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(57) Abstract

A method and circuit for recording the performance parameters in an integrated circuit. A speed grade register is programmed by the
manufacturer with an indication of the speed capability of the integrated circuit. The integrated circuit also includes a clock speed register
that is programmed by the user with an indication of the frequency of a clock signal that will be used to synchronize the operation of the
integrated circuit. The speed grade and clock speed indications are used to select a set of performance data from a performance data register
to provide an indication of the performance of the integrated circuit at the indicated speed grade and clock speed.
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CIRCUIT AND METHOD FOR SPECIFYING PERFORMANCE PARAMETERS IN
INTEGRATED CIRCUITS

TECHNICAL FIELD
This invention relates to integrated circuits, and, more particularly, to a
circuit and method for recording respective sets of performance parameters for

integrated circuits.

BACKGROUND OF THE INVENTION

Integrated circuits are commonly used in a wide variety of fields. For
example, integrated circuit dynamic random access memories (“DRAMs”) are
commonly used in computer systems and other devices. Interfacing integrated circuits,
such as DRAMs, to other components can be a complex task, particularly when one is
attempting to operate the integrated circuit at maximum performance. To assist in the
design of electronic systems using integrated circuits, integrated circuit manufacturers
publish data books or data sheets that specify the performance parameters of the
integrated circuits. For example, a data sheet for a DRAM may specify an access time,
i.e., the time required for valid data to be presented to the data bus after an address has
been applied to the device, an address hold time, i.e., the time that an address must be
present on the address bus after an address strobe signal, and a large number of other
timing parameters. Although timing parameters are generally specified as times or
ranges of times, e.g., microseconds and nanoseconds, they may also be specified in
terms of numbers of clock cycles. For example, the read latency of a memory device
may be specified as a number of clock cycles between addressing the memory device
and the availability of data from the addressed location on the data bus.

When specifying timing and other performance parameters,
manufacturers will normally use a conservative approach. More specifically, the actual
performance capabilities of integrated circuits will generally vary over a significant

range for a variety of reasons, such as process variations. The performance parameters
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for the integrated circuits will generally be specified at values that are sufficiently
conservative for substantially all of the integrated circuits to fall within the specified
range of performance capabilities. However, most of the integrated circuits are actually
capable of performing at a significantly higher level. As a result, many integrated
circuits are sold as relatively low performance devices at a relatively low price even
thought they actually perform at a significantly higher level and could be sold at a
significantly higher price.

One approach to specifying the performance parameters of integrated
circuits in a more advantageous manner is to “speed grade” the integrated circuits after
manufacture. In speed grading, integrated circuits with a relatively broad range of
performance values are tested and then grouped according to their performance during
testing. Integrated circuits that are found to perform at a higher speed are specified with
more stringent time parameters, while integrated circuits that are capable of operating
only at slower speeds are specified at less stringent parameters. Using this speed
grading approach, the same integrated circuits manufactured in the same process will
have different performance specifications. However, all of the integrated circuits can be
sold at a price commensurate with their actual performance.

Although speed grading allows integrated circuits to be used at their
highest potential, there are nevertheless problems incurred using this approach. First, it
may be difficult for a user or system designer to determine the performance parameters
that are associated with any particular integrated circuit. Generally, the performance
parameters for various speed grades are specified in a data book in the same manner that
performance parameters are specified for non-speed graded integrated circuits. A
marking on an external surface of the integrated circuit identifies its speed grade. The
performance parameters for the integrated circuit are then determined by looking up the
performance parameters in the data book that correspond to the speed grade marked on
the integrated circuit. Unfortunately, users may not always have an up-to-date data
book available. Also, the speed grade markings on the integrated circuit can become
obliterated. Under these circumstances, it may not be possible to determine the

performance parameters of the integrated circuit.
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Another problem in speed grading integrated circuits results from the
difficulty in specifying performance parameters under circumstances where the
performance parameters vary depending upon the frequency of a clock signal used to
synchronize the operation of the integrated circuit. To determine the performance
parameters of an integrated circuit operating in synchronism with a clock signal of a
predetermined frequency, different sets of performance parameters are specified for
respective clock frequencies. Again, however, it is necessary for the user to find the
appropriate set of performance parameters in the data book to determine the
performance parameters of the integrated circuit operating at the chosen clock
frequency.

