i at both inputs. A parallel port bus is
indicated when NAND gate Ul2 receives a logic-1 at both
inputs. Exclusive-OR gate Ul0 prevents both inputs of Ull
and Ul2 from going high at the same time. The outputs of
logic gates U6 and U9 drive the inputs of gates Ull and Ul2,
respectively. Thus, AND gate Ull will receives a logic-1 at
both inputs when the output of AND gate U6 is high; AND gate
U12 will receive a logic-1 at both inputs when the output of
OR gate U9 is high.

AND gate U6 outputs a logic-1 when the outputs of
comparators U2 and U3 are high, and the output of comparator
Ul is low (i.e., lines 14 and 16 are grounded, but line 25 is
not grounded). OR gate U9 outputs a logic 1 when either (i)
the output of comparator Ul is high (i.e., line 25 is
grounded) or (ii) the output of comparator U4 is high, and at
least one of the outputs of comparators U2 and U3 is low
(i.e., line 19 is grounded, and at least one of lines 14 and
16 is not grounded). As the foregoing illustrates,
therefore, the interface bus detection circuit of'Figure 9
indicates that the interface bus is a SCSI bus when lines 14
and 16 are both grounded, and indicates that the interface

-bus is a parallel port bus when either (i) line 25 is

grounded, or (ii) line 19 is grounded but at_least one of

lines 14 and 16 is not grounded.

Preferably, the first and second interface bus
detection circuits B82a and 82b of the interface bus detection
and control block 46 illustrated in Figure 3 are each
implemented using one of the interface bus detection circuits

‘illustrated in Figures 9 and 10. As can be appreciated, the

interface bus detection circuit of Figure 9 provides an
analog solut;on,'whereas the interface bus detection circuit
of Figure 10 frovides a'digital solution. While the circuits
of Figures 9 and 10 are preferred, either one of the
interféce bus detection circuits 82a, 82b could be

»
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impiemented using the interface bus detection circuit of
Figure 8.

It is understood that the interface bus detection
circuits of Figures 8-10 are not limited to the detection of
parallel port and SCSI buses, but may be employed to
distiﬁguish between any number of different types of
interface bus so long as each different type of interface bus
is characterized by a unique pattern of grounded lines.
Moreover, the preferred embodiment is not limited to use in
connection with SCSI and/or parallel port interface buses of
twenty five lines, or pins.  Rather, the method may be
employed in connection with any one of the standard bus sizes

typically employed in accordance with these interface
protocols.

Parallel Port-to-SCSI Interface adapter

Figures 11{(a) and 11{b) illustrate further details
of the PP-SCSI interface adapter 56 of Figure 2 in accordance
with the preferred embodiment of the present invention. As
illustrated in Figure 11{(a), lines 19-23 of the PP-Host OUT
and PP-PT OUT buses 68 and 78 are tied low. As described
above, these grounded lines of the PP-Host OUT and PP-PT OUT
buses 68, 78 feed the respective output drivers of the Host
and Pass-through I/0 Control blocks 50 and 74, respectively.
As further shown in Figure 11(a), lines 19-23 of the HostIN
and Pass-throughIN buses 52, 76 are open-circuited in the PP-
SCSI interface adapter 56 since they are defined as grouhds
in accordance with the parallel port protocols and therefore
do not carry any information that requlres translation.

Lines 1-17 of the HostIN and Pass- throughIN buses
52, 76 are provided as inputs to a parallel port-to-8SCSI
adapter circuit 56a. Lines 1-17 of the PP-Host OUT and PP-PT
OUT buses are connected to respective outputs of the adapter
circuit S56a. The eighteen lines of the DeviceIN and PP-SCSI
OUT buses 64, 66, which correspond to lines -1-6, 8, 10-13,
15, 17 and 19-23 of the intermediate and pass-through buses

L 4
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44, 72, are also connected to respectlve 1nputs and outputs
of the adapter circuit 56a.

