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TRI-STATED DRIVER FOR BANDWIDTH-LIMITED LOAD

Cross-Reference to Related Application
This application claims the benefit of Provisional Application No. 60/813,515,

filed June 14, 2006.

Technical Field
The present invention relates to a driver circuit for bandwidth-limited loads and,
more particularly, to the use of a tri-stated driving device to reduce the potential for

intersymbol interference (ISI) in bandwidth-limited loads.

Background of the Invention

When digital data signals that contain long runs of either ones or zeroes are sent
over a long transmission line, the edges that correspond to the data transitions (either 0—1
or 1—>0) become severely distorted by the bandwidth limitation and the irequency

dispersion of the transmission line. This phenomenon, known as inter-symbol interference
(ISI), moves the transition edges associated with these long runs from their ideal clock
positions, thus interfering with the correct recovery of data by the receiver.

Data transmission system designers have taken a system approach to
mitigate the problem of ISI by utilizing a technique referred to as “pre-emphasis™ in the
driver circuit. For example, the transmission line driver asserts a lower voltage level 17
that is less strong than a nominal “1” voltage level prior to transitioning to the “0” voltage
level. In a similar manner, the transmission line driver asserts a higher voltage level “0”
(compared to the nominal value) prior to transitioning to the “1” voltage level. These
emphasized transitions tend to compensate for the anticipated distortion of the pulses that
follow long high or long low bit sequences. In typical prior art arrangements, the

emphasis is provided by sourcing current through a resistor to generate the drive voltage.
As a result, a reduced current is driven for the 1—1 or 0—0 bit transitions, as compared to

the level-shifting 1—0 or 0—1 bit transitions. While useful, this approach requires a

relatively high power and is not suitable for low power applications, such as CMOS

drivers.
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Thus, a need remains in the art for an arrangement that addresses the ISI concerns
of high speed CMOS transmission systems where pre-emphasis arrangements require too

much power to be effective.

Summary of the Invention

The needs remaining in the prior art are addressed by the present invention, which
provides a lower power alternative approach to reducing ISI in bandwidth-limited loads by
using a tri-state driver that transitions to a high impedance state during long runs of like-
valued bits (“long runs” being determined by the system designer and may, in fact, be as
short as a “run” of two like-valued bits).

In accordance with the present invention, a tri-stated drive signal is utilized to
drive a bandwidth-limited load (or channel). In one embodiment, the tri-stated device
drives the load for only the first bit during transitions in the data stream (i.e., a “one-shot”
driver). Once the tri-stated device drives the load/channel, the driver remains in the tri-
state mode until the next transition in logic level appears along the bit stream. This mode
is achieved by having the tri-state device turn OFF both MOS devices used to generate the
drive signal, thus transitioning to a high impedance state at this node. As a result, the
output drive signal will reach the same potential for each following data bit transition,
regardless of the length of a preceding string of 0’s or 1°s. The use of the tri-state output
drive signal thus results in essentially eliminating the possibility of intersymbol
interference.

It is an advantage of the present invention that the tri-stated driver may be used as
the driver for a modulator, such as a Mach-Zehnder modulator (for example, an electro-
optic modulator) operating at speeds in excess of 10 Gb/s.

In another embodiment of the present invention, the tri-stéte driver may be
configured to utilize a plurality of N bits to drive the channel, and then remain at the tri-
state signal level subsequent to the transmission of a string of N like-valued bits.

The load may comprise MOS devices as a single pair of MOS transistors (one n-
channel and one p-channel) or, alternatively the MOS devices comprise a plurality of n-
channel transistors in a parallel arrangement and/or a separate plurality of p-channel

transistors disposed in a parallel arrangement. The tri-state driver itself may comprise
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MOS devices, or devices of any other suitable technology, such as bipolar technology, as
desired.

Various and other advantages and embodiments of the present invention may
become apparent during the course of the following discussion and by reference to the

accompanying drawings.