There is therefore a need for an improved technique for determining the
performance parameters of an integrated circuit, particularly where the integrated circuit
is to be operated at optimum performance at a clock frequency that can be chosen by the

user of the integrated circuit.

SUMMARY OF THE INVENTION

According to one aspect of the invention, performance parameters for an
integrated circuit are recorded in the integrated circuit itself so that they can be
subsequently read or otherwise used during the operation of the integrated circuit. The
integrated circuit may include any of a variety of functional circuits, such as memory
devices. The integrated circuit may include a speed grade register that is programmable
by the integrated circuit manufacturer after testing the integrated circuit to specify the
speed performance capability of the integrated circuit. In addition to, or as an
alternative to, the speed grade register, the integrated circuit may include a clock speed
register programmable by a user of the integrated circuit to specify the frequency of a
clock signal that will be applied to the integrated circuit during use. A plurality of sets
of performance parameters for the integrated circuit are recorded in a performance data
recording circuit within the integrated circuit. A set of performance parameters are
specified for each of a plurality of speed grades and/or each of a plurality of frequencies

of the clock signal. A performance data selecting circuit selects one of the sets of
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recorded performance parameters as a function of the programming of the speed grade
register and/or the programming of the clock speed register. The speed grade register
and the clock speed register may each comprises a plurality of programmable elements,
such as anti-fuses, having respective conductive states. The performance data recording
circuit preferably includes a plurality of performance data registers, each of which
records a respective one of the sets of performance parameters. In such case, the
performance data selecting circuit enables one of the performance data registers as a
function of the programming of the speed grade register and/or the programming of the

clock speed register.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a block diagram of an integrated circuit containing a
functional circuit and a preferred embodiment of a circuit for recording the performance
parameters of the functional circuit.

Figure 2 is a schematic diagram showing one embodiment of a speed
grade register and a clock speed register that are used in the performance parameter
recording circuit of Figure 1.

Figures 3A and 3B are tables showing four different speed grade values
and four different clock speed values that may be designated by the speed grade register
and the clock speed register, respectively, of Figure 2.

Figure 4 is a logic diagram of an embodiment of a speed grade decoder
and a clock speed decoder used in the speed grade register and the clock speed register
of Figure 2.

Figure 5 is a logic diagram of an embodiment of a performance
parameter data register and a data register selecting circuit that are used in the
performance parameter recording circuit of Figure 1.

Figure 6 is a block diagram of an embodiment of a computer system

using the integrated circuit of Figure 1.
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DETAILED DESCRIPTION OF THE INVENTION

One embodiment of an integrated circuit 10 in accordance with the
method and circuit for specifying performance parameters is illustrated in Figure 1. The
integrated circuit 10 includes a functional circuit 12 that can be any of a wide variety of
circuits that are conventionally fabricated as an integrated circuit. For example, the
functional circuit 12 may be a memory device, such as a DRAM, synchronous DRAM,
packetized DRAM, static random access memory (“SRAM”), etc. The functional
circuit includes a plurality of externally accessible input terminals 14 and a plurality of
externally accessible output terminals 16. However, it will be understood that the
functional circuit 12 may have only input terminals 14, only output terminals 16,
terminals that are used as both input and output terminals, or any combination thereof.
The performance parameters for the functional circuit 12 would normally be specified
in data sheets or a data book.

In accordance with one embodiment of the invention, the integrated
circuit 10 also includes a circuit 20 for specifying the performance parameters of the
functional circuit 12. The parameter specifying circuit 20 includes a speed grade
register 22 that is normally programmed by the manufacturer during manufacture to
specify the speed grade of the functional circuit 12. More specifically, during
manufacture of the integrated circuit 10, the functional circuit 12 is tested while the
integrated circuit 10 is still part of a wafer. Based on these tests, the speed capability of
the functional circuit 12 is determined. The manufacturer then programs the register 22
with data indicative of the speed grade of the functional circuit 12. The speed grade
register 22 may be of a variety of conventional registers, such as a programmable read
only memory that is programmed by the manufacturer or fuses or antifuses that are
blown in a pattern corresponding to the speed grade. Also, although the speed grade
register 22 is preferably programmed during manufacture, it may also be programmed
after manufacture by conventional means. Finally, although testing of the functional
circuit 12 preferably occurs during manufacture, it may also occur after manufacture, in

