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(57) Abstract: A digital communication system is presented including at least one transmission line coupled between a first and
second communication devices and used to convey binary data from the first communication device to the second communication
w={ device. A termination resistor and one end of the transmission line are coupled to an input node of the second communication device.
\& An electrical voltage level existing at the input node of the second communication device may be substantially dependent upon an
amount of electrical current flowing through the termination resistor. The termination resistor may have a value substantially equal
to a characteristic impedance of the transmission line such that signal reflections and distortion occurring within the transmission
= line are substantially reduced. Three or more different voltage levels may be present upon the transmission line dependent upon
the binary data. The resulting increase in data transmission capability may be used to reduce the total number of transmission lines
coupled between the first and second communication devices, or to increase the rate at which the binary data is transmitted from the
first communication device to the second communication device. The ternary signals may also be used to encode a clock signal with
binary data upon one or more transmission lines such that a separate clock transmission line is not needed, and clock signal reception

is ensured even in case of transmission line failure.
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TITLE: DIGITAL DATA TRANSMISSION VIA MULTI-VALUED LOGIC SIGNALS

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to digital communication systems, and more particularly to unidirectional source-

synchronous digital data transmission systems.

2. Description of the Relevant Art

Digital electronic devices typically communicate via electrical signals (e.g., voltages and/or currents)
driven upon electrical conductors (e.g., metal wires). Operations within a digital electronic device transmitting data
(i.e., a "sender") may be performed in response to (i.e., synchronized) by a first clock signal, and operations within
another digital electronic device receiving the data (i.e., a "receiver") may be synchronized by a second clock
signal. In order for the receiver to receive the data correctly and efficiently, the first and second clocks may need to
be synchronized such data reception by the receiver occurs in unison with data transmission by the sender.

Fig. 1 is a diagram of a digital communication system 10 employing source-synchronous data
transmission. A sender 12 is coupled to a receiver 14 via n data transmission lines 16 and a clock transmission line
18. Sender 12 includes » drivers 20 for driving one end of the » data transmission lines 16 according to binary data
signals DATA1 through DATAn, and a driver 22 for driving one end of clock transmission line 18 according to a
binary clock signal CLOCK. Sender 12 drives one of two voltage levels upon each of the » data transmission lines
16 dependent upon the logic value of the corresponding binary data signal. Similarly, sender 12 drives one of two
voltage levels upon clock transmission line 18 dependent upon the logic value of clock signal CLOCK. Further,
sender 12 drives data transmission lines 16 in synchronization with clock signal CLOCK (e.g., in response to a
rising or falling transition or "edge" of CLOCK).

Receiver 14 includes # comparators 24 coupled to receive the voltage levels driven upon the n data
transmission lines 16 by sender 12, and a comparator 26 coupled to receive the voltage levels driven upon clock
transmission line 18 by sender 12. Each of the n comparators 24 and comparator 26 also receive a reference
voltage level Vigr, where reference voltage level Vg is selected to be between the two voltage levels. Comparator
26 produces binary clock signal CLOCK at an output terminal. Receiver 14 also includes # flip-flops 28 receiving
the outputs of the n comparators 24 at input terminals and clock signal CLOCK signal at control terminals. Asa
result, the 7 flip-flops 28 produce corresponding data signals DATA1 through DATAn# in response to the CLOCK
signal produced by comparator 26.

As the operating frequencies (i.e., "speeds") of digital electronic devices increase, electrical conductors
used to route signals between components (i.e., signal lines) begin to behave like transmission lines. Transmission
lines have characteristic impedances. If the input impedance of a receiving device connected to a transmission line
does not match the characteristic impedance of the transmission line, a portion of an incoming signal is reflected
back toward a sending device. Such reflections cause the received signal to be distorted. If the distortion is great

enough, the receiving device may erroneously interpret the logical value of the incoming signal.



10

15

20

25

30

35

WO 00/76161 PCT/US00/15193

Binary digital signals typically have a low voltage level associated with a logic low (i.e., a logic "0"), a
high voltage level associated with a logic high (i.e., a logic "1"), "rise times" associated with transitions from the
low voltage level to the high voltage level, and "fall times" associated with transitions from the high voltage level to
the low voltage level. A signal line behaves like a transmission line when the signal rise time (or signal fall time) is
short with respect to the amount of time required for the signal to travel the length of the signal line (i.e., the
propagation delay time of the signal line). As a general rule, a signal line begins to behave like a transmission line
when the propagation delay time of the signal line is greater than about one-quarter of the signal rise time (or signal
fall time).

Resistive "termination" techniques are often applied to transmission lines, and signal lines long enough to
behave like transmission lines, in order to reduce reflections and the resultant signal distortion. One or more
electrically resistive elements (e.g., resistors) may be inserted between a driver and an end of a transmission line in
order to cause the effective output impedance of the driver to more closely match the characteristic impedance of
the transmission line. Similarly, one or more electrically resistive elements may be coupled to an end of a
transmission line at a receiver in order to cause the effective input impedance of the receiver to more closely match
the characteristic impedance of the transmission line.

Fig. 2 is a diagram of a representative transmission line 30 coupled between sender 12 and receiver 14,
wherein resistive terminations are employed in order to reduce signal reflections and distortion within transmission
line 30. Transmission line 30 may be one of the » data transmission lines 16 or clock transmission line 18.
Switching circuitry 32 within a driver of sender 12 switches a first end of transmission line 30 between a first
power supply voltage level Vy,;, and a second power supply voltage level Vg dependent upon a binary input signal
(i.e., a binary data signal or binary clock signal CLOCK). It is noted that second power supply voltage level Vg
may be a reference ground electrical potential, and Vy,, may be referenced to Vgs. A first termination resistor 34,
having a value equal to the characteristic impedance Z, of transmission line 30, is connected between switching
circuitry 32 and the first end of transmission line 30 in order to reduce signal reflections and distortion within
transmission line 30.

A second end of transmission line 30 is connected a first input terminal of a comparator 36 within receiver
14. A second termination resistor 38, having a value equal to the characteristic impedance Z, of transmission line
30, is connected between the first input terminal of comparator 36 and power supply voltage level Vp, in order to
reduce signal reflections and distortion within transmission line 30.

When first termination resistor 34 and second termination resistor 38 are coupled to opposite ends of
transmission line 30 in order to reduce signal reflections and distortion, they form a voltage divider network which
restricts the range of voltage levels which may be used to convey binary signals from sender 12 to receiver 14. Fig.
3 is a graph of voltage levels ¥ present within sender 12 and upon transmission 30 of Fig. 2. When switching
circuitry 32 connects the first end of transmission line 30 to V;, through first termination resistor 34, a voltage
level equal to Vp,, exists at the first end transmission line 30. When switching circuitry 32 connects the first end of
transmission line 30 to Vs through first termination resistor 34, first termination resistor 34 and second termination
resistor 38 are connected in series between Vpp and Vg, and a voltage level equal to (Vpy/2) exists at the first end
transmission line 30 (where Vy,p, is referenced to V). As a result, the two voltage levels used to convey binary

signals from sender 12 to receiver 14, Vp,;, and (Vpp/2), exist only in an upper half of the voltage range between
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Vpp and Vs as shown in Fig. 3. It is noted that a lower half of the voltage range between Vi, and V; is unused
due to the use of both first termination resistor 34 and second termination resistor 38.

Reference voltage level Vg, connected to a second input terminal of comparator 36 within receiver 14, is
selected between the two voltage levels Vy,; and (Vp,p/2) as described above. Voltage values between (Vp/2) and
Ve received at the first input terminal of comparator 36 may cause comparator 36 to produce a binary logic 0
signal at an output terminal, and voltage values between Vg and Vi, received at the first input terminal of
comparator 36 may cause comparator 36 to produce a binary logic 1 signal at the output terminal.

It would be beneficial to have a data transmission system which employs resistive termination of at least
one transmission line coupled between a sender and a receiver, and wherein the at least one transmission line is
capable of conveying one of & logic states, where k > 2. Such increased data transmission capability could be used
to reduce a total number of transmission lines coupled between the sender and the receiver, or to increase the rate at

which binary data is transmitted from the sender to the receiver via the total number of transmission lines.