. When the multiple interface 1nput/output port of
the present invention is in parallel port mode (i.e., the
host interface is detected to be a parallel port bus), a
command can be issued from the host computer to the PP-to-
SCSI adapter circuit S6a, via the HostIN bus 52, instructing
the adapter circuit S6a either to provide the necessary
physical and logical protocol translation to enable
communication between'the host interface bus and the
peripheral interface bus 60, or (ii) to pass parallel port
data from the host computer through the PP-SCSI interface

adapter S6, without translation, to the pass-through bus 72
when communication with a third dev1ce connected to the pass-
through bus 72 is desired.

When the adapter circuit 56a is 1nstructed by the
host computer to enable communlcatlon with the interface bus.
60 of the peripheral device, parallel port signmals received
from the host computer on the HostIN bus 52 are translated
{(logically and physically) into appropriate SCSI signals that
are then provided to.the Device I/0 Control block 58 via the
eighteen line PP-SCSI OUT bus 66. SCSI signals received by
the PP-SCSI interface adapter from the Device 1/0 Control
block 58 via the DeviceIN bus 64 are translated from their
SCSI format into appropriate parallel port signals which are
then output to the Host I/O Control block S0 via the twenty-
two line internal PP-HostOUT Bus 68. The twenty-two lines of
the PP-HostOUT bus 68 correspond to lines 1-17 and 19-23 of
the intermediate bus 44. For pufposes of controlling the
Host I/0 Control block 50, the PP-SCSI. adapter circuit Sé6a
provides a "PP enable" signal on output line 48.

In a case where the interface buses of both the
host computer and a third device connected to the pass-
through bus 72 are both parallel port buses, and where the
adapter circuit S6a has been instructed by the host computer
to enable communication with the third device, parallel port
signals received on the HostIN bus 52 from the host computer
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are passed through the adapter circuit 56a, without

translation, to the Pass- -through I/0 Control block 74 via the

interrial PP-PT OUT bus 78. The Pass-through I/0 Control
block 74 then routes the signals to the pass-through bus 72
for communication with the third device. Parallel port data

to be transmitted from the third device to the host computer

is passed through the adapterfcircuit 56a from the Pass-
throughIN bus 76 to the PP-HostOUT bus 68, likewise without
translation.

The PP-SCSI pfotocol adapter circuit S56a may be
implemented using any one of a variety of commercially
available parallel port-to-SCSI adapter solutions. For
example, the PP-SCSI adapter circuit 56a may be implemented
using the discrete components employed in the Iomega PPA-3
parallel port-to-SCSI adapte: available from Iomega
Corporation, 1821 West 4000 South, Roy, Utah 84067, assignee
of the present invention. Altermatively, the PP-SCSI
interface adapter circuit 56a can be implemented using the
EPSA-II chip available from Shuttle Technology, Inc., 43218
Christy Street, Frémont, CA 94538, or the RT90C20 chip from
Rancho Technoleogy, Inc., 10783 Bell Court, Rancho Cucamonga,
CA 91730. As yet another alternative, a two chip solution
can be implemented using any one of the following paralle}

port-to- -ISA/IDE interface chips in conjunction with a

standard ISA/IDE-to-SCSI interface chip, such as the 53cao
available from NCR Corporation, 1635 Aeroplaza Drive,
Colorado Springs, Colorado 80916; the 50772B available from
Microsolutions, 132 West Lincoln Highway, DeKalb, Illinois
60115, the SMC34C60 available from Standard Microsystems
Corporation, 2107 North First Street, Suite 660, San Jose,
California 95131, and the CPX-FDI available from Shuttle
Technology, Inc. any of the aforementioned deﬁices_can be
used to communicate SCSI commands to a SCSI device across a

parallel port bus. These devices are typically supplied_with

an appropriate software driver that provides the proper
communication link between the host operating system and the

