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5 1.  Field of the Invention

The present invention relates to the field of power management.
More specifically, the present invention relates to power management in
computer systems.

2 Description of Related At

10 With the advent of mobile computers and mobile computer
systems it has become increasingly important to minimize power
consumed by these devices or systems. One major consumer of power, in
mobile computer systems, is the central processing unit (CPU).
Microprocessors, consume appreciable amounts of power, each time a

15 clock pulse occurs. Existing power management systems have focused
their attention on reducing the power consumed by the CPU. Asitis
well known, the amount of power consumed by the CPU is proportional
to the frequency of the clock sequencing the operation of the CPU.
Because CPUs spend a large percentage of time in idle loops, waiting for

20 input-output operations to complete, waiting for operator input, etc.,
most power management systems have concentrated on reducing CPU
dock speed during periods of CPU inactivity and during periods wherein
the operations performed by the CPU do not require high clock
frequencies.

25 A significant amount of power, however, is consumed by other
parts of the computer, besides the CPU. For example, the chipset or host
Peripheral Component Interconnect (PCY) bridge is a significant
consumer of power. Some parts of the chipset which consume
substantial amounts of power, however, are not required to be functional

30 during certain periods of time. For example, a dynamic random access
memory (DRAM) controller, which is a circuit in the chipset responsible



15 «clock pulse occurs. Existing power managenent systens have focused

their attention on reducing the power consuned by the CPU. As it is

wel I known, the anount of power consuned by the CPU is proportional to
the frequency of the clock sequencing the operation of the CPU

- Because CPUswopemndts® | arge percentage of tine in idle | ooppcriaReddess f or 20

| nput - out put operations to conplete, waiting for operator input, etc.,

nmost power managenent systens have concentrated on reduci ng CPU cl ock

speed during periods of CPU inactivity and during periods wherein t he

operations perfornmed by the CPU do not require high clock frequenci es.

25 A significant anmount of power, however, is consuned by other

parts of the conputer, besides the CPU _for exanple, the chipset or host

Peri pheral Conponent Interconnect (PCl) bridge is a significant

consuner of po rt I’P;I . Chl i ubst anti al
anount s of po%{%ﬁ%ﬁ&fge n#%}?gf{gﬁ%‘g&?%,éwgﬁﬁd %Bogtduri ng
certain peri od$3 or betweenshe PR apd oghenextamnal dranitesciesasCIbus, nenory
g ??92%52, ont r ol Irfisy nt Befequfred tebpdritetat il SPeedDtiap SR wHeAIRE CPUbthe WO
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5 architecture is explained in detail in the PCI Local Bus Specification,
Revision 2.1 of the PCI Special Interest Group of Portland, Oregon.

Figure 1 shows a computer system including a host CPU 2 having
a bus controller 4 responsible for the exchange of information between
the host CPU 2 and other devices connected to a local bus 6. A chipset 10

10 is coupled to the host CPU 2 and to the local bus 6. The chipset 10

includes a memory controller 8 which controls the exchange of
information between the CPU2 and a memory 12. Memory 12, by way of
example, could be a DRAM memory while memory controller 8 canbe a
DRAM controller.

15 In the event the CPU is not exchanging information with the
chipset 10, via bus controller 4, no activity will take place between the
bus controller 4 and the memory controller 8 of chipset 10. In this case,
assuming that other devices which might be coupled to the memory
controller 8, such as a PCI bus controller {(not shown), are not accessing

20 memory controller 8, it is desirable to reduce the power consumed by the
idle memory controller 8. One way to reduce the power consumed by
memory controller 8 would be to shut off the clock which provides
periodical pulses to the memory controller 8. Since the power dissipated
by a device sequenced by a clock having the frequency F, is proportional

25 to F according to the formula,

P=CV?F

where V is the voltage supplied to the memory controller, and C is the
capacitance of the memory controller, the power dissipated would thus
be substantially reduced if the frequency of the clock approached 0 Herz.
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5 controller, after having been shut off, may need to restart operation
promptly upon the occurrence of a certain event. For example, if the bus
controller 4 of Figure 1, resumes activity due to the receipt of a bus
request signal from a CPU core, (not shown in Figure 1) the memory
controller should timely resume activity to service a new DRAM access.
10 In this case, conventional clock gating techniques do not offer an
adequate mechanism for powering back the memory controller at the
right time without wasting bus cycles.

