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AN APPARATUS AND METHOD FOR
ADDRESS BUS POWER CONTROL

RELATED APPLICATION

[0001] The present application is a continuation-in-part of U.S. Patent application
n0.10/317,798, filed on December 11, 2002.

FIELD OF THE INVENTION

[0002] One or more embodiments of the invention relate generally to the field of
integrated circuit and computer system design. More particularly, one or more of the
embodiments of the invention relates to a method and apparatus for address bus power

control.

BACKGROUND OF THE INVENTION

[0003] Communications between devices within a computer system are typically
performed using one or more buses that interconnect such devices. These buses may be
dedicated buses coupling two devices or non-dedicated buses that are multiplexed by a
number of units and devices (e.g., bus agents). Moreover, buses within a computer system
may be dedicated to transferring a specific type of information. For example, the x86
microprocessor architecture developed by Intel Corporation of Santa Clara, California,
includes a three bus system with address, data and control buses for respectively

transferring address, data and control signals.

[0004] In computer systems employing advanced architectures and processors, such as
Pentium®Pro, Pentium®II, Pentium®III or Pentium®4 processors, bus transactions
typically occur in a pipelined manner. Specifically, the next memory access may start
after a previous transaction request is issued; and all components or phases of a bus
transaction are not required to complete before another bus transaction may be initiated.
Accordingly, requests from numerous bus agents may be pending at any one time. The
pipelining of bus transactions is facilitated by separate data and address buses. When an
address of a request is being sent on an address bus, data (or signals) corresponding to an

address previously issued on the address bus may be returned on the data bus.
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[0005] A vast amount of research and system architecture design efforts have been
directed to increasing data throughput within computer systems. Technologies such as,
data pipelining, out-of-order execution, and the like, enable advanced architectures and

processing with significantly higher clock rates and world-class performance.

[0006] Furthermore, this research, as well as architecture redesign, has enabled a mobile
market for laptop computers, hand held devices, personal digital assistants (PDAs), and
the like. Unfortunately, such mobile platforms may be limited to a run time dictated by
the life of a battery used by the respective mobile platforms when another power source is
not available. Depending on the complexity of the mobile platform, power resources from
an attached battery may be depleted within a relatively short amount of time. In part, this
is due to the fact that many electronic elements of the platform continue to consume power

even when they are not being used.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] The various embodiments of the present invention are illustrated by way of
example, and not by way of limitation, in the figures of the accompanying drawings and in
which:

[0008] FIG.1 is a block diagram illustrating a prior processor and memory control
hub.

[0009]  FIG. 2 is a block diagram illustrating a processor having an input buffer in

accordance with one embodiment.

[0010]  FIG. 3 is a block diagram illustrating a single processor system platform in

accordance with one embodiment.

[0011]  FIG. 4 illustrates a timing diagram in accordance with one embodiment.
[0012]  FIG. 5 illustrates a flow chart in accordance with one embodiment.
[0013] FIG.6 illustrétes a flow chart in accordance with one emBodiment.

[0014] FIG. 7 illustrates a flow chart in accordance with one embodiment;
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[0015]  FIG. 8 is a block diagram illustrating various design representations or formats

for simulation, emulation and fabrication of a design using the disclosed techniques.

[0016] FIG.9 is a block diagram illustrating a single processor system platform in

accordance with one embodiment.

[0017]  FIG. 10 is a block diagram illustrating a processor having an address input

sense amplifiers in accordance with one embodiment.

[0018] FIG. 11 illustrates a timing diagram that demonstrates a technique for enabling

address sense amplifiers.

[0019] FIG. 12 illustrates a processor having data sense amplifiers in accordance with

one embodiment.

[0020] FIG. 13 illustrates a timing diagram that demonstrates a technique for enabling

data sense amplifiers.

[0021] FIG. 14 illustrates a block diagram illustrating a multi-processor system platform

in accordance with one embodiment.

[0022] FIG. 15 illustrates a circuit that can be used to latch address values in a multi-

processor environment.

[0023] FIG. 16 illustrates a timing diagram that demonstrates a technique for enabling

address sense amplifiers within a multi-processor environment

[0024] FIG. 17 illustrates a circuit that can be used to latch both data and address

values.

DETAILED DESCRIPTION

[0025] In the following description, numerous specific details such as logic
implementations, sizes and names of signals and buses, types and interrelationships of
system components, and logic partitioning/integration choices are set forth in order to

provide a more thorough understanding. It will be appreciated, however, by one skilled in
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the art that the invention may be practiced without such specific details. In other instances,
control structures and gate level circuits have not been shown in detail in order not to
obscure the invention. Those of ordinary skill in the art, with the included descriptions,

will be able to implement appropriate logic circuits without undue experimentation.

[0026] FIG. 1 is a diagram illustrating a prior processor (CPU) 110 and memory
controller (MCH) arrangement for an exemplary computer system. As illustrated, CPU
110 may include input buffers 112 that operate to capture data received via data lines of a
processor system bus or front-side bus (FSB) 102. The input buffers 112 of CPU 110
include a plurality of address bus input sense amplifiers 114 (114-1, ..., 114-N) that may
be coupled to sense data transmitted to the CPU 110 via a data bus portion of the FSB 102.

[0027] For the CPU 110, the data bus input sense amplifiers 114 are continuously
enabled following system initialization. While enabled, the data input sense amplifiers

114 consume power.

[0028] Referring now to FIG. 2, a processor (CPU) of one embodiment is described. For
the embodiment shown in FIG. 2, the CPU 300 is a mobile platform CPU. It will be
appreciated that, for other embodiments, the CPU 300 may be a different type of processor
including, for example, a digital signal processor, a graphics processor, an embedded

processor, etc.

[0029] As illustrated, CPU 300 includes input buffers that are shown collectively as input
buffer 310. The input buffer 310 includes N address input sense amplifiers 320 (320-1,

..., 320-N). The sense amplifiers 320 have outputs coupled to internal address bus signal
lines (paddr) 322 (322-1, ..., 322-N-1). Input buffer 310 may also be coupled to
additional internal data and/or control lines. For one embodiment, the sense amplifiers
320 have inputs coupled to a plurality of address lines FSB A[0..N-1]# of a front-side bus
(FSB) 330.

[0030] For one embodiment, the FSB 330 is compatible with the Pentium®4 processor
front-side bus protocol, aspects of which are described in copending Singh et al., U.S.
patent application no. US 2001/0037421 Al published 11/01/2001. Where the FSB is
compatible with the Pentium 4 processor front-side bus, the FSB 330 includes 64 data

lines FSB D[0..63]. For other embodiments, it will be appreciated that the FSB 330 may
4
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be compatible with a different bus protocol and/or may include a different number of data

lines.

