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(57) ABSTRACT 

The technical ?eld of the invention generally concerns 
digital computers and, in particular, repeaters or sWitches 
(40) for distributed arbitration digital data buses (52, 54, 56 
and 58) to Which devices (62, 64, 66, 68, 72 and 74) connect 
in parallel. The bus repeater/switch (40) includes a plurality 
of bus interface cards (48) that are connected to the distrib 
uted arbitration buses (52, 54, 56 and 58) for receiving 
signals from and transmitting signals to devices (62, 64, 66, 
68, 72 and 74) connected thereto. The bus interface cards 
(48) connect to a control card (44) Which alloWs signals from 
one of the sharing buses (52, 54 or 56) to be exchanged With 
the shared bus (58). The bus sWitch (40) also includes 
selector sWitch (84 or 88) for choosing Which particular one 
of the sharing buses (52, 54 or 56) exchanges digital data 
signals With the shared bus (58). The bus sWitch (40) 
responds to signals on the distributed arbitration buses (52, 
54, 56 and 58) and to phases of the protocol for those signals 
so that its presence betWeen pairs of buses (52-58, 54-58 or 
56-58) is imperceptible to devices (62, 64, 66, 68, 72 and 74) 

1990. connected thereto. 
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NETWORK OF COMPUTING DEVICES 
INCLUDING A REPEATER FOR DISTRIBUTED 

ARBITRATION DIGITAL DATA BUSES 

TECHNICAL FIELD 

[0001] The present invention relates generally to the tech 
nical ?eld of digital computers and, more particularly, to 
electronic devices for switching among fully bidirectional 
digital data buses interconnecting digital computing devices. 

BACKGROUND ART 

[0002] Data buses are used throughout digital computer 
systems for communicating signals from one portion of the 
system to another. Digital data buses are used Within micro 
processor chips to communicate signals betWeen different 
functional elements included in central processing units 
(“CPUs”) of microprocessors or microcomputers, in ?oating 
point coprocessor chips, in memory management unit chips, 
etc. Within a digital computer but outside such integrated 
circuit chips, digital data buses communicate signals among 
those chips and betWeen them and other assemblies included 
Within the computer such as Random Access Memories 
(“RAM”), Read Only Memories (“ROM”) and/or peripheral 
device input/output circuits. External to the computer, digi 
tal data buses communicate signals betWeen it and periph 
eral devices such as keyboards, display devices, printers, 
modems, disk drives of various different types and/or tape 
drives. 

[0003] Because of the Widespread use of digital data buses 
throughout digital computer systems, myriad different types 
of buses have been developed over the years together With 
extremely sophisticated protocols governing the signaling 
process by Which data is transferred over the bus betWeen 
tWo devices such as betWeen a digital computer and a 
peripheral device, eg a disk drive or a tape drive. For 
example, digital data buses and protocols have been devel 
oped in Which one device, eg the digital computer or a 
portion of the digital computer identi?ed variously by the 
terms channel or controller, is permanently assigned control 
of the data bus for transfers of data both to and from the 
peripheral device. For this type of bus, frequently the device 
that controls the bus is referred to as the bus master and the 
other devices connected to the bus are referred to as slaves. 
Other digital data buses and protocols have been developed 
in Which a bus arbitration circuit separate from all peripheral 
devices assigns control of the data bus to one or the other of 
tWo intercommunicating devices, e. g. either the digital com 
puter or the peripheral device. This type of bus protocol is 
often called multi-master With centraliZed arbitration. 

[0004] A Widely used digital data bus having a sophisti 
cated protocol for exchanging data betWeen devices is 
de?ned by the American National Standards Institute 
(“ANSI”) X3.131-1986 standard Which is incorporated 
herein by reference. This ANSI standard digital data bus is 
knoWn colloquially as the Small Computer System Interface 
(“SCSI”) bus. The SCSI bus differs from most prior data 
buses in several Ways. First, devices connect to the SCSI bus 
in such a Way that none of the signal lines in the bus pass 
through any circuitry in any devices. Rather, each device 
applies its signals to each of the SCSI bus signal lines. The 
other devices then receive those signals via the bus. Second, 
the SCSI bus permits distributed arbitration in Which all the 
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devices that arbitrate for the bus at a particular time resolve 
among themselves Which of them Will receive control of the 
bus. This contrasts With the multi-master bus With central 
iZed arbitration. 

[0005] As de?ned by the ANSI standard, the SCSI bus 
includes a DATA BUS having eight bidirectional data signal 
lines and an optional bidirectional data parity signal line, a 
termination poWer line, ground lines, and a set of nine (9) 
control signal lines, some of Which are bidirectional. The 9 
control signal lines of the SCSI bus are a Busy (“BSY”) 
signal line, a Select (“SEL”) signal line, a Control/Data 
(“C/D”) signal line, an Input/Output (“I/O”) signal line, a 
Message (“MSG”) signal line, a Request (“REQ”) signal 
line, an AcknoWledge (“ACK”) signal line, an Attention 
(“ATN”) signal line, and a Reset (“RST”) signal line. 
Examples of the signals that may be transmitted over these 
various signal lines are illustrated in FIG. 1. 

[0006] In designing devices to be interconnected by a 
SCSI bus, one of tWo mutually incompatible conventions 
may be selected for the electrical signals present on the bus. 
These tWo alternative electrical conventions are respectively 
identi?ed as “single-ended,” Which has a maximum total 
cable length of 6 meters, and “differential,” Which has a 
maximum total cable length of 25 meters. Devices having a 
single-ended SCSI bus interface circuit and those having a 
differential SCSI bus interface circuit cannot be simulta 
neously connected to the same SCSI bus. Accordingly, all 
devices connected to a particular SCSI bus must be either 
single-ended or differential. The signal protocol for trans 
ferring signals over a SCSI bus remains the same regardless 
of Which of these tWo, mutually exclusive electrical con 
ventions is chosen to implement the bus. 

[0007] In accordance With the ANSI SCSI bus standard for 
the single-ended convention, the control, data and parity 
signal lines in the buses are true or asserted When in their loW 
voltage state and are false or negated When in their high 
voltage state. For the differential convention, assertion is the 
condition in Which the voltage on a “—” signal line is loWer 
than that on the associated “+” signal line. Negation reverses 
this relationship With the voltage on the “—” signal line 
becoming higher than that on the “+” signal line. In the 
description that folloWs, When a device is said to “assert” 
(“negate”) name(s) of signal line(s), this means the device 
asserts (negates) the signal(s) it applies to that line (those 
lines) in the SCSI bus. 

[0008] In both of these conventions, tWo termination resis 
tor netWorks, positioned at opposite ends of the bus and 
connected to all the SCSI bus signal lines, bias them to their 
unasserted state When no signal is present on the line. 
Consequently, all the signal lines respectively remain in their 
unasserted state unless a device connected to the SCSI bus 
asserts one or more of them. Furthermore, the BSY and RST 
signal lines of the SCSI bus, Which are “Wire-OR” signal 
lines, may be driven simultaneously by more than one 
device connected to the bus. Thus, for the BSY and RST 
signal lines, negation by a device does not mean that the 
BSY or RST line is actually negated. Rather negation by a 
device means merely that the device ceases to assert the 
signal it applies to the BSY or RST line. 

[0009] Each device connected to a SCSI bus is assigned a 
unique address on the bus. A device’s address on the SCSI 
bus corresponds to one of the bus’ eight DATA BUS signal 
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lines. Thus, a maximum of eight devices, each device being 
assigned one of the device addresses 0 through 7, may be 
connected to a SCSI bus With the address of each such 
device corresponding to one of the eight DATA BUS’ signal 
lines. In the description Which follows, When a device is said 
to assert an address on the SCSI bus, this means that it 
asserts the signal on the DATA BUS line corresponding to 
that address. 

[0010] When tWo SCSI devices communicate over the 
bus, one device acts an initiator of the exchange and the 
other acts as its target device. An initiating device sends 
commands to a target and the target device performs them. 
Particular devices, eg a digital computer, a disk drive, a 
tape drive, etc., usually have ?xed roles as either an initiator 
or as a target. HoWever, in accordance With the SCSI 
standard, under certain circumstances some devices may be 
able to selectively operate either as an initiator or as a target. 
Furthermore, an initiator and a target may, by mutual agree 
ment, execute a command by having the target release the 
bus folloWing receipt of the command but before completing 
it. Under such circumstances, the target subsequently arbi 
trates for the bus and then reselects the initiator to complete 
execution of the command. 

[0011] Certain SCSI bus functions are assigned to the 
initiator and certain are assigned to the target. An initiator 
may contend for control of the SCSI bus and upon acquiring 
control select a particular target, or conversely. After selec 
tion or reselection has occurred, the target alWays controls 
the exchange of data from the initiator. A target may request 
the transfer from the initiator of COMMAND, DATA, 
STATUS or other information over the DATA BUS lines. 

[0012] Information transfers over the data lines of the 
SCSI bus are interlocked and folloW a de?ned REQ/ACK 
handshake protocol. One byte of information may be trans 
ferred With each REQ/ACK handshake. There are tWo 
modes of interlocking that may be selected. In an “asyn 
chronous” mode, the transfer of each byte of data must be 
acknoWledged before the next byte may be transferred. In a 
“synchronous” mode, up to eight bytes of data may be 
transferred before an acknoWledgement must occur. 