It is thus desirable to provide an apparatus and a method for
detecting events wherein power monitoring devices, which control a
15 power dissipating device, can timely identify an event which requires the
power controlled device to timely switch into a fully operational mode.
More specifically, it is desirable to provide an apparatus and method
according to which the power dissipated by a memory controller or any
other devices coupled to the host bus, is regulated in instances where the
20 CPU'sbus controller and the PCI bus controller areidle. Additionally, it
is desirable to provide for a method and apparatus for restoring the
operation of the memory controller in coordination with the beginning of
activity of the bus controller such that no bus cycles are wasted when the
bus controller has become active. It is also desirable to provide the
o5 foregoing advantages to a computer system having other external devices
coupled to the chipset such as a PCI bus, so that a portion of the chipset
can be power controlled when both the CPU (master) and the external
devices (slave) are not using a certain portion of the chipset coupled to
both the master and the slave.
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SUMMARY OF THE INVENTJON

A computer system, according to the present invention, typically
includes a bus, a processor with a bus controller, a bus activity monitor, a
target controller, and a power management circuit. The bus controller,
5 which is coupled to the bus, is also coupled to a bus activity monitor
circuit for generating a bus activity signal indicative of activity in the bus
~ controller. The computer system further includes a target controller,
coupled to the bus controller, for controlling the exchange of information
between the processor and a target circuit. The target controller has an
10  input for receiving a sequencing signal. The computer system
additionally includes a power management circuit for controlling a
power consumption of the target controller. The power management
circuit receives the bus activity signal and, in response to that signal,
generates the sequencing signal to the input of the target controller.

15

BRIEF DESCRIPTION OF THE DRAWINGS

The features, aspects and advantages of the present invention will
become more fully apparent from the following detailed description,
appended claims, and accompanying drawings in which:

20 Figure 1is a block diagram of a prior art computer system;

Figure 2 is a block diagram of the computer system of the present
invention.

Figure 3 shows a portion of a processor of the computer system
according to the present invention;

25 Figure 4 shows a diagram of the computer system according to the
present invention with a bus activity monitor;
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However, one having ordinary skills in the art may be able to practice the

10 invention without these specific details. In some instances, well-known
circuits, structures and techniques have not been shown in detail not to
unnecessarily obscure the present invention.

Referring to Figure 2, a computer system 200 according to the

present invention includes local bus 202 and a microprocessor 204

15 coupled to local bus 202. Microprocessor 204 includes: a CPU core 206
for processing instructions and data; host bus controller 208 for
controlling communication over a the local bus 202; a host bus request
queue 210 for storing addresses addressable by the host bus controller,
and a host bus activity monitor 212 coupled to the host bus request

ap queue. The host bus activity monitor circuit 212 monitors activity or lack
of activity in the host bus controller 208.

The computer system 200 further includes a host-PCI bridge 214
having a memory controller (MC) 216 for controlling accesses to main
memory 18 which can be by way of non-limiting example a DRAM

o5 memory. The computer system according to the present invention
further includes a power management circuit 220 for controlling the
power consumption of the memory controller 216. Furthermore the
computer system includes a PCI bus 222. For information regarding the
PCI bus please refer to the PCI specification, revision 2.1 of the PCI

