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1

SIMPLE OUTPUT BUFFER DRIVE
STRENGTH CALIBRATION

FIELD OF THE INVENTION

The present invention relates to an output buffer driver
calibration circuit and calibration method for reducing tim-
ing uncertainty in high speed signaling systems.

BACKGROUND OF THE INVENTION

High-speed signaling systems use an output buffer driver
calibration scheme to reduce timing uncertainty. The need
for a calibration scheme is particularly important in bussed
systems, where there are several different output buffer
drivers that may drive the bus, or where there are several
different output buffer drivers that drive a portion of a wide
bus. Calibrated output buffer drivers reduce the timing
uncertainty by matching the driver output from one output
buffer driver to another, by matching the characteristics of a
pull-up transistor (e.g., a transistor that drives a high
voltage) to the characteristics of a pull-down transistor (e.g.,
a transistor that drives a low voltage), by setting an effective
output impedance that helps to back-terminate transmission
line reflections in the bus system, and by limiting the output
voltage slew rates to improve transmittal signal integrity.
Some of the benefits obtained by calibrated output buffer
drivers can be achieved by closing specifying the driver
characteristics for all transistors in an output buffer driver
and all output buffer drivers in a system. Techniques such as
specifying minimum and maximum output currents, speci-
fying the current versus voltage curves with minimum and
maximum limits, and by providing limits on the minimum
and maximum slew rates have been used. However, an
active calibration scheme can reduce the timing uncertainty
further by adjusting out the effects of process variance,
voltage variation or temperature variation on output buffer
drivers.

In high-speed systems that use parallel bus termination,
such as Rambus or SLDRAM, output buffer driver calibra-
tion has been implemented by comparing the voltage at the
buffer driver output while it is driving high or low, and while
the bus is connected through a parallel resistor, to another
voltage. The other voltage is often termed VTT, and the VIT
voltage level is set by system considerations. The resistor
connection to VTT establishes the load current for normal
operation, and for the calibration circuit.

In high-speed systems which do not use any form of
parallel termination, the proper output buffer driving char-
acteristics are even more critical for reducing timing uncer-
tainty. In these systems, there is no parallel resistor on the
bus to terminate the reflections, so the signal integrity relies
on the output buffer driver ON impedance to back terminate
any reflections in the system. Also, the output buffer driver
slew rate can be quite sensitive to the driver characteristics,
when there is no DC load provided by a termination resistor.

A calibration scheme has been proposed for non-
terminated systems that uses a pull-up transistor in an ON
state of one output buffer driver as the load to the pull-down
transistor of a different output buffer driver, and vice versa.
However, this will not guarantee that the VOH (logic output
high voltage) will be symmetric about a mid-voltage (often
called VREF) to VOL (logic output low voltage). Rather,
this scheme will match the ON resistance of output buffer
driver A pull-down transistor to the ON resistance of output
buffer driver B pull-up transistor. Likewise the ON resis-
tance of output buffer driver A’s pull-up transistor will be
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2

calibrated to the ON resistance of output buffer driver B’s
pull-down transistor. If the drive strength of driver B pull-up
transistor is mismatched to its pull-down transistor, then this
relationship will be replicated in driver A after calibration. A
mismatch of the pull-up transistor characteristic with the
pull-down transistor characteristic will create a different
timing relationship with signals transitioning to a logic one
state versus signals transitioning to a logic zero state. This
results in a timing uncertainty in the system, which will limit
the maximum system operational data rate.

A further limitation of the above approach, is that there
are often situations where it is desirable for an output buffer
driver at one end of the bus to have a different drive strength
than an output buffer driver at the other end of the bus, due
to differences in the bus topology that each driver drives. An
example of this situation is with a memory controller that
drives multiple DRAMSs from one end of the bus, and the
DRAM which may actually be at an intermediate portion of
the bus, as opposed to one end of the bus. With the above
calibration scheme, it would not be possible to retain dif-
ferent drive strengths for different output buffer drivers. A
final disadvantage of this approach is that there can be risk
of device latch-up when two separate drivers drive a bus
simultaneously. A driver that has SCR latch up will not allow
calibration to occur, and it is usually necessary to remove
and re-apply the power supply voltage to exit the latch up
condition.