[0031] With continuing reference to FIG. 2, for one embodiment, the input buffer 310
further includes a latch 352 that is coupled to receive a bus clock (BCLK) signal and an
address bus power control (BPRI#) signal 350 associated with FSB 330. For one
embodiment, the BPRI# signal may be received from, for example, a chipset device (not
shown) that is further coupled to CPU 300 over the FSB 330. An output of the latch 352

is coupled to enable inputs of each of the address input sense amplifiers 320.

[0032] In operation, as the BCLK signal transitions, the latch 352 latches the state of the
BPRI# signal. In response to the BPRI# signal being asserted, the address input sense
amplifiers 320 of input buffer 310 are enabled to capture an address from FSB 330 via
address lines FSB A[0..N-1]#. Conversely, in response to the BPRI# signal being
deasserted, the input address sense amplifiers are disabled. When the input sense
amplifiers are disabled, their power dissipation, primarily thermal dissipation power

(TDP) due to a bias current provided by the input buffer, is reduced.

[0033] FIG. 3 is a block diagram of computing system 500 of one embodiment in which
the CPU 300 of FIG. 2 may be advantageously used. In addition to the CPU 300, the
system 500 includes a memory controller, referred to in one embodiment, as a memory
control hub (MCH) 510, and an input/output (I/O) controller, referred to in one
embodiment, as an I/O control hub (ICH) 530. Together, the MCH 510 and ICH 530 may
be referred to as a chipset 502. The MCH 510 is coupled to the CPU 300 via the FSB 330
and to the ICH 530 via bus 150. Also coupled to the MCH 510 is main memory 520 and
one or more graphics devices 550. The MCH may also have integrated graphic support

(e.g., for use in mobile applications).

[0034] An J/O subsystem of the system 500 may include a variety of different types of
input and/or output devices coupled to the ICH 530, such as a hard disk drive (HDD) 210,
one or more USB ports 190 may be coupled to ICH 530 via a universal serial bus (USB)
192, and/or one or more peripheral component interconnect (PCI)- devices 180 may be

coupled to the ICH via a corresponding bus 182. Additionally, for some embodiments one
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or moré audio channels 170 and/or a local area network (LAN) interface 220 may also be

coupled to ICH 530.

[0035] Implementations with various processors and front-side bus technologies are
possible. In an embodiment where the FSB 330 is compatible with the P4 processor front-
side bus, the FSB 330 is a pipelined data bus that includes address, data and control

portions, which may alternately be referred to herein as address, data and control buses.

[0036] Devices coupled to the FSB 330 are also referred to herein as bus agents in
reference to the FSB 330. For one embodiment, three types of agents may reside on FSB
330: request agents, response agents, and snoop agents. A request agent is a device that
initiates a transaction by issuing a request such as, for example, a memory or I/O read or
write request. A response agent is the target of the transaction such as, for example, an
T/O target or a memory target. Snoop agents are devices on the bus typically associated
with cache memories. For other embodiments, bus agents may be classified in a different

manner.

[0037] Where the FSB 330 is a pipelined bus, bus transactions may be separated into
phases and multiple transactions may overlap. Specifically, all components or phases of a
bus transaction are not required to be completed before another bus transaction may be

initiated.

[0038] As used herein, the term “transaction” designates a bus activity that is related to a
single bus access request. A transaction may include several phases, each phase being
associated with a specific set of bus signals to communicate a particular type of
information. For one embodiment, exemplary phases may include, for example, an

arbitration phase, a request phase, a snoop phase, a response phase and/or a data phase.

[0039] In the request phase, the requesting agent drives request control and address
information on the FSB 330. During a subsequent snoop phase, it is determined, whether
sought after data is stored locally and/or whether the transaction is likely to be completed
in order with respect to previously issued transactions. In a response phase, a response
agent reports to the requesting agent information indicating whether the requested

transaction has succeeded or failed. If the requested transaction includes data transfer, a
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data phase, also referred to as a data transfer phase, may be initiated in response to the

assertion of a data ready (DRDY#) signal.

[0040] As shown in FIG. 3, in one embodiment, the BPRI# signal discussed above is to
be asserted and deasserted by the MCH 510 as part of the FSB 330. In one embodiment,
the MCH includes a controller 512 to cause assertion and deassertion of the BPRI# signal.
In alternative embodiments, the controller 512 may be provided on other devices/agents
coupled to the FSB 330. The manner in which the controller 512 is to cause assertion and

deassertion of the BPRI# signal is discussed in more detail below.

[0041] In one embodiment, the controller 512 is to cause assertion and deassertion of the
BPRI# signal such that the input address sense amplifiers 320 of the CPU 300 are disabled
during times that there is no address activity on the FSB 330 and enabled prior to address
transfer operations. For one embodiment, the controller is to apply the BPRI# signal in
time for the processor to acquire the address information. Said another way, the controller
512 is to cause assertion of the BPRI# signal such that the sense amplifiers 320 of the CPU
300 are enabled in time to sense the address values provided on the FSB 330. Once the
address values have been transferred across the FSB 330 to the processor, if there are no
upcoming address value transfers Within a predetermined timeframe (e.g. a given number
of clock periods), the controller 512 is to cause deassertion of the BPRI# signal to reduce

power consumption of the sense amplifiers

[0042] FIG. 4 is a timing diagram illustrating the BPRI# signal for an embodiment that
may be used within a computing system (e.g., as observed in Figure 3). The timing
diagram of FIG. 4 shows clock periods T1 —T10 of: 1) a bus clock (BCLK) signal 410
that was referred to above with respect to the discussion of FIG. 2; 2) a bus request signal
BR[0]# signal 420 that is controlled by the computing system processor; 3) the BPRI#
signal 350; 4) a LOCK# signal 430 for locking the bus; 5) an address strobe signal (ADS#)

440; and, 6) a representation of the address values that are presented on the address bus.

[0043] For the above signals, a “#” at the end of the signal name indicates that the
associated signal is an active low signal (i.e. considered to be asserted when it is at a logic
low level). It will be appreciated that active high signals may be used instead with

corresponding changes in associated circuitry to provide similar functionality. Further, for
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one embodiment, one or more of the FSB 330 signals are low voltage swing signals that

have a voltage swing smaller than full swing.

[0044] In the example transaction illustrated in FIG. 4, the FSB is “quiet” at clock
cycle T1 with respect to the transfer of address values and; as a consequence, the sense
amplifiers of the processor are in a disabled, low power consumption state. A controller of
the sending bus agent then begins a process for transferring address values to a receiving
bus agent over the FSB by causing the assertion of the BPRI # signal 350 in T2. The
process may be initiated, for example, if the sending bus agent recognizes that it needs to
send a request to the receiving bus agent. Here, the request may be made (e.g., during a
request phase of the bus protocol) by presenting address values on the address bus. In one
embodiment, the sending bus agent is an MCH (e.g., MCH 512 of FIG. 3); and, the
receiving bus agent is a processor (e.g., CPU 300 of FIG. 3). In this case, the MCH may
be given a priority agent status so that the MCH can take control of the FSB if the MCH
has a need to use the FSB.