39 Special Interest Group located in Portland, Oregon. The computer
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and a power

system of the present invention however is not limited to a PCI bus. Bus
222 can be any other bus enabling communication with host-PCI bridge
214 via line 224.
The power management circuit 220, which is coupled to the
5 memory controller 214 via line 215, has an input gate which receives a
QUIETBUS signal from the host bus activity monitor 212 and in response
to this signal generates a control sequencing signal to the memory
controller 216 via line 215. Such signal can be, by way of non-limiting
example, a clock enable signal which controls the clock pulses sequencing
10 the operation of the memory controller 216. The control of the sequential
operation can be implemented by gating the control sequencing signal,
issued by the power management circuit, to the clock signal as it will be
explained later in this section. In such way, when the control sequencing
signal from the power management circuit 220 is set at logic "0," the clock
| 15 signal frequency in the memory controller can be inhibited. Accordingly,
the power to the memory controller can be shut off in response to a signal
indicating lack of activity in the host bus controller 208.
In one currently preferred embodiment, memory controller 208
coordinates data transfers between the host processor 204 and the DRAM
20 memory 218, as well as the transfers between PCI bus 222 and memory
203. The present invention supports different types of bus transfers. In
‘the currently preferred embodiment, bus transfers can be single cycle or
multiple cycle, burst or non-burst, cacheable or non-cacheable, and
consist of 8, 16, 32, or 64 bit transactions. The type of bus transfers in
o5 microprocessor 204 can be coordinated by the host bus controller, the
memory controller, and the PCI bus.

The CPU core 206 typically initiates exchanges of information with
other devices coupled to local bus 202 by means of bus cycles. A bus
cycle is defined to be a number of clock cycles required for both the

30 address and corresponding data transaction to occur. For example, if the
CPU core 206 issues a read request, the address of the operation is first
communicated across host bus 202 to a target device or target circuit such
as memory 218. The memory 218 then responds by providing data across
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eircuit for generating a bus activity signal indicative of activity in the

bus controller. The conmputer system further includes a target
controller, coupled to the bus controller, for controlling the
exchange of iwd onaasssi on bet ween the processor and a t apguIAUS96/R080LIi t .
The target controller has an 10 input for receiving a sequencing signal.
The conputer system additionally includes a power nmanagenent circuit
for controlling a power consunption of the target controller. The
power managemnent circuit receives the bus activity signal and, in
response to that signal, generates the sequencing signal to the input
of the target controller. 15 BRI EF DESCRI PTI ON OF THE
DRAW NGS The features, aspeets and advantages of the present
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i nvent i on. host bus controllef#08. 3 shows a portion of a processor of the
conputer system according to the present invention;

A portion of the processor 204 including host bus controller 208
5 and the host bus request queue 210 is shown in Figure 3. Bus controlier
208 includes a bus controller state machine (not shown) which typically
receives an internal bus cycle request signal (IBUSREQ) from the CPU
core 206 and a bus cycle external request signal (EADS) from the
host/PCI bridge 214. Similarly, an external cycle request for cache
10 snoops can be communicated to the host bus controller 208 from a cache
controller (not shown). The host bus request queue 210 typically receives
a signal IBUSREQ indicating that the CPU is about to use the host bus 202
by performing a read or a write operation in conjunction with this bus.
The host bus request queue 210 will communicate the internal request
15 from the CPU core to the host bus controller 208 via line 209. The host
bus controller 208 then will issue bus cycles onto the host bus 202 via a
bus interface (not shown in this figure).

Typically, the host bus controller will poll the EADS signal during

the boundary between bus cycles. When the host CPU is not utilizing the

20  host bus 202, it will monitor the EADS signal such that when this signal
is issued by an external device, the CPU will release the host bus and
assert a signal acknowledging, to the respective external device, the grant
of the host bus. An external device, such as an arbiter, will issue in turn a
bus grant signal to a slave device (not shown). The slave device will then

25  access the host bus 202. The host CPU will subsequently gain access to
the host bus when the slave device releases the host bus or when the CPU
core 206 issues the internal bus request signal (IBUSREQ) to access this
bus and the external device or the arbiter returns the bus to it. In the
currently preferred embodiment, the bus cycle is at least two clocks long

30 and begins with the ADS signal 213 active in the first clock and RDY
active in the last clock. The RDY signal indicates that a target circuit,
such as memory 218, is ready to receive or provide data.
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Figure 4 shows a block diagram with the bus activity monitor
according to the present invention. The host bus activity monitor 412,
according to the present invention, is coupled to host bus controller 408
via host bus request queue 410. The host bus activity monitor 412 can
5  detect a level of activity or lack thereof in the host bus controller 408 by
monitoring a BUSIDLE signal from the host bus request queue 410.
BUSIDLE is a signal which indicates activity when high, i.e. is set to logic
level ‘1.’ Additionally, the host bus activity monitor receives the
" IBUSREQ signal from the CPU core (not shown). IBUSREQ indicates