interface adapter circuit. The adapter eircuit then provides

e e APERE M. 1A b d T
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the necessary communication'between itself and the interface
bus (e.g. bus 60 of Figure 2) of the peripheral device to
wh;ch it is connected. As can be appreciated, dependlng on
the particular PP-SCSI adapter circuit employed,
modifications may be required to ensure proper interface to
the Host, Device and Pass-through. I/O Controllers 50, 58, 74.
It should be noted that some of the aforementioned PP-SCSI
adapter solutions only provide pass-through support for
printer devices; that is, only a printer can be connected to
the pass-through bus as a third device. Additionally, it
should be noted that parity is not provided on the |
intermediate and pass-through buses 44, 72 when the multiple
interface input/output port 40 is in parallel port mbde.
Consequently, the PP-SCSI interface adapter must generate
parity internally in orxrder to provide parity to the

s eene s s

peripheral interface bus 60.

Three-way SCSI-SCSI Repeater circuit
Figures 12{(a) and 12(b) prov1de further details of

the SCSI-to-SCSI repeater circuit 54 of Figure 2. As
illustrated in Figure 12(a), lines 7, 39, 14 and 16 of the
SCSI-Host QOUT and SCSI-PT OUT buses 70 and 80 are tied high
(+5V) . This causes these lines to enable the respective line
driver outpﬁts 208,'208'-in the Host and Pass-though I/0
Control blocks 50, 74 when the multiple interface
input/output port 40 is in the SCSI mode (See Figs. 4 & S).
As a result, the corresponding lines 7, 9, 14 and 16 of the
intermediate (host) bus 44 and the pass-through bus 72 will
be coupled to ground through the "0" inputs of their
respective multiplexers 202 (See Figs. 4 & S). As further
shown in Figure 12(a), lines 7, 9, 14 and 16 of the HostIN
and Pass-throughIN buses 52, 76 are open-circuited in the
SCSI-SCSI repeater circuit 54 since they are defined as
grounds in accordance with the SCSI-2 prgtocol and therefore-
do not carry any information content.

The SCSI-to-SCSI repeater circuit 54 allows

i
3
H
3
!

~undirected, bi-directional flow of signals between the
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interface bus of the host compuﬁer (L.e., intermediate bus
44), the peripheral interface bus 60, and the interface bus
of a device connected to the pass-through bus 72 when each of
the buses is a SCSI bus (e.g., SCSI-2). Essentially, the
control and data lines of the SCSI bus, which would normally
be wired straight through from device to device, are opened
and buffered in the SCSI-SCSI repeater circuit 54. The
repeater circuit 54 allows the first bus signal asserted on
the HostIN, DeviceIN or Pass-throughIN buses 52, 64, 76 to
control the output buses (SCSI-HostOUT 70, SCSI-SCSI OUT 62,
SCSI-PT OUT 80) corresponding to the other two input buses.
All of the devices therefore appear connected to a single,
continuous SCSI bus, as is normally'the case.

Figure 12(b) illustrates the three-way circuitry of
the SCSI-SCSI repeater circuit 54 used to connect each of the
eighteen data and control lines of the respective HostIN,
DeviceIN and Pass-throughIN buses 52 to the respective lines
of the SCSI-HogtOUT, SCSI-SCSI OUT and SCSI-PT OUT buses 70,
62 and 80. Thus, the circuitry of Figure 12(b) is repeated
eighteen times in the SCSI-SCSI repeater circuit 54, once for
each of the eighteen control and data lines. '

The three-way circuitry of Figure 12(b) comprises
nine logic gates, i.e., NOR gates U13, U15 and U17, XOR gates

' Ul4, Ul6é and Ul8, and three delay gates, or elements, 190a-c.