[0013] Under the signaling protocol for communicating 
over the SCSI bus, there are eight distinct phases: a BUS 
FREE phase, an ARBITRATION phase, a SELECTION 
phase, a RESELECTION phase, and four different informa 
tion exchange phases, i.e. a COMMAND phase, a DATA 
phase, a STATUS phase, and a MESSAGE phase. Under the 
ANSI standard, some of the protocols for these 4 informa 
tion exchange phases may operate in various different Ways 
depending upon the options that have been chosen from the 
SCSI standard in designing the tWo communicating devices. 

[0014] FIG. 1 depicts the signals present on the nine 
control signal lines and the DATA BUS signal lines in the 
SCSI bus. As illustrated in FIG. 1, the BUS FREE phase of 
SCSI bus operation, depicted to the left of dashed line 20 and 
to the right of dashed line 22, occurs When no device asserts 
either SEL or BSY. Once the BUS FREE phase of the SCSI 
protocol occurs, under the ANSI standard any device con 
nected to the bus may commence activity on the bus by 
moving from the BUS FREE phase to the ARBITRATION 
phase, depicted betWeen dashed line 20 and dashed line 24. 

[0015] As illustrated betWeen the dashed lines 20 and 24 
in FIG. 1, the ARBITRATION phase of the SCSI protocol 
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begins When one or more devices arbitrates for the bus by 
simultaneously asserting BSY and its address on the SCSI 
bus. The address asserted by each device during the ARBI 
TRATION phase indicates that device’s priority to all other 
devices on the bus. If a device’s address on the DATA BUS 
corresponds to data bit 7, then that device has the highest 
priority on the SCSI bus. Conversely, if a device’s address 
on the SCSI bus corresponds to data bit 0, then that device 
has the loWest priority on the SCSI bus. 

[0016] During the ARBITRATION phase depicted 
betWeen dashed lines 20 and 24, each arbitrating device 
checks the other DATA BUS lines to determine if any higher 
priority device, i.e. a device that has a higher bus address, is 
also concurrently arbitrating for the bus. If an arbitrating 
device detects that a higher priority device is also arbitrating, 
it then ceases participating in the arbitration by negating its 
BSY and address signals. If a device ceases to arbitrate, it 
Will not again attempt to arbitrate until the bus returns to its 
BUS FREE phase. Conversely, if an arbitrating device 
detects that its address on the DATA BUS provides it With 
the highest priority among the arbitrating devices, i.e. the 
device Won the arbitration, it then completes the ARBITRA 
TION phase by asserting SEL folloWed by the address of the 
device With Which it Wishes to communicate. 

[0017] The SELECTION phase of the SCSI bus protocol, 
depicted betWeen dashed line 24 and dashed line 26 in FIG. 
1, folloWs immediately after an ARBITRATION phase. In 
the SELECTION phase, the Winning device negates I/O, 
asserts both its and the target’s addresses on the DATA BUS 
and then negates BSY Which it has continuously asserted 
since the beginning of the ARBITRATION phase. Each 
device connected to the SCSI bus that is capable of being 
selected recogniZes that the SELECTION phase is under 
Way and checks its address line to determine if it is being 
selected. The selected device responds to selection by assert 
ing BSY. Upon receiving the assertion of the BSY signal 
from the selected device, the Winning arbitrating device ends 
the SELECTION phase by negating SEL and the addresses. 
At the end of the SELECTION phase, since the Winning 
arbitrating device negated I/O during SELECTION it enters 
the information exchange phase(s) as the SCSI bus initiator. 

[0018] Alternatively, the RESELECTION phase of the 
SCSI bus protocol may folloW immediately after an ARBI 
TRATION phase. The RESELECTION phase resembles the 
SELECTION phase except that the Winning arbitrating 
device also asserts I/O along With the selected device’s 
address. After the selected device asserts BSY, the Winning 
arbitrating device reasserts BSY and then negates SEL and 
the addresses. After the Winning arbitrating device negates 
SEL and the addresses, the selected device negates BSY 
leaving the Winning arbitrating device alone asserting BSY. 
At the end of the RESELECTION phase, since the Winning 
arbitrating device asserted I/O during RESELECTION it 
enters the information exchange phase(s) as the SCSI bus 
target. 

[0019] Under the ANSI standard, the SCSI bus protocol 
need not include an ARBITRATION phase. The standard for 
the SCSI bus permits systems in Which a sole initiating 
device connected to the bus moves directly from the BUS 
FREE phase to the SELECTION phase Without ever enter 
ing the ARBITRATION phase. HoWever, in the more 
sophisticated implementations of the SCSI bus alloWed 
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under the ANSI standard, devices move from the BUS FREE 
phase to the ARBITRATION phase before entering either 
the SELECTION or RESELECTION phase. 

[0020] After the SELECTION phase of the SCSI bus 
protocol ends, the information exchange phases begin With 
the bus coming under the control of the target device. In the 
example depicted in FIG. 1, the target device initiates a 
COMMAND phase betWeen dashed line 26 and dashed line 
28. This COMMAND phase is folloWed by a DATA phase 
With the data being transferred from the target to the initiator 
betWeen dashed line 28 and dashed line 32 in FIG. 1. The 
DATA phase may be folloWed by a STATUS phase as 
illustrated in FIG. 1 betWeen dashed line 32 and dashed line 
34. Finally, the STATUS phase may be folloWed by a 
MESSAGE phase With the message being transferred from 
the target to the initiator betWeen dashed line 34 and dashed 
line 22. The SCSI standard does not established any order or 
number of phases associated With an information exchange. 
Accordingly, as many COMMAND, DATA, STATUS and/or 
MESSAGE phases may occur as are needed to perform the 
desired operation. When the target device completes the 
desired operation and is ?nished With the bus, it ends the 
information exchange phases by negating the signal that it is 
applying to the BSY signal line as illustrated at dashed line 
22 in FIG. 1. Negation of the signal on the BSY signal line 
by the target device returns the bus once again to the BUSS 
FREE phase. 

[0021] For economic and other reasons, it frequently is 
desirable to share a peripheral device such as a tape drive or 
a disk drive among a number of computer systems Without 
physically altering the cable connections to those systems, 
and Without disturbing the operation of those systems. 
Accordingly, for many years various manufacturers have 
sold devices that alloW a computer system operator to 
electronically sWitch a shared peripheral device from one 
computer system to another. Perhaps this practice of sharing 
a single peripheral device among several computer systems 
occurs most frequently in the instance of tape drives used for 
backing-up onto magnetic tape the data Which is stored on 
disk drives. 

[0022] While, conceptually, an electronic sWitch used to 
share a peripheral device among tWo or more computer 
systems does not seem very complicated, usually it is not so 
simple as a large, passive multi-pole mechanical sWitch that 
connects to the buses of each of the sharing computer 
systems and to the shared peripheral device. Such a large, 
passive multi-pole mechanical sWitch is usually incompat 
ible With the electrical characteristics of high data transfer 
rate buses that connect peripheral devices to a computer 
system. This electrical incompatibility occurs because of the 
simultaneous presence of high frequency signals on all of 
the signal lines in the buses connected to the sWitch and 
because of the isolation required betWeen the signals on all 
those buses. Even in its simplest form, an electronic sWitch 
for selectively connecting a single peripheral device such as 
a tape drive or a disk drive to one of the buses of several 
computer systems is an active electronic device that pro 
vides proper electrical termination for signal lines in the 
several buses While isolating all the signal lines in those 
buses from each other except for the signal lines in the pair 
of buses betWeen Which signals are to be exchanged. 

[0023] Thus far, bus sWitches for arbitration type buses 
exist only for multi-master centraliZed arbitration buses. In 
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such central arbitration, requests for access to the bus come 
to a single arbitration circuit. These requests to the arbitra 
tion circuit may be presented on several different bus request 
signal lines that respectively correspond to different priority 
levels for the requesting devices. Multiple devices may be 
connected to the same Wire-OR bus request signal line. 
When such bus request signals arrive at the central arbitra 
tion circuit, it decides When and to Which priority level it Will 
grant control of the bus. The result of the arbitration circuit’s 
decision is then transmitted back to the devices via bus grant 
signal lines included in the bus. In these central arbitration 
buses, the bus grant signal lines are often daisy-chained 
through the devices connected to the bus so the ?rst request 
ing device at a particular priority level can block retrans 
mission of the grant signal to devices further along the bus 
from the central arbitration circuit and thereby take control 
of the bus. This daisy-chaining and grant blocking, if 
present, is sometimes described a positional priority system. 

[0024] With these central arbitration buses, since the bus 
request signals How to the central arbitration circuit and the 
bus grant signals ?oW from that circuit, it is relatively 
straight forWard to build a bus sWitch that passes them 
betWeen one of several sharing buses and the shared bus. By 
sensing Whether the bus request signal and the bus grant 
signal pass through the sWitch, it can determine the proper 
direction to drive the bus control lines. Moreover, by sensing 
Which of the tWo interconnected buses produces the data 
strobe signal and Whether a read or Write is occurring, the 
bus sWitch can decide in Which direction to drive the data 
lines. 