10  whether or not an interna) bus request has been issued by the CPU core.
If both BUSIDLE and IBUSREQ are set to logic "0," then the host bus
activity monitor 412 issues a low signal at an output thereof. However,
the power to the memdry controller can be turned back on if an internal
request signal IBUSREQ is received, i.e., IBUSREQ is high. Furthermore,

15 the computer system, éccording to the present invention, can be extended
to other devices which may utilize the host bus, such as devices coupled
to a PCI bus. In this case, the power management circuit can receive
input from both the host bus controller and from a PCI bus controller (not
shown), responsible with a transfer of data between an external device

20  coupled to the PCI bus and the DRAM. More details about this scheme
will be provided later in this section.

The host bus request queue 410 typically stores data or addresses
awaiting transfer to the host bus via bus controller 408. The host bus

controller 408 typically drives the host bus 304 with addresses or data

25 queued in the host bus request queue 410. The host bus controller 408

| will also output to the host bus an address strobe signal (ADS) indicating

that the address on the host bus is valid. As one can see in this figure, the
host bus request queue 410 includes a delaying device such as flip-flop
430. This flip-flop receives at one of its inputs 432 the IBUSREQ signal

30 and outputs this signal, with a delay of one clock, to the host bus
controller 408. This signal is then routed to flip-flop 424, of a bus
interface 434, which will synchronize this signal with the ciock and
output the signal ADS in response. The flip-flop 430 is part of a

This Sheet Has Been Re

Wi S




forth to provide a thorough understandi ng of the present invention.
However, one having ordinary skills in the art may be able to practice the
10 " invention wthout these specific details. In sonme instances, well-known
circuits, structures and techni ques have not been shown in detail not to
unnecessari | wobsnesse t he present invention. Re¢rusg62080t O
Figure 2, a conputer system 200 according to the present invention

i ncludes | ocal bus 202 and a m croprocessor 204 15 coupled to | ocal bus
202. M croprocessor 204 includes: a CPU core 206 for processing

I nstructions and data; host bus controller 208 for controlling

comuni cation over a the |ocal bus 202; a host bus request queue 210
for storing addresses addressable by the host bus controller, and a
host bus activity nonitor 212 coupl ed to-%he host bus request 20 queue.
The host bus activity nonitor circuit 212 nonitors activity or |ack of
activity in the "ressmption of aativity" cincuiteehich will be explainegfiater Bvithis er syst em
200 further incl a host-PCl bridge 214 having a nenory controller
(MC) 216 for controlling accesses to main menory 18 whi ch can be by

Becording 1o the prokSEneRyBpigh = non FERAY imbléfher I ing Kag o
managenent ci r clAdivityananitor gereives atinputigate 419 the signab BUSEALEpt i on of the
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| ocated in Port | thedosthusrontrolexis imap idle state, as no addresses in the host bus
request queue are awaiting processing by the host bus controller 408.
The output of gate 412 is then input to a flip-flop 426 of the host bus
10 interface 434. Flip-flop 426, which synchronizes the signal output by the
bus activity monitor 412, issues in response a QUIETBUS signal. The
QUIETBUS signal indicates activity or lack of activity in the bus
controller and the pendency or lack of pendency of internal bus requests
from the CPU core. Accordingly, if the QUIETBUS signal is '0,' the host
15  bus activity monitor will indicate to the power management circuit (not
shown) that the host bus controller 304 is idle and also that no internal
requests are pending in the queue 410. Alternatively, when the internal
bus request IBUSREQ is set to logic level 1, the QUIETBUS signal will
shift to logic "1" to timely indicate, to the memory controller, that an
20 internal request for the host bus is pending in the queue 410 and, thus,
the memory controller should resume its normal operation.