SUMMARY OF THE INVENTION

A digital communication system is presented which includes at least one transmission line coupled
between a first communication device and a second communication device. The transmission line is used to
convey binary data from the first communication device to the second communication device. At least one
termination resistor, coupled to an end of a transmission line at the second communication device in order to reduce
signal reflections and distortion, is also used to generate three or more different voltage levels upon the
transmission line dependent upon the binary data. The resulting increase in data transmission capability may be
used to reduce the total number of transmission lines coupled between the first and second communication devices,
or to increase the rate at which the binary data is transmitted from the first communication device to the second
communication device.

In a first embodiment of the digital communication system, the first communication device has an output
node coupled to a first end of a transmission line, and the second communication device has an input node coupled
to a second end of the transmission line. The second communication device includes a termination resistor coupled
between the input node and a power supply voltage level (e.g., Vpp). The second communication device may be
configured such that an electrical voltage level existing at the input node is substantially dependent upon an amount
of electrical current flowing through the termination resistor. The termination resistor may have a value
substantially equal to a characteristic impedance of the transmission line such that signal reflections and distortion
occurring within the transmission line are substantially reduced.

The first communication device drives the output node in one of p drive states, where p > 3. Each of the p
drive states causes a different amount of electrical current to flow through the termination resistor such that a
different electrical voltage level exists at the input node in each of the p drive states. The different electrical
voltage levels existing at the input node in each of the p drive states may differ by substantially equal amounts, and
may be associated with different logic levels. The three or more logic levels represent an increase in data
transmission capability over the two logic levels used in binary data transmission.

The first communication device may include an output section receiving binary data and driving the output

node in one of the p drive states dependent upon the binary data. The output section may also receive a first clock
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signal, and may drive the output node in response to the first clock signal. The second communication device may
include an input section coupled to the input node and configured to produce the binary data from the different
electrical voltage levels existing at the input node. The input section may produce the binary data in response to a
second clock signal. The first and second clock signals may be synchronized in one of several possible ways in
order to achieve synchronous data transmission. For example, the first communication device may provide the first
clock signal to the second communication device via a dedicated clock transmission line. Alternately, the second
communication device may generate the second clock signal in synchronization with voltage level transitions
present upon the transmission line conveying data.

In a second embodiment of the digital communication system, the second communication device may
include two termination resistors: a first termination resistor coupled between the input node and the first power
supply voltage level (e.g., Vpp), and a second termination resistor coupled between the input node and a second
power supply voltage level (e.g., Vss). The second communication device may be configured such that an electrical
voltage level existing at the input node is substantially dependent upon an amount of electrical current flowing
through the first termination resistor. The first and second termination resistors may have values substantially equal
to twice the characteristic impedance of the transmission line such that the transmission line is terminated in the
characteristic impedance of the transmission line, and signal reflections and distortion occurring within the
transmission line are substantially reduced.

The first communication device may include drive circuitry within the output section. The output section
may electrically couple the drive circuitry to the output node in p drive states, where p 22, and drive the output
node in the p drive states via the drive circuitry. The output section may not drive the output node in an additional
“non-drive" state. In the non-drive state, the output section may electrically decouple the drive circuitry from the
output node. In each of the p drive states and the non-drive state, a different amount of electrical current may flow
through the first termination resistor such that a different electrical voltage level exists at the input node. The
different electrical voltage levels existing at the input node in each of the p drive states and the non-drive state may
differ by substantially equal amounts and may be associated with different logic levels.

In the second embodiment, the drive circuitry may drive the output node in one of the p drive states
dependent upon the binary data and in response to the first clock signal. The output section may also electrically
decouple the drive circuitry from the output node in the non-drive state dependent upon the binary data and in
response to the first clock signal. As described above, the second communication device may include an input
section coupled to the input node and configured to produce the binary data from the different electrical voltage
levels existing at the input node. The input section may produce the binary data in response to a second clock
signal. The first and second clock signals may be synchronized as described above in order to achieve synchronous
data transmission.

In a third embodiment of the digital communication system, the first communication device has m data
output nodes and a clock output node. The second communication device has m data input nodes corresponding to
the m data output nodes, and a clock input node corresponding to the clock output node. In the third embodiment,
the digital communication system includes m data transmission lines coupled between the corresponding m data
output nodes and m data input nodes, and a clock transmission line coupled between the clock output and input

nodes.
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The second communication device includes an input section having m+1 termination resistors. Each of m
of the termination resistors is coupled between a different one of the m data input nodes and a power supply voltage
level (e.g., Vpp), and the remaining termination resistor is coupled between the clock input node and the power
supply voltage level. The second communication device may be configured such that: (i) an electrical voltage level
existing at a given data input node is substantially dependent upon an amount of electrical current flowing through
the termination resistor coupled between the given data input node and the power supply voltage level, and (ii) an
electrical voltage level existing at the clock input node is substantially dependent upon an amount of electrical
current flowing through the termination resistor coupled between the clock input node and the power supply
voltage level. Each termination resistor may have a value substantially equal to a characteristic impedance of a
corresponding transmission line such that signal reflections and distortion occurring within the corresponding
transmission line are substantially reduced.

In the third embodiment, the first communication device includes an output section coupled to receive n
binary data signals and a binary clock signal. The output section drives each of the m data output nodes in one of p
drive states dependent upon the n binary data signals and in response to the binary clock signal, where n >m and p
> 3. Each of the p drive states used to drive a given data output node causes a different amount of electrical current
to flow through the termination resistor coupled to the corresponding data input node such that a different electrical
voltage level exists at the corresponding data input node in each of the p drive states. The different electrical
voltage levels existing at the corresponding input node in each of the p drive states may differ by substantially
equal amounts and may be associated with different logic levels.

The output section also drives the clock output node in one of g drive states dependent upon the binary
clock signal, where g > 2. Each of the g drive states causes a different amount of electrical current to flow through
the termination resistor coupled to the clock input node such that a different electrical voltage level exists at the
clock input node in each of the ¢ drive states. The different electrical voltage levels existing at the clock input node
in each of the g drive states may be associated with different logic levels.

The input section is configured to: (i) produce the binary clock signal from the electrical voltage levels
existing at the clock input node, and (ii) produce the » binary data signals from the electrical voltage levels existing
at the m data input nodes in response to the binary clock signal.

The n binary data signals simultaneously convey one of 27 logical states. The m data transmission lines
having one of p voltage levels present thereupon simultaneously convey one of p™ logical states. Thus the
minimum value of m for simultaneous conveyance of the one of 2 logical states is the smallest integer greater than
or equal to logp(2"). For example, n and p may both equal 3. In this case, log,(2*) is approximately 1.89, and the
minimum value of m for simultaneous conveyance of one of 2* (8) logical states is 2, the smallest integer greater
than or equal to 1.89.

In a fourth embodiment of the digital communication system, the first communication device again has m
data output nodes and a clock output node, and the second communication device has m data input nodes
corresponding to the m data output nodes and a clock input node corresponding to the clock output node. A total of
m data transmission lines are coupled between corresponding data input and output nodes, and a clock transmission

line is coupled between the clock input node and the clock output node.
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In the fourth embodiment, the second communication device includes an input section having; (i) a first m
termination resistors each coupled between a different one of the m data input nodes and a first power supply
voltage level (e.g., Vpp), (i) a second m termination resistors each coupled between a different one of the m data
input nodes and a second power supply voltage level (e.g., V), and (iii) a termination resistor coupled between the
clock input node and the first power supply voltage level. The second communication device may be configured
such that: (i) an electrical voltage level existing at a given data input node is substantially dependent upon an
amount of electrical current flowing through the termination resistor coupled between the given data input node and
the first power supply voltage level, and (ii) an electrical voltage level existing at the clock input node is
substantially dependent upon an amount of electrical current flowing through the termination resistor coupled
between the clock input node and the first power supply voltage level. Each of the two termination resistors
coupled to a given data input node may have a value substantially equal to twice a characteristic impedance of a
data transmission line coupled to the input node such that the data transmission line is terminated in its
characteristic impedance. As a result, signal reflections and distortion occurring within the m data transmission
lines are substantially reduced.