which case the speed grade register 22 must be programmed after manufacture.
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The performance specifying circuit 20 also includes a clock speed
register 24 that is adapted to be programmed by a user who has purchased the integrated
circuit 10. The clock speed register 24 is programmed through the input terminals 14
with an indication of the frequency of a clock signal that will be used to synchronize the
operation of the functional circuit 12. For example, the clock speed register 24 may be
a two-bit register that provides an indication of whether the clock speed corresponds to
200 megabits per second (“MBPS”), 400 MBPS, 600 MBPS or 800 MBPS. The clock
speed register 24 may be any of a wide variety of devices capable of storing data in a
nonvolatile manner. For example, the clock speed register 24 may be a programmable
read only memory (“PROM?”), a flash ROM, or a programmable element, such as a fuse
or antifuse.

The speed grade register 22 and the clock speed register 24 are enabled
by an output from a parameter access detector circuit 26. The parameter access detector
circuit 26 includes a plurality of inputs that are coupled to the input terminals 14 of the
integrated circuit 10. In response to a predetermined combination of signals applied to
the input terminals 14, and decoded by the parameter access detector 26, the parameter
access detector 26 enables the speed grade register 22 and the clock speed register 24.
The combination of signals chosen for decoding by the parameter access detector 26 is
preferably a combination of signals that is not normally applied to the integrated circuit
10 during normal operation. Circuits usable for the parameter access detector 26 are
conventionally used to select a special operating mode, such as a test mode, in
integrated circuits.

The parameter recording system 20 also includes a plurality of
performance data registers 30 that record a plurality of sets of performance parameters,
with each set corresponding to a specific combination of speed grade of the integrated
circuit 10 and frequency of a clock signal that is to be applied to the integrated circuit
10. Thus, for example, the performance data registers 30 record a set of performance
parameters for an integrated circuit 10 having a speed grade of 30 nanoseconds that will
be operated at a clock speed of 200 MBPS, a set of performance parameters for an

integrated circuit having a speed grade of 30 nanoseconds at a clock speed of 400
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MBPS, etc. Respective sets of performance parameters will also be recorded for, for
example, integrated circuits having a speed grade of 45 nanoseconds at each clock
speed from 200 MBPS to 800 MBPS. Based on the speed grade programmed into the
speed grade register 22 by the manufacturer and the clock speed programmed into the
clock speed register 24 by the user, the performance data register 30 applies to the
output terminal 60 the data corresponding to the performance parameters at that speed
grade and clock speed. The user can then read the performance parameters through the
output terminals 16 to design circuitry interfacing with the functional circuit 12 in an
optimum manner.

One embodiment of a speed grade register 22 and a clock speed register
24 is shown in Figure 2 along with the parameter access detector 26. The registers 22,
24 each include a pair of antifuses 40, 42 having one plate coupled to the output of the
parameter access detector 26 and the other plate coupled to ground through a resistor
44, 46, respectively. As is well-known in the art, the antifuses 40, 42 are programmed
by directing sufficient current through the antifuses 40, 42 to join one plate of the
antifuse to the other. Thus, the antifuses 40, 42 that are programmed are conductive,
while antifuses that are not programmed are non-conductive. The circuitry used to
perform this programming function is conventional and thus has not been included in
the interests of brevity and clarity. The manner in which the speed grade register 22
records the speed grade of the functional circuit 12 is illustrated in the table of
Figure 3A. If neither of the antifuses 40, 42 have been programmed with a short circuit,
the A0 and A1 bits of a binary number will both be “0” thereby providing an indication
that the functional circuit 12 has a speed grade of 30 nanoseconds. If only the antifuse
42 has been programmed, the speed grade register 22 provides an indication that the
functional circuit has a speed grade of 35 nanoseconds. If both antifuses 40, 42 are
programmed, the binary number “11” output from the speed grade register 22 is
indicative of a speed grade of 45 nanoseconds. As mentioned above, the speed grade
register 22 and the clock speed register 24 may be implemented using a variety of
nonvolatile data recording devices, in addition to the antifuses 40, 42 illustrated in