NOR gates Ul3, Ul5 and Ul7 monitor each of the three sources
of incoming, active low signals on the respective lines of
the HostIN, DeviceIN and Pass-throughIN buses 52, 64 and 76,
respectively. XOR gates Ul4, Ul6 and'Ula'drive the '
respective lines of the SCSI-Host OUT, SCSI-SCSI OUT and
SCSI-DPT OUT buses 70, 62 and 80. For example, line 1 of each
of the HostIN, DeviceIN and Pass-throughIN buses 52, 64 and
76 would be connected to NOR gates Ul3, Ul5 and Ul7,
respectively, in a first implementation of the three-way
circuitry of Figure 12(b). XOR gates Ul4, Ul6 and U18 of
that first implementation would each be connected to line 1
of the respective output bus 70, 62 or 80. A second.
implementation of the three-way circuitry,would be used to

g
i
¥
§



10

15

20

25

30

35

WO 97/31386 S PCT/US97/00850 -

- 37 -

interconnect line- 2 of each of the HostIN, DeviceIN and Pass-
throughIN buses 52, 64, 76 to line 2 of each of the
corfesponding SCSI-Host QUT, SCSI-SCSI OUT and SCSI-PT OUT
buses 70, 62 and 80, and so on. It should be noted that
lines 1-6, 8, 10-13, is, 17 and 19-23 of the HostIN and Pass-
throughIN buses 52, 76 correspond one-for-one to lines 1-18
of the DeviceIn bus 64. That is, lines 1-6 of the HostIN and
Pass-throughIN buses 52, 76 correspond directly to lines 1-6
of the DevicelIN bus, line 8 of the HostIN and Pass—thfoughIN'
buses correspond to line 7 of the DeviceIN bus, lines 10-13
of the HostIN and Paés-throughIN buses correspond to lines 8-
11 of the DeviceIN bus, and so on.

The XOR gates Ul4, Ulé, Ul8 provide active high
signals on the SCSI-Host OUT, SCSI-SCSI Out and SCSI-PT OUT
buses 70, 62, 80 which, in turn, enable the appropriate
outputs in the Host, Device and Pass-through I/O Control
blocks to effectively convert the active high signals into
active low signals on the intermediate, peripheral and pass-

- through buses 44, 60 and 72. Delay gates 190a-c delay the

re-arming of the NOR gates to prevent latch ups.

The operation of gates Ul3, Ul4 and 190a will now
be described in -detail, it being understood that the
operation of gates Ul5, Ulé and 190b and of gates Ul7, Ul8
and 190c is the same. To begin, assume that all three inputs
to NOR gates Ul3, Ul5 and Ul7 are inactive, i.e., the
corresponding lines of the HogtIN, DeviceIN, and Pass-

- throughIN buses 52, 64, 76 are high (leogic 1). The outputs

of the NOR gates, the XOR gates Ul4, Ul6, Ul8 and all delay
gates 190a-c will be low (logic 0). The output of NOR gate
Ul3 is low since the HostIN line to which it is connected is
high; the other four inputs to NOR gate Ul3 are low. When

- the HostIN line goes low, i.e., the host computer asserts

that line, the ocutput of NOR gate Ul3 will go high. The high
output of NOR gate Ul3 will, in turn, drive the corresponding
lines of the SCSI-SCSI OUT and SCSI-PT OUT buses 62, 80 high
via XOR gates Ul6 and Ul8. The active high outputs of XOR
Qates Ul6 and U188 will, in turn, enable.the appropriate
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output drivers in' the Device and Pass-through I/O Control
blocks 58, 74 to drive the corresponding lines of the
periﬁheral and pass-through buses 60 and 72 low. Thus, the
line asserted by the host computer will be "redriven" through
the SCSI-SCSI repeater circuit 54 on the peripheral and pass-
through buses 60, 72. '
The new state (low) of the peripheral bus 60 and
pass-through bus 72 will be imposed at the inputs of NOR
gates Ul5 and Ul7 since, as explained above, signals asserted
on the peripheral and pass-through buses 60, 72 are always
allowed to pass freely to the DeviceIN and Pass-throughIN
buses 64 and 76 through the respective inputs 206‘, 206" of
the Device and.Pass-through I/0 Control blocks 58, 74 (Figs.
5 & 6). Howevefr even though these inputs to NOR gates Ul5
and Ul7 are now low, the outputs of NOR gates UlS and U17
will not change because they are disabled by the outputs of
NOR gate U13 and delay gate 130a, both of which are connected
to other inputs of each NOR gate U15, Ul7. The circuit will
therefore stabilize with a logic high out of gates U13, Ul6
and U18 and delay gate 190a. '
When the HostIN line that feeds NOR gate Ul3 is no
longer asserted and returns to an inactive state (high), the
output of NOR gate Ul3 goes low. This low signal is applied
to the inputs of XOR gates Ulé and Ul18 and to the inputs of
NOR gates Ul5 and Ul7. The outputs of XOR gates Ulé and Ul8

