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(57) Claim
1. A bus transmitter circuit comprising:
A. a driver including a MOSFET driver transistor

having a drain terminal for connection to a bus 1line, a
gate terminal connected to a control node and a source
terminal for connection to a source power supply, said
MOSFET driver transistor having a relatively high inherent
capacitance betwezn its drain terminal and its gate
terminal which substantially dominates other capacitances
at said gate terminal to thereby provide a feedback path
between said drain terminal and said control node; and

B. a control'buﬁfer including a switched pull-up
comprising a pull-up transistor and a pull-up current
source, and a switched pull-down, comprising a pull-down
transistor and a pull-down current source, said pull-up
transistor and said puil-down transistor being connected
to said control node, said switched pull-up transistor and
said switched pull-dcwn transistor being further connected
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to receive a data input signal to control node of said
driver in response to the condition of said data input
signal, current through said pull-up transistor and said
pull-down transistor to said control node being controlled
by the respective current source to turn said driver on
and off in a controlled manner,

said feedback path providing a bidirectional path
for current flow between said control node and said bus to
selectively control the voltage level of a signal at said
control node and thereby control the rate at which said

driver turns on and off in response to said data input
signal.
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The invention relates generally to the field of
electronic circuits, and more specifically to circuits for
transmitting signals over buses in digital data processing

systems.

5 . . £ 4 . ]

s

A digital data processing system includes a number of
functional units, including one or more processors,
memories, and input/output devices such as mass storage
devices, video display terminals, printers and
telecommunications devices, all interconnected by one or
more buses. The buses carry signals representing
information among the various urnits comprising the system,
as well as control signals which, inter alia, control the

transfer of the information signals.
4

Generally, a bus is a set of wires to which several
functional units may connect in parallel. When a unit

transmits a signal over a wire in a bus, the signal may be
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reflected when it reaches an end of the bus. Reflected
signals may interfere with signals that are later
transmitted over the bus wire, which may cause signaling
errors over the bus. A major problem with signal
reflections is that they can corrupt later transmitted
signals. Accordingly, a system designer may have to provide
a sufficient delay time following a transmission before
another transmission can take place to minimize likely

interference from signal reflections.

Alternatively, the system designer may be able to
configure the bus or the signals transmitted thereover to
minimize reflections. For example, the wires of some
include resistor networks at each end which assist in
reducing reflections. Power for the bus can also be

provided through these bus terminator networks.

In addition, the shape of the signal waveform may be
adjusted so as to minimize reflections and crosstalk between
signals on different bus lines. 1In particular, a signal’s
waveform may be relatively square, in which the voltage
level of the bus wire changes relatively abruptly between a

high and a low voltage level. Such a signal waveform

i
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permits fast signaling, but it also is most likely to cause

signal reflections and crosstalk.

on the other hand, if the signals are "trapezoidal" in
which voltage levels of the signals change between the high
and low levels at a less abrupt, but stiil rapid, rate, the
likelihood of reflections can be minimized. The
transmitters which produce such signals must be able to
control the rate of change of the voltage on the wires, that
is, the "slew rate", within selected limits. This problem
is compounded since, in most systems, the buses must be able
to handle widely varying numbers of units connected thereto,
which, in turn, results in widely varying capacitive load
conditions which can vary the slew rate of the signals

transmitted over the bus wires.

Currently, transmitters capable of producing
trapezoidal signal waveforms are implemented using bipolar
transistor devices in combination with discrete resistors
and other components whose electrical values can be
controlled to a nigh level of accuracy. Most of the
circuits comprising the functional units of digital data
processing systems are implemented using MOSFET (metal-

oxide-semiconductor field effect transistor) devices, and
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the bipolar transmitter circuits are implemented separate
and apart from the other components comprising the units,
which take up a considerable amount of space on the printed
circuit boards on which the circuit elements comprising the
units are mounted. In addition, the bipolar transmitters,
because they are discrete, bipolar and separate from the
other devices, require large amounts of electrical power and

provide extra delay in the transmitted signal.

signals with trapezoidal waveforms for transmjssion over a

bus.