SUMMARY OF THE INVENTION

The present invention provides a simple output driver
calibration circuit and calibration method which reduces
timing uncertainty in high speed signaling systems. The
invention may be applied to both terminated and non-
terminated bus systems. The calibration circuit and associ-
ated calibration method simultaneously turns on the pull-up
and pull-down transistor in an output buffer driver under
calibration. The resulting output voltage is compared to a
reference voltage that is set for the appropriate ratio of
pull-up to pull-down drive strength. If the output voltage is
above or below the reference voltage, the drive strength of
the pull-up or pull-down transistor of the driver under
calibration can be increased or decreased, by command in
one or more steps, to equalize the output voltage to the
desired reference voltage setting.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other advantages and features of the invention
will become more apparent from the following detailed
description of the invention which is provided in connection
with the accompanying drawings in which:

FIG. 1 illustrates a typical output buffer driver circuit
which may employ the invention;

FIG. 2 illustrates calibration control circuitry in accor-
dance with an embodiment of the invention;

FIG. 3 illustrates a separate comparator which may be
used in a modified embodiment of the invention;

FIG. 4 illustrates use of the calibration control circuitry on
the driver side of a bus in accordance with another modified
embodiment of the invention;

FIG. 5 illustrates use of the calibration control circuit on
the driver side of the bus in accordance with yet another
modified embodiment of the invention;

FIG. 6 illustrates a driver strength adjustment circuitry in
accordance with another embodiment of the invention.

FIG. 7 illustrates a processor based system constructed in
accordance with the invention.
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DETAILED DESCRIPTION OF THE
INVENTION

The present invention provides an output buffer driver
calibration circuit and associated method which does not
require the use of two separate drivers driving a bus line
simultaneously during the calibration operation. In addition,
the invention ensures that the calibration scheme adjusts the
VOH and VOL levels to be symmetric about a midpoint
voltage, VREF, and avoids the use of additional extra signal
pins to an output buffer driver circuit for purposes of
calibration.

FIG. 1 shows a simplified schematic diagram of an output
buffer driver 11 driving a bus system 13 which can utilize the
calibration circuit and method of the invention. Logic sig-
nals generated on bus 13 by output buffer driver 11 at a first
location on the bus (depicted by dotted line 27) are received
by an input buffer receiver 25 provided at another location
on the bus 13 (depicted by dotted line 29). An output buffer
31, similar in construction to output buffer 11, may also be
provided at the receiving location 29 of the bus 13, while yet
another input receiver 15 may be provided on the output
location 27 of bus 13. The illustrated circuit is similar to a
conventional I/O (input/output) bus circuit. Variations for
this circuit include having bus location 27 arranged with an
input only receiver 15 or an output only buffer driver 11. In
this case, one of the output buffer driver 11 and input
receiver 15 would be removed, leaving only one such device
at location 27 of the bus. The same is true for bus location
29. All that is needed is that one of the bus locations 27 and
29 contains an output buffer 11, 31 and the other contains an
input receiver 15, 25.

The output driver buffer 11 includes a transistor 21 which
provides the current to pull the bus 13 voltage to a high level,
and is referred to as a pull-up transistor. This transistor can
be implemented as a P-channel device, an N-channel device,
or a combination of the P-channel and N-channel devices.
Transistor 23 provides the current to pull the bus 13 voltage
to a low level, and is referred to as a pull-down transistor.
Again, this transistor may be implemented as a P-channel
device, N-channel device or a combination of the two. The
input receiver 15,25 is a conventional input receiver suitable
for receiving high-speed data logic signals. This is typically
implemented as a common source differential amplifier with
a voltage reference VREF as one of the inputs and the bus
voltage has the other of the inputs.

During normal operation, the gate of transistor 1 at node
A is asserted low while the gate of transistor 23 at node B
is asserted low to switch the bus voltage to a high voltage or
logic “1” level. Nodes A and B are essentially transitioned
simultaneously for the fastest switching transition.
Likewise, node A is asserted high, while node B is asserted
high for a logic “0” state. During calibration of the output
buffer driver 11, node A is asserted low while node B is
asserted high, so both transistors 21 and 23 are turned on at
the same time. If the output buffer driver 11 currents are well
matched in this condition, the output voltage on the system
bus will be at VDDQ/2, or VREF. A comparison of the bus
voltage to VREF can be performed at the input receiver 25
at a receiving location 29. Alternatively, in the case of
bidirectional bus signaling (having input/output buffers), an
input signal receiver 15 at on the driving location 27, can be
used to make this comparison. During calibration, the output
of the input receiver 25, or input receiver 15, will be at a
logic “1” if the transistor 21 has a greater drive strength than
transistor 23, or at a logic “0” state if transistor 23 has a
greater drive strength than transistor 21. During calibration,
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the differential voltage between the system bus 13 and
VREF will be quite small, so some delay will be required
when sampling the output of the input receiver (15 or 25)
after the output buffer driver 11 drives the bus 13 with both
transistors 21 and 23 turned on.