The resumption of activity in memory controller 416, however, has
to be coordinated with the resumption of activity in the host bus
controller. The memory controller should, thus, resume its normal

25 operation before a new address is output by the host bus controller 408.
Accordingly, in the computer system according to the present invention,
the resumption of activity circuit 430 ensures that the ADS signal is
asserted one bus clock later than the assertion of the QUIETBUS signal.
The resumption of activity circuit 430, which is implemented, in a no-

30 limiting way; by flip-flop 430 is inserted in the path of the internal bus
request signal, thereby delaying by one clock cycle the signal ADS
relative to the QUIETBUS signal. Accordingly, the computer system
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Awo 97724653 The power nanagenent circuit 220, h is
coupled to the 5 nenory controller 214 via line 215, has aﬁ?rmate

whi ch receives a QUI ETBUS signal fromthe host bus activity nonitor
212 and in response to this signal generates a control sequencing
signal to the nmenory controller 216 via line 215. Such signal can be,
by way of non-limting exanpl e, a clock enabl e signal which controls

t he cl ock pul ses sequencing 10 the operation of the nmenory controller 216.

The control of

t he sequenti al oper agg.on can be inplenented by gating

the control sequencing signal, | ssued by the power nmanagenent circuit,

to the clock sm&a&am tb thebrebe :ﬁmvennonm&xﬁi@@eh{@mﬁd difaiogection. In

such way, -when
circuit 220 is

WIErE GBS ot Bkt betorethBind:) b QIST e nage et
operative. No bus cycles will thus be wasted when the CPU core of the '

host CPU will initiate an access to the DRAM memory after a period of

inactivity of the bus controller 408.

Figure 5 further shows a block diagram of the computer system of

- the present invention with the power management circuit 450. The

10

15

20

30

QUIETBUS signal generated by the host processor is input to flip-flop
438. Flip-flop 438 and flip-flop 430 can be part of one single flip-flop
which latches the QUIETBUS signal at the rising edge of the clock (flip-
flop 438). Flip-flop 430 also latches combination of the QUIETBUS signal
and three more other signals input at the input gate of this flip-flop at the

falling edge of the clock"‘__'signal, to ensure that no glitch will occur when
the signals are latched. -

OR gate 432 has a first input for receiving a DRAM refresh signal
from a DRAM refresh logic circuit 440. The DRAM refresh logic circuit
440 generates a refresh signal periodically every 15.6 microseconds to 256
microseconds. Accordingly, the power management scheme of the
present invention takes into account instances where the DRAM needs to
be refreshed such that in these instances, the memory controller will not
be shut off. OR gate 432 further has a second input for coupling a signal
from host bridge queue 433. As one can see, host bridge queue 433 is a
queue similar to the host bus request queue 410. The host bridge queue
433 is located in the host bridge and is coupled to a bridge host bus
controller 436 and to a bridge PCI bus controller 438. The host bridge
queue 433 receives addresses and control signals from blocks 436 and 438

indicating whether an access to the memory is requested by the host CPU

or by the PCI bus. If the host bridge queue 433 is not empty, for example,
because a request from the PCI bus is pending, a QUEUE NOT EMPTY
signal will be driven to a second input of gate 532 such that the memory
controller 416 will not be shut off. Some host bridge controllers may have
implemented "write posters” for performance reasons. All write
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" 15 signal frequency in the nmenory controller can be inhibited.

Accordingly, the power to the nenory controller can be shut off in
response to a signal indicating | ack of activity in the host bus
controller 208. In one currently preferred enbodi nent, nenory

controll er 2®fo 9724653 coordi nates data transfers between thepdrresosposoeessor
204 and the DRAM 20 menory 218, as well as the transfers between PCl bus

222 and nenory 203. The present invention supports different types of
bus transfers. In the currently preferred enbodi nent, bus transfers
can be single cycle or mul tiple cycle, burst or non-burst, cacheable
or non-cacheabl e, and consi st of 81116, 32, or 64 bit transacti ons.