As in the third embodiment, the first communication device includes an output section coupled to receive
n binary data signals and a binary clock signal. In the fourth embodiment, the output section may drive each of the
m data output nodes in one of p drive states, where n > m and p 2 2. The first communication device may include
drive circuitry within the output section connected to each of the m data output nodes in each of the p drive states
dependent upon the binary data and in response to the first clock signal. The output section may not drive a given
data output node in an additional "non-drive" state. In the non-drive state, the output section may electrically
decouple the drive circuitry from the given data output node dependent upon the binary data and in response to the
first clock signal. In each of the p drive states and the non-drive state, a different amount of electrical current may
flow through the two termination resistors coupled to the data input node corresponding to a given data output node
such that a different electrical voltage level exists at the data input node. The different electrical voltage levels
existing at the data input node in each of the p drive states and the non-drive state may differ by substantially equal
amounts and may be associated with different logic levels.

The output section also drives the clock output node in one of ¢ drive states dependent upon the binary
clock signal, where g > 1. When ¢ = 1, an additional termination resistor may be coupled between the clock input
node and the second power supply volitage level, and the output section may electrically decouple drive circuitry
from the clock output node in an additional "non-drive" state as described above. The values of the one or more
termination resistors coupled to the clock input node may be selected such that the input resistance at the clock
input node is substantially equal to the characteristic impedance of the clock transmission line. In this case, signal
reflections and distortion occurring within the clock transmission line are substantially reduced. Each of the g drive
states causes a different amount of electrical current to flow through the termination resistor coupled to the clock
input node such that a different electrical voltage level exists at the clock input node in each of the g drive states.

As in the third embodiment, the input section is configured to: (i) produce the binary clock signal from the
electrical voltage levels existing at the clock input node, and (ii) produce the » binary data signals from the

electrical voltage levels existing at the m data input nodes in response to the binary clock signal.
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The structures of the first and second embodiments described above may be used to implement a data
transmission scheme which facilitates the generation of the second clock signal within the second communication
device and the synchronization of the second clock signal to the first clock signal. A ternary data stream including
ternary data is produced upon the transmission line as described above, wherein a voltage level transition occurs
within the ternary data stream every cycle of the first clock signal. The first communication device may generate
the ternary data in a manner which guarantees a voltage level transition upon the transmission line for every cycle
of the first clock signal even when the logic levels of the binary data remain unchanged from one cycle of the first
clock signal to the next. The second communication device may reproduce the binary data from the ternary signals
of the ternary data stream received via the transmission line.

In a method for implementing the above data transmission scheme, control logic within an output section
of the first communication device may encode the binary data to form the ternary data stream. The second
communication device may receive the ternary data stream and synchronize the second clock signal to the first
clock signal using the voltage level transitions occurring within the ternary data stream. Circuitry within an input
section of the second communication device may be used to decode the ternary data within the ternary data stream
in response to the second clock signal thereby reproducing the binary data from the ternary data signals.

It is noted that the data transmission scheme described above eliminates the need for a separate clock
transmission line to convey the first clock signal from the first communication device to the second communication
device. It is noted that the ternary signals produced using the data transmission scheme may be used to encode the
first clock signal with binary data upon multiple transmission lines coupled between the first communication device
and the second communication device such that reception of the first clock signal by the second communication

device is ensured even in case of transmission line failure.

BRIEF DESCRIPTION OF THE DRAWINGS

Other objects and advantages of the invention will become apparent upon reading the following detailed
description and upon reference to the accompanying drawings in which:

Fig. 1 is a diagram of a digital communication system employing source-synchronous data transmission,
wherein the communication system includes a sender and a receiver coupled to opposite ends of » data transmission
lines, and wherein n binary data signals are conveyed simultaneously from the sender to the receiver via the n data
transmission lines, and wherein the receiver produces the » binary data signals in response to a clock signal
conveyed from the sender to the receiver via a dedicated clock transmission line;

Fig. 2 is a diagram of a representative one of the transmission lines of Fig. 1, wherein resistive
terminations are employed at both ends of the representative transmission line in order to reduce signal reflections
and distortion;

Fig. 3 is a graph of voltage levels present within the sender and upon the representative transmission line
illustrated in Fig. 2;

Fig. 4 is a diagram of one embodiment of a first digital communication system in accordance with the
present invention, wherein the first digital communication system includes a first communication device and a

second communication device coupled to opposite ends of a transmission line;
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Fig. 5 is a graph of voltage levels present within the first communication device and driven upon the
transmission line of Fig. 4;

Fig. 6 is a diagram of an alternate embodiment of the first digital communication system of Fig. 4;

Fig. 7 is a graph of voltage levels present within the first communication device and driven upon the
transmission line of Fig. 6;

Fig. 8 is a diagram of one embodiment of a second digital communication system in accordance with the
present invention;

Fig. 9 is a state diagram of an exemplary state machine which may be embodied within control logic of the
first communication device of Fig. 4 or Fig. 6 in order to implement a data transmission scheme which uses ternary
data signals to produce a voltage level transition every clock cycle in a data stream conveyed from the first
communication device to the second communication device;

Fig. 10 is a state diagram of an exemplary state machine which may be embodied within decode logic of
the second communication device of Fig. 4 or Fig. 6 in order to implement the data transmission scheme described
above with regard to Fig. 9;

Fig. 11 is a graph of a clock signal CLOCK1, a binary data signal DATA, and an output voltage at an
output node of the first communication device of Fig. 4 or Fig. 6 versus time illustrating the data transmission
scheme described above with regard to Fig. 9; and

Fig. 12 is a graph of an input voltage at an input node of the second communication device versus time
used to illustrate a method for decoding ternary data encoded within the output voltage of Fig. 11.

While the invention is susceptible to various modifications and alternative forms, specific embodiments
thereof are shown by way of example in the drawings and will herein be described in detail. It should be
understood, however, that the drawings and detailed description thereto are not intended to limit the invention to
the particular form disclosed, but on the contrary, the intention is to cover all modifications, equivalents and

alternatives falling within the spirit and scope of the present invention as defined by the appended claims.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Fig. 4 is a diagram of one embodiment of a digital communication system 40 in accordance with the
present invention. Digital communication system 40 includes a first communication device 42a and a second
communication device 42b coupled to opposite ends of a transmission line 44. Communication device 42a drives
one of three different voltage levels upon a first end of transmission line 44 dependent upon multiple binary data
signals. Communication device 42b is coupled to a second end of transmission line 44. Communication device
42b receives the voltage levels driven upon transmission line 44 and reproduces the original multiple binary data
signals from the voltage levels.

Transmission line 44 may be a signal line which behaves like a transmission line due to the fact that
transition times (i.e., signal rise or fall times) between voltage levels driven upon transmission line 44 are short with
respect to the propagation delay time of the signal line as described above. For example, transmission line 44 may
be a signal line having a propagation delay time greater than about one-quarter of any transition time between

voltage levels.
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Communication device 42a includes an output section 46 coupled to an output node 48. Output node 48 is
coupled to the first end of transmission line 44. Output section 46 includes control logic 50 and a driver circuit 52.
Driver circuit 52 is coupled between control logic 50 and output node 48. Control logic 50 receives binary data
signals DATA and a binary clock signal CLOCK1, and produces control signals coupled to driver circuit 52
dependent upon the binary data signals DATA and in response to the binary clock signal CLOCK1.

In the embodiment of Fig. 4, driver circuit 52 includes three switching elements 54a-c. Each switching
element 54 includes two switch terminals and a control terminal. Each switching element 54 receives a different
control signal from control logic 50 at the control terminal, and is either in an open state or a closed state dependent
upon the received control signal. In the open state, a given switching element 54 offers a relatively high electrical
resistance between the switch terminals. In the closed state, the given switching element 54 offers a relatively low
electrical resistance between the switch terminals. Switching elements 54a-c may be, for example, metal oxide
semiconductor (MOS) transistors.

One switch terminal of each switching element 54 is coupled to output node 48. The second switch
terminal of switching element 54a is coupled to one terminal of a resistor 56a. A second terminal of resistor 56a is
coupled to a first power supply voltage level V. Switching element S4a connects output node 48 to Vi, through
resistor 56a in response to the control signal received from control logic 50.

The second switch terminals of switching elements 54b are coupled to one terminal of respective resistors
56b and 56¢, and second terminals of resistors 56b and 56c are coupled to a second power supply voltage level V.
Hereinbelow, second power supply voltage level will be regarded as a reference ground electrical potential, and
first power supply voltage level Vpy, is referenced to Vs, Switching element 54b connects output node 48 to Vg
through resistor 56b in response to the control signal received from control logic 50, and switching element 54c
connects output node 48 to Vg through resistor 56¢ in response to the control signal received from control logic 50.