During the calibration mode, , the input receiver 25 (or
receiver 15) output is sampled after the delay time to
determine which transistor 21, 23 has the greater drive
strength. The transistor with the greatest drive strength can
be reduced in strength by reducing its effective device width.
Various techniques are available for effectively adjusting
drive strength of pull-up and pull-down transistors of an
output buffer driver. For example, U.S. Pat. No. 5,864,506
describes one such technique in which a plurality of drive
transistors are provided in parallel at each of the locations
corresponding to transistors 21 and 23 of output buffer driver
11. Drive strength is adjusted by enabling/disabling one or
more of the parallel transistors. Thus, for example, to
decrease drive strength, one or more of the parallel transis-
tors are disabled. Another common method to adjust drive
strength of transistors 21 and 23 is to use a plurality of gate
fingers for each transistor. With this technique drive strength
can be adjusted (in our example decreased) by reducing the
number of gate fingers activated by pre-driver circuit. Other
techniques for altering the transistor drive strength may also
be used. Likewise the drive strength of the weak of the weak
transistor may be increased to match the strength of the
stronger transistor by adding device width to the weak
transistor using the same drive strength adjustment tech-
niques.

The calibration logic circuit 53 is illustrated in FIG. 2. It
has the responsibility of sampling the output of the input
receiver 15 or 25, and adjusting the drive strength of the
output buffer driver 11 by command.

As shown in FIG. 2, the calibration control logic 53
includes an AND gate circuit including AND gates 45, 47
and an inverter 43, logic circuit 49, and an output strength
adjustment control circuit 51. A CALIBRATE signal is
asserted when a calibration mode is begun. This enables
gates 45 and 47. The output of the receiver 25 (or receiver
15) is used to establish the relative drive strengths of the
pull-up and pull-down transistors 21, 23. In this example, we
assume we will be increasing the drive strength of the
weaker transistor.

As a result of the comparison of the bus 13 output voltage
to VREF by receiver 25 (or receiver 15), either a “1” or “0”
logic state is detected depending on whether the bus voltage
is higher or lower than VREF. If a “1” is present on line 55,
indicating that the pull-up transistor is stronger than pull-
down transistor 23, AND date 45 applies a signal to logic
circuit 49 instructing an increase in strength of a pull-down
transistor 23 if a “0” is present and gate 47 applies a signal
to logic circuit 49 instructing an increase in the strength of
pull-up transistor 21. The calibration is performed after the
output voltage as sensed by the receiver 25 (or 15) is delayed
by an appropriate amount in delay circuit 41 to ensure a
precise measurement. After the comparison is completed,
the logic circuit 49 sends an appropriate strength adjustment
command to output strength control circuit 51 which adjusts
the output driver strength.

Since the output of the receiver 25 (or 15) only indicates
whether the output voltage on the bus 13 is above or below
VREF, the initial driver strength adjustment may not be
sufficient to adequately calibrate the output buffer driver 11.
Consequently, after an appropriate delay, the calibration
process can be repeated using the newly set driver strength.
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This can be repeated several times with each newly set
driver strength until the input receiver 25 (or 15) switches to
the opposite logic state, indicating that the relative drive
strength of the pull-up and pull-down transistors has now
reversed.

The best setting for matching the drive strength is at this
point, at the previous adjustment setting, or in between the
two adjustment settings. At this point, the relative drive
strengths of the pull-up and pull-down transistors are
matched within the accuracy of the calibration circuitry, and
the calibration process is complete. After this, normal bus
operations can begin. The logic circuit 49 will determine
when calibration has been achieved within the accuracy of
the calibration control logic 53 by noting the changed logic
states of the output of a receiver (15 or 25) or a comparator
61, and at that point will stop changing output buffer drive
strength and issue a command on line 48 indicating that
calibration has been achieved.

Other processes for performing the calibration are also
possible. For example, a binary search algorithm can be used
to seek the best output buffer driver setting by first using
coarse driver strength adjustments by logic 49 until the input
receiver 25 (or 15) changes state and thereafter having logic
49 make finer adjustments in the opposite direction until
receiver 25 (or 15) changes state again. This back and forth
adjustment using finer strength adjustment stages can con-
tinue until a predetermined end point is reached.

To improve the resolution accuracy and accuracy of the
calibration process, a higher accuracy comparator 61 can be
used for the calibration circuit in place of receiver 25 (or 15),
as shown in FIG. 3. Since calibration can be a slow
operation, a slower, but more accurate, comparator 61 may
be preferred. It may also be desirable to set the drive strength
to be different from the pull-up and pull-down transistor. In
this case, a voltage reference other than VDDQ/2 may be
used and the system reference VREF may not be used if it
is nominally set to VDDQ/2.