In brief summary, the new b transmitter circuit

includes a MOSFET bus drivep~transistor driven by a buffer
circuit having pull-up 4nd pull-down transistors current
through which is efntrolled by constant current sources.

The gate to dfain capacitance C,, of the driver transistor

is subgtantially higher than other capacitances at the gate

terminal. The gate terminal of the driver transistor is
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According to one aspect of the present invention
there is provided a bus transmitter circuit comprising:

A. a driver including a MOSFET driver transistor
having a drain terminal for connection to a bus 1line, a
gate terminal connected to a control node and a source
terminal for connection to a source power supply, said
MOSFET driver transistor having a relatively high inherent
capacitance between its drain terminal and 1its gate
terminal which substantially dominates other capacitances
at said gate terminal to thereby provide a feedback path
between said drain terminal and said control node; and

B. a control buffer including a switched pull-up
comprising a pull-up transistor and a pull-up current
source, and a switched pull-down, comprising a pull-down
transistor and a pull-down current source, said pull-up
transistor and said pull-down transistor being connected
to said control node, said switched pull-up transistor and
said switched pull-down transistor, being, further connected

Condro | saidl
to receive a data input signal to, control node of said
driver in response to the condition of said data input
signal, current through said pull-up transistor and said
pull-down transistor to said control node being controlled
by the respective current source to turn said driver on
and off in a controlled manner,

said feedback path providing a bidirectional path
for current flow between said control node and said bus to
selectively control the voltage level of a signal at said
control node and thereby control the rate at which said
driver turns on and off in response to said data input
signal.

According to another aspect of the present invention
there is provided a bus transmitter circuit comprising:

A, a driver including a MOSFET driver transistor
having & drain terminal foir connection to a bus line, a
gate terminal connected to a control node and a source
terminal for connection to a source power supply, said
MOSFET driver having a relatively high inherent
capacitance between its drain terminal and its gate
terminal which substantially dominates other capacitances

—-4a-—
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at said gate terminal to thereby provide a feedback path
between said drain terminal and said control node;

B. a control buffer including:
i. a switched pull-up comprising:
a. a pull-up current source for supplying current

at a controlled rate;

b. a pull-up transistor of a selectead
conductivity type having a drain terminal connected to
said pull-up current source, a source terminal connected

10 to said control node, and a gute terminal;

ii. a switched pull-down comprising:

a. a pull-down current source for supplying
current at a controlled rate;

b. a pulil-down transistor of a different
conductivity type than said pull-up transistor, said
pull—down_&ggﬂsistor having a iggg%%bferminal connected to
said pull-up- current source, a =seuree terminal connected
to said control node, and a gate terminal;

the gate terminals of both said pull-up and
20 said pull-down transistor being connected to receiveAékéé-
' data input signal, current through said pull-up transistor
to said control node being controlled by said pull-up
current source and through said pull-down transistor to
said control node being controlled by the pull-down
current source to turn said driver on and off in a
controlled manner,
said feedback path providing a bidirectional
path for current flow between said control node and said
bus to selectively contrcl the voltage level of a signal
+«<30 at said control node and thereby control the rate at which
. ‘; said driver turns on and off in response to said data
input signal; and
foeaet C. a driver pull-down transistor having a drain
veee terminal connected to the control node and a gate terminal
controlled by a pull-down control signal complementary to
said data input signal to condition the control node to a
selected level when the data input signal shifts levels to
thereby facilitate a rapid turn-off of the driver
transistor.