[0025] Conversely, in a distributed arbitration digital data 
bus such as the SCSI bus, there is no central arbitration 
circuit. Instead, all devices are connected to the SCSI bus in 
parallel. Accordingly, there are no unidirectional request and 
grant lines from Which the bus sWitch can sense the direction 
of signal transmission. Instead, the digital computing 
devices simultaneously contending for access to the SCSI 
bus decide among themselves Which one is to receive access. 
The Winning device of this arbitration then selects the device 
With Which it Will exchange data. Thus, a bus sWitch for the 
SCSI bus must appear to pass all of the bus signals freely in 
both directions as though it Were a continuous cable While 
secretly determining the direction in Which signals are truly 
passing. Furthermore, the bus sWitch’s circuits must perform 
this bidirectional signal transfer imperceptibly and Without 
introducing electrical disturbances (glitches) on the signal 
lines. Only With this type of signal transmission Will devices 
on both sides of the bus sWitch that are competing for access 
to the bus be unaffected by the sWitch’s presence betWeen 
them. If the electronic circuits included in the sWitch are 
incapable of operating in this manner, signaling errors may 
occur. 

[0026] For some interval of time, a ?rm named Rancho 
Technology has offered a SCSI bus repeater that interfaces 
betWeen a single-ended SCSI bus and a differential SCSI 
bus. For each of the eighteen signal lines in a single-ended 
SCSI bus (or equivalently, for each of the eighteen pairs of 
signal lines in a differential SCSI bus), the Rancho Tech 
nology repeater appears to include a pair of tWo input NOR 
gates having resistors that respectively cross-couple the 
output signal from each of the NOR gates to an input of the 
other NOR gate. For each of the eighteen pairs of NOR 
gates, this device also appears to include capacitors con 



US 2004/0225 824 Al 

nected between circuit ground and the junction betWeen the 
resistors and the input of each NOR gate. In addition to the 
resistors and capacitors connected to one input of the NOR 
gates, the second input of one NOR gate in each of the 
eighteen pairs ppears to receive the signal on one of the 
single-ended SCSI bus’s data lines via a single-ended 
receiving buffer. The second input of the other NOR gate in 
each of the eighteen pairs appears to receive a single-ended 
output signal from a receiving buffer for the corresponding 
differential SCSI bus signal. The output signal from the 
NOR gate that receives the single-ended SCSI bus’ signal 
appears to be connected to the control input of a transmitting 
buffer for the differential SCSI bus. The tWo outputs from 
this transmitting buffer appear to be connected in parallel to 
the inputs of the buffer that receives the differential SCSI bus 
signal. The input signal to this transmitting buffer for the 
differential SCSI bus appears to be the single ended SCSI 
bus signal that is applied to the NOR gate Whose output 
signal appears to control the buffer’s operation. The output 
signal from the other NOR gate that receives one of its input 
signals from the differential SCSI bus is applied through a 
NAND gate to the single-ended SCSI bus signal line and 
thereby is also applied to the input of the single-ended bus’ 
receiving buffer. 
[0027] The NOR gates in the circuit described above for 
the Rancho Technology single-ended SCSI bus to differen 
tial SCSI bus repeater appear to operate as an arbitration 
latch that gives control of each of the SCSI bus’ eighteen 
signal lines to the individual line in each bus Which ?rst 
asserts the signal on that line. If the circuit operates in this 
Way, then the combined resistors and capacitors connected to 
the inputs of the eighteen pairs of NOR gates appear to delay 
latching of the cross-coupled NOR gates for a brief interval 
after assertion of that signal on either the single-ended or 
differential SCSI bus. HoWever, the circuit for each of the 
eighteen SCSI bus signal lines in the Rancho Technology 
repeater appears to be asymmetric by its inclusion of a diode 
connected in parallel With one of the cross-coupling resis 
tors. This diode has its anode connected to the output of the 
NOR gate that receives the single-ended SCSI bus’ signal 
and its cathode connected to the junction of the resistor and 
capacitor connected to the input of the NOR gate Which 
receives the signal from the differential SCSI bus. If the 
arbitration-latch in the Rancho Technology repeater operates 
as described above, then this diode biases the arbitration 
latch’s operation to provide faster response to assertion of a 
SCSI bus signal on the single-ended bus than assertion of 
that same signal on the differential bus. 

[0028] Reports regarding the operation of the Rancho 
Technology SCSI bus repeater indicate that its eighteen 
relatively simple circuits, all of Which operate independently 
of each other (e.g. there is no coupling of signal state on the 
SCSI bus’ BSY signal line to its SEL, DBO-DB7, or DBP 
signal lines), does not operate reliably under all circum 
stances. It appears that for some SCSI bus applications the 
Rancho Technology single-ended to differential SCSI bus 
repeater operates satisfactorily and for other applications it 
operates unsatisfactorily. It appears reasonable to infer that 
the inconsistent operation of the Rancho Technology SCSI 
bus repeater is in some unknoWn Way due to the simpleness 
of its circuit When that circuit is required to respond to 
signals from SCSI bus devices that employ sophisticated 
features of the SCSI bus protocol, e.g. reselection. It further 
appears that this repeater may have been designed to operate 
properly in SCSI systems in Which arbitrating devices 
connect only to the single-ended bus. 
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DISCLOSURE OF INVENTION 

[0029] An object of the present invention is to provide a 
repeater/sWitch for interconnecting tWo of tWo or more 
distributed arbitration digital data buses. 

[0030] Another object of the present invention is to pro 
vide a repeater/sWitch for interconnecting tWo of tWo or 
more bidirectional digital data buses having signal lines that 
may, at some instant in time, be either driven or received by 
any device on the bus. 

[0031] Another object of the present invention is to pro 
vide a repeater/sWitch for interconnecting tWo of tWo or 
more bidirectional digital data buses in Which no signal 
present on the buses can be relied upon to alWays be driven 
in a particular direction through any point on the bus 
betWeen any tWo devices. 

[0032] Another object of the present invention is to pro 
vide a repeater/sWitch for interconnecting tWo of tWo or 
more bidirectional digital data buses in Which the signal 
present on no signal line may be relied upon to determine 
Whether another signal line in the bus is being driven or not 
by a particular device on the bus. 

[0033] Another object of the present invention is to pro 
vide a sWitch for sharing a device among one of several 
distributed arbitration digital data buses, such as those 
operating in accordance With the SCSI standard, Without 
physically disconnecting the conductors over Which those 
buses transmit their respective signals. 

[0034] Another object of the present invention is to pro 
vide a bus repeating/sWitching device that is easily and 
economically adapted to alternative electrical standards for 
signal transmission over one or more of several buses. 

[0035] Another object of the present invention is to pro 
vide a bus repeating/sWitching device that facilitates 
requesting access to a shared bus. 

[0036] Another object of the present invention is to pro 
vide a bus repeater/sWitch that indicates When devices 
having both single-ended and differential bus interface cir 
cuits are simultaneously connected to the same SCSI bus. 

[0037] Yet another object of the present invention is to 
provide a bus repeater/sWitch that is cost effective, simple to 
manufacture, easy to maintain, and economical to manufac 
ture. 

[0038] Brie?y, the present invention is a bus repeater/ 
sWitch for electronically exchanging digital control and data 
signals betWeen a selected one of several sharing distributed 
arbitration buses and a shared distributed arbitration bus. In 
the embodiment of the invention disclosed herein, the dis 
tributed arbitration buses conform to the ANSI standard for 
the SCSI bus. The repeater/bus sWitch includes a plurality of 
bus interface cards, equal in number to the number of buses, 
that connect to the distributed arbitration buses for receiving 
signals from and transmitting signals to devices connected 
thereto. The bus interface cards connect to a control card that 
alloWs signals from one of the sharing buses to be exchanged 
With the shared bus via the control card and the interface 
cards respectively connected to the selected sharing bus and 
to the shared bus. The bus sWitch also includes a selector 
sWitch for choosing Which particular one of the sharing 
buses eXchanges digital data signals With the shared bus. In 
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the preferred embodiment, the selector switch means 
includes a plurality of sWitches equal in number to the 
plurality of the sharing bus interface cards. Each of these 
sWitches is associated With a sharing bus interface card and 
With the sharing bus connected thereto. Activation of a 
sWitch generates a selection signal that requests exchanging 
of control and data signals betWeen the shared bus and the 
sharing bus With Which the sWitch is associated. 

[0039] The repeater or bus sWitch responds to signals on 
the distributed arbitration buses and to phases of the protocol 
for those signals so that its presence betWeen pairs of buses 
is imperceptible to devices connected thereto. In the par 
ticular embodiment disclosed herein, the repeater/bus sWitch 
responds to the ARBITRATION and SELECTION phases of 
the SCSI bus protocol to prevent the creation of glitches in 
the signals that it applies to the buses and to prevent the 
propagation of glitches betWeen interconnected pairs of 
buses. 

[0040] These and other features, objects and advantages 
Will be understood or apparent to those of ordinary skill in 
the art from the folloWing detailed description of the pre 
ferred embodiment as illustrated in the various draWing 
?gures. 