As noted, the calibration comparison circuitry, whether
incorporated as a bus receiver or separate comparator 61,
may be on either the driving location 27 of the bus at a
normal receiver location 29 of the bus. When the comparator
is provided on the driver side 27 of the bus, the control logic
53 may be internal to the output buffer 11 itself, as shown in
FIG. 4 or to an input/output buffer 71 which includes output
buffer driver 11 and an input receiver 15, as schematically
shown in FIG. 5.

When the comparator is provided at the output buffer
driver location 27, the output buffer driver 11 may be
commanded, externally or self-commanded, to enter the
calibration mode by the presence of the CALIBRATE
signal, and the calibration process will proceed until cali-
bration is achieved. The calibration control logic 53 will
perform the steps necessary to achieve calibration. If the
calibration control circuitry is located at bus location 29, it
will be necessary to provide commands to to the output
buffer driver 11 causing it to increase or decrease the pull-up
or pull-down transistor driver strength. This can be accom-
plished using known techniques for inputting commands to
a logic device such as a combination of command or other
input signals, or by writing a command instruction to an
internal register on the output buffer driver 11, such as a
mode register, for the purpose of receiving and decoding the
strength adjustment commands. The calibration mode can
also be controlled by providing additional calibration mode
pins on the circuitry containing the output buffer driver 11 to
receive strength adjustment commands.
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In an alternative embodiment, the drive strength of either
the pull-up or pull-down transistor may first be set to a fixed
value and then calibration may be performed on the other
transistor. In this case, the absolute value of one drive
strength is first established and the above-described calibra-
tion process and circuitry may be used to set the drive
strength of the opposite transistor. This approach will guar-
antee that the drive strengths are proper, and it would also
allow for a different balance drive strength for different
devices, if desirable.

One method for setting the absolute drive strength, as
illustrated in FIG. 6, is to provide an external resistor 73
connected between an external voltage REF1 and a refer-
ence pin 75 on the output buffer driver device. Reference pin
75 may be multiplexed, if desired, to connect a pull-up or
pull-down transistor 21, 23 to the resistor 73 to be used as
a load. FIG. 6 shows the reference transistor as the pull-
down transistor 23 which will be set to a predetermined
value as part of an output buffer driver circuit 11. However,
it is also possible to use a separate reference drive circuit
containing a transistor which is separate and apart from the
normal output buffer driver 11, to set a reference strength for
one of the pull-up and pull-down transistors of the output
buffer driver 11.

Assuming one of the output buffer drivers 11 which will
be used to drive bus 13 is used to set a reference strength,
the reference strength is set for one of the pull-up and
pull-down transistors (the pull-down transistor 23 being
shown in FIG. 6) to a particular value by comparator 61,
delay 41 and calibration logic 53, and then the calibration of
the output buffer driver 11 can be carried out in the manner
described above with reference to FIGS. 2-5. The reference
transistor strength can be set individually for each of the
output buffer drivers 11 using the FIG. 6 circuit, or one of the
output buffer drivers 11 can be used as the reference to set
the reference strength for all output buffer drivers 11 which
may be used in a bus driving scheme.

If a separate reference driver is employed in FIG. 6 for a
pull-up or pull-down transistor, then once its strength is
determined, a similar adjustment value can be applied to the
pull-up or pull-down, as appropriate, transistors of the actual
output buffer drivers 11. This strength adjustment value for
the output buffer drivers may be the same as the driver
adjustment or it may be scaled.

During the calibration mode for the FIG. 6 circuit, a
number of parallel transistor devices or gate fingers of a
transistor are turned on to provide a drive current capability
to the referenced transistor, shown as transistor 23 in FIG. 6.
In the example shown in FIG. 6, where the pull-down
transistor drive strength is adjusted, the voltage of the
reference pin 75, node C is compared to a second reference
voltage REF2 in comparator 61 (or in an input receiver 15).
After an appropriate delay, as set by the delay circuit 41, the
calibration logic notes the comparison result and changes the
drive strength of the reference transistor, e.g., 23, in an
attempt to match the reference pin voltage at node C to
REF2. The values of REF1, R1 and REF2 can be chosen
according to system requirements. When the process for
setting the strength of transistor 23 to a desired value is
completed, the drive strength value for the other transistors,
€.g., 21, can then be calibrated in the manner described
above with reference to FIGS. 2-5.

As noted, in lieu of directly adjusting a particular pull-up
or pull-down transistor of an operative buffer driver 11 to a
particular strength, the FIG. 6 circuit can adjust the strength
of a transistor of a reference driver to a particular strength
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and then use that to set the strength of like transistors
(pull-up or pull-down) of all output buffer drivers, following
which all output buffer drivers are calibrated in the manner
described above with reference to FIGS. 25.