[0045] In an embodiment, the sending agent (e.g., the MCH 512 of FIG. 3) includes a
controller 512 that recognizes a transfer of address values is to be performed (e.g., by
recognizing that a request should be sent over the bus); and, as a consequence causes the
assertion of the BPRI# signal 350 sufficiently before the address values are to be received
by the receiving agent (so that the sense amplifiers of the receiving agent are properly
enabled to receive the address values). Here, the receiving bus agent detects the assertion
of the BPRI# signal; and, in response, the sense amplifiers are enabled. As such, more
generally, the controller is to cause the assertion of a power signal (e.g., the BPRI# signal
of FIG. 4); which, in turn, causes the sense amplifiers of a receiving agent to become
enabled.

[0046] In the embodiment of FIG. 4, the receiving bus agent begins to enable its sense
amplifiers on the next clock cycle following the clock cycle in which the BPRI# signal
350 was asserted. A full clock cycle is consumed (clock cycle T3) in order to ensure that
the sense amplifiers will properly receive address values from the FSB. That is, according
to the embodiment of FIG. 4, the BPRI# signal 350 is latched by the receiving bus agent
on the clock edge between clock cycles T2 and T3. In response to detection of the BPRI#
signal by the receiving agent, the receiving agent enables the sense amplifiers. The sense

8
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amplifiers are then given the full, following clock cycle (clock cycle T3) to become
sufficiently enabled to receive address values from the sending bus agent. Because of the
transition from disabled to enabled that occurs in clock cycle T3, the sense amplifiers are
regarded as “disabled” in clock cycle T3. At clock cycle T4 of the embodiment of FIG. 4,
the sending bus agent presents the address values of the FSB (as signified by “Req A” and
“Req B” in FIG. 4) with the assertion of the address strobe signal (ADS#) 440.

[0047] As a consequence, in the embodiment of FIG. 4, the Req A and Req B address
values are latched into the receiving bus agent through the sense amplifiers on
appropriately positioned clock edges (e.g., the falling edge of bus clock 410 during clock
cycle T4 to latch the Req A values; and, the rising edge of bus clock 410 between clock
cycles T4 and T5 to latch the Req B values). The sending bus agent also de-asserts the
address strobe 440 during clock cycle TS5 so that an immediately following, transfer of
address values (“Req A” and “Req B” during cycle T6) can be clearly delineated from the
address value transfer that occurred during clock cycle T4. The address strobe 440 is then

re-asserted during clock cycle T6 to effect the second address value transfer.

[0048]  Note that, in the embodiment of FIG. 4, the controller 512 of the sending agent
causes the de-assertion of the BPRI# signal 350 with the re-assertion of the address strobe
signal 440 during clock cycle T6. In an embodiment, the controller of the sending bus
agent (e.g., the aforementioned controller such as the controller 512 of Figure 3) is
designed to: 1) recognize that a “next” transfer of address values is not going to occur for
at least some time period (e.g., a number of clock cycles beyond the “current” transfer of
address values (the “current” transfer, at clock cycle T6, being the second transfer of Req
A and Req B values)); and, 2) as a consequence, cause the de-assertion of the BPRI#
signal 350 so as to disable the sense amplifiers shortly after the current address value
transfer is received by the receiving bus agent. Here, again, in an embodiment the
controller recognizes whether or not a “next” transfer address is to going to occur by
monitoring whether or not a request needs to be made over the FSB. That is, requests are

presented on the bus by placing address values of on the address bus portion of the FSB.

[0049] In the example of FIG. 4, it is recognized as of clock cycle T6 that another
transfer of address values does not follow the “T6” transfer for at least four clock cycles
(because, as seen in FIG. 4, no address value transfers occur between clock cycles T6 and

9



10

15

20

25

WO 2004/053706 PCT/US2003/037614

T10); and, as a consequence, the controller 512 causes the de-assertion of the BPRI#
signal to be de-asserted at clock cycle T6. It will be appreciated that, for other
embodiments, a different number of clock periods or another measure of time between
subsequent address transfers may be used to cause the de-assertion of the BPRI# signal
440.

[0050] A method for address bus power control is described in the flow chart 500
illustrated in FIG. 5. At process block 502, a sending agent (e.g., the MCH) detects an
address is to be transferred to the receiving agent (e.g., processor). At process block 504,
the sending agent determines when to assert the BPRI# signal. At process block 506, the
sending agent causes assertion of the BPRI# signal to enable the sense amplifiers of the

receiving agent to receive the address.

[0051] At process block 508 the sending agent determines when to cause the
deassertion of the BPRI# signal, based on the completion of the address transfer to the
receiving agent. At process block 510, the sending agent causes the deassertion of the
BPRI# signal which causes the address input sense amplifiers of the receiving agent to be
disabled.

[0052] FIG. 6 depicts a flow chart 600 illustrating an additional technique for causing
the deassertion of the address bus power control signal BPRI#, in accordance with one
embodiment. At process block 602 the sending agent determines whether an additional
address (an additional address with respect to the current address being transferred to the
receiving agent) will be sent to the receiving agent. If such an additional address is not
detected, at process block 608 the address bus power control signal BPRI# is caused to be
deasserted, following completion of the current address transfer, to disable the address

input sense amplifiers of the receiving agent.

[0053] Conversely, if the sending agent detects an additional address is to be transferred
to the receiving agent, in processing block 604 the sending agent determines if the
additional address is to be sent to the receiving agent within a predetermined clock period.
If the additional address is to be transferred beyond the predetermined clock period, at

process block 608 the address bus power control signal BPRI# is caused to be deasserted,
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following completion of the current address transfer, to disable the address input sense

amplifiers of the receiving agent.

[0054] If the additional address is to be transferred within the predetermined clock
period, at process block 606 the sending agent delays deasserting the address bus power
control signal BPRI#, to have the address input sense amplifiers continue to be enabled.
At process block 608, the sending agent deasserts the BPRI # signal to disable the address
sense amplifiers of the receving agent following completion of the additional address

transfer, to disable the address input sense amplifiers of the receiving agent.

[0055] A method for data bus power control is described in the flow chart 700 illustrated
in FIG. 7. In process block 702, the receiving agent (e.g., a CPU) is to receive an address
from a separate agent. In process block 704, prior to receiving the address, the receiving
agent detects assertion of the BPRI# signal, which causes the address input sense
amplifiers of the receiving agent to be enabled to receive the address. In process block
706, the receiving agent receives the address. In process block 708, the receiving agent
detects the deassertion of the BPRI# signal, which causes the disabling of the address

input sense amplifiers of the receiving agent to reduce power consumption.

