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A bidirectional bus repeater (10) includes two unidirectional bus repeaters (11, 13) connected for retransmitting signals in
opposite directions between two buses (12, 14). When an external bus driver pulls either bus low, one of the unidirectional bus
repeaters pulls the other bus low. When the external bus driver allows the bus to rise to the high logic level, the unidirectional bus
repeater temporarily supplies a high charging current to the other bus to quickly pull it up. Each unidirectional bus repeater (11,
13) also generates signals indicating when it is actively pulling its output bus up or down and the indicating signals inhibit one
unidirectional bus repeater from actively driving its output when the other unidirectional bus repeater is actively driving its out-

put.
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BIDIRECTIONAL BUS REPEATER

Backaground of the Invention

2 bus repeater receives a logic signal on one
bus and retransmits it on another. A
vnidirectional bus repeater transmits a logic
signal in only one direction from a "master" bus
to a "slave" bus while a bi-directional bus
repeater can transmit logic signals in either
direction between two buses. Bi-directional bus
repeaters of the prior art reguire a control
signal input indicating the direction the logic
signal is to be transmitted. That is, the control
signal indicates at any given moment which of the
two buses is to transmit a logic signal and which
bus is to receive it.

Eowever, in some applications such a control
signal may not be available and a bi-directional
bus repeater that transmits signals between two
buses in either direction without need for a
direction indicating control signal input would be

of advantage.
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Summary of the Invention
Tn accordance with one aspect of the

invention, a bi-directional bus repeater includes
two unidirectional bus repeaters connected for
retransmitting logic signals in opposite direc-
tions between two buses. In a guiescent state
when no external bus drivers are actively pulling
down on the buses, small trickle currents supplied
by the bus repeaters pull their output buses up to
a high logic level. When an external bus driver
connected to either of the buses pulls that bus
low, one of the unidirectional bus repeaters pulls
+he other bus low. When the external bus driver
releases the bus, allowing the bus to rise to a
high logic state, the unidirectional bus repeater
that was holding the other bus low responds by
temporarily supplying a high charging current to
the other bus to pull it quickly back up to the
high logic level. Thereafter the trickle currents
continue to hold the other bus high.

Each unidirectional bus repeater also generates
PULL UP and PULL DOWN signals indicating when the
bus repeater is actively pulling up or down on a bus
and the indicating signals produced by each
unidirectional bus repeater are supplied as inputs
to the other unidirectional bus repeater. The
indicating signal input inhibits one unidirectional
bus repeater from actively driving its output bus
up or down when the other bus repeater is actively
driving its output bus up or down. Thus the first
unidirectional bus repeater to sense its input has
been pulled down pulls down its output and
inhibits the remaining unidirectional bus repeater
from actively driving its output. The first

unidirectional bus repeater continues to

.
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inhibit the other until the first unidirectional
bus repeater has stopped driving its output bus.
It is accordingly an object of the invention
to provide an improved bi-directicnal bus repeater
that automatically retransmits signals in both
directions between two buses without need of an

- externally generated control signal for indicating
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the signal transmission direction.

The concluding portion of this specification
particularly points out and distinctly claims the
subject matter of the present invention. However,
those skilled in the art will best understand both
the organization and method of operation of the
invention, together with further advantages and
objects thereof, by reading the following descrip-
tion in view of the accompanying drawings wherein

like reference characters refer to like elements.

Brief Description of the Drawings
FIG. 1 is a block diagram of a bi-directional

bus repeater in accordance with the present
invention; and

FIG. 2 illustrates in schematic diagram form
a preferred embodiment of buffer 16 of FIG. 1.

Description of the Preferred Embodiment

FIG. 1 illustrates a bi-directional bus
repeater 10 in block diagram form. Bi-directional
bus repeater 10 includes two unidirectional bus
repeaters 11 and 13 connected for retransmitting
logic signals in opposite directions between two
buses 12 and 14. When neither bus 12 nor bus 14
is pulled to a low logic level by an external bus
driver (not shown), small trickle currents pull

both buses up to a high logic level. When the
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external bus driver asserts the logic signal A or
B on either bus 12 or 14 by pulling the bus low,
one of the unidirectional bus repeaters 11 or 13
asserts the other signal B or A on the other bus
14 or 12 by pulling that bus low. When the
external bus driver allows the bus to rise again
to the high logic level, the unidirectional bus
repeater 11 or 13 holding the other bus down
temporarily supplies a high charging current to
the other bus 12, 14 to guickly pull it up. The
trickle current holds the bus up thereafter.