Depending on the relative device sizes of the reference
driver (when used) and the output buffers, and the values
chosen for REF1, R1, and REF2, the driver setting for the
output buffer drivers may be the same or different from those
for the reference driver. If a pull-up or pull-down transistor
of any output driver 11 is used as the reference transistor, the
connection to resistor 73 can be multiplexed during a
calibration mode to set the driver strength of one of the
pull-up and pull-down transistors of each output buffer
driver 11.

As noted, it is also possible to use the invention to
calibrate a single output buffer driver on a device containing
plural output buffer drivers and then set the other drivers to
the same adjusted values, or to adjust each buffer output
driver individually. While the latter approach is more
complex, the calibration can account for differences between
individual output buffer drivers of the plurality of drivers.

Although the calibration circuit and method of the inven-
tion have been described and illustrated with reference to a
comparison of bus voltage in a reference voltage VREEF,
calibration may also be obtained by comparing the drive
current on the bus 13 with a reference drive current. In
addition, although a reference circuit used in FIG. 6 relies on
producing a voltage reference from an external circuit, it is
also possible to provide a reference current from an external
circuit which is compared to the drive current of the tran-
sistor whose strength is to be adjusted, e.g., transistor 23 in
FIG. 6.

The present invention will find utility in any device which
uses output buffer devices to apply signals to a transmission
path, such as a bus. For example, the invention may be
employed in any processor based system, such as the one
illustrated as 200 in FIG. 7.

A computer system is exemplary of a system having
integrated circuits, such as for example memory circuits or
a processor circuit which may utilize the invention. Most
conventional computers include memory devices permitting
storage of significant amounts of data. The data is accessed
using a bus system during operation of the computers. Other
types of dedicated processing systems, €.g., radio systems,
television systems, GPS receiver systems, telephones and
telephone systems also contain memory and processor
devices which can utilize the present invention.

A processor based system, such as a computer system, for
example, generally comprises a central processing unit
(CPU) 210, for example, a microprocessor, that communi-
cates with one or more input/output (I/0) devices 240, 250
over a bus 270. The computer system 200 also includes
random access memory (RAM) 260, a read only memory
(ROM) 280 and, in the case of a computer system may
include peripheral devices such as a floppy disk drive 220
and a compact disk (CD) ROM drive 230 which also
communicate with CPU 210 over the bus 270. At least one
of CPU 210 and one or more integrated circuits connected
thereto, such as employed for RAM 260 and ROM 280, are
preferably constructed as integrated circuits which include a
calibration circuit for calibrating the characteristics of output
buffer drivers as previously shown and described with
respect to FIGS. 2—6. It may also be desirable to integrate the
processor 210 and memory 260 on a single IC chip and have
one or both of processor 210 and memory 260 employ the
calibration circuit shown and described with reference to
FIGS. 2-6.
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While preferred embodiments of the invention have been
described and illustrated above, it should be understood that
these are exemplary of the invention and are not to be
considered as limiting. Additions, deletions, substitutions,
and other modifications can be made without departing from
the spirit or scope of the present invention. Accordingly, the
invention is not to be considered as limited by the foregoing
description but is only limited by the scope of the appended
claims.

‘What is claimed as new and desired to be protected by
Letters Patent of the United States is:

1. A method of calibrating a driver circuit having pull-up
and pull-down devices, said method comprising:

simultaneously driving said pull-up and pull-down

devices to provide an output voltage;

comparing said output voltage with a reference voltage

and providing a control signal representing the result of
said comparison; and

using first control signal to adjust the driving strength of

at least one of said pull-up and pull-down devices of
said driver circuit.

2. A method as in claim 1, wherein said control signal is
used to adjust the strength of at least one of said pull-up and
pull-down devices such that said output voltage approaches
a predetermined voltage relationship with respect to said
reference voltage.

3. A method as in claim 1, wherein said driver circuit is
coupled to a bus.

4. A method as in claim 3, wherein said comparison is
performed by comparing said output voltage on said bus
with said reference voltage.

5. A method as in claim 4, wherein said bus is coupled to
a bus receiver circuit and said receiver circuit performs said
comparison of said output voltage with said reference volt-
age.

6. A method as in claim 5, wherein said receiver circuit is
connected to said bus at a position remote from said driver
circuit.

7. Amethod as in claim 5, wherein said receiver circuit is
connected to said bus at a position where said driver is
located.

8. A method as in claim 3, wherein said first comparison
is performed by a comparison circuit, which is separate from
a bus signal receiver circuit.

9. Amethod as in claim 8, wherein said comparison circuit
is connected to said bus at a position remote from said driver
circuit.