The type of bus transfers in 25 mcroprocessor 204 can be coordi nated by

the host bus Corﬁﬁeﬁ’iﬁ&{s’mi Be osted (sPBREAY in thE Ghéwd fit, and'thert b writtenDUS.
The CPU core 206t

cal .ates excha tio
other devices cof Q §as20%neb§7eqr£§ ?abtf“’gﬁgh%@%%ss%%
cycle is defi necbéfm@u&ngmfb&xemémotyxdnﬂojletétﬁ required for both the 30
address and correspondi ng data transaction to occur. For exanple, if the

CPU core 206 issues g iapdinpRifteOR a&@%ﬁd@é&éﬁth@f'm lon is first
T S AR o i B =
monitor is coupled to a PCI clock control logxc 440. The clock control
Jogic receives a signal CLKRUN when PCI clock is running normally.
During periods when the PCI clock has been stopped (or siowed), the
clock control logic monitors CLKRUN to recognize requests, from master
10  and target devices, for changing the state of the PCI clock signal. The PCt
clock control logic 440 typically receives requests from external devices
coupled to the PCI bus for starting or speeding up the clock i.e.,
CLKRUN will be set at '1.' When CLKRUN is asserted, OR gate 442 will
thus generate a PCIRUN signat set to '1' such that the memory controller
15 will be restarted once an external device coupled to the PCI bus requests
the starting or speeding up of the clock, much like the way in which
assertion of the internal bus cycle request signal (IBUSREQ) causes the
memory controller to resume operation.

The power management circuit, in this particular embodiment is

20 an AND gate 450. The AND gate 450 receives at one of its input a signal
from the output of flip-flop 430. Flip-flop 430, in turn, receives at its
input the signal, generated by the OR gate 432, which indicates whether
or not there is or there will be activity on the host bus. As one can see,
gate 450 receives at input gate 446 a CLKIN signal which typically

25 sequences the operation of memory controller 416. CLKIN is a clock
signal which, generally, would be coupled directly to memory controller
408 in the absence of the power management scheme of the present
invention. If the signal received at an input 444 indicates activity on the
host bus, then CLKIN wiil be gated to the output of the power

30 management circuit 450, as CLKOUT. However, if all signals received at
the input of gate 432 are low, i.e. the QUIETBUS signal is low, the
PCIRUN signal is low, the DRAM refresh signal is low, and the bus
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bus 204 to CPU core 206. The exchange of information between the host
and the other devices coupled to the host bus 202 is coordinated by

host bus coniygdlagéss 208. : A portion of the proceg (?ﬁ%%égéo
I ncl udi ng host bus controller 208 5 and the host bus reques 10 is

shown in Figure 3. Bus controller 208 includes a bus controller state
machi ne (not shown) which typically receives an internal bus cycle
request signal (IBUSREQ fromthe CPU core 206 and a bus cycle
external request signal (EADS) fromthe 4 host/ PCl bridge 214.
Simlarly, -an external cycle request for €ache 10 snoops can be

comuni cated to_t host bus co élr oller 208 Erom a cache controller
(not shown). Thé” AuBHR IS EMpRYthep the eutpyubok thepoayer managementcircuit 5

si gnal -1 BUSREQ i450wdihbe 0antjhius; the cldék td thearnembory controtler hdlilbest bus 202
by performng atGefle®r @ Wite operation in conjunction with this bus.
The host bus request queue 210 will comunicate the internal request 15

fromthe CPU core to,fhe host bus contrpller 208 via Llne 209. The host
bus controller 208 tASHPIVEF managem F@galﬁﬂ veptionthus 502 via a

bus interfacd (rwxrksinothe fbﬂowhiyﬂay.gwmp bus activity is detected on the host
' bus, or the bus bridge queue is not empty, or the PCI bus is not idie, or
the DRAM refresh logic is refreshing the DRAM, the power management
circuit 450 will generate a signal CLKOUT at its output which will simply
substantially replicate the input signal CLKIN. However, in cases where
10  all the four input signals to gate 432 are low, the power management

circuit 450, will generate the signal CLKOUT having a frequency
substantially equal to 0. Accordingly, the power dissipated in the
memory controller 416 will be substannally reduced in accordance with
the equation