Brief Description of the Drawings

Referring now to the drawings,

FIG. 1 contains a schematic of a prior art CMOS driver circuit;

FIG. 2 contains a schematic of a tri-stated drive circuit of the present invention;

FIG. 3 is a timing diagram of an exemplary binary data signal and an associated
tri-state signal utilized as the drive signal in accordance with the present invention;

FIG. 4 contains a schematic of a prior art CMOS drive circuit for a modulator
arrangement, supplying complementary input signals thereto;

FIG. 5 is an ‘eye diagram’ illustrating the deleterious effects of intersymbol
interference (ISI) resulting from the use of the prior art drive circuit of FI1G. 4;

FIG. 6 contains a schematic of an exemplary tri-stated driver circuit formed in
accordance with the present invention for use with a modulator arrangement;

FIG. 7 is an ‘eye diagram’ associated with the driver circuit of FIG. 6, illustrating
the reduction of ISI associated with the use of a tri-stated drive signal; and

FIG. 8 is a timing diagram associated with an alternative embodiment of the
present invention, where two sequential data bits of the same logic value are permitted

prior to transitioning the driver to the tri-state value.

Detailed Description

FIG. 1 illustrates an exemplary prior art CMOS driver circuit comprising a p-type
MOS transistor M1 and an n-type MOS transistor M2, where the gates of MOS transistors
M1 and M2 are coupled together and receive the incoming data signal DN. Depending on
whether the current data bit is a “0” or “1”, either M1 or M2 will be turned ON, providing
an input driving signal D at the junction where the source of M1 is coupled to the drain of
M2. Inasmuch as the gates of transistors M1 and M2 are coupled together and respond to
the same input signal, the outputs will necessarily be of complementary value. As shown,

the drain of M1 is coupled to voltage source Vpp and the source of M2 is coupled to
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ground, defining the provided voltage swing (rail-to-rail) for the data signal. Itis to be
understood that in general the driver circuit may comprise MOS devices in the form of a
plurality of n-channel transistors (such as M1) connected together in parallel and/or a
plurality of p-channel transistors (such as M2) connected together in parallel.

For the purposes of discussion, the RC load driven by input driving signal D 1s
shown as comprising a first resistor 3, a capacitor 4 and a second resistor 5, configured 1n
the manner shown in FIG. 1. In this case, the output drive signal is denoted as SIG, at the
junction between first resistor 3 and capacitor 4. The time constant of this RC network
determines the bandwidth of the channel in a conventional manner. If the switching speed
of input driving signal D is not limited by this RC time constant, the bit values of “1” and
““0”* will have sufficient time to reach the voltage supply values for output drive signal SIG
(i.e., VDD, GND) during the bit period.

However, if the switching speed (i.e., data rate) of the incoming signal DN 1s
greater than the bandwidth of the RC load/channel, output drive signal SIG will require
more than a single bit period to reach its full voltage supply value. Thus, the value of one
bit will “spill over” into the adjacent bit period, leading to a smearing of the values of the
output data train and is oftentimes referred to in the art as “intersymbol interference™, or
ISI. When ISI is present, amplitude and phase jitter is present and results in transmission
errors along the signal path.

FIG. 2 illustrates an exemplary tri-state CMOS driver circuit 10 formed 1n
accordance with the present invention that addresses the problems associated with ISI in
the prior art circuits (where like elements have the same reference numerals as those
elements in FIG. 1). A tri-state driver 12, responsive to input data signal Dy, 1s utilized to
provide separate gating inputs to MOS transistors M1 and M2. Thus, unlike the prior art
arrangement, the operation of transistors M1 and M2 is separately controlled in the
arrangement of the present invention. In particular, a first signal D1N from tri-state driver
12 is applied as the gate input to control p-channel device M1, and a separate, second
signal DON from tri-state driver 12 is applied as the gate input to control n-channel device
M2. In its implementation, tri-state driver 12 may comprise MOS components, or may be
formed of devices associated with another technology, such as bipolar devices.