—4b-
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transmitter

According a further aspect present

invention there provided a bus circuit

comprising a driver transistor having an output terminal
for connection to a bus line, a reference Lerminal coupled

to a power supply, and an input terminal coupled to a

controll node,

a buffer for controlling the control node of said
to of data signal
received by said buffer to turn said driver transistor on

driver in response the condition a

and off in a controlled manner, and

a capacitance disposed between said input terminal
and said output terminal that is relatively high compared
to other capacitances at said input terminal to provide a

feedback path between said output terminal and said

control node for the bidirectional flow of current between
the
voltage level of a signal at said control node and thereby

said control node and said bus to selectively control

control the rate at which said driver transistor turns on
and off in response to said data signal.
The

transmitter circuit

invention provides a new and improved

implemented
with

transmission over a bus.

In brief the new bus transmitter circuit
includes a MOSFET bus driver transistor driven by a buffer
circuit having pull-up and pull-down transistors current
through which is controlled by constant current
The gate to CGD of the
transistor is substantially higher than other capacitances
at the gate terminal.

transistor

using MOSFET devices for

producing signals trapezoidal waveforms for

summary,

sources.

drain capacitance driver
The gate terminal of the driver

is connected to, -and controlled by,
between the pull-

the node

-4c-
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up and pull-down transistors. The drain terminal of the
driver transistor is connected to, and controls, a bus line.
To assert a signal on the bus line, the pull-up transistor
is turned on to drive current into the node at a rate
governed by the current source, which increases the voltage
level of the node. When the voltage level of the node
reaches the driver transistor’s threshold level, the driver
transistor begins to turn on, allowing the voltage level of
the bus line to drop. Contemporaneously, current begins to
flow into the node from the bus line through the driver
transistor’s gate to drain capacitance, thereby limiting the
] voltage level of the node, and thus the current flow through
o the driver transistor. Thus, current flows through the
driver transistor from the bus line in a manner controlled,
in part, by the rate of change of the voltage level on the
bus line, thereby accomplishing the trapezoidal slew in the
signal on the bus line. 1In negating a signal on the bus
line, the operations are similar, with current flowing out
of the node through the pull-down transistor and the driver

transistor’s gate to drain capacitance.
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The following description refers in more detail to the
various features of the bus transmitter circuit of the
present invention. To facilitate an understanding of the
invention, reference is made in the description to the

accompanying drawings where the bus transmitter circuit is
illustrated It to be
understood that the bus transmitter circuit of the present
invention is not 1limited to the preferred embodiment as
illustrated in the drawings.

in a preferred embodiment. is

Fig. 1 is a schematic circuit diagram of a digital
data bus transmitter constructed in accordance with the
invention;

Fig. 2 1is a diagram depicting signal waveforms at

two points of the circuit depicted in Fig. 1, which 1is

useful in understanding the transmitter depicted in Fig. 1.

-5a-
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appended claims.  The above and further advantages of this
invention may be better understood by referring to the
following description taken in conjunction with e

accompanying drawings, in which:

Fig. 1 is a schematic circuit diagram of a digital data
bus transmitter constructed im“accordance with the

invention;

Fig. 2 is g~diagram depicting signal waveforms at two
points of e circuit depicted in Fig. 1, which is useful in

understanding the transmitter depicted in Fig. 1.

With reference to Fig. 1, a transmitter 10 constructed
in accordance with the invention includes a bus driver
transistor 11 whose gate terminal receives an BUF OUT buffer
out digital data signal from a buffer circuit 12 in the form
of an inverter. 1In response to an asserted (that is, high)
BUF OUT buffer out signal fromsbuffer circuit 12, the bus
driver transistor turns on to transmit a BUS OUT (L) bus out
(asserted low) digital data signal over a bus line 14. The

bus driver transistor 11 has a drain terminal which is
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connected directly to the bus line 14, and a source terminal
which is connected to a V., power supply, which is
effectively at the ground voltage level. The bus driver
transistor 11 is an n-type metal-oxide-semiconductor field

effect transistor (MOSFET).