Figure 2.
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The junction between each antifuse 40, 42 and its respective resistor 44,
46 is applied to a respective decoder, i.e., a speed grade decoder 50 and a clock speed
decoder 52. The decoders 50, 52 decode the binary number A0, Al, A2, and A3,
respectively, from the antifuses 40, 42 and drive a corresponding one of its four outputs
active. Thus, for example, if the binary number is “00,” the decoder 50 or 52 will
output a high on its first terminal. If the binary number is “11,” the decoder 50 or 52
will output a high on its last terminal.

The antifuses 40, 42 in the clock speed register 24 operate in essentially
the same manner as the speed grade register 22. The user does not program either the
antifuse 40, 42 if a 200 MBPS clock will be used, only the antifuse 42 is programmed if
a clock speed of 400 MBPS will be used, etc.

Illustrative embodiments of the speed grade decoder 50 and the clock
speed decoder 52 are illustrated in Figure 4. As explained above, the decoders 50, 52
decode the binary signals applied to their inputs and generate an active high at one of its
outputs corresponding to the binary number. Each of the decoders 50, 52 includes four
NOR gates 60-66 and a pair of inverters 70, 72. The binary inputs A0 and Al or A2
and A3 are applied to the NOR gates 60-66 either directly or through the inverter 70, 72
so that the first NOR gate 60 receives the binary inputs to decode “00,” the NOR gate
62 receives the inverted AO or A2 bit to decode “01,” the NOR gate 64 receives the
inverted A1 or A3 bit to decode “10,” and the NOR gate 66 receives both inverted bits
AO and Al or A2 and A3 to decode “11.”

One embodiment of the performance data registers 30 is illustrated in
Figure 5. The performance data registers include four register sets 80-86 each of which
include four registers 90-96. Each register set 80-86 records the performance
parameters for a respective speed grade. Thus, for example, the register set 82 records
the performance parameters for a 35 nanosecond speed grade. Each of the registers 90,
96 records the performance parameters for a respective clock speed within the speed
grade. Thus, within the register set 80, the register 90 records the performance
parameters for a 30 nanosecond speed grade at a clock speed of 200 MBPS, the register

92 records the performance parameters for a 30 nanosecond speed grade at a clock



WO 99/44752 PCT/US99/04903

10

15

20

25

30

speed of 400 MBPS, the register 94 records the performance parameters for a 30
nanosecond speed grade at a clock speed of 600 MBPS, and the register 96 records the
performance parameters for a 30 nanosecond speed grade at a clock speed of 800
MBPS. Each of the registers 90, 96 has a data output that are coupled to each other and
a respective enable input.

The enable inputs for the registers 90-96 in each register set 80-86 is
coupled to a respective selector circuit 100-106. The selector circuits 100-106 are
coupled to the outputs of the speed grade decoder 50 and the clock speed decoder 52.
(The outputs of the speed grade decoder 50 are designated by the numbers 1-4, and the
outputs of the clock speed decoder 52 are designated by the letters A-D). Each of the
decoder circuits 100-106 includes four NAND gates 110-116. All of the NAND gates
110-116 in each selector circuit 90 are simultaneously enabled by an active high from
one of the outputs of the speed grade decoder 50. Thus, the NAND gates 110-116 in
the selector circuit 100 are all enabled by an active high “1” output from the speed
grade decoder 50 indicative of a 30 nanosecond speed grade. Similarly, all of the
NAND gates 110-116 in the selector circuit 106 are enabled by an active high on the
“4” output of the speed grade decoder 50 indicative of a 45 nanosecond speed grade.
Individual NAND gates 110-116 within each selector circuit 100-106 are enabled by a
respective output from the clock speed decoder 52. Thus, for example, the NAND gates
110 are enabled by an active high “A” output from the clock speed decoder 52
indicative of a clock speed of 200 MBPS. As a result, when the speed grade decoder 50
outputs an active high signal on output “2” indicative of a 35 nanosecond speed grade
and the clock speed decoder 52 outputs an active high signal on the “C” output
indicative of a 600 MBPS clock speed, the NAND gate 114 in the selection circuit 102
outputs a low. The low at the output of the NAND gate 114 enables the register 94 in
the register set 82 which then outputs data indicative of the performance parameters at a
35 nanosecond speed grade and a clock speed of 600 MBPS. The performance

parameters are then read by the user, as explained above.