will therefore go low, effectively releasing the

corresponding line of the peripheral and pass-through buses
60, 72, which therefore return to'high. The outputs of NOR
gates Ul5 and Ul7 are kept low during the transition by the
high output of delay gate 190a. Delay gate 190a maintains a
high output until the peripheral and pass-through buses 60,
72 and, consequently, the DeviceIN and Pass-through in buses
64, 76, are released (go high) by their associated drivers
which, as explained above, are controlled by the outputs of
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XOR gates Ul6é and Ul8. It has been found that the delay of
each delay gate 190a-c required for proper operation of the
three-way circuitry is: '

Lo + Cpus + Er + Cpua

t, is the delay time through the SCSI bus .driver in
the relevant Host, Device or Pass-through I/O Control block
50, 58, 74 {(i.e., delay through AND gate 204 and buffer 208
in Fig. 4, 5 or 6);

tpys 18 the time from release of the relevant host
(intermediate), peripheral or pass-through bus 44, 60, 72
untll the voltage on that bus rises to 2.4 volts;

t, is the delay time through the SCSI bus receiver
in the relevant Host, Device or Pass-through I/0 Control
block 50, 58, 74 (i.e., delay through buffer 206 in Fig. 4, 5
or 6); and

tpy is the propagation delay, low to high, through
the relevant NOR gate Ul3, Ul5 or Ul7. As can be '
appreciated,'these values may differ based on a number of
factors and will depend on the particular implementation of
each gate and buffer.

The three-way circuitry of Figure 12(b) operates in
the same way for each line of the HostIN, DeviceIN and Pass-
throughIN buses. As can be appreciated, therefore, the SCSI-
SCSI repeater circuit 54 allows the first device (i.e., Host,
Peripheral or Pass-through) to assert a signal on eithexr the
HostIN, DevicelIN or Pass-throughIN bus 52, 64, 76 to control
the output buses (SCSI-HostOUT 70, SCSI-SCSI OUT 62 or SCSI-
PT OUT 80) corresponding to the other two input buses. All
of the devices therefore appear connected to a single,
continuous SCSI bus.

As the foregoing illustrates, the present invention
is directed to a multiple interface input/output port for a
peripheral device that is capable of automatically detecting
the type of interface bus to which it is connected in a host
computer and then routing communications between the two
devices through an appropriate interface adapter, if
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necessary, in a manner transparent to the user. It is
understood that changes may be made to the embodiments
described above without depafting from the broad inventive
concepts thereof. Accordingly, the present invention is not
limited to the particular embodiments disclosed, but is
intended to cover all modifications that are within the
spirit and scope of the invention as defined by the appended

claims.
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1. - A peripheral device having apparatus that
enables communication between an interface bus of the
peripheral device and any one of a plurality of different
types of interface buses that may be provided in a host
computer, said apparatus comprising:

a connector;

an interface bus detection circuit electrlcally
coupled to said connector and operable, upon connection of
said connector to an interface bus of said host computer, to
detect the type of the interface bus to which the connector
is connected; ana
' a plurality of interface adapters each electrically
coupled between said connector and the interface bus of the
peripheral device, each of said interface adapters being
operable to enable communication between the interface bus of
said peripheral device and a respective one of said plurality -
of different types of intexrface buses that may be provided in
said host computer, communications between the host computer
and the peripheral device being routed through one of said
interface adapters based upon the detected type of the
interface bus to which said connector is connected.