Each unidirectional bus repeater 11, 13 also
asserts signals AU and AD, or BU and BD indicating
when it is actively pulling its output bus 12 or
14 up or down. These indicating signals -inhibit
the other unidirectional bus repeater from
actively driving its outpuf bus up or down. Thus
each unidirectional bus repeater 11 or 13 operates
independently to pull its output bus down when it
detects the signal on its input bus has been
pulled down, but only one unidirectional bus
repeater can actively drive its output bus at any
given moment. The first unidirectional bus
repeater to respond to a low level input signal by
pulling its output bus low blocks the other from
responding to its input signal until the first
unidirectional bus repeater no longer detects a
low level input signal.

Unidirectional bus repeater 11, in a
preferred embodiment thereof, includes a buffer
18, a three-input NOR gate 24 and a single-shot
device 22. Buffer 18 drives bus 12 carrying logic
signal B. NOR gate 24 produces an indicating signal
BD telling buffer 18 when to pull down signal B on
its output bus 12. The single-shot device 22,

5
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triggered by the falling edge of pull down
indicating signal BD, generates indicating signal
BU telling buffer 18 when to actively pull up bus
12. Bus 14 logic signal A drives one NOR gate 24
input while pull up and pull down indicating
signals AU and AD producec by the other
unidirectional bus repeater 13 control the other
NOR gate 24 inputs.

Unidirectional bus repeater 13 includes a
buffer 16, a three-input NOR gate 26 and a
single-shot device 20. Buffer 16 drives bus 14
carrying logic signal A. NOR gate 26 produces the
AD indicating signal informing buffer 16 when to
pull down signal A on its output bus 14. The
single-shot device 20, triggered by the falling
edge of the pull down indicating signal AD,
generates indicating signal AU informing buffer 16
when to actively pull up bus 14. Bus 12 signal B
drives one NOR gate 26 input while the pull up and
pull down indicating signals BU and BD produced by
the other unidirectional bus repeater 11 drive the
other NOR gate 26 inputs.

In a quiescent state, when neither bus 12 nor
bus 14 is externally driven, trickle currents in
buffers 16 and 18 hold both the A and B logic
signals high. ©NOR gates 24 and 26 hold indicating
signals AD and BD low and single-shot devices 20
and 22 hold indicating signals AU and BU low.

Thus neither buffer 16 nor buffer 18 actively
drives its output buffer.

When an external bus driver (not shown) pulls
down signal A on bus 14, NOR GATE 24 asserts
indicating signal BD thereby causing buffer 18 to
pull down logic signal B. When the external bus

driver pulls logic signal A on bus 14 high, or
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releases bus 14 allowing a trickle current in
buffer 16 to pull up logic signal A, NOR gate 24
responds by pulling signal BD down. However, NOR
gate 24 does so only when signals AU and AD are
both low, indicating that buffer 18 is not
actively driving bus 12. The falling edge of
indicating signal BD causes single-shot device 22
to pulse signal BU high, thereby causing buffer
18 to quickly pull up B. Thereafter a trickle
current in buffer 18 continues to hold B up.

When an external bus driver (not shown)
pulls signal B on bus 12 low, NOR gate 26 pulls
up indicating signal AD, provided signals BU and
BD are both low. The rising signal AD causes
buffer 16 to pull down logic signal A. When the
external bus driver pulls signal B high or
releases bus 12 allowing a trickle current in
puffer 18 to pull logic signal B back up, NOR
gate 26 responds by pulling signal AD down,
provided indicating signals AU and AD are low.
The falling edge of signal AD causes single-shot
dev1ce 20 to pulse indicating signal AU high.
Buffer 16 then quickly pulls up logic signal A.
Thereafter a trickle current in buffer 16
continues to hold logic signal A up if not
otherwise driven high by an external driver
connected to bus 1l4.

FIG. 2 illustrates a preferred embodiment
of buffer 16 of FIG. 1 in schematic diagram
form. (Buffer 18 of FIG. 1 corresponds to
puffer 16.) Buffer 16 comprises transistors
71 and T2 and a resistor R. One load terminal
of transistor T1 is connected to a high logic
level source H and one load terminal of

transistor T2 is connected to a low legic level
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source L while the other load terminals of transistors
Tl and T2 are tied together to produce output A.
The control terminal of transistor Tl receives the
U input of buffer 16 and the control terminal of
transistor T2 receives the D input of buffer 16.
Resistor R is connected between source H and output A.
When input signal U is high and input signal D
is low, transistor Tl is on and transistor T2 is off
and source H pulls output signal A up. When input
signal D is high and input signal H is low,
transistor T2 is on and transistor Tl is off and
source L pulls output signal A down. When both input
signals U and D are low, source H pulls output A up
via a small trickle current through resistor R,
unless signal A is pulled down by an external buffer.
There has thus been described a bi-directional
bus repeater including two unidirectional bus
repeaters connected for retransmitting signals in
opposite directions between two buses. Each
unidirectional bus repeater is adapted to actively
drive a separate one of the buses. Each
unidirectional bus repeater also generates signals
indicating when it is actively pulling its output bus
up or down and the indicating signals inhibit one
unidirectional bus repeater from actively driving its
output when the other unidirectional bus repeater is
actively driving its output. No externally generated
direction indicating control signals are required.
While the foregoing specification has described
a preferred embodiment of the present invention, one
skilled in the art may make many modifications to
the preferred embodiment without departing from the
invention in its broader aspects. The appended
claims therefore cover all such modifications as