[0056] FIG. 8 is a block diagram illustrating various design representations or formats
for simulation, emulation and fabrication of a design using the disclosed techniques. Data
representing a design may represent the design in a number of manners. First, as is useful
in simulations, the hardware may be represented using a hardware description language, or
another functional description language, which essentially provides a computerized model
of how the designed hardware is expected to perform. The hardware model 810 may be
stored in a storage medium 800, such as a computer memory, so that the model may be
simulated using simulation software 820 that applies a particular test suite 830 to the
hardware model to determine if it indeed functions as intended. In some embodiments, the

simulation software is not recorded, captured or contained in the medium.

[0057] Additionally, a circuit level model with logic and/or transistor gates may be
produced at some stages of the design process. The model may be similarly simulated
some times by dedicated hardware simulators that form the model using programmable

logic. This type of simulation taken a degree further may be an emulation technique. In
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any case, reconfigurable hardware is another embodiment that may involve a machine

readable medium storing a model employing the disclosed techniques.

[0058]  Furthermore, most designs at some stage reach a level of data representing the
physical placements of various devices in the hardware model. In the case where
conventional semiconductor fabrication techniques are used, the data representing the
hardware model may be data specifying the presence or absence of various features on
different mask layers or masks used to produce the integrated circuit. Again, this data
representing the integrated circuit embodies the techniques disclosed in that the circuitry

logic and the data can be simulated or fabricated to perform these techniques.

[0059] In any representation of the design, the data may be stored in any form of a
machine readable medium. An optical or electrical wave 860 modulated or otherwise
generated to transport such information, a memory 850 or a magnetic or optical storage
840, such as a disk, may be the machine readable medium. Any of these mediums may
carry the design information. The term “carry” (e.g., @ machine readable medium carrying
information) thus covers information stored on a storage device or information encoded or
modulated into or onto a carrier wave. The set of bits describing the design or a particular
of the design are (when embodied in a machine readable medium, such as a carrier or
storage medium) an article that may be sealed in and out of itself, or used by others for

further design or fabrication.

Alternate Embodiments

[0060] It will be appreciated that, for other embodiments, a different system
configuration may be used. For example, while the system 500 includes a single CPU
300, for other embodiments, a multiprocessor system (where one or more processors may
be similar in configuration and operation to the CPU 300 described above) may benefit
from the address bus power control approach of various embodiments. Further different
type of system or different type of computer system such as, for example, a server, a
workstation, a desktop computer system, a gaming system, an embedded computer system,

a blade server, etc., may be used for other embodiments.
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[0061] Having disclosed exemplary embodiments, modifications and variations may be
made to the disclosed embodiments while remaining within the scope of the embodiments

of the invention as defined by the following claims.

Downward Compatible Power Saving Bus Design

[0062] FIG. 9 is a block diagram of an exemplary single processor computing system 900
in which a Central Processing Unit (CPU) 901 may be used. In addition to the CPU 901,
the system 900 includes a memory controller, referred to in one embodiment, as a memory
control hub (MCH) 910, and an input/output (I/O) controller, referred to in one
embodiment, as an I/O control hub (ICH) 930. Together, when implemented as a plurality
of semiconductor chips, the MCH 910 and ICH 930 may be referred to as a chipset 902.
The MCH 910 is coupled to the CPU 901 via the front side bus (FSB) 931 and to the ICH
930 via bus 950. Also coupled to the MCH 910 is main memory 920 and one or more
graphics devices 940.

[0063] An 1/O subsystem of the computing system 900 may include a variety of different
types of input and/or output devices coupled to the ICH 930, such as a hard disk drive
(HDD) 911, one or more USB ported devices 912 may be coupled to ICH 930 via a
universal serial bus (USB) 913, and/or one or more peripheral component interconnect
(PCI)- devices 914 may be coupled to the ICH via a corresponding PCI bus 915.
Additionally, for some embodiments one or more audio channels 916 and/or a local area
network (LAN) interface 917 may also be coupled to ICH 930. Note that in at least one
embodiment, the FSB 931 is compatible with a P4 processor front-side bus from Intel

corporation.

[0064] Devices coupled to the FSB 931 are also referred to herein as bus agents in
reference to the FSB 931. For one embodiment, three types of agents may reside on FSB
931: request agents, response agents, and snoop agents. A request agent is a device that
initiates a transaction by issuing a request such as, for example, a memory or I/O read or

write request. A response agent is the target of the transaction such as, for example, an
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I/O target or a memory target. Snoop agents are devices on the bus typically associated
with cache memories. For other embodiments, bus agents may be classified in a different

manner.

[0065] Where the FSB 931 is a pipelined bus, bus transactions may be separated into
phases and multiple transactions may overlap. Specifically, all components or phases ofa
bus transaction are not required to be completed before another bus transaction may be

initiated.

[0066] As used herein, the term “transaction” designates a bus activity that is related to a
single bus access request. A transaction may include several phases, each phase being
associated with a specific set of bus signals to communicate a particular type of
information. For one embodiment, exemplary phases may include, for example, an
arbitration phase, a request phase, an error phase, a snoop phase, a response phase and/or a

data phase.

[0067] In the request phase, the requesting agent drives request control and address
information on the FSB 931. During a subsequent snoop phase it is determined whether
sought after data is stored locally and/or whether the transaction is likely to be completed
in order with respect to previously issued transactions. In a response phase, a response
agent reports to the requesting agent information indicating whether the requested
transaction has succeeded or failed. If the requested transaction includes a data transfer, a
data phase, also referred to as a data transfer phase, may be performed with the assertion
of a data ready (DRDY#) signal.

[0068] As described in more detail below, a request signal may be asserted by the MCH
910 to use the FSB 931. Often, because of the importance that memory 920 has to the
overall efficiency of the computing system as a whole, the MCH 910 is referred to as a
“priority” agent upon the FSB 931. As such, in various embodiments, the aforementioned
request signal that the MCH 910 asserts on the FSB 931 is referred to as a “Bus Priority
agent Request Indication” (BPRI). When the MCH 910 desires to-use the FSB 931, the
MCH asserts the BPRI# signal; and, when the MCH 510 no longer desires to use the FSB
931, the MCH de-asserts the BPRI# signal (noting that the nomenclature # indicates an
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active low signal). The MCH includes a controller 918 (or control logic 918) to control
the assertion and de-assertion of the BPRI# signal.

[0069] In one embodiment, the controller 918 causes assertion of the BPRI# signal such
that sense amplifiers within the CPU 901 are enabled in time to sense the address values
provided on the FSB 931 by the MCH 910. Once the address values have been transferred
across the FSB 931 to the processor 901, if there are no upcoming address value transfers
within a predetermined timeframe (e.g. a given number of clock periods), the controller
918 causes de-assertion of the BPRI# signal to reduce power consumption of the sense

amplifiers.