The buffer circuit 12, in turn, includes a p-type pull-
up transistor 16 and an n-type pull-down transistor 17
connected between two constant current sources 20 and 21.
Current source 20 is connected to a V,, power supply and
controls the current which is coupled to the drain terminal
of pull-up transistor 16. The source terminal of pull-up
transistor 16, in turn, is connected to a node 22, to which

the drain terminal of pull-down transistor 17 is also

connected. The source terminal of the pull down transistor

17, in turn, is connected to a current source 21, which
controls the current which flows therethrough from the node
22 to the V.. power supply. The BUF OUT inverter output
signal, which is coupled to the gate terminal of bus driver
transistor 11, is provided at the node 22 between the source
terminal of the pull-up transisStor 16 and the drain terminal
of the pull-down transistor 17. Returning to transistor 11,

that transistor has a high capacitance between its gate and
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drain terminals (shown as C,, in Fig. 1) in comparison to
other capacitances at node 22, so that the gate to drain
capacitance C,, substantially dominates other sources of

capacitance on node 22.

The gate terminals of the pull-up transistor 16 and the
pull-down transistor 17 are controlled in tandem by a SIG
OUT (H) signal output (asserted high) signal from an
inverter 13 which, in turn, inverts a SIG OUT (L) signeal
output (asserted low) signal from other circuitry (not
shown). ™he SIG OUT (L) signal output (asserted low) signal
also controls a p-type transistor 15 whose drain fterminal is
connected to the node 22 and whose source terminal is

connected to the V., power supply.

Initially, the SIG OUT (H) signal output (asserted
high) signal is in a low voltage (negated) condition. As a
result, transistor 15 is on. Inverter 13 complements the
SIG OUT (H) signal output (asserted high) signal to provide
a high voltage level (negated) SIG OUT (L) signal output
(asserted low) signal, which, in turn, maintains transistor
17 in an on condition and transistor 16 in an off condition.
At this point, charge from node 22 has been transferred

through current source 21 to the V. source voltage level
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(that is, ground), and so the BUF OUT buffer output signal
is at a low voltage level. 1In addition, since driver
transistor 11 is off, the BUS OUT (L) bus out (asserted low)
signal is at a high voltage level (thereby providing a
signal having a negated logic level), as shown at time A

(Fig. 2).

When the SIG OUT (H) signal output (asserted high)
signal shifts from the negated (low voltage) condition to
the asserted (high voltage) condition, the transistor 15
turns off. 1In addition, the inverter 13 complements the SIG
OUT (H) signal output (asserted high) signal to form a SIG
OUT (L) signa] output (asserted low) signal in a low voltage
(asserted) condition. As a result, the transistor 17 turns
off blocking the current path from node 22 through the
current source 21 to the V.. power supply. 1In addition, the
SIG OUT (L) signal output (asserted low) signal turns
transistor 16 on, thereby creating a path to node 22 from

the Vv,, power supply through current source 20.

Since transistor 16 is on,, the voltage level of the BUF
OoUT buffer output signal begins to rise, as shown from time
A to time B in Fig. 2. At time B (Fig. 2) the voltage level

of the BUF OUT buffer output signal has risen to the
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threshold voltage level, and so the bus driver transistor 11
begins to turn on. This, in turn, enables current from bus
line 14 to flow through the bus driver transistor 11,
causing the voltage level of the BUS OUT (L) bus out
(asserted low) signal to drop, as shown immediately after
time B (Fig. 2). However, since the C,, gate to drain
capacitance of the bus driver transistor 11 is a relatively
large proportion of the total capacitance on node 22,
current also is injected into node 22 from bus line 14
through the C, gate to drain capacitance. Thus, the Cgj
gate to drain capacitance provides a feedback path so that
the BUS OUT (L) bus output (asserted low) signal effects the

voltage level of node 22.