fall with the true spirit of the invention.
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Claims
1. A bi-directional bus repeater for

transmitting signals between first and second
buses comprising:

first unidirectional bus repeater means,
connected for receiving a first iogic signal
carried on said first bus and at least one first
indicating signal, for generating a second logic
signal on said second bus when said first logic
signal is asserted and said first indicating
signal is not asserted, and for asserting at least
one second indicating signal when generating said
second logic signal; and

second unidirectional bus repeater means,
connected for receiving said second logic signal
and said at least one second indicating signal, for
generating said first logic signal when said second
logic signal is asserted and said second
indicatingAsignal is not asserted, and for
asserting said at least omne first indicating

signal when generating said first logic signal.

2. The bi-directional bus repeater in
accordance with claim 1 wherein said first
unidirectional bus repeater means comprises:

buffer means, connected for receiving PULL
UP and PULL DOWN signals, for driving said second
logic signal to a high logic state upon assertion
of said PULL UP indicating signal and for driving
said second logic signal to a low logic level in
response to assertion of said PULL DOWN signal,
said PULL UP and PULL DOWN signals comprising said
at least one second indicating signal;

logic gate means, connected for receiving

said first logic signal and said at least one first
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indicating signal, for asserting and deasserting
said PULL DOWN signal in response to logical
combinations of states oZf said first logic signal
and said at least one first indicating signal; and

single-shot means, connected for
receiving said PULL DOWN signal, for temporarily
asserting said PULL UP signal when said PULL DOWN
signal is deasserted.

3. The bi-directional bus repeater in
accordance with claim 1 wherein said logic gate

means comprises a NOR gate.

4. The bi-directional bus repeater in
accordance with claim 2 wherein said buffer means
comprises:

a source of high logic level,

a source of low logic level,

a first transistor having load terminals
connected between said source of high logic level
and said second bus, and a control terminal
receiving said PULL UP signal, and

a second transistor having load terminals
connected between said source of low logic level
and said second bus, and a control terminal
receiving said PULL DOWN signal.

5. The bi-directional bus repeater in
accordance with claim 4 wherein said buffer means
further comprises a resistor connected between said

source of high logic level and said second bus.

6. A bi-directional bus repeater for
transmitting signals between first and second

buses comprising:
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first unidirectional bus repeater means,
connected for receiving a first logic signal
carried on said first bus and at least one first
indicating signal, for generating a second logic
5 signal on said second bus when said first logic

i

signal is asserted and said first indicating
signal is not asserted, and for asserting at least
one second indicating signal when generating said
second logic signal; and

10 second unidirectional bus repeater means,
connected for receiving said second logic signal
and said at least one second indicating signal, for
generating said first logic signal when said second
logic signal is asserted and said second

15 indicating signal is not asserted, and for
asserting said at least one first indicating
signal when generating said first logic signal;

wherein said first unidirectional bus
repeater means comprises:

20 ’ buffer means, connected for
receiving PULL UP and PULL DOWN signals, for
driving said second logic signal to a high logic
state upon assertion of said PULL UP indicating
signal and for driving said second logic signal to

25 a low logic level in response to assertion of said
PULL DOWN signal, said PULL UP and PULL DOWN
signals comprising said at least one second'
indicating signal;

a NOR gate, connected for receiving

30 said first logic signal and said at least one
first indicating signal, for asserting and
deasserting said PULL DOWN signal in response to
logical combinations of states of said first logic
signal and said at least one first indicating

35 signal; and

il
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single-shot means, connected for
receiving said PULL DOWN signal, for temporarily
asserting said PULL UP signal when said PULL DOWN
signal is deasserted;

wherein said buffer means comprises:

a source of high logic level,

a source of low logic level,

a first transistor having load
terminals connected between said source of high
logic level and said second bus and a control
terminal receiving said PULL UP signal, and

a second transistor having load
terminals connected between said source of low
logic level and said second bus and a control
terminal receiving said PULL DOWN signal.

7. The bi-directional bus repeater in
accordance with claim 6 wherein said buffer means
further comprises a resistor connected between
said source of high logic level and said second
bus.
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