Figure 6 is a block diagram of a computer system 200 that includes the

integrated circuit 10 of Figure 1 in which the functional circuit 12 is a memory device.
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The computer system 200 includes computer circuitry 202, such as a processor, for
performing various computing functions, such as executing specific software to perform
specific calculations or tasks. Included in the computer circuitry 202 is the integrated
circuit 10 containing the memory device as the functional circuit 12. In addition, the
computer system 200 includes one or more input devices 204, such as a keyboard or a
mouse, coupled to the computer circuitry 202 to allow an operator to interface with the
computer system 200. Typically, the computer system 200 also includes one or more
output devices 210 coupled to the computer circuitry 202, such output devices typically
being a printer or a video terminal. One or more data storage devices 212 are also
typically coupled to the computer circuitry 202 to store data or retrieve data from
external storage media (not shown). Examples of typical storage devices 212 include
hard and floppy disks, tape cassettes, and compact disc read-only memories
(CD-ROMs). The computer circuitry 202 is typically coupled to the memory device 12
through a control bus, a data bus, and an address bus to provide for writing data to and

reading data from the memory device 12.

While the invention has been described herein by way of exemplary
embodiments for purposes of illustration, various modifications may be made without
departing from the spirit and scope of the invention. Accordingly, the invention is not

limited except as by the appended claims.
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CLAIMS

1. A performance specifying circuit for recording performance parameters
of a functional circuit that is adapted to operate in synchronism with a clock signal applied to
the functional circuit, the performance specifying circuit and the functional circuit being
fabricated in a common integrated circuit, the performance specifying circuit comprising:

a speed grade register programmable by a manufacturer of the integrated
circuit to specify a speed performance capability of the functional circuit;

a clock speed register programmable by a user of the integrated circuit to
specify the frequency of the clock signal that will be applied to the functional circuit during
operation of the functional circuit;

a performance data recording circuit recording a plurality of sets of
performance parameters of the functional circuit, the performance parameters in each set
being specified for a respective combination of one of a plurality of speed performance
capabilities and one of a plurality of frequencies of the clock signal; and

a performance data selecting circuit coupled to the speed grade register, the
clock speed register, and the performance data recording circuit, the performance data
selecting circuit being operable to select one of the sets of recorded performance parameters
as a function of the programming of the speed grade register and the programming of the

clock speed register.

2. The performance specifying circuit of claim 1 wherein the speed grade
register comprises a plurality of programmable elements having respective conductive states
programmed during manufacture of the integrated circuit, the programmable elements being
programmed in a pattern corresponding to one of a plurality of speed grades of the functional

circuit.

3. The performance specifying circuit of claim 2 further comprising a
decoder coupled to each of the programmable elements, the decoder being operable to decode
the programmed pattern of the programmable elements and generate an output signal

corresponding thereto.



WO 99/44752 PCT/US99/04903

12

4. The performance specifying circuit of claim 2 wherein the

programmable elements comprises respective anti-fuses.

5. The performance specifying circuit of claim 1 wherein the clock speed
register comprises a plurality of programmable elements having respective conductive states
externally programmed after manufacture of the integrated circuit, the programmable
elements being programmed in a pattern corresponding to one of a plurality of frequencies of
the clock signal that may be applied to the functional circuit during operation of the

functional circuit.

6. The performance specifying circuit of claim 5 further comprising a
decoder coupled to each of the programmable elements, the decoder being operable to decode
the programmed pattern of the programmable elements and generate an output corresponding

thereto.

7. The performance specifying circuit of claim 5 wherein the

programmable elements comprises respective anti-fuses.