[0070] Referring now to FIG. 10, a CPU 1001 is observed. CPU 1001 of Figure 10 may
be viewed as corresponding to an embodiment of CPU 901 referred to just above with
respect to FIG. 9. As illustrated, CPU 1001 includes an input buffer that is shown
collectively as input buffer 1010. The input buffer embodiment 1010 of FIG. 10 includes
(N-1)-3 address input sense amplifiers 1020 (1020-3, ..., 1020-(N-1)). The sense
amplifiers 1020 have outputs coupled to internal address bus signal lines (paddr) 1022
(1022-3, ..., 1022-(N-1)). Input buffer 1010 may also be coupled to additional internal
data and/or control lines. For one embodiment, the sense amplifiers 1020 have inputs
coupled to a plurality of address lines FSB A[3..N-1]# that exist on the front-side bus
(FSB) 1031. FSB address bus 1031 (hereinafter referred to as FSB 1031) of FIG. 10 may
be viewed, for as example, as corresponding to the address portion of FSB 931 of FIG. 9.

[0071] At least for one embodiment, the FSB 1031 is compatible with an Intel Pentium®
4 processor (P4) front-side bus. For other embodiments, it will be appreciated that the
FSB 1031 may be compatible with a different bus protocol. Note that the input buffer
1010 embodiment of FIG. 10 includes a latch 1052 that is configured to receive a bus
clock (BCLK) signal and the aforementioned BPRI# signal 1050 associated with FSB
1031. An output of the latch 1052 is coupled to enable inputs of each of the address input

sense amplifiers 1020.

[0072] In operation, as the BCLK signal transitions, the latch 1052 latches the state of the
BPRI# signal. In response to the BPRI# signal being asserted, the address input sense
amplifiers 1020 of input buffer 1010 are enabled to capture an address from FSB 1031 via
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address lines FSB A[3..N-1]#. Conversely, in response to the BPRI# signal being
deasserted, the input address sense amplifiers are disabled. When the input sense
amplifiers are disabled, their power dissipation (e.g., thermal dissipation power (TDP) due

to bias current(s)) is reduced.

[0073] FIG. 11 is a timing diagram illustrating the BPRI# signal for an embodiment that
may be used within a single processor computing system (e.g., as observed in FIG. 9).
The timing diagram of FIG. 11 shows clock periods T1 —T10 of: 1) a bus clock (BCLK)
signal 1110 that was referred to above; 2) a BREQO# signal 1120; 3) the BPRI# signal
1150 that was referred to above; 4) a LOCK# signal 1130; 5) an address strobe signal
(ADS#) 1140; 6) a representation of the address values 1102, 1104 that are presented on
the address bus; and, 7) the state of the input buffer sense amplifiers. For the above
signals, a “#” at the end of the signal name indicates that the associated signal is an active
low signal (i.e. considered to be asserted when it is at a logic low level). It will be
appreciated that active high signals may be used instead with corresponding changes in

associated circuitry to provide similar functionality

[0074] In the example transaction illustrated in FIG. 11, the FSB is initially “quiet” with
respect to the transfer of address values and; as a consequence, the sense amplifiers of the
processor are initially in a disabled, low power consumption state. A sending bus agent
(e.g., such as a priority bus agent such as the MCH) then begins a process for transferring
address values to a receiving bus agent (e.g., the processor/CPU) over the FSB by
asserting the BPRI # signal 1150 in T2. In the embodiment of FIG. 11, the receiving bus
agent (e.g., the CPU) has its sense amplifiers enabled to receive address values after the
clock cycle following the clock cycle in which the BPRI# signal 350 was asserted. This is
shown in FIG. 11 by the transition from “disabled” (in clock cycle T3) to “enabled” (in
clock cycle T4).

[0075] That is, a full clock cycle is consumed (clock cycle T3) in order to ensure that the
sense amplifiers will properly receive address values from the FSB during clock cycle T4.
Accordng to at least one embodiment that may be represented by FIG. 11, the BPRI#
signal 1150 is latched by the receiving bus agent input buffer on the clock edge between
clock cycles T2 and T3 — after which the sense amplifiers begin to be enabled. The sense
amplifiers are then given the full, following clock cycle (clock cycle T3) to become

16



10

15

20

25

30

WO 2004/053706 PCT/US2003/037614

sufficiently enabled to receive address values from the sending bus agent. At clock cycle
T4, the sending bus agent presents the address values of the FSB (as signified by “Req A”
and “Req B” in FIG. 11) and asserts the address strobe signal (ADS#) 1140.

[0076] As a consequence, the Req A and Req B address values may be latched into the
receiving bus agent through the sense amplifiers on appropriately positioned clock edges
(e.g., the rising edge of bus clock 1110 to latch the Req A values; and, the falling edge of
bus clock 1110 to latch the Req B values). The sending bus agent also de-asserts the
address strobe 1140 during clock cycle T5 so that an immediately following transfer of
address values (“Req A” and “Req B” during cycle T6) can be clearly delineated from the
address value transfer that occurred during clock cycle T4. The address strobe 1140 is

then re-asserted during clock cycle T6 to effect the second address value transfer.

[0077] Note that, in the embodiment of FIG. 11, the sending agent also de-activates the
BPRI# signal 1150 along with the re-assertion of the address strobe signal 1140 during
clock cycle T6. In an embodiment, a form of intelligence at the sending bus agent (e.g.,
controller 918 of FIG. 9) is designed to: 1) recognize that a “next” transfer of address
values is not going to occur for at least some number of clock cycles beyond the “current”
transfer of address values (which, at clock cycle T6, is the second transfer of Req A and
Req B values); and, 2) as a consequence, automatically de-assert the BPRI# signal 1150 so
as to disable the sense amplifiers on the processor side shortly after the current address

value transfer is received by the receiving bus agent.

[0078] In the example of FIG. 11, it is recognized that as long as BPRI# does not assert
again, no further transaction can be issued to the FSB by the MCH. Thus the Input Buffer
sense amplifiers can be kept disabled so as to reduce the processor’s power consumption.
In the example of FIG 11, BPRI# is sampled as de-asserted at T7, thus no ADS# is issued
to the bus between T7 to T10. It will be appreciated that, for other embodiments as
appropriate, a different number of clock periods or another measure of time between
subsequent address transfers may be used to cause the de-assertion of the BPRI# signal

1150.

[0079] FIG.s 10 and 11 related to a lower power bus transaction approach that triggers

the enabling of address sense amplifiers based upon the status of a bus request signal on a
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front side bus. By contrast, FIG.s 12 and 13 relate to a lower power bus transaction
approach that triggers the enabling of data sense amplifiers on other front side bus signals
(as will be described in more detail below). Similar to FIG. 10, FIG. 12 shows a CPU
1201 having a plurality of data sense amplifiers 1220-1 through 1220-N that are enabled
by a control logic circuit 1252. The data sense amplifiers 1220-1 through 1220-N catch
data presented on a data bus of the FSB during a data phase of an FSB transaction. The
data sense amplifiers 1220-1 through 1220-N are disabled over periods of time in which
there is no data to be received from the FSB; and, as a consequence, lower power
consumption results. The reader will appreciate that the teachings of FIGs 10 through 13

may be designed into a single processor.