Since at this point two sources, namely current source
20 (through pull-up transistor 16) and bus line 14 (through
the C,, gate to drain capacitance of bus driver transistor
11), are forcing current into node 22 from opposite
directions, the voltage level of node 22 with respect to
ground (that is, the voltage level of the V . source power
supply), the voltage level of éhe node 22 does not change,
as shown between times B and C in Fig. 2. Accordingly, the

voltage level on the gate terminal of the bus driver
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transistor 11 is maintained at about the threshold level, so
that the transistor 11 is maintained on, but at a level at
which the voltage level of the bus line 14 falls at a
controlled rate. That is, the voltage of the BUS OUT (L)
bus out (asserted low) signal changes from a high level to a
low level over a time period that is related to the C,, gate
to drain capacitance of the bus driver transistor 11 and the

current flow provided by current source 20.

As the voltage level of the BUS OUT (L) bus out
(asserted low) signal on bus line 14 completes its downward
transition, the rate at which current- is injected into the
node 22 through the C,, gate to drain capacitance from the
bus line 14 also drops. As a result, the current injected
into node 22 from current source 20 through pull-up
transistor 16 dominates node 22, and the voltage level of
node 22 again begins increasing, as shown between times C
and D (Fig. 2). The rate of increase depends on the
capacitance of the node 22, including the C,, gate to drain
capacitance, and the current supplied by current source 20.
At time D (Fig. 2) the node 22;is charged to the maximum

voltage level. At this point, the bus driver transistor 11

is fully on, and node 22 is fully charged, as shown by the
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high BUF OUT buffer output signal at time D, Fig. 2.
Furthermore, by time D, the BUS OUT (L) bus out (asserted
low) signal is fully asserted, that is, it is at the low

voltage level.

The BUF OUT buffer output signal remains at a high
voltage level, and the BUS OUT (L) bus out (asserted low)
signal remains at a low voltage level, until time E. At
time E, the SIG OUT (H) signal output (asserted high) signal
is negated, that is, it is driven to a low voltage level.

As a result, the inverter 13 complementsvthe low SIG OUT (H)
signal output (asserted high) signal to provide a high SIG
OUT (L) signal output (asserted low) signal. The high SIG
OUT (L) signal output (asserted low) signal, in turn, turns
off pull-up transistor 16, thereby turning off the current
path from current source 20 to node 22, and turns on pull-
down transistor 17, thereby providing a current path from

node 22 to current source 21.

In addition, the high SIG OUT (H) signal output
(asserted high) signal turns on transistor 15, which
provides a current path directly between node 22 and the
ground voltage level provided by the V., source power

supply. The current path through transistor 15 permits the
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node 22 to be quickly discharged to the threshold voltage
level of the tramsistor 15, between times E and F (Fig. 2).
In one specific embodiment, in which the transistor 15 is a
p-type transistor, transistor 15 allows the voltage level of
the node 22 to drop to about two and a half volts from a
five volt fully charged conditior. Some current also flows
out of node 22 through pull-down transistor 17 and currenrt
source 21 during this time, but the primary current path is
through transistor 15. After sufficient current has flowed
out of node 22 to bring the voltage level of the node 22 to
the threshold level of bus driver transistor 11, the bus
driver transistor 11 begins to turn off, allowing the
voltage level of the BUS OUT (L) bus out (asserted low)
signal to rise, to thereby negate the BUS OUT (L) bus out

(asserted low) signal.

Around time F, when the voltage difference between the
drain terminal of transistor 15 with respect to its gate
terminal has fallen to the transistor’s threshold level, the
transistor 15 essentially turns off. However, current
attempts to continue to flow ouk of node 22 through pull-
down transistor 17 and current source 21.

Contemporaneously, current continues to flow out of node 22
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in the opposite direction, that is, through the gate to
drain capacitance C,, of bus driver transistor 1l1. Since
current is drawn from node 22 in opposite directions, the
voltage level of the node 22, which provides the BUF OUT
buffer output signal, is constant, as shown at times F-G,
Fig. 2, at a level sufficient to maintain transistor 11 on
at a controlled level. This allows the voltage level of the
BUS OUT (L) bus output (asserted low) signal to increase at
a steady controlled rate during that time period, as shown

in Fig. 2.