BRIEF DESCRIPTION OF DRAWINGS 

[0041] FIG. 1 is a pulse timing diagram depicting signals 
present on the various lines of the SCSI bus during a 
sequence of phases in the bus’ operation; 

[0042] FIG. 2 is a block diagram depicting digital data 
buses 35 interconnecting a netWork of computing devices, 
including a bus sWitch in accordance With the preferred 
embodiment of the invention having a control card and a 
plurality of interface cards; 

[0043] FIG. 3 is a block diagram depicting a netWork of 
computing devices, similar to that depicted in FIG. 2, that 
illustrates an alternative embodiment of the bus sWitch; 

[0044] FIG. 4, assembled by combining FIGS. 4a and 4b, 
is a block/logic diagram depicting a single-ended interface 
card for the bus sWitch of FIGS. 2 and 3 including the 
interface card’s Programmable-Array Logic (“PAL”); 

[0045] FIG. 5 is a block/logic diagram, draWn at one-half 
the scale of FIG. 4, depicting the control card of the bus 
sWitch of FIGS. 2 and 3 including the control card’s bus 
sWitch state sequencer; 

[0046] FIG. 6, assembled by combining FIGS. 6a and 6b 
is a logic diagram depicting the control card’s bus sWitch 
state sequencer; and 

[0047] FIG. 7 is a logic diagram depicting the interface 
card’s PAL. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

[0048] FIG. 2 depicts a netWork of computing devices 
including a bus sWitch 40 in accordance With the present 
invention enclosed Within a dashed line. The bus sWitch 40 
includes a printed circuit control card 44 having a single 
shared bus interface connector 46a and a plurality of sharing 
bus interface connectors 46b that respectively receive and 
electrically connect to printed circuit interface cards 48. In 
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addition to electrically connecting to the control card 44 
through the interface connectors 46a or 46b, each of the 
interface cards 48 is also electrically connected to one of 
several sharing data buses 52, 54 or 56, or to a shared data 
bus 58 through a SCSI bus connector 60. Also connected to 
the data buses 52, 54, 56 or 58, in addition to the bus sWitch 
40, are other devices such as digital computers 62, a tape 
drive 64, and various different types of disk drives such as 
?oppy disk drives 66, hard disk drives 68, a Compact Disk 
Read Only Memory (“CD ROM”) drive 72, and a Write 
Once Read Many (“WORM”) drive 74. 

[0049] In the preferred embodiment of the present inven 
tion, all the data buses 52, 54, 56 and 58 conform to the 
ANSI standard for the SCSI bus. While only three sharing 
buses 52, 54, and 56 are illustrated in FIG. 1, in principle 
there is no limit on the number of interface cards 48 that may 
be included in the bus sWitch 40. Accordingly, the bus sWitch 
40 may be constructed to alloW selectively connecting the 
shared data bus 58 With any one of an unlimited number of 
sharing data buses including the sharing data buses 52, 54 
and 56 such as are depicted in FIG. 2. 

[0050] In accordance With the SCSI bus standard only 
single-ended or only differential SCSI bus devices may be 
connected to each of the data buses 52, 54, 56 and 58. 
HoWever, as Will be explained in greater detail beloW, all of 
the data buses 52, 54, 56 and 58 need not be exclusively 
single-ended or exclusively differential. For example, all of 
the devices connected to the sharing data buses 52 and 56 
might be single-ended While all of the devices connected to 
the sharing data bus 54 and the shared data bus 58 might be 
differential. Thus, in addition to providing a sWitch for the 
SCSI bus, the bus sWitch 40 may also function as an adapter 
that alloWs data to be exchanged betWeen single-ended and 
differential SCSI buses. 

[0051] In the preferred embodiment, included in the bus 
sWitch 40 and associated With each of the computers 62 is a 
shared bus-request box 76. Each shared bus-request box 76 
connects through a shared bus-request cable 78 and a shared 
bus-request connector 82 to one of the interface cards 48. 
Each of the shared bus-request cables 78 is associated With 
one of the sharing data buses 52, 54 or 56 and each of the 
shared bus-request boxes 76, Which preferably is mechani 
cally secured to the computer 62 by a piece of Velcro®, is 
also associated With that same sharing data bus 52, 54 or 56. 
Each of the shared bus-request boxes 76 includes a toggle 
sWitch 84 and a Light Emitting Diode (“LED”) 86. 

[0052] By closing the contacts of the toggle sWitch 84 in 
the shared bus-request box 76 attached to a particular 
computer 62, an operator of the computer 62 transmits a 
signal to the interface card 48 to Which the toggle sWitch 84 
is connected by the shared bus-request cable 78 requesting 
that the bus sWitch 40 connect the shared data bus 58 With 
the particular sharing data bus 52, 54 or 56 With Which the 
toggle sWitch 84 is associated. To free the shared data bus 58 
for connection With other sharing data buses 52, 54 or 56, the 
operator opens the contacts of the toggle sWitch 84 thereby 
terminating the request signal. 

[0053] After closure of the contacts of one of the toggle 
sWitches 84 requests connection of one of the sharing data 
buses 52, 54 or 56 With the shared data bus 58, and the 
shared data bus 58 and the sharing data bus 52, 54 or 56 both 
enter the BUS FREE phase of SCSI bus protocol, and all 
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other toggle switches 84 are open, the bus sWitch 40 
connects the shared data bus 58 With the sharing data bus 52, 
54 or 56 associated With the toggle sWitch 84 having closed 
contacts. Upon connecting the shared data bus 58 With one 
of the sharing data buses 52, 54, or 56, the bus sWitch 40 
provides a visual indication that the connection has been 
formed by illuminating the LED 86 in the shared bus-request 
boX 76 secured to the particular computer 62 for Which 
interconnection has been requested. 

[0054] As controlled by the closing of contacts on the 
various toggle sWitches 84 and by operating conditions on 
the data buses 52 through 58, at any instant in time the bus 
sWitch 40 may eXchange signals betWeen the shared data bus 
58 and one of the sharing buses 52, 54 or 56 While simul 
taneously isolating that pair of communicating buses from 
the remainder of the sharing data buses 52, 54 or 56. Thus, 
at any instant in time the bus sWitch 40 electrically inter 
connects the shared data bus 58 With any one of the sharing 
data buses 52, 54 or 56 to establish composite buses 52-58, 
54-58 or 56-58 and exchanges-control and data signals back 
and forth betWeen the pair of buses that it interconnects to 
form the composite bus. Accordingly, at any instant in time 
only one of the LEDs 86 may be illuminated. 

[0055] When the request for interconnection of the shared 
data bus 58 With one of the sharing data buses 52, 54 or 56 
is terminated by opening the contacts of the toggle sWitch 
84, the bus sWitch 40 indicates the severing of that connec 
tion by extinguishing the LED 86 at the computer 62. If, 
inadvertently, a request for interconnection of the shared 
data bus 28 With one of the sharing data buses 52, 54 or 56 
is maintained When it is, in fact, no longer required, thereby 
preventing interconnection of the shared data bus 58 With 
other sharing data buses 52, 54 or 56, and it is physically 
impossible to open the contacts of the toggle sWitch 84, eg 
the shared bus-request boX 76 is located in a locked office, 
the bus request signal may be terminated simply by unplug 
ging the appropriate shared bus-request cable 78 from its 
connector 82. 

[0056] FIG. 3 depicts a netWork of computing devices 
substantially identical to that depicted in FIG. 2 that illus 
trates an alternative embodiment of the bus sWitch. Those 
elements depicted in FIG. 3 that are common to the netWork 
of computing devices or to the bus sWitch 40 depicted in 
FIG. 2 carry the same reference numeral distinguished by a 
prime (“"’) designation. In FIG. 3, the shared bus-request 
boXes 76, together With their associated toggle sWitches 84 
and LEDs 86, and the shared bus-request cable 78 and the 
shared bus-request connector 82 have been eliminated from 
the bus sWitch 40 depicted in FIG. 2. Providing the same 
function in FIG. 3 as the shared bus-request boXes 76, the 
toggle sWitches 84 and the LEDs 86 of FIG. 2 is a single 
multi-pole selector sWitch 88 that is physically enclosed 
Within the same housing as the control card 44‘ and the 
interface cards 48‘. 

[0057] As controlled by the position of the selector sWitch 
88, at any instant in time the bus sWitch 40‘ connects the 
shared data bus 58‘ to one of the sharing data buses 52‘ , 54‘ 
or 56‘ While simultaneously isolating it from the remainder 
of the sharing data buses 52‘ , 54‘ or 56‘ , and also simul 
taneously isolating each of those other buses from each 
other. Thus, depending upon the position of the selector 
sWitch 88, at any instant in time the bus sWitch 40‘ electri 
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cally interconnects the shared data bus 58‘ With any one of 
the sharing data buses 52‘ , 54‘ or 56‘ to establish composite 
buses 52‘-58‘ , 54‘-58‘ or 56‘-58‘ and eXchanges control and 
data signals back and forth betWeen the pair of buses Which 
form the composite bus. In the bus sWitch depicted in FIG. 
3, the connection of the shared data bus 58‘ to a particular 
sharing data bus 52‘, 54‘, or 56‘ is indicated by illuminating 
the appropriate one of a plurality of LED’s 92 analogously 
to the illumination of one of the LED’s 86 depicted in FIG. 
2. 

[0058] To illustrate the preferred embodiment of the 
invention While simultaneously describing in full generality 
the true nature and eXtent of the invention, as stated above, 
the folloWing discussion proceeds upon the basis that the 
data buses 52, 54, 56 and 58 interconnecting the various 
devices 62, 64, 66, 68, 72 and 74 and the bus sWitch 40 
operate in accordance With the ANSI standard for the SCSI 
bus. Accordingly, for purposes of the folloWing discussion at 
no time may any more than eight devices be connected to 
any one of the composite buses 52-58, 54-58 or 56-58. 
Furthermore, each device connected to the composite buses 
52-58, 54-58 and 56-58 must have a unique address on the 
respective composite buses 52-58, 54-58 and 56-58 to Which 
they are connected regardless of the con?guration of the 
buses established by the operation of the bus sWitch 40. 