[0080] Here, the control logic circuit 1252 enables and disables the data sense amplifiers
1220-1 through 1220-N in response to certain signals that are associated with the FSB in
order to enable/disable the sense amplifiers 1220-1 through 1220-N as appropriate. In
particular, in an embodiment, the control logic circuit 1252: 1) enables the data sense
amplifiers 1220-1 through 1220-N in response to an address signal (e.g., ADS#) being
asserted on the FSB; and, 2) disables the data sense amplifiers 1220-1 through 1220-N in
response to: (i) a “last” data ready signal (e.g., Last DRDY) being de-asserted; (ii) an In-
Order-Queue (I0Q) becoming empty (e.g., which is signified by an RCNT parameter
being set equal to 0); and, (iii) a data busy signal (DBSY#) being de-asserted. Here, the
processor 1201 can be readily designed to track the state of the bus so that the above
described conditions can be easily identified. For example, the “Last DRDY”) signal can
be readily designed as a processor internal control signal (as opposed to a front side bus

control signal).

[0081] Tthe activation of the ADS# signal indicates that valid data may soon be presented
on the data bus (e.g., in a data phase of the transaction to which the ADS# assertion played
a role; and/or, a subsequent transaction’s data phase). Hence, the sense amplifiers 1220-1
through 1220-N should be enabled to receive such valid data should it be presented. The
de-assertion of the Last DRDY and DBSY# signals together with the IOQ being empty
indicates that valid data is not expected on the data bus for a significant following time
period. As a consequence the sense amplifiers 1220-1 through 1220-N are disabled to as

to conserve power.
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[0082] Here, note that the IOQ is recognized as queuing valid data response for
transactions in the order in which the transactions were presented on the front side bus.
Therefore, valid data can be expected to appear on the front side bus in the near term so
long as the IOQ is non empty. Hence, according to the approach of FIGs. 12 and 13, the
data sense amplifiers remain enabled so long as the IOQ is non empty. In P4 compatible
applications, an “RCNT” parameter is used to track the data phases yet to be performed.
Thus, the IOQ is recognized as being non being empty if the RCNT parameter is not set
equal to zero; and, the I0Q is recognized as being empty if the RCNT parameter is set

equal to zero.

[0083] FIG. 13 shows an exemplary depiction of the enable/disable scheme for the data
sense amplifiers as described just above. According to the depiction of FIG. 6, a pair of
bus transactions are observed. A first bus transaction involves: 1) an asserted ADS# signal
at cycle T4 (which corresponds to the request phase of the first bus transaction); 2) an
asserted DRDY# signal and corresponding data transfer 1301 over cycles T8 and T9
(which corresponds to the data phase of the first bus transaction). A second bus
transaction involves: 1) an asserted ADS# signal at cycle T6 (which corresponds to the
request phase of the second bus transaction); 2) an asserted DRDY# signal and
corresponding data transfer 1302 over cycles T13 and T14 (which corresponds to the data

phase of the second bus transaction).

[0084] The data sense amplifiers are disabled from cycles T1 through T3 (noting that the
RCNT parameter = “0” over cycles T1 through T3). The ADS# signal is asserted for the
first bus transaction between cycles T3 and T4 which, by providing a full following clock
cycle (T4) to allow the data sense amplifiers to become fully enabled, corresponds to the
data sense amplifiers being considered as enabled at the start of clock cycle TS. Note that
the assertion of the ADS# signal between cycles T3 and T4 causes the RCNT parameter to
increment from “0” to “1” (i.e., the IOQ is recognized as transitioning from empty to non-
empty between cycles T3 and T4). Once the data sense amplifiers are enabled, they are
not disabled until the IOQ is empty (i.e., RCNT = 0) and the DRDY# and DBSY# signals

indicate that the data bus is non active.

[0085] Because the ADS# assertion for the second bus transaction (over cycle T6) occurs
before the completion of the data phase for the first bus transaction (cycle T9), the RCNT
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value is incremented to a value of “2” from cycle T6 through cycle T8; and then, is
decremented back to a value of RCNT = 1 upon the response for the transaction being
presented on the bus (e.g., as indicated by RS[2:0]# being active at cycle T8). Thus,
RCNT = 1 starting from cycle T9 indicates that the data phase for the first bus transaction
is being completed; but, the data phase for the second bus transaction has not yet been
completed. According to the exemplary depiction of FIG. 13, the data phase for the
second bus transaction is not completed until cycle T14; and, as no further bus transactions
have arisen to follow the second bus transaction (as represented by the ADS# signal
remaining inactive from cycle T6 throughout the remainder of FIG. 13), so as to
increment RCNT — the RCNT parameter is decremented from “1” to “0” as a consequence

of the data phase for the second transaction being completed.

[0086] Therefore the condition for disabling the data sense amplifiers arises in light of the
data phase for the second transaction being completed (as indicated by the DBSY# signal
going inactive at cycle T14 and the DRDY# going inactive at cycle T15) and the
corresponding decrement of the RCNT parameter to “0” (starting from cycle T14). Giving
the data sense amplifiers a full clock cycle to be regarded as disabled from the time
DRDY# becomes inactive, the data sense amplifiers are regarded as disabled starting at
cycle T16. In practice, an intermediate signal Last DRDY (which, again, may be
implemented as an internal control signal within the processor) may be used to indicate the
“last” data transfer in a string of proximate data transfers. For example, the Last DRDY
signal may be active when the “last” data transfer in a string of proximate data transfers is
presented on the bus. De-activation of the Last DRDY signal is therefore an indication

that the data sense amplifiers can be turned off.

[0087] The discussion concerning FIGs. 10 through 13 may be used to implement a single
processor computing environment (e.g., as depicted in FIG. 9); where, FIGs 10 and 11
related to a low power consumption scheme for address sense amplifiers; and, FIGs 12
and 13 related to low power consumption scheme for data sense amplifiers. Moreover,
note that, at least with respect to existing P4 compatible implementations, these low power
schemes may be implemented without the addition of an additional signal to the front side

bus. That is, the low power schemes taught herein can be used without the addition of any
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“new” signals to the front side bus and therefore are pin-for-pin compatible with pre-

existing front side bus implementations.

[0088] In contrast to the single processor embodiment referred to above with respect to
FIGs 10 through 13, by contrast, FIG. 14 illustrates an embodiment of a portion of a
“multi-processor” computing system. Here, the MCH 1452 and a plurality of processors
1400, through 14005 share the FSB 1431. In a multi-processor environment, each of
MCH 1452 and processors 1400, through 1400; may request a bus transaction (e.g., by
having a functional dependency on another bus agent). Nevertheless, the same data sense
amplifier scheme (and its corresponding alternative implementations) discussed above
with respect to FIGs 12 and 13, may be used in a multi-processor environment. That is,
even in a multi-processor environment, data sense amplifiers may be transitioned from
disabled to enabled upon the first asserted ADS# signal that is recognized while the data
sense amplifiers are within a disabled state; and, moreover, the data sense amplifiers may

be configured to remain enabled until the IOQ is empty and the data bus is idled.