Communication device 42b includes an input section 58 coupled to an input node 60. Input node 60 is
coupled to the second end of transmission line 44. Input section 58 includes a termination circuit 62, two
comparators 64a-b, and decode logic 66. Termination circuit 62 includes a termination resistor 68 having a value
substantially equal to a characteristic impedance Z, of transmission line 44. One terminal of termination resistor 68
is coupled to input node 60, and the other terminal of resistor 68 is coupled to V,,. Comparators 64a-b each have
two input terminals and an output terminal. A first input terminal of comparator 64a is coupled to input node 60,
and the second input terminal is coupled to a first reference voltage level Vg, A first input terminal of
comparator 64b is coupled to input node 60, and the second input terminal is coupled to a second reference voltage
level Vggp,. The output terminals of comparators 64a-b are coupled to decode logic 66. Decode logic 66 also
receives a binary clock signal CLOCK2. Decode logic 66 reproduces binary data signals DATA using binary
output signals produced by comparators 64a-b and in response to clock signal CLOCK2. Clock signal CLOCK2
may be generated within input section 58 and synchronized to clock signal CLOCK 1, or may be a copy of clock
signal CLOCK 1 provided to input section 58 by communication device 42a.

Driver circuit 52 drives output node 48 in one of three drive states dependent upon data signals DATA. In
each drive state, one of the switching elements 54a-c is in the closed state. In a first drive state, switching element
54a is in the closed state, and switching elements 54b and 54c are in the open state. Output node 48 is coupled to

Vpp through switching element 54a and resistor 56a. Resistor 56a has a value substantially equal to characteristic
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impedance Z, of transmission line 44. In the first drive state, no electrical current flows through termination
resistor 68, and input node 60 is at a voltage level of Vpp,

In a second drive state, switching element 54b is in the closed state, and switching elements 54a and 54c
are in the open state. Output node 48 is coupled to Vg through switching element 54b and resistor 56b. Resistor
56b has a value substantially equal to twice the characteristic impedance Z, of transmission line 44. Termination
resistor 68 and resistor 56b are connected in series between Vi, and Vg, forming a voltage divider network. In the
second drive state, an electrical current of about (Vpp/ 3-Zo) flows through termination resistor 68, and input node
60 is at a voltage level of approximately (2-Vp/3).

In the third drive state, switching element 54c is in the closed state, and switching elements 54a and 54b
are in the open state. Output node 48 is coupled to Vg through switching element 54c and resistor 56¢. Resistor
56c has a value substantially equal to half the characteristic impedance Z, of transmission line 44. Termination
resistor 68 and resistor 56¢ are connected in series between Vy, and Vg, forming a voltage divider network. In the
third drive state, an electrical current of about (2-Vpp/ 3-Z,) flows through termination resistor 68, and input node
60 is at a voltage level of (Vp/3).

Fig. 5 is a graph of voltage levels ¥ present within communication device 42a and driven upon
transmission line 44 of Fig. 4. In the first, second, and third drive states of driver circuit 52, respective approximate
voltage levels of Vi, (2-Vpp/3), and (Vpp/3) are driven upon transmission line 44 by driver circuit 52 as described
above. The three voltage levels associated with the three drive states are used to convey binary data signals DATA
from communication device 42a to communication device 42b. A lower third of the voltage range below (Vp/3) is
unused.

First reference voltage level Vg, is selected between voltage levels Vi, and (2-Vpp/3) as indicated in Fig.
5. Voltage values less than Vg, received at the first input terminal of comparator 64a may cause comparator 64a
to produce a binary logic 0 signal at the output terminal, and voltage values greater then Vg, received at the first
input terminal of comparator 64a may cause comparator 64a to produce a binary logic 1 signal at the output
terminal.

Second voltage level Vg, is selected between voltage levels Vi,/3 and (2-Vpp/3), as indicated in Fig. 5.
Voltage values less than Vg, received at the first input terminal of comparator 64b may cause comparator 64b to
produce a binary logic 0 signal at the output terminal, and voltage values greater then Vg, received at the first
input terminal of comparator 64b may cause comparator 64b to produce a binary logic 1 signal at the output
terminal.

The two binary outputs of comparators 64a-b indicate which of the three voltage levels exists upon
transmission line 44. For example, when the first voltage level of V; is present upon transmission line 44, the
outputs of comparators 64a-b may both be a binary logic 1. When the second voltage level of (2-Vp,/3) is present
upon transmission line 44, the output of comparator 64a may be a binary logic 0, and the output of comparator 64b
may be a binary logic 1. When the third voltage level of (V,p/3) is present upon transmission line 44, the outputs
of comparators 64a-b may both be a binary logic 0.

As described above, decode logic 66 uses the binary outputs of comparators 64a-b to reproduce binary
data signals DATA. The values of three binary data signals DATA convey one of 2* (8) logical states. Two

successive voltage levels driven upon transmission line 44 carry 3° or 9 logical states. Thus three binary data

10



10

15

20

25

30

35

WO 00/76161 PCT/US00/15193

signals DATA may be conveyed using two successive voltage levels driven upon transmission line 44. This
reduction in the number of voltage levels which must be driven upon transmission line 44 in order to convey a
certain quantity of information may be used to increase the rate at which data is transmitted from communication
device 42a to communication device 42b, or to reduce a required number of transmission lines connected between
communication device 42a and 42b while maintaining a given data transmission rate.

Fig. 6 is a diagram of an alternate embodiment of digital communication system 40 in accordance with the
present invention. In the embodiment of Fig. 6, output section 46 of first communication device 42a includes a
driver section 70 coupled between control logic 50 and output node 48, and input section 58 of second
communication device 42b includes a termination circuit 72 coupled between input node 60 and comparators 64a-
b.

Driver circuit 70 includes two switching elements 74a-b. Each switching element 74 includes two switch
terminals and a control terminal. Each switching element 74 receives a different control signal from control logic
50 at the control terminal, and is either in an open state or a closed state dependent upon the received control signal.
In the open state, a given switching element 74 offers a relatively high electrical resistance between the switch
terminals. In the closed state, the given switching element 74 offers a relatively low electrical resistance between
the switch terminals. Switching elements 74a-b may be, for example, metal oxide semiconductor (MOS)
transistors.

One switch terminal of each switching element 74 is coupled to output node 48. The second switch
terminal of switching element 74a is coupled to one terminal of a resistor 76a. A second terminal of resistor 76a is
coupled to first power supply voltage level V. Switching element 74a connects output node 48 to Vp, through
resistor 76a in response to the control signal received from control logic 50.

The second switch terminal of switching element 74b is coupled to one terminal of a resistor 76b, and the
second terminal of resistor 76b is coupled to second power supply voltage level V. Switching element 74b
connects output node 48 to Vg through resistor 76b in response to the control signal received from control logic 50.

Termination circuit 72 includes two termination resistors: a first termination resistor 78a and a second
termination resistor 78b, each having a value substantially equal to twice the characteristic impedance Z, of
transmission line 44. One terminal of first and second termination resistors 78a-b are coupled to input node 60. A
second terminal of termination resistor 78a is coupled to Vpp, and a second terminal of termination resistor 78b is
coupled to V.

Driver circuit 70 drives output node 48 in one of two drive states, and does not drive output node 48 in a
third "non-drive" state, dependent upon data signals DATA. In each of the two drive states, one of the switching
elements 74a-b is in the closed state. In a first drive state, switching element 74a is in the closed state, and
switching element 74b is in the open state. Output node 48 is coupled to V,;, through switching element 74a and
resistor 76a. Resistor 76a has a value substantially equal to half the characteristic impedance Z, of transmission
line 44. In the first drive state, an electrical current of about (Vpp/ 12-Z,) flows through first termination resistor
78a, an electrical current of about (5-Vp/ 12-Z,) flows through second termination resistor 78b, and input node 60
is at a voltage level of (5-Vpp/ 6).

In the second drive state, switching element 74b is in the closed state and switching element 74a is in the

open state. Output node 48 is coupled to Vs through switching element 74b and resistor 76b. Resistor 76b has a
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value substantially equal to half the characteristic impedance Z,, of transmission line 44. In the second drive state,
an electrical current of about (5-Vpp/ 12-Z,) flows through first termination resistor 78a, an electrical current of
about (Vpp/ 12-Z,) flows through second termination resistor 78b, and input node 60 is at a voltage level of (Vpo/
6).