In one embodiment of the present invention, tri-state driver 12 will drive the load
for only one bit (the first bit) during the transition from either a logic “1” or logic “0%, or

from a logic “0” to a logic “1”. For example, if the first bit is a logic “1”, tri-state driver
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12 will turn ON transistor M1, bringing the voltage at node D up to the VDD level (1.e,,
“high”). Alternatively, if the first bit is a logic “0”, tri-state driver 12 will turn ON
transistor M2, bringing the voltage at node D down to the GND level (1.e., “low”). After
the first transition, if the following bit at Dy is of the same value, tri-state driver 12 will
turn OFF both M1 and M2, resulting in a high impedance state at node D. The potential
associated with output driver signal SIG will remain at the voltage level achieved during
the transition when one of either transistor M1 or M2 was ON, pulling node D to either the
logic “1” or logic “0” level. As a result, the signal SIG remains/ holds at the same value,
denoted as Z in FIG. 3. The following truth table illustrates the possible values associated

with the various elements in the arrangement of FI1G. 2:

data in (D) DIN DON | Ml M2 D SIG —‘
same logic value as previous bit | “1” *“Q” OFF OFF high impedance Z
opposite logic value as e & “0” ON OFF low ir_ﬁpcdance f VDD

:&13’

previous bit, now logic

oppositenﬁgic value as “0” “17 OFF ON low impedance GND

{ previous bit, now logic “0”
L ' N

FIG. 3 is a timing diagram showing the bit pattern of the input data bits, the tri-

stated driver signal appearing at node D, and output drive signal SIG. In this exemplary
data bit pattern, a logic “0” is presented for a sequence of four data bits (time slots 4, 5, 6
and 7). For the first bit in the pattern, tri-state driver 12 will turn ON transistor M2, and
turn OFF transistor M1. In accordance with the present invention, when the second data
bit of value “0” is desired to be transmitted (time slot 5 in FIG. 3), tri-stated driver 12 will
turn OFF transistor M2, maintain transistor M1 in its OFF state, and thus present a high
impedance state at node D. This action effectively disconnects node D from the remainder
of the circuit (designated by the “//** symbol in the timing diagram) such that input driving
signal D remains “tri-stated’” until the next transition to the logic “1” value, in this
example at time slot 8.

In conventional prior art arrangements, the presence of a long string of like-valued

bits creates the situation where the associated input transistor (in this case, transistor M2)
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remains ON, allowing for more and more current to be sourced by the load so as create an
undershoot situation (shown in the dotted line portion of D in the timing diagram of FIG.
3), 1n this ce;se of a string of “0”’s, driving low beyond the negative supply rail. Thus, at
time slot 8 (when the driver needs to move to VDD), the output drive signal SIG needs to
travel a larger distance to reach its full VDD potential. As shown in the dotted line portion
along FIG. 3, since output drive signal SIG starts its movement from a value well below
GND, it will take more than one bit period to reach the desired VDD value, resulting in
the creation of ISI. Obviously, the longer the string of like-valued bits, the greater the
degree of resulting IS1.

Thus, by using tri-state driver 12 in accordance with the present invention, the
overshoot problem is substantially reduced by “tri-stating” the driving transistors until the
next transition in data bit value. Referring to FIG. 3, tri-state driver 12 functions to ’turn
OFF both transistors M1 and M2 during time slots 5, 6 and 7 and therefore does not source
any additional current from the load. The value at SIG will then naturally decay to a value
associated with the RC load (shown as Z in FIG. 3) and remain at this value until the next
logic value transition. This tri-state operation prevents the load signal from undershooting
and allows for the complete movement to VDD during the transition at time slot 8.

As mentioned above, the tri-stated driver arrangement of the present invention may
be used with the inputs applied to the arms of a modulator, such as a high speed Mach-
Zehnder modulator. FIG. 4 is a schematic of a conventional prior art CMOS modulator
driver 6, with driving signals Dy and DNy used to drive the separate arms of the
associated modulator (where DN denotes the inverse/complement of D). The input data

signal to driver 6 is shown as D and DN. The pair of output signals SIG and SIGN are

taken at the junction between resistor 3 and capacitor 4, as discussed above. FIG. 5
contains an eye diagram illustrating the transition between logic “1” and logic “0” levels
for driver 6, when driving a pseudo-random bit sequence. It is clear that ISI is present in
this diagram, with amplitude and phase jitter resulting in an unacceptable bit error rate
value.