[0059] 
[0060] FIG. 4, made up of FIG. 4a and 4b, schematically 
depicts the digital logic circuits included in a single-ended 
interface card 48. Interface cards of this type depicted in 
FIG. 4 may be connected to the control card 44 at any of its 
interface connectors 46a or 46b to eXchange signals betWeen 
the control card 44 and any of the sharing data buses 52, 54 
or 56, or With the shared data bus 58. 

Interface Card 48 

[0061] The signals present at the SCSI bus connector 60 
depicted in FIG. 4 includes a BSY control signal line 102, 
a SEL control signal line 104, C/D, I/O, MSG and REQ 
control signal lines 106 (only one of Which is depicted in 
FIG. 4b With the additional lines indicated only by dots 
Within the SCSI bus connector 60 immediately above and 
beloW the line 106), ACK and ATN control signal lines 108 
(only one of Which is depicted in FIG. 4b With the additional 
lines indicated only by a dot Within the SCSI bus connector 
60 immediately beloW the line 108), a RST control signal 
line 110, and the eight DBO-DB7 data signal lines and one 
DBP parity signal line 112 (only one of Which is depicted in 
FIG. 4 With the additional lines indicated only by dots 
Within the SCSI bus connector 60 immediately above the 
line 112). The eight data signal lines 112, DBO-DB7, and the 
parity signal line 112, DBP, constitute the DATA BUS 
portion of the SCSI bus. 

[0062] The single-ended interface card 48 depicted in 
FIG. 4 includes a sWitched transceiver circuit 122 for the 
BSY signal line 102, a sWitched transceiver circuit 124 for 
the SEL signal line 104, four sWitched transceiver circuits 
126 (only one of Which is illustrated in FIG. 4) respectively 
for the C/D, I/O, MSG and REQ signal lines 106, tWo 
sWitched transceiver circuits 128 (only one of Which is 
illustrated in FIG. 4) respectively for the ACK and ATN 
signal lines 108, a sWitched transceiver circuit 130 for the 
RST signal line 110, and nine sWitched transceiver circuits 
132 (only one of Which is illustrated in FIG. 4) for the DATA 
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BUS of the SCSI bus. Each of the switched transceiver 
circuits 122-132 is enclosed Within a dashed line boX in 
FIG. 4. 

[0063] Though each of the sWitched transceiver circuits 
122-132 is slightly different from all of the other sWitched 
transceiver circuits 122-132, all of the transceiver circuits 
136-132 include a tri-state receiving buffer 136 and a 
tri-state transmitting buffer 138. The receiving buffer 136 
and the transmitting buffer 138 of the sWitched transceiver 
circuits 122-132 may be 74LS125 integrated circuits. Each 
of the buffers 136 and 138 includes a control input 140 to 
Which a logic loW signal is applied if the signal present at the 
input of the buffers 136 and 138 is to appear at their 
respective outputs. Applying a logic high signal to the 
control input 140 of the buffers 136 and 138 causes their 
outputs to become open circuited. 

[0064] Because the bus sWitch 40 must continuously 
monitor the respective states of the BSY signal line 102 and 
the SEL signal line 104 even When the sWitch 40 is not 
exchanging signals betWeen the shared data bus 58 and one 
of the sharing data buses 52, 54, or 56 and in so monitoring 
the states of those signals must present only a single elec 
trical load to the bus 52, 54, 56 or 58, the control input 140 
of the receiving buffer 136 for both of the sWitched trans 
ceiver circuits 122 and 124 is connected to circuit ground. 
Grounding the control inputs 140 of the receiving buffers 
136 in the BSY signal sWitched transceiver circuit 122 and 
the SEL signal sWitched transceiver circuit 124 causes the 
state of the signals on the BSY signal line 102 and the SEL 
signal line 104 to alWays be present at their respective 
outputs. Because an output signal is alWays present at the 
outputs of the receiving buffers 136, both the BSY signal 
sWitched transceiver circuit 122 and the SEL signal sWitched 
transceiver circuit 124 include a second tri-state intermedi 
ate buffer 142 that respectively receives those output signals. 
The intermediate buffers 142 may also be 74LS125 inte 
grated circuits. 

[0065] To provide a source of termination poWer in accor 
dance With the ANSI standard for the SCSI bus, the interface 
card 48 includes a 1N4002 diode 144 having an anode 146 
Which is connected to Vcc and a cathode 148 Which is 
connected to a TERMPWR line 152 included in the SCSI 
bus connector 60. If a particular interface card 48 connects 
at either end of the SCSI bus, then in accordance With the 
ANSI standard, for each of the signal lines in the SCSI bus, 
it must include pairs of series connected termination resis 
tors 154 and 156. As illustrated in FIG. 4, one end of each 
pair of series connected termination resistors 154 and 156 is 
connected to the TERMPWR line 152, the other end is 
connected to circuit ground, and their junction is connected 
to the respective signal line 102-112. If the interface card 48 
is connected betWeen the ends of one of the SCSI buses 
52-58 depicted in FIG. 1, then all of the resistors 154 and 
156 are omitted from the interface card 48. 

[0066] In addition to being applied as input signals to the 
intermediate buffers 142, the signals from the outputs of the 
receiving buffers 136 in the BSY and SEL sWitched trans 
ceiver circuits 122 and 124 are applied as input signals to an 
interface card logic Programmable Array Logic (“ AL”) 162 
respectively via a BSY BUF L signal line 164 and a SEL 
BUF L signal line 166. The interface card logic PAL 162 also 
receives an output signal from a series connected NAND 
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gate 168 and NOR gate 172 via a SW DEL L signal line 174. 
The NAND gate 168 and NOR gate 172 operate as a 
non-inverting buffer to provide delay. An input signal is 
applied to both inputs of the NAND gate 172 and to inputs 
of monostable multivibrators 176 and 178 via a SWITCH L 
signal line 182. The monostable multivibrators 176 and 178 
may be 74LS123 integrated circuits. The output signals from 
the monostable multivibrators 176 and 178 are applied as 
input signals to the interface card logic PAL 162 respectively 
via a SW ON TMR H signal line 183 and a SW OFF TMR 
H signal line 184. A resistor 186 connects the SWITCH L 
signal line 182 to Vcc Which is also connected directly to 
one input of the NAND gate 168. The NAND gate 168, the 
NOR gate 172 and the tWo monostable multivibrators 176 
and 178 permit the PAL logic to debounce the signal on the 
SWITCH L signal line 182. 

[0067] In the preferred embodiment of the invention illus 
trated in FIG. 2, the signal present on the SWITCH L signal 
line 182 is the bus request signal from the toggle sWitch 84 
located in one of the shared bus-request boXes 76. This bus 
request signal is received at the interface card 48 via the 
shared bus-request cable 78 and the shared bus-request 
socket 82. In the alternative embodiment of the invention 
illustrated in FIG. 3, the signal present on the SWITCH L 
signal line 182 comes from the selector sWitch 88 depicted 
in FIG. 3 and is received at the interface card 48 via an 
inter-interface card connector 188 included in the interface 
card 48. 

[0068] The interface card logic PAL 162 also receives an 
output signal from a 74LS125 buffer 192 via a BUS OK L 
signal line 193. The buffer 192 receives its input signal from 
a DIFFSENS line 194 Which for the single-ended interface 
card 48 depicted in FIG. 2 is connected to pin 25 of the SCSI 
bus connector 60. A resistor 196 connects the DIFFSENS 
line 194 to circuit ground to Which the control input 140 of 
the buffer 192 is also connected. Accordingly, the signal 
present at the input of the buffer 192 is alWays applied as an 
input signal to the interface card logic PAL 162 via the BUS 
OK L signal line 193. The DIFFSENS line 194 and the 
buffer 192 provide the interface card logic PAL 162 With a 
signal that indicates Whether or not a device adapted for 
exchanging signals over the SCSI bus using the differential 
signal convention is connected to the single-ended interface 
card 48 by detecting Whether a source of differential termi 
nation netWork poWer is present on a line that is unused on 
the single-ended SCSI bus. If the PAL 162 of the single 
ended interface card 48 receives a signal indicating that it is 
connected to a differential type SCSI device, it immediately 
electronically isolates the circuits on the interface card 48 
from the control card 44 and the bus 52, 54, 56 or 58 to 
Which it connects. 

[0069] A PRI IN L signal line 202 provides the interface 
card logic PAL 162 With a signal from the inter-interface 
card connector 188. A PRI OUT L signal line 204 transmits 
a signal from the interface card logic PAL 162 to the 
inter-interface card connector 188. Within the housing for 
the bus sWitch 40 but eXternal to the interface card 48, the 
PRI IN L signal lines 202 and the PRI OUT L signal lines 
204 are “daisy-chained” from the control card 44 through all 
of the interface cards 48 Which connect to the sharing data 
buses 52, 54 and 56. The daisy-chained signal on the PRI IN 
L signal lines 202 and the PRI OUT L signal lines 204 
permits the interface cards 48 to resolve contention for the 



US 2004/0225 824 Al 

shared data bus 58 among themselves. The SWITCH L 
signal line 182 and PRI IN L signal line 202 on the shared 
interface card 48 are Wired to ground and thus the shared 
interface card 48 is enabled at all times. 