2. The peripheral device of claim 1 further
comprising means responsive to said interface bus detection
circuit for routing data communicated between the interface
bus of the peripheral device and the detected interface bus
of the host computer through said one interface adapter.

3. The peripheral device of claim 1 wherein the
interface bus of the peripheral device comprises a Small
Computer Systems Interface (SCSI) bus.

4. The peripheral device of claim 1 wherein said
plurality of different types of interface buses that may be

*
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'3 provided in said host computer comprises at least a parallel
port interface bus and a SCSI bus. '

5. The peripherai device of claim 1 wherein one
of said interface adapters comprises a repeater circuit that
is enabled when the interface bus of the peripheral device is
of the same type as the detected interface bus of the host
computer, said repeater circuit operating to redrive sigmals
transmitted between the interface buses of the peripheral
device and the host éomputer.

o o W N

6. The peripheral device of claim 1 wherein each
of said plurality of different types of interface buses is
characterized in that predetermined ones of the lines of the
interface bus are grounded, each of the different types of
interface buses having different ones of its lines grounded,
and further wherein said interface bus detection circuit
comprises:

means for comparing signal levels on selected ones
of the lines of the host interface bus to which the connector
is connected to a reference potential to determine which of
said selected lines is grounded; and .

W 0 N1 0 ok W
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means for lndlcatlng the type of said 1nterface bus
based on the determination of which of its llnes are
grounded.

X
W

7. The peripheral device of claim 6 wherein said
plurality of different types of interface buses comprises a
SCSI bus and a parallel port interface bus, and wherein each
of said different interface buses comprises at least twenty-
five lines numbered consecutively, and further wherein said
~comparing means comprises four voltage comparators coupled
respectively to the lines numbered 14, 16, 19 and 25 of the
host interface bus for comparing voltage levels on each of
said lines 14, 16, 19 and 25 to a reference potential to
depermine if said lines are grounded. '
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8. The-peripheral device of claim 7 wherein said
indicating means indicates that the host interface bus is a
SCSI bus when'lines 14 and 16 are determined by said
comparators to be grounded, and wherein said indicating means
indicates that the host interface bus is a parallel port
interface bus when either (i) line 25 is determined to be
grounded or (ii) line 19 is determined to be grounded, and at
least one of lines 14 and 16 are determined not to be

-grounded.

9. The peripheral device of claim 6 wherein said
plurality of different types of interface buses comprises a
SCSI bus and a parallel port interface bus, and wherein each
of said different interface buses comprises at least twenty-
five lines numbered consecutively, and further wherein said
comparihg means comprises a voltage comparator éoupled to the
line numbered 25 of the host interface bus for comparing a
voltage level on line 25 to a reference potential to
determine if line 25 is grounded. '

10. The peripheral device of claim 9 wherein said
indicating means indicates that the host interface bus is a
SCSI bus when line 25 théreof is determined by said
comparator not to be grounded, and indicates that the host
interface bus is a parallel port interface bus when line 25
thereof is determined by said comparator to be grounded. |

11. The peripheral device of claim 1 further
comprising a pass-through bus for enabling communication
between a third device and said host computer through said
peripheral device.

12. The peripheral device of claim 1 further
comprising an intermediate bus to which said conﬁector is

"electrically connected, said interface bus detection circuit

and each of said plurality of interface adapters being
coupled to said connector via said intermediate bus, said

-
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intermediate bus sérving as an extension of the interface bus
of said host computer to which the connector is connected.