In the third "non-drive" state, switching elements 74a-b are both in the open state, and driver circuit 70
does not drive output node 48. Input node 60 is coupled to Vp, through first termination resistor 78a, and to Vg
through second termination resistor 78b. First and second termination resistors 78a-b both have values
substantially equal to twice the characteristic impedance Z, of transmission line 44. In the third "non-drive" state,
an electrical current of about (Vp/ 4-Z,) flows through first and second termination resistors 78a-b, and input node
60 is at a voltage level of (Vpp/ 2).

Fig. 7 is a graph of voltage levels ¥ present within communication device 42a and present upon
transmission line 44 of Fig. 6. In the first and second drive states of driver circuit 70, respective approximate
voltage levels of (5-Vp/6) and (Vp,p/6) are driven upon transmission line 44 by driver circuit 70 as described
above. In the third "non-drive" state of driver circuit 70, first and second termination resistors 78a-b of termination
circuit 72 force a voltage level of (Vp/2) upon transmission line 44 as described above. The three voltage levels
associated with the two drive states and the non-drive state are used to convey binary data signals DATA from
communication device 42a to communication device 42b. Upper and lower one-sixths of the voltage range
between Vp, and Vg are unused as shown in Fig. 7.

First reference voltage level Vggp, provided to the second input terminal of comparator 64a is selected
between voltage levels (5-Vpp /6) and (Vpp/2) as indicated in Fig. 7. Voltage values less than Vg, received at the
first input terminal of comparator 64a may cause comparator 64a to produce a binary logic O signal at the output
terminal, and voltage values greater then Vg, received at the first input terminal of comparator 64a may cause
comparator 64a to produce a binary logic 1 signal at the output terminal.

Second voltage level Vi, provided to the second input terminal of comparator 64b is selected between
voltage levels (Vpy/2) and (Vp/6) as indicated in Fig. 7. Voltage values less than Vg, received at the first input
terminal of comparator 64b may cause comparator 64b to produce a binary logic 0 signal at the output terminal, and
voltage values greater then Vg, received at the first input terminal of comparator 64b may cause comparator 64b
to produce a binary logic 1 signal at the output terminal.

As described above, the binary outputs of comparators 64a-b indicate which of the three voltage levels
exists upon transmission line 44. For example, when the first voltage level of (5-Vpp /6) is present upon
transmission line 44, the outputs of comparators 64a-b may both be a binary logic 1. When the second voltage
level of (Vpp/2) is present upon transmission line 44, the output of comparator 64a may be a binary logic 0, and the
output of comparator 64b may be a binary logic 1. When the third voltage level of (Vpp/6) is present upon
transmission line 44, the outputs of comparators 64a-b may both be a binary logic 0. Decode logic 66 uses the
binary outputs of comparators 64a-b to reproduce binary data signals DATA as described above.

Fig. 8 is a diagram of one embodiment of a digital communication system 80 in accordance with the
present invention. Digital communication system 80 includes a first communication device 82a and a second
communication device 82b coupled to opposite ends of m data transmission lines 84 (m 2 2) and a clock

transmission line 86. Communication device 82a drives one of three different voltage levels upon first ends of the
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m data transmission lines 84 dependent upon the logical values of n binary data signals DATA1 through DATA# (n
> 2) and in response to a clock signal CLOCK. Communication device 82a also drives at least one voltage level
upon a first end of clock transmission line 86 in response to clock signal CLOCK. Communication device 82b is
coupled to second ends of the m data transmission lines 84 and clock transmission line 86. The m data transmission
lines 84 and clock transmission line 86 may be signal lines which behave like transmission line due to the fact that
signal rise and fall times between voltage levels are short with respect to propagation delay times of the signal lines
as described above.

Communication device 82b receives the voltage levels driven upon the m data transmission lines 84 and
clock transmission line 86. Communication device 82b reproduces the original clock signal CLOCK from the at
least one voltage level driven upon clock transmission line 86. Communication device 82b reproduces the original
n binary data signals DATA1 through DATA# from the voltage levels driven upon the m data transmission lines 84
and in response to clock signal CLOCK.

Communication device 82a includes an output section 88 coupled to m data output nodes 90 and a clock
output node 92. Each of the m data output nodes 90 is coupled to the first end of a different data transmission line
84, and clock output node 92 is coupled to the first end of clock transmission line 86. Output section 88 includes
control logic 94, m driver circuits (DC) 96 each coupled to a corresponding one of the m data output nodes 90, and
a driver circuit (DC) 98 coupled to clock output node 92.

Each of the m driver circuits 96 is coupled between control logic 94 and the corresponding one of the m
data output nodes 90. Control logic 94 receives the n binary data signals DATAI through DATAR and a binary
clock signal CLOCK. Control logic 94 produces control signals coupled to the m driver circuits 96. Control logic
94 produces the control signals dependent upon the # binary data signals DATAI1 through DATA~r and in response
to the binary clock signal CLOCK.

Each of the m driver circuits 96 may be driver circuit 52 or driver circuit 70 described above. Each of the
m driver circuits 96 may drive the corresponding one of the m output nodes 90 in one of three drive states
dependent upon the control signals received from control logic 94 (driver circuit 52). Alternately, each of the m
driver circuits may drive the corresponding one of the m output nodes 90 in one of two drive states, and may not
drive the corresponding one of the m output nodes 90 in a third "non-drive" state, dependent upon the control
signals received from control logic 94 (driver circuit 70).

Communication device 42b includes an input section 100 coupled to m data input nodes 102 and a clock
input node 104. Each of the m data input nodes 102 is coupled to the second end of a corresponding one of the m
data transmission lines 84, and clock input node 104 is coupled to the second end of clock transmission line 86.
Input section 100 includes m termination circuits 106 each coupled to a corresponding one of the m data input
nodes 102, a termination circuit 108 coupled to clock input node 104, m pairs of comparators 110, a comparator
112, and decode logic 114.

Each of the m termination circuits 106 within communication device 82b corresponds to a different one of
the m driver circuits within communication device 82a just as termination circuit 108 corresponds to driver circuit
98. Each of the m termination circuits 106 and termination circuit 108 may be termination circuit 62 or termination
circuit 72 dependent upon whether the corresponding driver circuit is a driver circuit 52 or driver circuit 70. A

given one of the m termination circuits 106 may be termination circuit 62 when the corresponding one of the m
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driver circuits 96 is driver circuit 52, and termination circuit 108 may be termination circuit 62 when driver circuit
98 is driver circuit 52. Similarly, the given one of the m termination circuits 106 may be termination circuit 72
when the corresponding one of the m driver circuits 96 is driver circuit 70, and termination circuit 108 may be
termination circuit 72 when driver circuit 98 is driver circuit 70.

Each comparator of the m pairs of comparators 110 has two input terminals and an output terminal. A first
input terminal of each comparator of the m pairs of comparators 110 is coupled to a corresponding one of the m
data input nodes 102 through a corresponding one of the m termination circuits 106. The second input terminal of a
first comparator of each of the m pairs of comparators 110 is coupled to first reference voltage level Vggr,. The
second input terminal of a second comparator of each of the m pairs of comparators 110 is coupled to second
reference voltage level Vyer,. Each of the m pairs of comparators 110 produce binary logic signals at the output
terminals which indicate which of three voltage levels are present upon the corresponding one of the m data
transmission lines 84.

Comparator 112 has two input terminals and an output terminal. A first input terminal of comparator 112
is coupled to clock input node 104 through termination circuits 108. The second input terminal of comparator 112
is coupled to a third reference voltage level Vggr;. Third reference voltage level Vg, is between two voltage levels
present upon clock transmission line 86 such that comparator 112 reproduces binary clock signal CLOCK at the
output terminal.

Decode logic 114 receives the binary output signals produced by the m pairs of comparators 110 and the
binary clock signal CLOCK reproduced by comparator 112. Decode logic 114 includes n flip-flops 116 controlled
by clock signal CLOCK. Decode logic 114 uses the binary output signals received from the m pairs of comparators
110 to reproduce the n binary data signals DATA1 through DATA#, and produces the » binary data signals
DATA1 through DATAR at output terminals of the # flip-flops 116 in response to clock signal CLOCK.