[0070] The interface card logic PAL 162 also provides an 
output signal on a BOARD SELECT L signal line 212 to an 
input of a NOR gate 214. The other input of the NOR gate 
214 is connected to Vcc and its output is connected via a 
BOARD ENB H signal line 216 to an input of a NAND gate 
218. The other input of the NAND gate 218 is also con 
nected to Vcc and its output is connected via a BOARD 
ENB L signal line 222 to a control input 140 of a 74LS125 
buffer 224. The input to the buffer 224 is connected to circuit 
ground While its output signal is transmitted via resistors 226 
and 228 respectively to the shared bus-request connector 82 
and the inter-interface card connector 188. The output signal 
from the buffer 224 passes through the resistor 226 through 
the shared bus-request connector 82 and the shared bus 
request cable 78 to the LED 86 included in the shared 
bus-request box 76. Analogously, in the preferred embodi 
ment of the present invention the output signal from the 
buffer 224 passes through the resistor 228 through the 
inter-interface card connector 188 and a cable located Within 
the housing of the bus sWitch 40 to an LED, such as one of 
the LEDs 92 illustrated in FIG. 3. This LED, Which is not 
illustrated in FIG. 2, is preferably located on the housing for 
the bus sWitch 40 adjacent to the SCSI bus connector 60 and 
shared bus-request connector 82 to be visible from the 
outside of the housing. Thus, the LED connected to the 
resistor 228 of the interface card 48 provides a visual 
indication at the bus sWitch 40 of Which of the sharing data 
buses 52-56 is enabled to exchange signals With the shared 
data bus 58. 

[0071] A loW signal present on the BOARD SEL L signal 
line 212 produces a high signal present on the BOARD ENB 
H signal line 216 and a loW on the BOARD ENB L signal 
line 222 to enable the interface card 48 for exchanging 
signals betWeen the shared data bus 52, 54 or 56 to Which it 
is connected and the control card 44. Only one of the 
interface cards 48 connected to the shared data buses 52, 54 
or 56 may be enabled at any time. Enabling an interface card 
48 does not necessarily mean that data is actually being 
transferred from the sharing data bus 52, 54 or 56 to the 
shared data bus 58 via the enabled interface card 48. Rather 
it merely means that the bus sWitch 40 is enabled to respond 
to the signaling protocol on the SCSI bus for exchanging 
signals betWeen the shared data bus 58 and the sharing data 
bus 52, 54 or 56 that is connected to the enabled interface 
card 48. Data exchanges betWeen that particular sharing data 
bus 52, 54 or 56 and the shared data bus 58 occur only as part 
of a sequence of phases occurring on the SCSI bus such as 
those illustrated in FIG. 1. The fact that a particular sharing 
data bus 52, 54 or 56 is enabled for such data exchanges is 
indicated both at the housing for the bus sWitch 40 and in the 
preferred embodiment at the shared bus-request box 76 by 
illumination of their respective LEDs. 

[0072] In addition to enabling the buffer 224 for illumi 
nating the LEDs 86 and 92, the signal on the BOARD ENB 
L signal line 222 is also supplied to the control inputs 140 
of the intermediate buffers 142 in the sWitched transceiver 
circuits 122 and 124 respectively for the BSY and SEL 
signals, and to the control inputs 140 of the receiving buffers 
136 in the sWitched transceiver circuit 130 for the RST 
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signal and nine sWitched transceiver circuits 132 for the 
DATA BUS portion of the SCSI bus. Thus, Whenever the 
BOARD ENB L signal of the interface card 48 is asserted, 
the series connected buffers 136 and 142 in each of the 
sWitched transceiver circuits 122 and 124, and the buffers 
136 in the sWitched transceiver circuit 130 and the nine 
sWitched transceiver circuits 132 respectively transmit the 
BSY, SEL, RST and DATA BUS signals from the SCSI bus 
connector 60 to the interface connector 46. Accordingly, 
When the BOARD ENB L signal is asserted, the signal on 
the BSY control signal line 102 of the SCSI bus is supplied 
to the control card 44 via a BSY IN L signal line 232. In a 
similar Way, the control card 44 receives the signals present 
on the SEL control signal line 104 via a SEL IN L signal line 
234, on the RST control signal line 110 via a RST IN L 
signal line 236, and on the eight data signal lines, DBO-DB7, 
and one parity signal line, DBP, 112 via nine DBn IN L 
signal lines 238. (Note that FIG. 4 depicts only one of the 
eight data signal lines 112 While dots in the connector 46 
indicated the presence of the other 8 signal lines.) The BSY, 
SEL and DBO-DB7 and DBP signals are alWays supplied to 
the control card 44 When the interface card 44 is enabled 
because the bus sWitch 40 must respond to signals on those 
lines during the SCSI bus’ arbitration phase. Analogously, 
the RST signal must also be supplied continuously to the 
control card 44 because a reset signal may occur at any time 
on the composite bus made up of the shared data bus 58 and 
one of the sharing data buses 52-56. 

[0073] As described above, the signal present on the 
BOARD ENB L signal line 222 is applied directly to the 
control input 140 of the intermediate buffer 142 in the 
sWitched transceiver circuits 122 and 124 and to the receiv 
ing buffer 136 in the sWitched transceiver circuits 130 and 
132. Conversely, the signal present on the BOARD ENB H 
signal line 216 is not applied directly to the control input 140 
of any of the buffers 136 or 138. Rather, the signal on the 
BOARD ENB H signal line 216 is applied to the control 
inputs 140 of each of the transmitting buffers 138 in all of 
the sWitched transceiver circuits 122-132 through NAND 
gates 246. Similarly, the signal on the BOARD ENB H 
signal line 216 is applied through NAND gates 248 to the 
control inputs 140 of the receiving buffers 136 in the 
sWitched transceiver circuits 126 and 128. Though not 
expressly so depicted in FIG. 4, in all four sWitched trans 
ceiver circuits 126 for the SCSI bus’ C/D, I/O, MSG and 
REQ signals of the preferred embodiment, the control inputs 
140 of the four receiving buffers 136 connect to the output 
of a single NAND gate 248 to reduce the number of logic 
gates. Similarly, for both sWitched transceiver circuits 128 
for the SCSI bus’ ACK and ATN signals, the control inputs 
140 of the receiving buffers 136 connect to the output of a 
single NAND gate 248. Analogously, for all four sWitched 
transceiver circuits 126 for the SCSI bus’ C/D, I/O, MSG 
and REQ signals, the control inputs 140 of the transmitting 
buffers 138 connect to the output of a single NAND gate 
246. Correspondingly, for both sWitched transceiver circuits 
128 for the SCSI bus’ ACK and AT N signals, the control 
input 140 of the transmitting buffers 138 connect to the 
output signal of a single NAND gate 246. 

[0074] Due to the use of these single NAND gates 246 and 
248, at all times all four C/D, I/O, MSG and REQ sWitched 
transceiver circuits 126 on the interface card 48 operate in 
unison transmitting to or receiving signals from the SCSI 
bus. Similarly, both the sWitched transceiver circuits 128 for 
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the ACK and ATN signals also operate in unison. Thus, 
When activated, the four of the switched transceiver circuits 
126 included in the interface card 48 either transmit the C/D, 
I/O, MSG or REQ signals from one of the SCSI buses 52-58 
to the control card 44 respectively via a C/D IO L, I/O IO 
L, MSG IO L or REQ IO L control signal lines 242, or 
transmit signals on those lines from the control card 44 to 
one of the SCSI bus 52-58. Similarly, when activated, both 
of the sWitched transceiver circuits 128 either transmit the 
ACK and ATN signals from one of the SCSI buses 52-58 to 
the control card 44 respectively via an ACK IO L or ATN IO 
L control signal lines 244, or conversely. (Note that FIG. 4 
eXpressly depicts only one of each of the signal lines 242 and 
244. HoWever, dots in the connector 46 indicate the remain 
ing three signal lines 242 and the additional signal line 244.) 

[0075] In addition to the signal present on the BOARD 
ENB H signal line 216, each of the NAND gates 246 and 
248 receives a control signal from the control card 44. Thus, 
the NAND gate 246 of the sWitched transceiver circuit 122 
receives a BSY ENB H control signal via a BSY ENB H 
signal line 252, the NAND gate 246 of the sWitched trans 
ceiver circuit 124 receives a SEL ENB H control signal via 
a SEL ENB H signal line 254, the single NAND gate 246 for 
all four sWitched transceiver circuits 126 receives a CTL 
OUT H control signal via a CTL OUT H signal line 256, the 
single NAN D gate 246 for both sWitched transceiver circuits 
128 receives a RPLY OUT H control signal via a RPLY OUT 
H signal line 258, the NAND gate 246 of the sWitched 
transceiver circuit 130 receives a RST ENB H control signal 
via a RST ENB H signal line 260, and the NAND gates 246 
in each of the nine sWitched transceiver circuits 132 receives 
a DBn ENB H control signal via a DBn ENB H signal line 
262. Analogously, the single NAND gate 248 for all four 
sWitched transceiver circuits 126 receives a CTL IN H 
control signal via a CTL IN H signal line 264, and the single 
NAN D gate 248 for both of the sWitched transceiver circuits 
128 receives a RPLY IN H control signal via a RPLY IN H 
signal line 266. 