8. The performance specifying circuit of claim 1 further comprising a
parameter read mode detector having a plurality of externally accessible input terminals, the
read mode detector being operable to activate the performance specifying circuit to select one
of the sets of recorded performance parameters responsive to a predetermined set of

respective signals applied to the input terminals.

9. The performance specifying circuit of claim 1 wherein the performance
data recording circuit comprises a plurality of performance data registers each of which
records a respective one of the sets of performance parameters, the performance data selecting
circuit being operable to enable one of the performance data registers as a function of the

programming of the speed grade register and the programming of the clock speed register.



WO 99/44752 PCT/US99/04903

13

10.  The performance specifying circuit of claim 1 wherein the performance
data recording circuit comprises a plurality of sets of performance data registers, each set of
performance data registers recording the performance parameters of the functional circuit at a
respective speed grade at a plurality of frequencies of the clock signal, one of the sets of
performance data registers being selected by the performance data selecting circuit as a
function of the programming of the speed grade register, and one of the performance data
registers within the selected set being enabled by the performance data selecting circuit as a

function of the programming of the clock speed register.

11.  The performance specifying circuit of claim 1 wherein the functional

circuit comprises a memory device.

12. A performance specifying circuit for recording performance parameters
of a functional circuit that is adapted to operate in synchronism with a clock signal applied to
the functional circuit, the performance specifying circuit and the functional circuit being
fabricated in a common integrated circuit, the performance specifying circuit comprising:

a speed grade register programmable by a manufacturer of the integrated
circuit to specify a speed performance capability of the functional circuit;

a performance data recording circuit recording a plurality of sets of
performance parameters of the functional circuit, the performance parameters in each set
being specified for a respective one of a plurality of speed performance capabilities; and

a performance data selecting circuit coupled to the speed grade register, and
the clock speed register, the performance data selecting circuit being operable to select one of
the sets of recorded performance parameters as a function of the programming of the speed

grade register.

13.  The performance specifying circuit of claim 12 wherein the speed
grade register comprises a plurality of programmable elements having respective conductive
states programmed during manufacture of the integrated circuit, the programmable elements
being programmed in a pattern corresponding to one of a plurality of speed grades of the

functional circuit.
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14.  The performance specifying circuit of claim 13 further comprising a
decoder coupled to each of the programmable elements, the decoder being operable to decode
the programmed pattern of the programmable elements and generate an output signal

corresponding thereto.

15. The performance specifying circuit of claim 13 wherein the

programmable elements comprises respective anti-fuses.

16.  The performance specifying circuit of claim 12 further comprising a
parameter read mode detector having a plurality of externally accessible input terminals, the
read mode detector being operable to activate the performance specifying circuit to select one
of the sets of recorded performance parameters responsive to a predetermined set of

respective signals applied to the input terminals.

17.  The performance specifying circuit of claim 12 wherein the
performance data recording circuit comprises a plurality of performance data registers each of
which records a respective one of the sets of performance parameters, the performance data
selecting circuit being operable to enable one of the performance data registers as a function

of the programming of the speed grade register.

18.  The performance specifying circuit of claim 12 wherein the functional

circuit comprises a memory device.

19. A performance specifying circuit for recording performance parameters
of a functional circuit that is adapted to operate in synchronism with a clock signal applied to
the functional circuit, the performance specifying circuit and the functional circuit being
fabricated in a common integrated circuit, the performance specifying circuit comprising:

a clock speed register programmable by a user of the integrated circuit to
specify the frequency of the clock signal that will be applied to the functional circuit during

operation of the functional circuit;
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a performance data recording circuit recording a plurality of sets of
performance parameters of the functional circuit, the performance parameters in each set
being specified for a respective one of a plurality of frequencies of the clock signal; and

a performance data selecting circuit coupled to the clock speed register and the
performance data recording circuit, the performance data selecting circuit being operable to
select one of the sets of recorded performance parameters as a function of the programming

of the programming of the clock speed register.