[0089] However, with respect to the addressing component of the single processor
implementation (e.g., as represented in FIGs 10 and 11), a modification should be made in
order to implement a low power multi-processor scheme. FIG. 15 shows a suitable
modification that may be made to the latch circuit 1052 of FIG. 10. In particular, whereas
the latch circuit 1052 of FIG. 10 accepts a single input (BPRI#) from the sole bus priority
agent that the processor 1001 interfaces with in a single processor environment (e.g., the
MCH 910 of FIG. 9); by contrast, the latch circuit 1552 of FIG. 15 may be triggered to
latch the enable/disable line for the sense amplifiers (so as to enable the sense amplifiers)
in response to the initiation of a bus transaction from any of the bus agents in the multi-
processor environment., Here, as an example, latch circuit 1552 of FIG. 15 can viewed as
being integrated into a first processor (e.g., processor “0” in a four processor system); and,
as consequence, the latch circuit 1552 is responsive to bus transaction starts that are
initiated by the “other” bus agents that the first processor shares the front side bus with
(e.g., referring to FIG. 14, from the MCH 1452 as represented by BPRI#; and the “other”
three processors 1400, through 14005 as represented By BR[1]# through BR[31#,

respectively).
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[0090] According to the circuit of FIG. 15, if any of the “other” bus agents request a bus
transaction, the latch circuit 1552 within “processor_0” will put the sense amplifiers into
an enabled state so that “processor_0” may receive the address from whichever bus agent
is initiating the bus transaction. Moreover, the latch circuit 1552 will put the sense
arhpliﬁers into a disabled state whenever none of the bus agents are initiating a bus
transaction. FIG. 16 shows an example. FIG. 16 refers to an exemplary “four processor”
multi-processor environment. FIG. 16 demonstrates the operation of a first of these
processors (e.g., “processor_0” from amongst processors 0 through 3). According to FIG.
16, processors 0, 1 and 2 never initiate a bus transaction; hence, their corresponding
request signals (BR[0]#, BR[1]# and BR[2]#) are inactive by remaining in a logic high
state 1620 throughout FIG. 16.

[0091] By contrast, both the fourth processor and the MCH initiate a bus transaction in the
timeframe that FIG. 16 illustrates. In particular, the fourth processor initiates a first bus
transaction by asserting its BR[3]# output 1630 at cycle T2. The MCH, being aware that
the fourth processor (“processor_3") will own the bus for the next request phase (by
asserting the ADS# line 1640 at cycle T4), waits for a following request phase (and asserts
the ADS# line 1640 at later cycle T6). In various embodiments the processors in a multi-
processor environment should be configured within a “non-bus parking” mode. Non bus
parking mode is a form of cooperation or politeness within a multiprocessor environment
in which a processor is preventing from “hogging” the front side bus. More specifically, a
processor/MCH will deactivate its “BR[x]”/”BPRI” signal after each assertion of its
“BR[x]”/“BPRI” signal so that another bus agent can use the bus for a transaction after the
processor’s transaction (even if the processor has another event that requires use of the
front side bus). The embodiment of such a scheme is depicted in FIG. 16 because
“processor_3” inactivates the BR[3]# line 1630 upon its corresponding request phase (via
assertion of the ADS# signal 1640 at cycle T4); and, the MCH inactivates the BPRI# line
1650 upon its corresponding request phase (via assertion of the ADS# signal 1640 at cycle
T6).

[0092] Under the non bus sparking mode embodiment of FIG. 16, note that the first phase
of a bus transaction (i.e. the arbitration phase) starts on the assertion of a BPRI# or BR[x]#

line; and, the second phase of a bus transaction (i.e., the request phase) starts on the
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assertion of a BPRI# or BR[x# line. If a BPRI# or BR[x]# signal remains asserted until
its corresponding transaction enters the request phase; and if, valid address values appear
for the clock cycle within which a BPRI# or BR[x]# line is de-asserted; then, proper
enabling of the address sense amplifiers can be achieved by: 1) enabling the address sense
amplifiers in response to an assertion of any of the BPRI# or BR[x]# lines; and, 2)
disabling the address sense amplifiers whenever the de-assertion of a BPRI# or BR[xJ#
line results in a state where none of the BPRI# or BR[x]# lines are asserted. Note that
FIG 16 shows such a scheme because the address sense amplifiers are enabled in response
to the earlier assertion of the BR[31# line 1630 (between cycles T1 and T2); and, are
disabled in response to the later de-assertion of the BPRI# line 1630 (within cycle T6).

[0093] Giving the sense amplifiers sufficient time to change their enable/disable state once
the latch circuit 1552 latches on a BCLK rising edge results in the sense amplifiers being
enabled only over clock cycles T4 through T7. This time period is sufficiently long to
capture the valid address values that are presented at cycles T4 and T6; yet, reduces power
consumption by disabling the address sense amplifiers over cycles T1 through T2 and
from cycle T8 fore ward (where cycles T3 and T7 are regarded as transition cycles over
which the state of the address sense amplifiers changes from disabled to enabled and
enabled to disabled, respectively). In an embodiment, so as to allow the sense amplifiers
an appropriate amount of time to change state, at least two clock cycles are consumed
between the assertion a BR[x]# or BPRI[x]# signal and the assertion of the corresponding
ADS# signal. For example, as observed in FIG. 16, the assertion of the BR[3}# signal
1630 at the beginning of the cycle T2 results in the assertion of its corresponding ADS#
1640 at the beginning of cycle T4; and, the assertion of the BPRI# signal 1650 at the
beginning of cycle T3 results in the assertion of its corresponding ADS# 1640 at the
beginning of cycle T6. In a further embodiment, the “default” P4 bus is used to ensure the

“at least two clock cycle” policy described just above.

[0094] FIG. 17 shows another embodiment of a circuit that can be viewed as a
combination of the circuits observed in FIG.s 10 and 12. The circuit of FIG. 17 enables
and disables the address sense amplifiers 1721 together with the enabling and disabling of
the data sense amplifiers 1722. Hence, a single control logic circuit 1752 is used to

control both the address sense amplifiers 1721 and the data sense amplifiers 1722. In
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order to ensure proper operation, both the address and the data sense amplifiers 1721,

1722 are enabled with the activation of the BPRI# signal (to ensure early enough enabling
of the address sense amplifiers 1721 as observed in FIG. 11 with respect to the circuit of
FIG. 10); and, both the address and data sense amplifiers 1721, 1722 are disabled with
RCNT =0, Last DRDY going inactive and DBSY# being inactive (to ensure late enough
disabling of the data sense amplifiers as observed in FIG. 13 with respect to the circuit of
FIG. 12). Although the circuit of FIG. 17 can be used in at uni-processor environment, the
circuitry of FIG. 17 can be expanded to be compatible within a multi-processor
environment by re-configuring the input to the control logic 1752 that triggers the enabling

of the sense amplifiers to be as shown in FIG. 15.