[0076] In addition to transmitting the BOARD SELECT L 
signal via the BOARD SELECT L signal line 212 to control 
the operation of the sWitched buffer circuits 122-132 
included in the interface card 48, the PAL 162 directly 
transrnits, from the interface card 48 to the control card 44, 
both a CHANGE REQUESTED L signal via a CHANGE 
REQUESTED L signal line 272, and a BUS CONNECTED 
L signal via a BUS CONNECTED L signal line 274. The 
PAL 162 also receives both a BUS IDLE L signal via a BUS 
IDLE L signal line 276 and a DC OK L signal via a DC OK 
L signal line 278 directly from the control card 44. The 
circuit ground of the control card 44 is supplied to the 
interface card 48 via a GND line 282 that connects directly 
to the input of the transmitting buffer 138 of the sWitched 
transceiver circuit 122. Similarly, the transmitting buffer 138 
included in the sWitched transceiver circuit 124 receives a 
signal from the control card 44 via a SEL OUT L signal line 
284, and the buffer 138 included in each of the nine sWitched 
transceiver circuits 132 receives a signal from the control 
card 44 via a DBn OUT L signal line 286. 

[0077] Control Card 44 

[0078] Referring noW to FIG. 5, depicted there is a block 
diagram of the control card 44. Note, that While for peda 
gogical reasons FIGS. 2 and 3 depict the control card 44 as 
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including a plurality of sharing bus interface connectors 46b, 
the preferred embodiment of the invention has only a single 
connector on the control card 44 as depicted in FIG. 5. To 
carry signals betWeen the control card 44 and the sharing 
interface cards 48, a rnulti-connector ribbon cable connects 
to the control card 44 and connects in parallel to each of the 
sharing interface cards 48. For the signal lines of FIG. 5 that 
pass directly across the control card 44 betWeen the same 
signal lines on both the shared bus interface connector 46a 
and the sharing bus interface connector 46b, the reference 
numbers in FIG. 5 are identical to those set forth in FIG. 4. 
For those signal lines that do not pass through the control 
card 44 betWeen the connectors 46a and 46b, the reference 
numbers in FIG. 5 are the same as those in FIG. 4 With 
either the letter “a” or “b” appended to the reference number 
to correspond With the connector 46a or 46b to Which the 
signal line connects. Finally, for those signal lines that pass 
across the control card 44 betWeen different signal lines of 
the connectors 46a and 46b, the teXt beloW expressly sets 
forth the reference number designations. 

[0079] As depicted in FIG. 5, the control card 44 includes 
a bus sWitch state sequencer 302 that exchanges signals With 
the PAL 162 included in each of the interface cards 48 via 
the signal lines 272-278. Note, hoWever, that for the shared 
bus interface card 48 connected to the shared bus interface 
connector 46a, its output signals CHANGE REQUESTED L 
on line 272a and BUS CONNECTED L Dn line 274a are not 
used but are merely connected to Vcc via resistors 304 and 
306 to facilitate testing. 

[0080] The control card 44 includes an arbitration-latch 
that functions as a tWo-Way, ?rst-corne ?rst-served conten 
tion resolver for the SCSI bus’ SEL signals received from 
the shared interface card 48 and from the enabled sharing 
interface card 48. The arbitration-latch includes tWo, three 
input NAND gates 312 and 314. One input of each of the 
NAND gates 312 and 314 is cross-coupled to the output of 
the other gate 314 and 312 by the SEL ENB H signal lines 
254a and 254b respectively from the shared bus interface 
connector 46a and the sharing bus interface connectors 46b. 
Another input to both NAN D gates 312 and 314 is the signal 
present on the BUS CONNECTED L signal line 274b. Thus, 
When the signal on the BUS CONNECTED L signal line 
274b is asserted, ie when one of the sharing bus interface 
cards 48 is enabled, the arbitration-latch formed by the 
NAND gates 312 and 314 may be set to one state or the other 
by the signal applied respectively to their third inputs. 

[0081] The third input of the NAND gate 312 connects to 
a SEL IN L to SEL B OUT L signal line 316. In addition to 
connecting to an input of the NAN D gate 312, the signal line 
316 directly connects the SEL IN L signal line 234 of the 
shared bus interface card 48 With the SEL OUT L signal 
lines 284 of all sharing bus interface cards 48 respectively 
connected to the several sharing bus interface connectors 
46b. Similarly, a SELA OUT L to SEL B IN L signal line 
318 connects to an input of the NAND gate 314 and directly 
connects the SEL OUT L signal line 284 of the shared bus 
interface card 48 With the SEL IN L signal line 234 of all 
sharing bus interface cards 48. The signal line 316 alloWs the 
signal present on the SEL signal lines of the shared data bus 
58 to pass directly through the shared bus interface card 48 
and the control card 44 to the input of the transmitting buffer 
138 of the sWitched transceiver circuit 124 of all the sharing 
bus interface cards 48. Similarly, the signal line 318 alloWs 
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the signal present of the SEL signal line of the sharing data 
bus 52, 54 or 56 connected to the enabled interface card 48 
to pass directly through the card 48 and the control card 44 
to the input of the transmitting buffer 138 of the sWitched 
transceiver circuit 124 of the shared bus interface card 48. 

[0082] Assuming that the signal present on the BUS 
CONNECTED L signal line 274b is asserted, the circuit 
made up of the sWitched transceiver circuits 124 both in the 
shared bus interface card 48 and in enabled sharing bus 
interface card 48 together With the tWo NAN D gates 312 and 
314 functions as a bidirectional repeater for SEL signals on 
the SCSI bus in the following manner. While both of the 
SCSI bus’ SEL signal lines are negated, both sides of the 
arbitration-latch formed by the NAN D gates 312 and 314 are 
forced to be negated (loW). Negation of the output signals 
from both NAND gates 312 and 314 disables the transmit 
ting buffer 138 in the sWitched transceiver circuits 124 of all 
interface cards 48. In this state the inputs to NAND gates 
312 and 314 receive the SEL signals from the SCSI buses 
respectively via SELAIN L to SEL B OUT L signal line 316 
and the SELA OUT L to SEL B IN L signal line 318. When 
some device connected to either the shared data bus 58 or to 
the enabled sharing data bus 52, 54 or 56 asserts its SEL 
signal by driving it loW, that signal passes through the 
sWitched transceiver circuit 124 on the interface card 48 
receiving the asserted SEL signal to the input of one of the 
NAND gates 312 or 314. Application of the asserted SEL 
signal to the input of the NAN D gates 312 or 314 causes that 
gate’s output signal to be asserted (high). The asserted 
output signal from either NAND gate 312 or 314 blocks the 
other NAND gate 314 or 312 from responding to assertion 
of the SEL signal on the other SCSI bus. In addition, 
assertion of the output signal from the NAND gate 312 or 
314 enables the transmitting buffer 138 in the sWitched 
transceiver circuit 124, on the interface card 48 that did not 
?rst receive the asserted SEL signal, to transmit that signal 
onto the other SCSI bus. Note that the assertion of the SEL 
signal on one SCSI bus reaches the other SCSI bus after a 
brief interval due to the circuit delay of the NAND gate 312 
or 314, and the delays of the NAND gate 246 and the 
enabling of the transmitting buffer 138 in the sWitched 
transceiver circuit 124 that transmits the SEL signal. HoW 
ever, subsequent negation of the SEL signal on the ?rst SCSI 
bus reaches the second SCSI bus Without those delays 
because the transmitting buffer 138 in the sWitched trans 
ceiver circuit 124 is already enabled. Furtherrnore, negation 
of the SEL signal on the second SCSI bus by the transmitting 
buffer 138 Will be removed from that bus a brief interval 
after the signal reaches the input of the buffer 138 because 
the buffer 138 is enabled When the negation signal ?rst 
arrives at its input and is disabled shortly thereafter When the 
negation signal cornpletes propagating through one of the 
NAND gates 312 or 314, one of the NAND gates 246, and 
the control input 140 of the sWitched transceiver circuit 138. 
Consequently, negation of the SEL signal on the ?rst SCSI 
bus causes the SEL signal on the second SCSI bus to ?rst be 
driven toWard or even to the negated state, and then lets the 
line ?oat free to be negated by the termination resistors 154 
and 156 after the transmitting buffer 138 is disabled. 

[0083] For reasons to be described in greater detail beloW, 
it is important to note at this juncture that signals passing 
through bidirectional repeaters made up of the sWitched 
transceiver circuits 124 for the SCSI bus’ SEL signal both in 
the shared bus interface card 48 and in enabled sharing bus 
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interface card 48 together With the tWo NAN D gates 312 and 
314 of the arbitration-latch on the control card 44 are 
delayed longer for transitions from the negated to the 
asserted state than for transitions from the asserted to the 
negated state. Thus, these bidirectional repeaters shorten the 
Width of pulses that go from the negated state to the asserted 
state and then back to the negated state. HoWever, because 
active handshaking betWeen SCSI bus devices coordinates 
the ARBITRATION and SELECTION or RESELECTION 
phases of the SCSI bus’s protocol during Which these 
bidirectional repeaters operate, the pulse Width shortening 
that they introduced does not adversely effect SCSI bus 
operation. Moreover, this pulse shortening prevents circuit 
rnalfunction such as oscillation. 

[0084] Because SCSI bus devices may skip the ARBI 
TRATION phase of the SCSI protocol and directly enter the 
protocol’s SELECTION phase, the bidirectional repeater for 
the SCSI bus’ SEL signal described above illustrates the 
simplest of all the bidirectional repeaters included in the bus 
sWitch 40. To accommodate the requirements of SCSI bus 
signals other than its SEL signal, the bus sWitch 40 includes 
other, more complicated bidirectional repeaters Whose 
operation may noW be more easily understood With refer 
ence to the bidirectional repeater for the SEL signal. 