13. A peripheral device having a Small Computer
Systems Interface (SCSI) bus for'communicating with a host
computer, and having apparatus for enabling communication

_between the SCSI bus of the peripheral device and an -
interface bus of the host computer, wherein the interface bus
of the host computer may comprise either a SCSI bus or a
parallel port interface bus, said apparatus comprising:

a connector;

an interface bus detection circuit electrically
coupled to said connector and operable, upon connection of
said connector to an interface bus of said host computer, to.
detect whether the interface bus of the host computer
comprises a SCSI bus or a parallel port interface bus;

a Parallel Port-to-SCSI (PP-SCSI) adapter
electrically coupled between said connector and the SCSI bus
of the peripheral device for enabling communication between
the SCSI bus of the peripheral device and the interface bus
of the host computer when the interface bus of the host
computer is detected to be a parallel port interface bus; and

a repeater circuit operable to redrive signals
transmitted, via said connector, between the SCSI bus of the
peripheral device and the interface bus of the host computér
when the interface bus of the host computer is detected to be

of the same type as the interface bus of the peripheral
device.

14. The peripheral device of claim 13 further
comprising means responsive to said interface bus detection
circuit for routing data communicated between the interface
bus of the peripheral device and the interface bus of the
host computer to which it is connected through one of said

. PP-SCSI adapter and said repeater circuit.

-
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, 15. The peripheral device of claim 13 wherein the
SCSI and parallel port interface buses of the host computer
are each characterized in that, for each interface bus,
different ones of the lines of the interface bus are
grounded, and further wherein said interface bus detection
circuit comprises: '

means for comparing signal levels on selected ones
of the lines of the host interface bus to which the connector
is connected to a reference potential to determine which of
said selected lines is grounded; and

O O U AW N e
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means for indicating whether said host interface

o
N

bus is a SCSI bus or a parallel port interface bus based on
the determination of which of its lines are grounded.

16. The peripheral device of claim 15 wherein said
' 8CSI and parallel port interface buses each comprises at
least twenty-five lines numbered consecutively, and further

Crine T RN SRS santesnes v =y

wherein said comparing means comprises four voltage

R,

comparators coupled respectively to the lines numbered 14,
16, 19 and 25 for comparing voltage levels on each of said

NSy e WM

lines 14, 16, 19 and 25 to a reference potential to determine
if said lines are grounded.

17. The peripheral device of claim 16 wherein said
indicating means indicates that the host interface bus to
which the connector is connected comprises a SCSI bus when
lines 14 and 16 are determined by said comparators to be
grounded, and wherein said indicating means indicates that
the host interface bus comprises a parallel port interface
bus when either (i) line 25 of the host interface bus is
determined to be grounded or (ii} line 19 is determined to be
:grounded, and at least one of lines 14 and 16 are determined
not to be grounded. .

WO S W N

1 - 18. The peripheral device of claim 15 wherein said
2 SCSI and parallel port interface buses each comprises at
3 least twenty-five lines numbered consecutiyvely, and furxther
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wherein said comparing means comprises a voltage comparator
coupled to the line numbered 25 for comparing a voltage level

‘on line 25 to a reference potential to determine if line 25

is grounded.

12. The peripheral device of claim 18 wherein said
indicating means indicates that the host interface bus to
which the connector is connected comprises a SCSI bus when
line 25 thereof is determined by said comparator not to be
grounded, and indicates that the host interface bus comprises
a parallel port interface bus when line 25 thereof is
determined by said comparator to be grounded.

20. The peripheral device of claim 1 further
comprising a pass-through bus for enabling communication

3 between a third device and said host computer through said
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peripheral device.

21. The peripheral device of claim 1 further
comprising an intermediate bus to which said connector is
electrically connected, said interface bus detection circuit,

‘said repeater circuit and said PP—SCSI'adapter each being

coupled to said connector via said intermediate bus, said
intermediate bus serving as an extension of the interface bus

of said host computer when said connector is connected
thereto.

22. A circuit for identifying an interface bus
from a plurality of different known types of interface buses,
each of said plurality of known types of interface buses
being characterized in that predetermined ones of the lines
of the intexrface bus are grounded, each of the different
types of interface buses having different combinations of its
lines grounded, said circuit comprising:

means for comparing signal levels on selected ones
of the lines of an interface bus under test to a reference
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potential to determine which of said selected lines are:
grounded; and

means for indicating the type of said interface bus
based on the determination of which of its lines are
grounded.