The n binary data signals DATA1 through DATA# simultaneously convey one of 2" logical states. The m
data transmission lines 84, each having one of three voltage levels present thereupon, simultaneously convey one of
3M Jogical states. Thus the minimum value of m required to simultaneously convey one of 2" logical states is the
smallest integer greater than or equal to log,(2”). The present invention contemplates a digital communication
system with at least one transmission line having one of p voltage levels present thereupon, where p > 3. In
general, m data transmission lines having one of p voltage levels present thereupon simultaneously convey one of
p™ logical states. Thus the minimum value of m required to simultaneously convey one of 2" logical states is the
smallest integer greater than or equal to logp(Z").

Three binary data signals simultaneously convey one of 2* (8) logical states, and two transmission lines
having one of three voltage levels present thereupon simultaneously convey one of 32(9) logical states. Thus two
transmission lines having one of three voltage levels present thereupon can convey the information of three binary
data signals simultaneously, and can thus replace three binary transmission lines. Table 1 below shows logic levels
which may be used to implement an exemplary communication system conveying three binary data signals over
two transmission lines simultaneously, where DATA1, DATA2, and DATA3 are the logical levels of the three
binary data signals, and T1 and T2 are the logical levels associated with the voltage levels present upon the two

transmission lines.
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Table 1. Logic Levels for an Exemplary Communication System.

DATA1 DATA2 DATA3 T1 T2
0 0 0 Logic LO (0) Logic LO (0)
0 0 1 Logic LO(0) Logic MID (1) 0
1 0 Logic LO(0) Logic HI(2) 0 1
1 Logic MID (1) Logic LO (0) 1 0
0 Logic MID (1) Logic MID (1) 1 0 1
Logic MID (1) Logic HI (2) 1 1 0 Logic
HI(2) Logic LO (0) 1 1 1 Logic HI (2) Logic

MID (1)

The logic LO (0), MID (1), and HI (2) levels of the two transmission lines may be associated with the
voltage levels indicated in Figs. 5 and 7. It is noted that one logical state of the two transmission lines, where T1 =
logic HI (2) and T2 = logic HI (2), is not used.

Using two transmission lines having one of three voltage levels present thereupon to replace three binary
transmission lines represents a one-third reduction in the number of required signal paths between devices and a
one-third savings in associated elements (e.g., signal/transmission lines, device package terminals, drive circuitry,
receive circuitry, etc.) and the amount of physical space occupied by such elements. Alternately, an original
number of signal paths may be retained, allowing an increase in the rate at which binary data may be transmitted
from one device to another.

A data transmission scheme which uses ternary data signals to produce a voltage level transition every
clock cycle in a data stream conveyed from one communication device to another will now be described. Control
logic 50 of digital communication system 40 (Figs. 4 and 6) may be configured to encode the binary data signals
DATA into ternary signals in a manner which guarantees a voltage level transition upon transmission line 44 for
every cycle of clock signal CLOCK 1 even when the logic levels of the binary data signals DATA remain
unchanged from one cycle of CLOCK1 to the next. Decode logic 66 (Figs. 4 and 6) may be configured to
reproduce the binary data signals DATA from the binary outputs of comparators 64a-b corresponding to ternary
logic levels upon transmission line 44. The data transmission scheme greatly simplifies the tasks of generating
clock signal CLOCK2 and synchronizing CLOCK2 to clock signal CLOCKI.

Fig. 9 is a state diagram of an exemplary state machine which may be embodied within control logic 50 in
order to implement the data transmission scheme described above. The state diagram includes three states: a first
state 120, a second state 122, and a third state 124. A different voltage level is present upon transmission line 44 in
each of the three states, and while in any one of the three states, a received binary data signal causes a transition to a
different state such that a voltage level transition occurs upon transmission line 44. In state 120, control logic 50
causes the driver circuit of communication device 42a to produce the ternary logic LO (0) level at output node 48.
(See Figs 5 and 7.) While in state 120, a received binary logic 0 causes a transition to state 122, and a received
binary logic 1 causes a transition to state 124. In state 122, control logic 50 causes the driver circuit of

communication device 42a to produce the ternary logic MID (1) level at output node 438. While in state 122, a
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received binary logic O causes a transition to state 120, and a received binary logic 1 causes a transition to state 124.
In state 124, control logic 50 causes the driver circuit of communication device 42a to produce the ternary logic HI
(2) level at output node 48. While in state 124, a received binary logic 0 causes a transition to state 120, and a
received binary logic 1 causes a transition to state 122.

Fig. 10 is a state diagram of an exemplary state machine which may be embodied within decode logic 66
in order to implement the data transmission scheme described above. The state diagram includes four states: a first
state 126, a second state 128, a third state 130, and a fourth state 132. In state 126, decode logic 66 produces a
binary logic 0 data signal DATA. While in state 126, received binary outputs of comparators 64a-b corresponding
to a ternary logic MID (1) level upon transmission line 44 cause a transition to state 128, and received binary
outputs of comparators 64a-b corresponding to a ternary logic HI (2) level upon transmission line 44 cause a
transition to state 130. In state 128, decode logic 66 produces a binary logic 0 data signal DATA. While in state
128, received binary outputs of comparators 64a-b corresponding to a ternary logic LO (0) level upon transmission
line 44 cause a transition to state 126, and received binary outputs of comparators 64a-b corresponding to a ternary
logic HI (2) level upon transmission line 44 cause a transition to state 130. In state 130, decode logic 66 produces a
binary logic 1 data signal DATA. While in state 130, received binary outputs of comparators 64a-b corresponding
to a ternary logic MID (1) level upon transmission line 44 cause a transition to state 132, and received binary
outputs of comparators 64a-b corresponding to a ternary logic LO (0) level upon transmission line 44 cause a
transition to state 126. In state 132, decode logic 66 produces a binary logic 1 data signal DATA. While in state
132, received binary outputs of comparators 64a-b corresponding to a ternary logic HI (2) level upon transmission
line 44 cause a transition to state 130, and received binary outputs of comparators 64a-b corresponding to a ternary
logic LO (0) level upon transmission line 44 cause a transition to state 126.

Fig. 11 is a graph of the clock signal CLOCK]1, binary data signal DATA, and the output voltage at output
node 48 of communication device 42a versus time illustrating the data transmission scheme described above. In
Fig. 11, the HIGH output voltage level at node 48 is associated with the ternary logic HI (2) level, the MEDIUM
output voltage level is associated with the ternary logic MID (1) level, and the LOW output voltage level is
associated with the ternary logic LO (0) level. (See Figs. 5 and 7.) It is noted that the output voltage at output node
48 changes every cycle of clock signal CLOCK1 even when the logic levels of the binary data signals DATA
remain unchanged from one cycle of CLOCKI1 to the next.

In a method for implementing the data transmission scheme, control logic 50 of communication device
42a may encode the binary data signals DATA to form a ternary data stream including ternary data signals such that
a voltage level transition occurs within the ternary data stream every cycle of clock signal CLOCK1 as described
above and illustrated in Fig. 11. Communication device 42b may receive the ternary data stream (e.g., via
transmission line 44) and synchronize clock signal CLOCK2 to clock signal CLOCK 1 using the voltage level
transitions occurring within the ternary data stream. Comparators 64a-b and decode logic 66 of communication
device 42b may be used to decode the ternary data within the ternary data stream in response to clock signal
CLOCK?2 thereby reproducing the binary data signals DATA from the ternary data signals.

Fig. 12 is a graph of the input voltage at input node 60 of communication device 42b versus time used to
illustrate an alternate method for using the outputs of comparators 64a-b to decode the ternary data within the

ternary data stream of Fig. 11. Communication device 42b may receive the ternary data stream and produce the
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clock signal CLOCK?2 delayed in time with respect to clock signal CLOCK1 (e.g., through the use of a delay lock
loop or DLL). This would allow decode logic 66 to wait a fraction of a period of the clock signal CLOCK1 (i.e., a
fraction of a bit time) labeled a "wait time" in Fig. 12 following the input voltage crossing one reference voltage
threshold (i.e., Vggp; OF Vigs,) in order to determine if the input voltage crosses both reference voltage thresholds
(i.e., Vpgp and Viggg,) in the same bit time.