10. A method as in claim 8, wherein said comparison
circuit is connected to said bus at a position where said
driver is located.

11. A method as in claim 10, wherein said comparison
circuit is part of said driver circuit.

12. A method as in claim 5, wherein a control signal
output of said receiver is sampled.

13. A method as in claim 8, wherein a control signal
output of said comparator is sampled.

14. A method as in claim 12 or 13, wherein said sampling
is performed at a time delayed from the time when said
pull-up and pull-down devices are first simultaneously
driven.

15. A method as in claim 1, wherein each of said pull-up
and pull-down devices is formed by at least one transistor.

16. Amethod as in claim 15, wherein the drive strength of
said circuit driver is adjusted by adjusting the effective
device width of at least one of said pull-up and pull-down
devices.

17. A method as in claim 1, wherein said comparison
identifies which of said pull-up and pull-down devices needs
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to have its drive strength adjusted by determining whether
said output voltage is above or below said reference voltage,
said control signal having a logic level which represents
which of said pull-up and pull-down devices needs drive
strength adjustment.

18. A method as in claim 1, wherein said comparison
identifies which of said pull-up and pull-down devices has a
greater drive strength and said control signal is used to
reduce the drive strength of the pull-up or pull-down device
which has the greater drive strength.

19. A method as in claim 18, wherein said pull-up and
pull-down devices are each formed by at least one transistor
and the drive strength of the pull-up or pull-down transistor
having the greater drive strength is reduced by reducing its
effective device width.

20. A method as in claim 19, wherein each of said pull-up
and pull-down transistors has a plurality of gate fingers and
the effective device width of the transistor with the greater
drive strength is reduced by reducing the number of its gate
fingers which are active.

21. A method as in claim 18, wherein said pull-up and
pull-down devices are each formed of a plurality of transis-
tors connected in parallel and the drive strength of the
pull-up or pull-down device having the greater drive
strength is reduced by disabling one or more of its parallel
connected transistors.

22. A method as in claim 1, wherein said first comparison
identifies which of said pull-up and pull-down devices has a
weaker drive strength and said control signal is used to
increase the drive strength of the pull-up pull-down device
which has the weaker drive strength.

23. A method as in claim 22, wherein said pull-up and
pull-down devices are transistors and the drive strength of
the pull-up or pull-down transistor having the weaker drive
strength is increased by increasing its effective device width.

24. A method as in claim 23, wherein each of said pull-up
and pull-down transistors has a plurality of gate fingers and
the effective device width of the transistor with the weaker
drive strength is increased by increasing the number of its
gate fingers which are active.

25. A method as in claim 22, wherein said pull-up and
pull-down devices are each formed of a plurality of transis-
tors connected in parallel and the drive strength of the
pull-up or pull-down device having the weaker drive
strength is increased by enabling one or more of its parallel
connected transistors.

26. A method as in claim 17, wherein said acts of driving
said driver circuit, performing said comparison and using
said control signal to adjust said driving strength are
repeated until the logic level of said control signal changes
state.

27. Amethod as in claim 26, wherein a final drive strength
adjustment is that which occurred just prior to the logic level
of said control signal changing state.

28. A method as in claim 26, wherein a final drive strength
adjustment is that adjustment which first occurs after the
logic level of said control signal changes state.

29. Amethod as in claim 26, wherein a final drive strength
adjustment is determined and set as a point between the
drive strength adjustment which occurred just prior to the
logic level of said control signal changing state and an
adjustment indicated by said control signal just after said
logic level changes state.

30. A method as in claim 26, wherein each adjustment of
driving strength performed using said control signal is done
in a first coarse adjustment increment.

31. A method as in claim 30, wherein after the logic level
of said control signal changes state, said acts of driving said
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driver circuit, performing said comparison and using said
control signal to adjust said driving strength are repeated,
with said driving strength being adjusted each time in a
second fine adjustment increment, until said control signal
changes state again.

32. A method as in claim 1, wherein said driving circuit
has said pull-up device coupled to a first voltage potential
V1 and said pull-down device coupled to a second voltage
potential V2, and said reference voltage is established at a
voltage in between V1 and V2.

33. A method as in claim 32, wherein V1 is a positive
voltage potential and V2 is ground.

34. A method as in claim 33, wherein said reference
voltage is established as a voltage of substantially V1/2.

35. A method as in claim 33, wherein reference voltage is
established as a voltage other than substantially V1/2.

36. A method as in claim 1, further comprising the steps
of presetting a predetermined drive strength for one of said
pull-up and pull-down devices before performing the acts of
driving said driver circuit, performing said comparison and
using said control signal to adjust the strength of the drive
circuit, said control signal being used to adjust the strength
of the other of said pull-up and pull-down devices.