23. The circuit of claim 22 wherein the interface
bus under test comprises twenty-five lines numbéred
consecutively, and wherein said plurality of different types
of interface buses comprises a parallel port interface bus
and a SCSI bus, and further wherein said comparing means
éomprises four voltage comparators coupled respectively to
the lines numbered 14, 16, 19 and 25 of the interface ﬁnder
test for comparing voltage levels on each of said lines 14,

16, 19 and 25 to a reference potential to determine which of
said lines is grounded.

24. The circuit of claim 23 wherein said _
indicating means indicates that the interface bus under test
is a SCSI bus when lines 14 and 16 are determined by said
comparing means to be grounded, and wherein said indicating
means indicates that the interface bus under test is a
parallel port interface bus when either (i) line 25 is

determined to be grounded, or (ii) line 19 is determined to

be grounded and at least one of lines 14 and 16 is determined

not to be grounded.

25. The circuit of claim 22 wherein the interface
bus under test comprises twenty-five lines numbered
consecutively, and wherein said plurality of different types
of interface buses comprises a parallel port interface bus
and a SCSI bus, and further wherein said comparing means
comprises a voltage comparator coupled to the line numbered
25 for comparing a voltage level on line 25 to a reference
potential to determine whether line 25 is grounded.

een Replaced

\\\\\\\\\\\\\\\\\\\\\\\\\

e



n s W et

c Vo Jo W e W E

o)
[

@@ 3o oW

[ N ¥ N VS I O B

R O 0 o

WO 97/31386 LR T _ PCT/USY7/00850 -
- 48 -

26. The circuit of claim 25 wherein said
indicating means indicates that the interféce bus under test
is a SCSI bus when line 25 is determined by said comparator
not to be grounded, and said indicating means indicates that
the interface bus under test is a parallel port interface bus
when line 25 is determined by said comparator to be grounded.

27. A method of identifying an interface bus from
a plurality of different known types of interface buses, each
of said plurality of known types of interface buses being
characterized in that.predetermined ones of the lines of the
interface bus are grounded, each of the different types of

interface buses having different combinations of its lines

grounded, said method comprising the éteps of:
comparing signal levels on selected ones of the
lines of an interface bus under test to a reference potential
to determine which of said selected lines are grounded; and
indicating the type of said interface bus based on
the determination of which of its lines are grounded.

28. The method of claim 27 wherein the interface
bus under test comprises twenty-five lines numbered
consecutiﬁely, and wherein séid plurality of different types
of interface buses comprises a parallel port interface bus ;
and a SCSI bus, and further wherein said comparing step |
comprises comparing voltage levels on each of lines 14, 16,

19 and 25 of the intexface bus under tests to a reference
potential to determine which of said lines 14, 16, 19 and 25
is grounded.

29, The method of claim 28 wherein said indicating
steps comprises indicating that the interface bus under test
is a SCSI bus when lines 14 and 16 are determined to be
grounded, and indicating that the interface bus under test is
a parallel port interface bus when either (i) line 25 is
dete;mined to be grounded, or (ii) line 19 is determined to
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be grounded and at least one of lines 14 and 16 is determined
not to be grounded.

30. The method of claim 27 wherein the interface
bus under test comprises twenty- five lines numbered
consecutively, and whereln said plurality of different types
of interface buses comprlses a parallel port interface bus
and a SCSI bus, and further wherein said comparing step
comprises comparing a voltage level on line 25 of the
interface bus under test to a reference potential to

~determine whether line 25 is grounded.

31. ThHe method of claim 30 wherein said indicating
step comprises indicating that the interface bus under test
is a SCSI bus when line 25 is determined not to be grounded,
and 1nd1cat1ng that the interface bus under test is a
parallel port interface bus when line 25 is determined by
said comparator to be grounded.
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