Referring to Fig. 12, decode logic 66 distinguishes and input voltage transition from the logic LO (0) level
to the logic MID (1) level (i.e., an input voltage transition from point A to point B) from an input voltage transition
from the logic LO (0) level to the logic HI (2) level (i.e., an input voltage transition from point A to point E) by
waiting the wait time period after the input voltage crosses the Vg, threshold. If the input voltage does not cross
the Vg, threshold during the wait time period, the input voltage transition is from the logic LO (0) level to the
logic MID (1) level. On the other hand, if the input voltage crosses the Vg, threshold during the wait time period,
the input voltage transition is from the logic LO (0) level to the logic HI (2) level. It is noted that the DLL may be
used to set the wait window period dependent upon the rate of change of the input voltage, the Vyer and Vg,
reference voltage levels, and the bit time.

While the invention is susceptible to various modifications and alternative forms, specific embodiments
thereof are shown by way of example in the drawings and will herein be described in detail. It should be
understood, however, that the drawings and detailed description thereto are not intended to limit the invention to
the particular form disclosed, but on the contrary, the intention is to cover all modifications, equivalents and

alternatives falling within the spirit and scope of the present invention as defined by the appended claims.
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2.

WHAT IS CLAIMED IS:

A digital communication system, comprising:

a first communication device having an output node coupled to a first end of a transmission line and a
second communication device having an input node coupled to a second end of the transmission
line;

wherein the second communication device comprises a termination resistor coupled between the input
node and a power supply voltage level;

wherein an electrical voltage level existing at the input node is substantially dependent upon an amount of
electrical current flowing through the termination resistor;

wherein the first communication device is configured to drive the output node in one of p drive states,
where p 2 3; and

wherein each of the p drive states causes a different amount of electrical current to flow through the
termination resistor such that a different electrical voltage level exists at the input node in each of

the p drive states.

The digital communication system as recited in claim 1, wherein the different electrical voltage levels

existing at the input node in each of the p drive states are associated with different logic levels.

3.

The digital communication system as recited in claim 1, wherein the transmission line has a characteristic

impedance, and wherein the termination resistor has a value substantially equal to the characteristic impedance of

the transmission line.

4.

The digital communication system as recited in claim 1, wherein the first communication device comprises

an output section coupled to receive binary data and configured to drive the output node in one of the p drive states

dependent upon the binary data.

5.

The digital communication system as recited in claim 4, wherein the output section is coupled to receive a

clock signal and configured to drive the output node in response to the clock signal.

6.

The digital communication system as recited in claim 4, wherein the second communication device

includes an input section coupled to the input node and configured to produce the binary data from the different

electrical voltage levels existing at the input node.

7.

The digital communication system as recited in claim 6, wherein the input section is configured to produce

the binary data in response to a clock signal.

8.

The digital communication system as recited in claim 1, wherein the electrical voltage levels existing at the

input node in each of the p drive states differ by substantially equal amounts.
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9. A digital communication system, comprising:

a first communication device having an output node coupled to a first end of a transmission line and a
second communication device having an input node coupled to a second end of the transmission
line;

wherein the second communication device comprises a first termination resistor coupled between the input
node and a first power supply voltage level and a second termination resistor coupled between the
input node and a second power supply voltage level;

wherein an electrical voltage level existing at the input node is substantially dependent upon an amount of
electrical current flowing through the first termination resistor;

wherein the first communication device comprises drive circuitry, and wherein the first communication
device is configured to: (i) electrically couple the drive circuitry to the output node in each of p
drive states, where p >2, and to drive the output node in each of the p drive states via the drive
circuitry, and (ii) electrically decouple the drive circuitry from the output node in a non-drive
state;

wherein a different amount of electrical current flows through the first termination resistor in each of the p
drive states and the non-drive state such that a different electrical voltage level exists at the input

node in each of the p drive states and the non-drive state.

10. The digital communication system as recited in claim 9, wherein the different electrical voltage levels
existing at the input node in each of the p drive states and the non-drive state are associated with different logic

levels.

11 The digital communication system as recited in claim 9, wherein the transmission line has a characteristic
impedance, and wherein the first and second termination resistors have values substantially equal to twice the

characteristic impedance of the transmission line.

12. The digital communication system as recited in claim 9, wherein the first communication device comprises
an output section coupled to receive binary data and configured to drive the output node in one of the p drive states

dependent upon the binary data.

13. The digital communication system as recited in claim 12, wherein the output section is coupled to receive

a clock signal and configured to drive the output node in response to the clock signal.

14. The digital communication system as recited in claim 12, wherein the second communication device
includes an input section coupled to the input node and configured to produce the binary data from the different

electrical voltage levels existing at the input node.

15. The digital communication system as recited in claim 14, wherein the input section is configured to

produce the binary data in response to a clock signal.
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16. The digital communication system as recited in claim 10, wherein the electrical voltage levels existing at

the input node in each of the p drive states and the non-drive state differ by substantially equal amounts.

17. A digital communication system, comprising:

a first communication device having m data output nodes and a clock output node;

a second communication device having m data input nodes and a clock input node, wherein each of the m
data input nodes corresponds to a different one of the m data output nodes, and wherein the clock
input node corresponds to the clock output node;

m data transmission lines coupled between corresponding data output and input nodes, and a clock
transmission line coupled between the clock output and input nodes;

wherein the second communication device comprises an input section including m+1 termination resistors,
wherein each of m of the m+1 termination resistors is coupled between a different one of the m
data input nodes and a power supply voltage level, and wherein one of the m+1 termination
resistors is coupled between the clock input node and the power supply voltage level;

wherein an electrical voltage level existing at a given data input node is substantially dependent upon an
amount of electrical current flowing through the termination resistor coupled between the given
data input node and the power supply voltage level;

wherein an electrical voltage level existing at the clock input node is substantially dependent upon an
amount of electrical current flowing through the termination resistor coupled between the clock
input node and the power supply voltage level;

wherein the first communication device comprises an output section coupled to receive 7 binary data
signals and a binary clock signal, and wherein the output section is configured to: (i) drive each
of the m data output nodes in one of p drive states dependent upon the » binary data signals and in
response to the binary clock signal, and wherein n > m and p 2 3, and wherein each of the p drive
states used to drive a given data output node causes a different amount of electrical current to
flow through the termination resistor coupled to the corresponding data input node such that a
different electrical voltage level exists at the corresponding data input node in each of the p drive
states, and (ii) drive the clock output node in one of g drive states dependent upon the binary
clock signal, and wherein g > 2, and wherein each of the g drive states causes a different amount
of electrical current to flow through the termination resistor coupled to the clock input node such
that a different electrical voltage level exists at the clock input node in each of the g drive states;
and

wherein the input section is configured to: (i) produce the binary clock signal from the electrical voltage
levels existing at the clock input node, and (ii) produce the » binary data signals from the

electrical voltage levels existing at the m data input nodes in response to the binary clock signal.

18. The digital communication system as recited in claim 17, wherein m is the smallest integer greater than or

equal to logp(27).

20
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The digital communication system as recited in claim 17, wherein each transmission line is coupled to a

different input node and has a characteristic impedance, and wherein a value of one of the m+1 termination resistor

coupled to a given input node is substantially equal to the characteristic impedance of the transmission line coupled

to the given input node.

20.

The digital communication system as recited in claim 17, wherein the electrical voltage levels existing at a

given data input node in each of the p drive states differ by substantially equal amounts.

21.