20. The performance specifying circuit of claim 19 wherein the clock
speed register comprises a plurality of programmable elements having respective conductive
states externally programmed after manufacture of the integrated circuit, the programmable
elements being programmed in a pattern corresponding to one of a plurality of frequencies of
the clock signal that may be applied to the functional circuit during operation of the

functional circuit.

21.  The performance specifying circuit of claim 20 further comprising a
decoder coupled to each of the programmable elements, the decoder being operable to decode
the programmed pattern of the programmable elements and generate an output corresponding

thereto.

22.  The performance specifying circuit of claim 20 wherein the

programmable elements comprises respective anti-fuses.

23. The performance specifying circuit of claim 19 further comprising a
parameter read mode detector having a plurality of externally accessible input terminals, the
read mode detector being operable to activate the performance specifying circuit to select one
of the sets of recorded performance parameters responsive to a predetermined set of

respective signals applied to the input terminals..

24.  The performance specifying circuit of claim 19 wherein the

performance data recording circuit comprises a plurality of performance data registers each of
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which records a respective one of the sets of performance parameters, the performance data
selecting circuit being operable to enable one of the performance data registers as a function

of the programming of the clock speed register.

25.  The performance specifying circuit of claim 19 wherein the functional

circuit comprises a memory device.

26. A computer system, comprising:

a clock circuit generating a clock signal;

a processor coupled to the clock circuit to receive the clock signal, the

processor having a processor bus;

an input device coupled to the processor through the processor bus adapted to

allow data to be entered into the computer system;

an output device coupled to the processor through the processor bus adapted to

allow data to be output from the computer system; and

an integrated circuit coupled to the clock circuit to receive the clock signal, the

integrated circuit including a memory device adapted to operate in synchronism with the
clock signal and a performance specifying circuit recording performance parameters of the
memory device, the memory device being coupled to the processor bus to allow data to be
read from the memory device by the processor and to allow data to be written to the memory
device by the processor, the performance specifying circuit comprising:

a speed grade register programmable by a manufacturer of the integrated
circuit to specify a speed performance capability of the memory device;

a clock speed register programmable by a user of the integrated circuit to
specify the frequency of the clock signal;

a performance data recording circuit recording a plurality of sets of
performance parameters of the functional circuit, the performance parameters in each
set being specified for a respective combination of one of a plurality of speed
performance capabilities and one of a plurality of frequencies of the clock signal; and

a performance data selecting circuit coupled to the speed grade register, the

clock speed register, and the performance data recording circuit, the performance data
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selecting circuit being operable to select one of the sets of recorded performance
parameters as a function of the programming of the speed grade register and the

programming of the clock speed register.

27. The computer system of claim 26 wherein the speed grade register
comprises a plurality of programmable elements having respective conductive states
programmed during manufacture of the integrated circuit, the programmable elements being
programmed in a pattern corresponding to one of a plurality of speed grades of the memory

device.

28. The computer system of claim 27 further comprising a decoder coupled
to each of the programmable elements, the decoder being operable to decode the programmed

pattern of the programmable elements and generate an output signal corresponding thereto.

29.  The computer system of claim 27 wherein the programmable elements

comprises respective anti-fuses.

30. The computer system of claim 26 wherein the clock speed register
comprises a plurality of programmable elements having respective conductive states
externally programmed after manufacture of the integrated circuit, the programmable
elements being programmed in a pattern corresponding to one of a plurality of alternative

frequencies of the clock signal.

31.  The computer system of claim 30 further comprising a decoder coupled
to each of the programmable elements, the decoder being operable to decode the programmed

pattern of the programmable elements and generate an output corresponding thereto.

32.  The computer system of claim 30 wherein the programmable elements

comprises respective anti-fuses.

33.  The computer system of claim 26 further comprising a parameter read

mode detector having a plurality of externally accessible input terminals, the read mode
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detector being operable to activate the performance specifying circuit to select one of the sets
of recorded performance parameters responsive to a predetermined set of respective signals

applied to the input terminals.

34.  The computer system of claim 26 wherein the performance data
recording circuit comprises a plurality of performance data registers each of which records a
respective one of the sets of performance parameters, the performance data selecting circuit
being operable to enable one of the performance data registers as a function of the

programming of the speed grade register and the programming of the clock speed register.