[0095] The reader will appreciate that, as discussed with respect to FIG. 8, various design
representations or formats for simulation, emulation and fabrication of a design may be

implemented for the teachings of FIG.s 9 through 17.

[0096] Having disclosed exemplary embodiments, modifications and variations may be
made to the disclosed embodiments while remaining within the scope of the embodiments

of the invention as defined by the following claims.
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CLAIMS

‘What is claimed is:

1) Inaprocessor having data sense amplifiers that receive data from a data bus portion

of a front side bus, a method comprising:

enabling said data sense amplifiers in response to an address strobe being asserted;

- and,

disabling said data sense amplifiers at least in response to a queue being empty,

said queue to keep track of transactions yet to be performed over said front side bus.

2) In a processor having data sense amplifiers that receive data from a data bus portion
of a front side bus and address sense amplifiers that receive an address from an address

bus portion of said front side bus, a method comprising:

enabling said address sense amplifiers in response to a request indication being
asserted;

enabling said data sense amplifiers in response to an address strobe being asserted;

disabling said address sense amplifiers in response to said request indication being
de-asserted; and,

disabling said data sense amplifiers at least in response to a queue being empty,

said queue to keep track of transactions yet to be performed over said data bus.

3) Ina processor that is part of a multi-processor computing system having a plurality of
processors and a memory controller, said plurality of processors and said memory
controller coupled together through a front side bus, said processor comprising address

sense amplifiers that receive an address from an address bus portion of said front side bus:

enabling said address sense amplifiers in response to a first request indication
being asserted from another of said processors; and,

keeping said address sense amplifiers enabled after said first request indication is
de-asserted because a second request indication is asserted from said memory controller

before said first request indication was de-asserted.
25



10

15

20

25

30

WO 2004/053706 PCT/US2003/037614

4) A bus agent comprising:
a controller to cause assertion of a power signal if an address is to be transferred to a
receiving bus agent, the power signal to enable a set of input address sense amplifiers of

the receiving agent, prior to the receiving bus agent receiving the address.

5) The bus agent of claim 4, wherein the controller is also to cause the de-assertion of

the power signal to disable the sense amplifiers after the address has been received.

6) The bus agent of claim 4, wherein the controller is also to cause the de-assertion of
the power signal to disable the sense amplifiers after the address has been received
if no additional address value is scheduled to be sent within a predetermined clock

period.

7) The bus agent of claim 4, wherein the bus agent is a chipset.
8) The bus agent of claim 4, wherein the bus agent is a memory controller.

9) The bus agent of claim 4, wherein the receiving bus agent is a processor.

10) A bus agent comprising:
an interface to a bus, the interface to cause assertion of a power signal if the bus
agent is to place an address on the bus, the power signal to allow a set of input address

sense amplifiers of a receiving agent to receive the address.

11) The bus agent of claim 10, wherein the interface is also to cause the de-assertion of

the power signal to disable the sense amplifiers after the address has been received.
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12) The bus agent of claim 10, wherein the interface is also to cause the de-assertion of
the power signal to disable the sense amplifiers after the address has been received
if no additional address is scheduled to be sent within a predetermined clock

period.

13) The bus agent of claim 10 wherein the predetermined number of clock periods is at

least 2 clock periods.

14) The bus agent of claim 10, wherein the bus agent is a chip set.
15) The bus agent of claim 10, wherein the bus agent is a memory controller.
16) The bus agent of claim 10, wherein the receiving agent is a processor.
17) A bus agent comprising:
an input buffer having a set of input address sense amplifiers; and
the sense amplifiers are coupled to a address bus power control signal, the sense
amplifiers are caused to be enabled to receive an address from an external bus agent in

response to assertion of the power control signal, prior to the agent receiving an address.

18) The bus agent of claim 17, wherein the input address sense amplifiers are caused
to be disabled after the bus agent has received the address in response to de-assertion of

the power control signal.

19) The bus agent of claim 17, wherein the bus agent is a processor.
20) The bus agent of claim 17, wherein the external bus agent is a chipset.

21) The bus agent of claim 17, wherein the external bus agent is a memory controller.

22) The bus agent of claim 17, wherein the sense amplifiers are caused to be enabled to

receive an address from the external bus agent in response to assertion of the
27
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power control signal at least two clock periods prior to the bus agent receiving the

address.

23) A method comprising:

recognizing that an address is to be transferred over a bus; and
asserting a power signal to enable a set of input address sense amplifiers of a

receiving agent, prior to the receiving agent receiving the address.

24) The method of claim 23, further comprising de-asserting the power signal to
disable the set of input address sense amplifiers after completion of the address

transfer.

25) The method of claim 23, further comprising de-asserting the power signal to
disable the set of input address sense amplifiers after completion of an address
transfer if no address is scheduled to be sent to the receiving agent within a

predetermined clock period.

26) The method of claim 23, wherein the asserting the power signal includes asserting

the power signal at least two clock periods prior to the address delivery period.

27) The method of claim 23, wherein the method is performed by a chipset.

28) The method of claim 23, wherein the method is performed by a memory controller.

29) The method of claim 23, wherein the receiving agent is a processor.
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30) An article comprising a machine readable carrier medium carrying data which,
when loaded into a computer system memory in conjunction with simulation

routines, provides functionality of a model comprising:

a controller to cause assertion of a power signal if an address is to be transferred to
a receiving bus agent, the power signal to enable a set of input address sense amplifiers of

the receiving agent, prior to the receiving bus agent receiving the address.

31) The article of claim 30, wherein the controller is also to cause the de-assertion

of the power signal to disable the sense amplifiers after the address has been received.

32) The article of claim 30, wherein the controller is also to cause the de-assertion
of the power signal to disable the sense amplifiers after the address has been received
if no additional address value is scheduled to be sent within a predetermined clock

period.

33) The article of claim 30, wherein the bus agent is a chipset.

34) The article of claim 30, wherein the bus agent is a memory controller.
35) The bus agent of claim 4, wherein the receiving bus agent is a processor.
36) A system comprising:

a chipset comprising:

a controller to cause assertion of a power signal if an address is to be transferred to

~ areceiving bus agent; and

a processor comprising:
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an input buffer having a set of input address sense amplifiers, the sense amplifiers
are coupled to the address bus power control signal, the sense amplifiers are caused to be
enabled to receive an address from the chipset in response to assertion of the power signal,

prior to the processor receiving the address.

37)  The system of claim 36, wherein the controller of the chipset is to cause de-
assertion of the power signal to disable the set of input address sense amplifiers after

completion of an address transfer.

38)  The system of claim 36, wherein the controller of the chipset is to cause de-
assertion of the power signal to disable the set of input address sense amplifiers after
completion of the address transfer and if no address is scheduled to be sent to the

requesting agent within a predetermined clock period.
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