A digital communication system, comprising:
a first communication device having m data output nodes and a clock output node;

a second communication device having m data input nodes and a clock input node, wherein each of the m

data input nodes corresponds to a different one of the m data output nodes, and wherein the clock

input node corresponds to the clock output node;

m data transmission lines coupled between corresponding data input and output nodes, and a clock

transmission line coupled between the clock input node and the clock output node;

wherein the second communication device comprises an input section including 2m+1 termination

resistors, wherein each of m of the termination resistors is coupled between a different one of the
m data input nodes and a first power supply voltage level, and wherein each of m of the
termination resistors is coupled between a different one of the m data input nodes and a second
power supply voltage level, and wherein one of the 2m+1 termination resistors is coupled

between the clock input node and the first power supply voltage level;

wherein an electrical voltage level existing at a given data input node is substantially dependent upon an

amount of electrical current flowing through the termination resistor coupled between the given

data input node and the first power supply voltage level,

wherein an electrical voltage level existing at the clock input node is substantially dependent upon an

amount of electrical current flowing through the termination resistor coupled between the clock

input node and the first power supply voltage level;

wherein the first communication device comprises an output section coupled to receive n binary data

signals and a binary clock signal, and wherein the output section is configured to: (i) drive each
of the m data output nodes in one of p drive states dependent upon the » binary data signals and in
response to the binary clock signal, and wherein n > m and p 2 2, and wherein each of the p drive
states used to drive a given data output node causes a different amount of electrical current to
flow through the termination resistor coupled to the corresponding data input node such that a
different electrical voltage level exists at the corresponding data input node in each of the p drive
states, and (ii) drive the clock output node in one of ¢ drive states dependent upon the binary
clock signal, and wherein g > 1, and wherein each of the g drive states causes a different amount
of electrical current to flow through the termination resistor coupled to the clock input node such
that a different electrical voltage level exists at the clock input node in each of the ¢ drive states;

and
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wherein the input section is configured to: (i) produce the binary clock signal from the electrical voltage
levels existing at the clock input node, and (ii) produce the » binary data signals from the

electrical voltage levels existing at the m data input nodes in response to the binary clock signal.

22, The digital communication system as recited in claim 21, wherein each data transmission line is coupled to
a different data input node and has a characteristic impedance, and wherein each termination resistor coupled to a
given data input node has a value substantially equal to twice the characteristic impedance of the data transmission

line coupled to the given input node.

23. The digital communication system as recited in claim 21, wherein the clock transmission line has a
characteristic impedance, and wherein the value of the termination resistor coupled between the clock input node
and the first power supply voltage level is selected such that the input resistance at the clock input node is

substantially equal to the characteristic impedance of the clock transmission line.

24, A method for transmitting binary data from a first communication device to a second communication
device, comprising:
the first communication device encoding the binary data to form a ternary data stream comprising ternary
data such that.a voltage level transition occurs within the ternary data stream every cycle of a first
clock signal.
25. The method as recited in claim 24, further comprising:
the second communication device receiving the ternary data stream and synchronizing a second clock
signal to the first clock signal using the voltage level transitions occurring within the ternary data
stream; and
the second communication device decoding the ternary data within the ternary data stream in response to

the second clock signal thereby reproducing the binary data from the ternary data.

22



WO 00/76161 PCT/US00/15193

1/9

(Frsr tt)



WO 00/76161 PCT/US00/15193

2/9

/oD

Lomic L

— X — — — V\re=
e O

, L= \/DD/Z.

V
T // //////
7557 N

s

Fa. 3
(Pror Mx’:\/




PCT/US00/15193

WO 00/76161

3/9

ZHA09|D

ey, —| 2

A 3

Y

N7 rain

I T +<mraw

L
DQ\/

<)
1Ay

WAD)

Yp PN WD)

_l'...ﬁ.oo_Q

— =]

W VRS O

ST
1
XS
o5
WA/
<
°7. i
S~ j@ |
P l_ —
: N
oMV
| A
€ A W TS
QO\/
26 P

€2 N x] Wwwa)




WO 00/76161 PCT/US00/15193

4/9

g
G
é
o

4 /// ki
sy 5

Fa. &

~—




PCT/US00/15193

WO 00/76161

5/9

ST,
AN A
—— Nm ML,
g I%t Z T
ST s I L JUPON oNNW@ 114 7o— o
i < T @W@J e 1 eeg,
. o |20
v 222 8L @ L N Moll.._l
WTN TIL
7
aan
ww.se._o AN
w2) OL, Yo 7oA.
e, ey, T o) varps b

Ojz}, 2N MM

©2F 7onzd ‘Wwwer)

Q—Tk,




WO 00/76161

6/9

e /
/Uﬁ“,"fé Sveo

+— Loa;c,"#r(z\ Iz
_ 4 _ Ve
V T ) \Vicle
LegieMID(1) &
J Lajtc, LO O) N, \7
/wi;ect
L L 2 \/ﬁﬁ

PCT/US00/15193



PCT/US00/15193

WO 00/76161

7/9

NG TINT] W)

Fo|D

vwepel

——  zemt
—— 79

228 PoNA] WwWo)




WO 00/76161 PCT/US00/15193
8/9




WO 00/76161 PCT/US00/15193

9/9

YD)
\/T”“’@_~

7
Lo6) |

— biktme ——%1‘

Faiz



INTERNATIONAL SEARCH REPORT

Inn.  tional Application No

PCT/US 00/15193

CLASSIFICATION OF SUBJECT MATTER

?PC 7  HO4L25/02 HO4L25/49

According to Intemational Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

IPC 7 HOAL

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, WPI Data, PAJ, INSPEC, COMPENDEX

Electronic data base consulted during the international search (name of data base and, where practical, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category ° | Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

X US 4 118 791 A (SWAIN RICHARD SLAUGHTER)
3 October 1978 (1978-10-03)

column 4, line 51 - line 57

column 5, line 3 — line 24

column 5, line 57 - line 60

column 6, line 6 — line 8

X US 4 280 221 A (LARSEN DONN E ET AL)

21 July 1981 (1981-07-21)

column 4, Tine 19 - line 34

X US 5 872 813 A (HUI DAVID TINSUN)
16 February 1999 (1999-02-16)
column 1, line 53 ~ line 55
column 2, line 1 - Tline 4

1-25

1-25

1-23

m Further documents are listed in the continuation of box C. E Patent family members are listed in annex.

* Special categories of cited documents :

"A* document defining the general state of the art which is not

considered to be of particular relevance invention

which is cited to establish the publication date of another
citation or other special reason (as specified)

T" later document published after the intemational filing date
or priofity date and not in conflict with the application but
cited to understand the principle or theory underlying the

*E" earlier document but published on or after the international *X* document of particular relevance; the claimed invention
filing date L . cannot be considered novel or cannot be considered to
"L* document which may throw doubts on priority claim(s) or involve an inventive step when the document is taken alone

"Y* document of particular relevance; the claimed invention
cannot be considered to involve an inventive step when the

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk
Tel. (+31-70) 340-2040, Tx. 31 651 epo nl,

*O* document referring to an oral disclosure, use, exhibition or document is combined with one or more other such docu—~
other means ments, such combination being obvious to a person skilled
*P* document published priof to the intemational filing date but in the art.
later than the priority date claimed *&" document member of the same patent family
Date of the actual compietion of the intemnational search Date of mailing of the international search report
12 October 2000 18/10/2000
Name and mailing address of the ISA Authorized officer

Fax: (+31-70) 340-3016 Orozco Roura, C

Form PCTASA/210 (second sheet) (July 1992)

page 1 of 2




INTERNATIONAL SEARCH REPORT

In tional Application No

PCT/US 00/15193

C.(Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT

Category ° | Citation of document, with indication,where appropriate, of the relevant passages

Relevant to claim No.

X US 5 235 617 A (MALLARD JR WILLIAM C)
10 August 1993 (1993-08-10)

column 4, line 7 - line 12

figure 1
X US 5 325 355 A (BRUNT ROGER V ET AL)
28 June 1994 (1994-06-28)

column 5, line 24 - line 37
column 5, line 66 —column 6, line 5
column 6, line 37 - line 63

1-23

1-23

Fomn PCT/SA/210 (continuation of second sheet) (July 1962)

page 2 of 2




INTERNATIONAL SEARCH REPORT

Information on patent family members

tional Appilcation No

PCT/US 00/15193

Patent document Publication Patent family Publication

cited in search report date member(s) date

Us 4118791 A 03~-10-1978 NONE

Us 4280221 A 21-07-1981 CA 1138071 A 21-12-1982
EP 0019920 A 10-12-1980
WO 8002784 A 11-12-1980

US 5872813 A 16-02-1999 us 5740201 A 14-04-1998
us 5793816 A 11-08-1998

US 5235617 A 10-08-1993 NONE

US 5325355 A 28-06-1994 AU 6445494 A 11-10-1994
WO 9422092 A 29-09-1994
us 5424657 A 13-06-1995

Fomm PCTASA/210 (patent family annex) {July 1892)




	Abstract
	Bibliographic
	Description
	Claims
	Drawings
	Search_Report