At time G, the gate to drain capacitance C,, stops
drawing charge from node 22, and so charge leaves node 22
only through transistor 17, which is still on, at a rate
controlled by the current source 21. Accordingly, the
voltage level of node 21 falls to the V,, source power
supply level, which is the ground level for the transmitter
circuit 10. Accordingly, the BUF OUT (L) buffer output
(asserted low) signal drops at a controlled rate between

times G-H (Fig. 2) as shown in Fig. 2.

’

It will be appreciated that the transistor 15 is
provided to reduce the time E-F required to pull the voltage

level of node 22 to the point at which bus driver transistor
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11 begins to turn off. 1In the absence of transistor 15, the
current instead flow through pull-down transistor 17 and
current source 21, but since the current source 21 limits
the flow of current, a longer time is required to bring the
voltage of node 22 to the point at which the driver

transistor 11 starts to turn off.

It addition, it will be recognized that the large gate
to drain capacitance C_, essentially provides a feedback
path allowing the BUS OUT (L) bus output (asserted low)
signal to, in part, control the voltage level on node 22,
which, in turn, controls the rise and fall of the signal.
This results in a BUS OUT (L) bus output (asserted low)
signal having a leading edge (between times B-C, Fig. 2) and
a trailing edge (between times F-G, Fig. 2) having suitable
rise and fall times, to thereby provide a "trapezoidal"
signal. This signal shape reduces the ringing and other
noise inherent in signals having very short (that is,
rectangular) rise and fall times. This signal shape is
accomplished by having a large gate to drain capacitance Cg,
which substantially dominates ‘he total capacitance at the
gate terminal of the driver transistor to facilitate current

flow through the gate to drain capacitance C,, during signal
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transitions of the BUS OUT (L) bus output (asserted low)

signal, as described above.

The foregoing description has been limited to a
specific embodiment of this invention. It will be apparent,
however, that variations and modifications may be made to

the invention, with the attainment of some or all of the
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A bus transmitter circuit comprising:

A. a driver including a MOSFET driver transistor
having a drain terminal for connection to a bus 1line, a
gate terminal connected to a control node and a source
terminal for connection to a source power supply, said
MOSFET driver transistor having a relatively high inherent
capacitance between its drain terminal and its gate
terminal which substantially dominates other capacitances
at said gate terminal to thereby provide a feedback path
between said drain terminal and said control node; and

B. a control buffer including a switched pull-up
comprising a pull-up transistor and a pull-up current
source, and a switched pull-down, comprising a pull-down
transistor and a pull-down current source, said pull-up
transistor and said pull-down transistor being connected
to said control node, said switched pull-up transistor and
said switched pull-down transis%gf H%é? further connected
to receive a data input signal toA control node of said
driver in response to the condition of said data input
signal, current through said pull-up transistor and said
pull-down transistor to said control node being controlled
by the respective current source to turn said driver on
and off in a controlled manner,

said feedback path providing a bidirectional path

for current flow between said control node and said bus to
selectively control the voltage level of a signal at said
control node and thereby control the rate at which said
driver turns on and off in response to said data input
signal.
2. A bus transmitter circuit as defined in claim 1
further comprising a driver pull-down transistor connected
to the control node and controlled by a pull-down control
signal complementary to the data input signal to condition
the control node to a selected level when the data input
signal shifts 1levels to thereby facilitate a rapid
turn-off of the driver transistor.