15 : P=CxV2xF
where P represents the power dissipated by the memory controller, C
represents the capacitance seen at the input of the memory controlier, V
is the voltage biasing the memory controller, and F is the frequency of the
CLKOUT signal output by the power management circuit 450. As one
20  can see from this equation, when the frequency of the CLKOUT signal is
substantially 0, the power dissipated in the memory controller will be
‘substantially reduced, i.e. 0. The computer system according to the
present invention confers the capability of controlling the power
dissipated in the memory controller 416 according to activity or lack
25  thereof in the host bus or in the PCI bus. Moreover, the computer system
according to the present invention includes the resumption of activity
circuit which causes the power management circuit to resume sequencing
the operation of the memory controller at least one clock cycle before the
ADS signal is asserted, such that the memory controller can be fully
30 operative upon receipt of the signal ADS from the bus interface.

The power management scheme of the present invention is not
limited to memory controllers. The scheme can be implemented with



Typically, the host bus controller wll poll the EADS signal during

t he boundary between bus cycles. Wen the host CPU is not utilizing the 20
host bus 202, it will nonitor the EADS signal such that when this signal
is issued by an external device, the CPUw | release the host bus and

assert a si gpa)oreéssow edgi ng, to the respective external detrusee2asére grant
of the host. bus. An external device, such as an arbiter, will issue in turn

a bus grant signal to a slave device (not shown). The sl ave device
will then 25 access the host bus 202. The host CPU will subsequently gain
access to t he host bus when the slave device rel eases the host bus or
when t he CPU core 206 issues the iL{g-ernal bus request signal

(I BUSREQ to access this bus and the external device or the arbiter

Cycle 1s ai | oaZty derictibuiSs ache coRHONER| adi RRIG LIS by 2ERRANEREL | ' o0s "
active in the fshuttingtheRowerpfrgiring perio %?E‘%L?W' tl{?é exagp. ec&t?c k. The RDY
signal indi cat eprédsbafindentioro@in bel implérented in corjundtionswitieawaghe218, is ready
to receive or pp X&&Fer%ﬁé\ controls the operation of an SRAM memory such as the
5 12 of Intel Corporation computer architecture. The bus activity monitor
could control the power to the cache controller, which in turn would
power down the SRAM by using an additional power management
circuit in conjunction with the clock of the SRAM. Moreover, in the
computer system according to the present invention, the bus activity
10  signal can be multiplexed with another signal connected to a pin already
- existent on the microprocessor. In such way the present invention can be
implemented on computer systems having microprocessors which are
pad constrained. Such pin could be any pin existing on the
microprocessor which does not have any meaning when there is no
15 activity in the bus controller and therefore the bus is quiet. This pin
could be multiplexed with the QUIETBUS signal.

Figure 6 illustrates a timing diagram of the computer system
according to the present invention. As one can see, the transition from
high to low of the ADS signal indicates that the CPU is driving the bus.

90 Upon this transition the bus will send out an address to the memory
controller which will latch that address. As one can see the bus activity
signal is QUIETBUS deasserted one bus clock before the ADS signal. As
explained above, this assures that the memory controlier will become
operative before the assertion of the ADS signal. This figure also shows

25 theinternal clock signal CLKIN and the external clock signal CLKOUT.
The CLKOUT signal, as one can see from this figure, is inhibited while
the QUIETBUS signal is low, but is restarted when the QUIETBUS signal
is high. '

In the foregoing specification, the invention has been described
30 with reference to specific embodiments thereof. It will however be
evident that various modifications and changes can be made thereto
without departing from the broader spirit and scope of the invention as