37. The method of claim 36, wherein said presetting of
said predetermined drive strength presets a stronger drive
strength for said one of said pull-up and pull-down devices,
and said control signal is used to adjust the drive strength of
the other of the pull-up and pull-down devices which has a
weaker drive strength.

38. The method of claim 36, wherein said presetting of
said predetermined drive strength presets a weaker drive
strength for said one of said pull-up and pull-down devices,
and said control signal is used to adjust the drive strength of
the other of the pull-up and pull-down devices which has a
greater drive strength.

39. An apparatus for calibrating a driver circuit having
pull-up and pull-down devices, said apparatus comprising:

a circuit for comparing an output voltage, produced by

said driver circuit when said pull-up and pull-down
devices are simultancously driven, with a reference
voltage, and providing a first control signal represent-
ing the result of the comparison; and

a circuit, responsive to said control signal, for adjusting

the drive strength of at least one of said pull-up and
pull-down devices.

40. An apparatus as in claim 39, wherein said adjusting
circuit adjusts the strength of at least one of said pull-up and
pull-down devices such that said output voltage approaches
a predetermined voltage relationship with respect to said
reference voltage.

41. An apparatus as in claim 1, wherein said driver circuit
is coupled to a bus.

42. An apparatus as in claim 41, wherein said comparing
circuit compares said output voltage on said bus with said
reference voltage.

43. An apparatus as in claim 42, wherein said comparing
circuit is a bus signal receiver circuit.

44. An apparatus as in claim 43, wherein said receiver
circuit is connected to said bus at a position remote from said
driver circuit.

45. An apparatus as in claim 43, wherein said receiver
circuit is connected to said bus at a position where said
driver circuit is located.

46. An apparatus as in claim 42, wherein said comparing
circuit is a comparator circuit separate from a bus signal
receiver circuit.

47. An apparatus as in claim 46, wherein said comparator
circuit is connected to said bus at a position remote from said
driver circuit .
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48. An apparatus as in claim 46, wherein said comparator
circuit is connected to said bus at a position where said
driver is located.

49. An apparatus as in claim 48, wherein said comparator
circuit is part of said driver circuit.

50. An apparatus as in claim 43, wherein said adjusting
circuit samples a control signal output of said receiver
circuit.

51. An apparatus as in claim 46, wherein said adjusting
circuit samples a control signal output of said comparator
circuit.

52. An apparatus as in claims 50 or 51, wherein said
sampling is performed at a time delayed from the time when
said pull-up and pull-down devices are first simultaneously
driven.

53. An apparatus as in claim 39, wherein each of said
pull-up and pull-down devices is formed by at least one
transistor.

54. An apparatus as in claim 53, wherein said adjusting
circuit adjusts the drive strength of said driver circuit by
adjusting the effective device width of at least one of said
pull-up and pull-down devices.

55. An apparatus as in claim 39, wherein said comparing
circuit identifies which of said pull-up and pull-down
devices needs to have its drive strength adjusted by deter-
mining whether said output voltage is above or below said
reference voltage, said control signal having a logic level
which represents which of said pull-up and pull-down
devices needs drive strength adjustment.

56. An apparatus as in claim 39, wherein said comparison
identifies which of said pull-up and pull-down devices has a
greater drive strength and said control signal is used to
reduce the drive strength of the pull-up or pull-down device
which has the greater drive strength.

57. An apparatus as in claim 56, wherein said pull-up and
pull-down devices are each formed by at least one transistor
and the drive strength of the pull-up or pull-down transistor
having the greater drive strength is reduced by reducing its
effective device width.

58. An apparatus as in claim 57, wherein each of said
pull-up and pull-down transistors has a plurality of gate
fingers and the effective device width of the transistor with
the greater drive strength is reduced by reducing the number
of its gate fingers which are active.

59. An apparatus as in claim 56, wherein said pull-up and
pull-down devices are each formed of a plurality of transis-
tors connected in parallel and the drive strength of the
pull-up or pull-down device having the greater drive
strength is reduced by disabling one or more of its parallel
connected transistors.

60. An apparatus as in claim 39, wherein said comparing
circuit identifies which of said pull-up and pull-down
devices has a weaker drive strength and said control signal
is used to increase the drive strength of the pull-up pull-
down device which has the weaker drive strength.

61. An apparatus as in claim 60, wherein said pull-up and
pull-down devices are transistors and the drive strength of
the pull-up or pull-down transistor having the weaker drive
strength is increased by increasing its effective device width.

62. An apparatus as in claim 61, wherein each of said
pull-up and pull-down transistors has a plurality of gate
fingers and the effective device width of the transistor with
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the weaker drive strength is increased by increasing the
number of its gate fingers which are active.