[0085] In addition to the bidirectional repeater for the 
SCSI bus’ SEL signal, the control card 44 also includes nine 
identical bidirectional repeaters for the SCSI bus’ DBO-DB7 
and DBP signals only one of Which is depicted in FIG. 5. 
Similar to the bidirectional repeater for the SEL signal, the 
bidirectional repeaters for the SCSI bus’ DBO-DB7 and DBP 
signals includes an arbitration-latch that has tWo, three-input 
AND gates 322 and 324. Each of the AND gates 322 and 324 
supplies its output signal respectively to an input of one of 
tWo NOR gates 326 and 328. Similar to the arbitration-latch 
for the SEL signal, the NOR gates 326 and 328 apply their 
respective output signals via the DBn ENB H signal lines 
262a and 262b to inputs of the AND gates 324 and 322. 
Since the NOR gates 328 and 326 respectively receive the 
output signal from the AND gates 324 and 322, the output 
signals from the AND gates 322 and 324 are effectively 
cross-coupled in a manner similar to the cross-coupling of 
the NAND gates 312 and 314 described above. Similar to 
the arbitration-latch for the SEL signal, another input to both 
AND gates 322 and 324 is the signal present on the BUS 
CONNECTED L signal line 274b. Consequently, When the 
signal on the BUS CONNECTED L signal line 274b is 
asserted, the arbitration-latch formed by the AND gates 322 
and 324 and the NOR gates 326 and 328 may be set to one 
state or the other by the signals applied respectively to the 
third inputs of the AND gates 322 and 324. 

[0086] The third input of the AND gate 322 connects to a 
DBn A IN L to DBn B OUT L signal line 332. In addition 
to connecting to an input of the AND gate 322, the signal 
line 332 directly connects the DBn IN L signal line 238 of 
the shared bus interface card 48 With the DBn OUT L signal 
lines 286 of all sharing bus interface cards 48 connected to 
the several sharing bus interface connectors 46b. Similarly, 
a DBn A OUT L to DBn B IN L signal line 334 connects to 
an input of the AND gate 324 and directly connects the DBn 
OUT L signal line 286 of the shared bus interface card 48 
With the DBn IN L signal line 238 of all sharing bus interface 
cards 48. The signal lines 332 in each of the nine circuits 
included in the control card 44 respectively alloW the signal 
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present on one of the DBO-DB7 or DBP signal lines of the 
shared data bus 58 to pass directly through the shared bus 
interface card 48 and the control card 44 to the input of the 
transmitting buffer 138 of the corresponding sWitched trans 
ceiver circuit 132 of all the sharing bus interface cards 48. 
Similarly, the signal lines 334 in each of the nine circuits 
included in the control card 44 respectively alloW the signal 
present on one of the DBO-DB7 or DBP signal lines of the 
sharing data bus 52, 54 or 56 connected to the enabled 
interface card 48 to pass directly through the card 48 and the 
control card 44 to the input of the transmitting buffer 138 of 
the sWitched transceiver circuit 132 of the shared bus 
interface card 48. 

[0087] During the ARBITRATION and SELECTION 
phases of the SCSI bus protocol, each of the nine identical 
bidirectional repeaters for the SCSI bus’ DBO-DB7 and DBP 
signals operates similarly to that described above for the 
SCSI bus’ SEL signal bidirectional repeater. Consequently, 
during the ARBITRATION and SELECTION phases of the 
SCSI bus protocol these nine bidirectional repeaters shorten 
the Width of pulses that go from the negated state to the 
asserted state and then back to the negated state on the 
DBO-DB7 and DBP signal lines making up the DATA BUS 
portion of the SCSI bus. HoWever, during the information 
phases of the SCSI bus protocol, especially during high 
speed synchronous data eXchanges over the SCSI bus, 
changing pulse Width must be avoided. Accordingly, to 
prevent changing pulse Widths during the information 
phases of the SCSI bus protocol, the bus sWitch state 
sequencer 302 supplies signals to an input of one of the NOR 
gates 326 or 328 respectively via a DATAA TO B L signal 
line 336b or a DATA B TO A L signal line 336a to override 
the operation of the arbitration-latch. Overriding the arbi 
tration-latch signals With a signal supplied on either of the 
lines 336a or 336b by the bus sWitch state sequencer 302 
enables one or the other of the transmitting buffers 138 in all 
nine sWitched transceiver circuits 132. Enabling one or the 
other transmitting buffers 138 in all nine sWitched trans 
ceiver circuits 132 forces DBO-DB7 and DBP signal trans 
fers to occur in one direction or the other betWeen the shared 
data bus 58 and the sharing data bus 52, 54 or 56 connected 
to the enabled interface card 48. Continuously enabling the 
transmitting buffers 138 in this Way irrespective of the actual 
state of signals present on the DBO-DB7 and DBP signal 
lines prevents changing the Width of pulses on the SCSI 
buses’ DBO-DB7 and DBP signal lines. 

[0088] The control card 44 also includes a third different 
type of bidirectional repeater for the RST signals of the tWo 
SCSI buses. Similar to the other bidirectional repeaters, the 
bidirectional repeater for the RST signals includes an arbi 
tration-latch that has tWo AND gates 342 and 344. As 
depicted in FIG. 5, the AND gate 342 receives four input 
signals While the AND gate 344 receives only three. The 
AND gate 344 supplies its output signal to an input of an OR 
gate 346. The AND gate 342 and the OR gate 346 supply 
their output signals respectively via the RST ENB H signal 
lines 260a and 260b through resistors 352 and 354 to inputs 
of Schmitt triggers 356 and 358. Capacitors 362 and 364 are 
respectively connected betWeen circuit ground and the junc 
tion of the resistors 352 and 354 With the inputs to the 
Schmitt triggers 356 and 358. The other inputs of the 
Schmitt triggers 356 and 358 are connected to Vcc. Analo 
gous to the NOR gates 326 and 328, each of the Schmitt 
triggers 356 and 358 supplies its output signal to inputs of 
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the AND gates 342 and 344 respectively via RST DEL L 
signal lines 368a and 368b. The Schmitt triggers 356 and 
358 and the signal lines 368a and 368b cross-couple the 
AND gates 342 and 344 in a manner similar to the cross 
coupling of the NAND gates 312 and 314, and AND gates 
322 and 326 described above. Similar to the arbitration 
latches for the SEL, DBO-DB7 and DBP signals of the SCSI 
buses, the BUS CONNECTED L signal line 274b connects 
to inputs of the AND gates 342 and 344. 

[0089] The third input to the AND gate 342 connects to the 
RST IN L signal line 236a from the shared interface card 48 
While 25 the third input to the AND gate 344 connects to the 
RST IN L signal line 236b from all the sharing interface 
cards 48. Differing from the bidirectional repeaters for the 
SEL, DBO-DB7 and DBP signals of the SCSI buses, the 
sWitched transceiver circuit 130 for the SCSI bus’ RST 
signal lacks an “OUT L” signal line. Consequently, the 
signal present RST IN L signal line of one interface card 48 
cannot become an input signal to the transmitting buffer 138 
in the sWitched transceiver circuits 130 of the other interface 
card 48. Rather the inputs of both transmitting buffers 138 
in the sWitched transceiver circuits 130 of both interface 
cards connect to circuit ground. The connection of the inputs 
of both transmitting buffers 138 to circuit ground is neces 
sary because the SCSI bus’ RST signal line carries a 
Wire-OR signal that can be simultaneously asserted by as 
many as all devices connected to the bus. Connecting the 
input of the transmitting buffer 138 to circuit ground causes 
the buffer 138 to assert its output signal When it is enabled 
by the RST ENB H signal on the signal line 260 and to let 
the RST signal line ?oat free to be negated by the termina 
tion resistors 154 and 156 after the transmitting buffer 138 
is disabled. 

[0090] If the Schmitt triggers 356 and 358, the resistors 
352 and 354 and the capacitors 362 and 364 Were omitted 
from the arbitration-latch for the SCSI bus’ RST signal, then 
differences in RST signal’s propagation delays through one 
of the AND gates 342 or 344 and the sWitched transceiver 
circuits 130 back to the AND gates 344 or 342 could produce 
a pulse that circulates forever Within the bidirectional 
repeater. Such a pulse circulating Within the bidirectional 
repeater Would, of course, repetitively present all the devices 
connected to both SCSI buses With a RST signal each time 
the pulse Went around the circuit. The combined Schmitt 
triggers 356 and 358, the resistors 352 and 354 and the 
capacitors 362 and 364 delay the propagation of the signals 
from the outputs of the AND gate 342 and the OR gate 346 
to the inputs respectively of the AND gates 342 and 344 
sufficiently long to suppress generation of a circulating 
pulse. 

[0091] The arbitration-latch for the SCSI bus’ RST signal 
differs from all other arbitration-latches in the bus sWitch 40 
by being asymmetric. That is, the output signal from the 
AND gate 342 goes directly to the resistor 352 Whereas the 
output signal from the AND gate 344 passes through the OR 
gate 346 before application to the resistor 354. Another 
asymmetry in this arbitration-latch is the four inputs of the 
AND gate 342 versus the three inputs of the AND gate 344. 
The bus sWitch 40 includes this asymmetry to permit a 
RESET SHARED DEVICES ON SELECTION L signal, 
supplied from the bus sWitch state sequencer 302 to an input 
of the OR gate 346 via a RESET SHARED DEVICES ON 
SELECTION L signal line 382, to cause all SCSI devices 




