3. A bus transmitter circuit as defined in claim 1

-17-
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wherein said pull-up transistor and said pull-down
transistor are of different conductivity types.
4, A bus transmitter circuit comprising:

A. a driver including a MOSFET driver transistor
having a drain terminal for connection to a bus 1line, a
gate terminal connected to a control node and a source
terminal for connection to a source power supply, said
MOSFET driver having a relatively high inherent
capacitance between its drain terminal and its gate
terminal which substantially dominates other capacitances
at said gate terminal to thereby provide a feedback path
between said drain terminal and said control node;

B. a control buffer including:
i. a switched pull-up comprising:
a. a pull-up current source for supplying current

at a controllied rate;

b. a pull-up transistor of a selected
conductivity type having a drain terminal connected to
said pull-up current source, a source terminal connected
to said control node, and a gate terminal;

ii. a switched pull-down comprising:

a. a pull-down current source for supplying
current at a controlled rate;

b. a pull-down transistor of a different

conductivity type than said pull-up tréansistor, said
spurce

pull-down ;ran51stor having a-éfg&a—termlnal connected to
- val

said pull-&p-current source, a{seﬁ%ee terminal connected
to said control node, and a gate terminal;

the gate terminals of both said pull-up and
said pull-down transistor being connected to receive:gay%
data input signal, current through said pull-up transistor
to said control node being controlled by said pull-up
current source and through said pull-down transistor to
said control node being controlled by the pull-down
current source to turn said driver on and off in a
controlled manner,

said feedback path providing a bidirectional
path for current flow between said control node and said

/2;532 bus to selectively control the voltage level of a signal
7/

-18-



at said control node and thereby control the rate at which
said driver turns on and off in response to said data
input signal; and
C. a driver pull-down transistor having a drain

terminal connected to the control node and a gate terminal
controlled by a pull-down control signal complementary to
said data input signal to condition the control node to a
selected level when the data input signal shifts levels to
thereby facilitate a rapid turn-off of the driver

10 transistor.
5. A bus transmitter circuit as defined in claim 2
further comprising an inverter for receiving said
pull-down control signal and producing said data input
signal as the complement of said pull-down control signal.
6. A bus transmitter circuit as defineed in claim 4
further comprising an inverter for receiving said
pull-down control signal and producing said data input
signal as the complement of said pull-down control signal.
2 2 1 | e . . .. 1rs

20 transistor having an output terminal for connection to

;d‘g bus line, a reference terminal coupled to a power su
- and an input terminal coupled to a controll node,

a buffer for controlling the control no of said
driver 1in response to the condition of data signal
received by said buffer to turn said driy€r transistor on
and off in a controlled manner, and

a capacitance disposed betwszs said input terminal

and said output terminal that is” relatively high compared
to other capacitances at sai
.. 30 feedback path between

control node for the bj

input terminal to provide a
id output terminal and said
irectional flow of current between
said control node d said bus to selectively control the
signal at said control node and thereby
te at which said driver transisto. turns on
esponse to said data signal.

8. Thé bus transmitter circuit of claim 7 wherein said
itance is an inherent capacitance between said input
rminal and said output terminal that substantially

- 2 1. . . .
+rherent—eapacitances—at—said—input——

LI
4

ot voltaye level of
control the

and off 1in

-19-



10

20
] eaQ
L L]
ettt
’f.:
(.1‘;
20
t
N <
L S
S;ﬁﬁ Qg

driver transistor is a field effect transistor an
input terminal is the gate terminal of effect
transistor.

10. The bus transmitter circuit of cl 7 wherein said
buffer comprises current source circuwitry for controliing
current at said control nod to turn said driver
transistor on and off in a comtrolled manner.
11. The bus transmitt

comprising a driver

circuit of <claim 7 further
11-down transistor having an output
terminal connect to said control node and an input
terminal confrolled by a pull-down control signal

compleme ry to said data signal to condition the control

a selected 1level when the data signal shifts

7. A bus transmitter circuit according to any one of
claims 1 or 4, substantially as hereinbefore describeed
with reference to what 1is shown in the accompanying
drawings.

Dated: 12 October 1990
PHILLIPS ORMONDE & FITZPATRICK
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