63. An apparatus as in claim 60, wherein said pull-up and
pull-down devices are each formed of a plurality of transis-
tors connected in parallel and the drive strength of the
pull-up or pull-down device having the weaker drive
strength is increased by enabling one or more of its parallel
connected transistors.

64. An apparatus as in claim 55, wherein said comparing
circuit and adjusting circuit are operated to repeatedly
perform said comparison, provide said output signal and
adjust said drive strength until the logic level of said control
signal changes state.

65. An apparatus as in claim 64, wherein a final drive
strength adjustment is that which occurred just prior to the
logic level of said control signal changing state.

66. An apparatus as in claim 64, wherein a final drive
strength adjustment is that adjustment which first occurs
after the logic level of said control signal changes state.

67. An apparatus as in claim 64, wherein a final drive
strength adjustment is determined and set as a point between
the drive strength adjustment which occurred just prior to
the logic level of said control signal changing state and an
adjustment indicated by said control signal just after said
logic level changes state.

68. An apparatus as in claim 64, wherein said adjusting
circuit performs each adjustment of driving strength with a
coarse adjusting increment.

69. An apparatus as in claim 68, wherein after the logic
level of said control signal changes state, said comparing
circuit and said adjusting circuit repeatedly perform said
comparison and adjustment, with each said driving strength
adjustment being in a fine increment, until the logic level of
said control signal changes state again.

70. An apparatus as in claim 39, wherein said driving
circuit has said pull-up device coupled to a first voltage
potential V1 and said pull-down device coupled to a second
voltage potential V2, and said reference voltage is estab-
lished at a voltage in between V1 and V2.

71. An apparatus as in claim 70, wherein V1 is a positive
voltage potential and V2 is ground.

72. An apparatus as in claim 71, wherein said reference
voltage is established as a voltage of substantially V1/2.

73. An apparatus as in claim 71, wherein reference
voltage is established as a voltage other than substantially
V12

74. An apparatus as in claim 39, further comprising a
presetting circuit for presetting the strength of one of said
pull-up and pull-down devices prior to operation of said
comparison circuit and adjusting circuit, said comparison
circuit and adjusting cooperating to adjust the strength of the
other of said pull-up and pull-down devices.

75. An apparatus as in claim 74, wherein said presetting
circuit presets a stronger drive strength for said one of said
pull-up and pull -down devices, and said control signal is
used to adjust the drive strength of the other of the pull-up
and pull-down devices which has a weaker drive strength.

76. An apparatus as in claim 74, wherein said presetting
circuit presets a weaker drive strength for said one of said
pull-up and pull-down devices, and said control signal is
used to adjust the drive strength of the other of the pull-up
and pull-down devices which has a greater drive strength.
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77. A processor based system comprising:

a processor; and

at least one device for electrically communicating with

said processor over a bus;

at least one of said processor and device including an

output buffer driver circuit coupled to said bus for

providing an output voltage to said bus; and

a circuit for calibrating said output buffer driver circuit,

said calibration circuit comprising:

a circuit for comparing an output voltage, produced by
said driver circuit when said pull-up and pull-down
devices are simultaneously driven, with a reference
voltage, and providing a first control signal repre-
senting the result of the comparison; and

a circuit, responsive to said control signal, for adjusting
the drive strength of at least one of said pull-up and
pull-down devices.

78. A system as in claim 77, wherein said adjusting circuit
adjusts the strength of at least one of said pull-up and
pull-down devices such that said output voltage approaches
a predetermined voltage relationship with respect to said
reference voltage.

79. A system as in claim 77, wherein said comparing
circuit is a bus signal receiver circuit.

80. A system as in claim 79, wherein said receiver circuit
is connected to said bus at a position remote from said driver
circuit.
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81. A system as in claim 79, wherein said receiver circuit
is connected to said bus at a position where said driver
circuit is located.

82. A system as in claim 77, wherein said comparing
circuit is a comparator circuit separate from a bus signal
receiver circuit.

83. A system as in claim 82, wherein said comparator
circuit is connected to said bus at a position remote from said
driver circuit.

84. A system as in claim 82, wherein said comparator
circuit is connected to said bus at a position where said
driver is located.

85. A system as in claim 84, wherein said comparator
circuit is part of said driver circuit.

86. A system as in claim 79, wherein said adjusting circuit
samples a control signal output of said receiver circuit.

87. Asystem as in claim 82, wherein said adjusting circuit
samples a control signal output of said comparator circuit.

88. A system as in cl aim 86 and claim 87, wherein said
sampling is performed at a time delayed from the time when
said pull-up and pull-down devices are first simultaneously
driven.
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