35. The computer system of claim 26 wherein the performance data
recording circuit comprises a plurality of sets of performance data registers, each set of
performance data registers recording the performance parameters of the memory device at a
respective speed grade at a plurality of frequencies of the clock signal, one of the sets of
performance data registers being selected by the performance data selecting circuit as a
function of the programming of the speed grade register, and one of the performance data
registers within the selected set being enabled by the performance data selecting circuit as a

function of the programming of the clock speed register.

36. A method of recording and reading performance parameters of an
integrated circuit that is adapted to operate in accordance with a clock signal that may have
one of a plurality of clock frequencies, the method comprising:

testing the integrated circuit to measure at least one speed parameter of the
integrated circuit;

recording a speed grade value in the integrated circuit, the speed grade value
corresponding to the measured speed parameter;

determining the frequency of the clock signal;

recording a clock speed value in the integrated circuit, the clock speed value
corresponding to the determined frequency of the clock signal;

recording in the integrated circuit a plurality of sets of performance parameters

of the integrated circuit, the performance parameters in each set being specified for a
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respective combination of one of a plurality of speed performance capabilities and one of a
plurality of frequencies of the clock signal;

selecting one of the sets of recorded performance parameters as a function of
the recorded speed grade value and the recorded clock speed value; and

reading the selected set of performance parameters.

37. The method of claim 36 wherein the step of testing the integrated
circuit to measure at least one speed parameter comprises testing the integrated circuit during

manufacture of the integrated circuit.

38.  The method of claim 37 wherein the step of recording a speed grade
value in the integrated circuit comprises recording a speed grade value in the integrated

circuit during manufacture of the integrated circuit.

39.  The method of claim 36 wherein the step of recording a clock speed
value in the integrated circuit comprises recording the clock speed value in the integrated

circuit after manufacture of the integrated circuit.

40. The method of claim 36 wherein the step of recording in the integrated
circuit a plurality of sets of performance parameters of the integrated circuit comprises
recording a plurality of sets of performance parameters during manufacture of the integrated

circuit.

41. A method of recording and reading performance parameters of an
integrated circuit, the method comprising:

testing the integrated circuit to measure at least one speed parameter of the
integrated circuit;

recording a speed grade value in the integrated circuit, the speed grade value

corresponding to the measured speed parameter;
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recording in the integrated circuit a plurality of sets of performance parameters
of the integrated circuit, the performance parameters in each set being specified for a
respective one of a plurality of speed performance capabilities;

selecting one of the sets of recorded performance parameters as a function of
the recorded speed grade value; and

reading the selected set of performance parameters.

42.  The method of claim 41 wherein the step of testing the integrated
circuit to measure at least one speed parameter comprises testing the integrated circuit during

manufacture of the integrated circuit.

43.  The method of claim 42 wherein the step of recording a speed grade
value in the integrated circuit comprises recording a speed grade value in the integrated

circuit during manufacture of the integrated circuit.

44. The method of claim 41 wherein the step of recording in the integrated
circuit a plurality of sets of performance parameters of the integrated circuit comprises
recording a plurality of sets of performance parameters during manufacture of the integrated

circuit.

45. A method of recording and reading performance parameters of an
integrated circuit that is adapted to operate in accordance with a clock signal that may have
one of a plurality of clock frequencies, the method comprising:

determining the frequency of the clock signal;

recording a clock speed value in the integrated circuit, the clock speed value
corresponding to the determined frequency of the clock signal;

recording in the integrated circuit a plurality of sets of performance parameters
of the integrated circuit, the performance parameters in each set being specified for a
respective one of a plurality of frequencies of the clock signal;

selecting one of the sets of recorded performance parameters as a function of

the recorded clock speed value; and
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reading the selected set of performance parameters.

46.  The method of claim 45 wherein the step of recording a clock speed
value in the integrated circuit comprises recording the clock speed value in the integrated

circuit after manufacture of the integrated circuit.

47.  The method of claim 45 wherein the step of recording in the integrated
circuit a plurality of sets of performance parameters of the integrated circuit comprises
recording a plurality of sets of performance parameters during manufacture of the integrated

circuit.
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