FIG. 6 illustrates an exemplary tri-stated CMOS driver circuit 20 formed 1n
accordance with the present invention to provide complementary input signals to a

modulator, as an improvement to the arrangement of FIG. 4. Similar to the arrangement
of the present invention discussed above in association with FIG. 2, separate pairs of input

signals are utilized to drive each MOS transistor in the pair, such that a train of like-valued
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bits will result in tri-stated driver circuit 20 turning OFF all transistors M1, M1N, M2 and
M2N so as to create a high impedance state at nodes D and DN until the next data bit
value transition. As with the arrangement described above, the presence of the high
impedance at nodes D and DN prevents a long sequence of like-valued bits from
continuing to draw current and creating both an undershoot (at GND) and overshoot (at
VDD) condition. FIG. 7 is an eye diagram associated with this arrangement, representing
differential output driving signals SIG and SIGN. The improvement in terms of ISI and
amplitude/phase jitter when compared to the eye diagram of FIG. 5 is significant. Indeed,
the amplitude and phase jitter is essentially eliminated by virtue of using the tri-stated
output driver in accordance with the present invention.

In an alternative embodiment of the present invention, as mentioned above, the
driving signal D may be permitted to transmit a longer string of like-valued bits prior to
moving to the intermediate tri-state value. Presuming that two like-valued bits are
permitted to be transmitted prior to tri-stating, the timing diagram of FIG. 8 illustrates the
value of the associated driving signal D. For different types of circuits, the use of N=2 as
the tri-state threshold may be preferred, where in general any suitable value of N may be
used.

Indeed, although specific embodiments have been illustrated and described herein,
it will be appreciated by those of ordinary skill in the art that any arrangement which
achieves the same tri-stated operational mode may be substituted for the specific
embodiments shown. This application is intended to cover any adaptations or variations
of the present invention. Therefore, it is intended that this invention be limited only by the

claims appended hereto and the equivalents thereof.
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What is claimed is

1. A driver circuit for generating an output drive signal (SIG) associated with a
bandwidth-limited load, where the driver circuit is configured to reduce the presence of
intersymbol interference and comprises:

a tri-state driver device configured to generate first and second control signals
responsive to a received input data signal;

a first metal-oxide-semiconductor (MOS) device having a first conductivity type
and responsive to the first control signal, the first MOS device for providing a first logic
level for a drive input signal (D) to the bandwidth-limited load during a transition of the
input data signal from a first data value to a second data value; and

a second MOS device having a second, opposite conductivity type and
responsive to the second control signal, the second MOS for providing a second,
opposite logic level for the drive input signal to the bandwidth-limited load during a
transition of the input data signal from the second data value to the first data value,
wherein the first and second MOS devices are coupled together to provide the drive
input signal to the bandwidth-limited load to generate the output drive signal (SIG),

wherein the tri-state driver device is further configured to turn OFF the first and
second MOS devices after transmitting a predetermined number of two or more
consecutive like-valued data bits of the drive input signal, thereby reducing intersymbol

interference during a subsequent transition of the output drive signal (SIG) to one of the

first and second logic levels.

2. A driver circuit as defined in claim 1 wherein the tri-state driver device is further

configured such that at most only the first MOS device or the second MOS device is ON

at one time.

3. A driver circuit as defined in claim 1 wherein the tri-state driver device is an MOS

technology device.
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4. A driver circuit as defined in claim 1 wherein the tri-state driver device is of a

technology other than MOS.

D. A driver circuit as defined in claim 8 wherein the tri-state driver device is a bipolar

technology device.

6. A driver circuit as defined in claim 1 wherein the first MOS device comprises a
plurality of parallel-connected MOS transistors that are each responsive to the first

control signal.

7. A driver circuit as defined in claim 1 wherein the second MOS device comprises
a plurality of parallel-connected MOS transistors that are each responsive to the second

control signal.

8. A driver circuit as defined in claim 1 wherein the first MOS device comprises a

single MOS transistor and the second MOS device comprises a single MOS transistor.

9. A driver circuit as defined in claim 1 wherein the first MOS device is a p-channel

device and the second MOS device I1s an n-channel device.

10. A driver circuit as defined in claim 1 wherein the first MOS device is an n-channel

device and the second MOS device is a p-channel device.

11. A driver circuit as defined in claim 1 wherein the first MOS device comprises a
plurality of parallel-connected MOS transistors and the second MOS device comprises a

plurality of parallel-connected MOS transistors.

12. A driver circuit as defined in claim 1 wherein the bandwidth-limited load

comprises a high speed Mach-Zehnder modulator.
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