- 8- Figure 4 shows a block diagramw th the bus activity

noni t or according to the present invention. The host bus activity
moni t or 412, according to the present invention, is coupled to host
bus controller 408 vi a host bus request queue 410. The host bus
activity nonibgk can 5 detect a level of activity or jl. R,llémeof in
t he host bus coﬁ%ro | er 408 by noni toring a BUSIDLE signa romthe
host bus request queue 410. BUSI DLE is a signal which indicates
activity when high, i.e. is set to logic level "1.' Additionally, the
host bus activity nonitor receives the | BUSREQ signal fromthe CPU
core (not shown). |IBUSREQ i ndicates 10 whether or not an internal bus
request has been issued by the CPU core. " If both BUSI DLE and | BUSREQ
are set to logic "0," then the host bus.q4- activity nonitor 412 issues a
| ow signal at an output thereof. However, t he power to t he nenory

controller can t d segnal | BUSREQ
is received, i g?f%@s%ﬁ P l&ﬁrﬂﬁsﬁahﬁ?ganon an ‘ﬁﬂ utgr system
according to thacoprdingly: to meaﬁl ‘b‘é’a&!’?é?'ﬂ}éﬂhmare?@ ¥®er devices
which may utiligesé. Hfhéiﬁﬁire,lﬁthé of tiasintenicreshonbdipe tithited only by #heé>Cl  bus.
In this case, the %ﬁ\ggr agerrent circuit can receive i nput from bot h

the host bus cofR froma PCl bus controller (not shown) ,
responsible with a transfer of data between an external device



20 coupled to the PCl bus and the DRAM Wbre-details about this scheme

will be provided later in thumnﬁ The host bus request
queue 410 typically stores d I,Lnlmuufl’u", awai ting transfer to the
host bus via bus controller 408.° The Kost bus controller 408 typically
drives the howoostruEs?02 with addresses or data 25 queued i Bch/sss0sdh- bus
request queue 410. The host bus controller 408 wll also output to the
host bus an address strobe signal ( ADS) i ndicating that the address
on the host bus is valid. As one can see in this figure, the host bus
request queue 410 includes a del aying device such as flip-flop 430.

This flip-flop receives at one of its inputs 431 the | BUSREQ signal 30 and
outputs this signal, with a delay of one clock, to the host bus
controller 408. This signal is then routeid-to flip-flop 424, of a bus
interface 434, which will synchronize this signal with the clock and
out put the signal ADS in response. The flip-flop 430 is part of a

CLAIMS

What is claimed is:

5 1. A computer system comprising:

a bus;

a processor having a bus controller coupled to said bus;

a bus activity monitor circuit coupled to said bus controller for
generating a bus activity signal indicative of activity in said bus

10  controller;

a target controller, coupled to said bus controller, for controlling
the exchange of information between said processor and a target circuit,
said target controller having an input for receiving a control sequencing .
signal; and

15 a power management circuit, for controlling a power consumption

of said target controller, said power management circuit having an input,
for receiving said bus activity signal and an output for generating,
responsive to said bus activity signal, said control sequencing signal.

20 2 The computer system of claim 1 wherein said processor further
includes a bus request queue for storing addresses, said bus request
queue having a first gate for receiving a bus request (IBUSREQ) signal,
said bus request queue having a second gate for generating a signal
(BUSIDLE) indicative of an idle state of said bus controller.

25 3 The computer system of claim 2 wherein said bus activity monitor
circuit has a first input, for receiving said IBUSREQ signal, 2 second

input, for receiving said BUSIDLE 51gnal and an output for generating
said bus activity signal.

4. The computer system of claim 3 wherein said power management
30  circuit has a first input, for receiving said bus activity signal, a second



"“resunption of activity" circuit which wll be explained later in this

section. - Oﬂmﬁumﬂllummmal s a non-linmiting inplementation
of the bus activity W iR aaRl ilfles at input gate 419 the signal
BUSIDLE, 5 indicative of an idl & stat® of host bus controller 408. The

BUSI DLE si gnsdo97n4esat ypi cally indicates that the host bus r ue 410
Is enpty and thus, the host bus controller is in an idﬁﬁgﬁwfas no

addresses in the host bus request queue are awaiting processing by the
host bus controller 408. The output of gate 412 is then input to a
flip-flop 426 of the host bus 10 interface 434. Flip-flop 426, which
synchroni zes the signal output by the bus activity nonitor 412, issues
in response a QU ETBUS signal. The QUI ETBUS signal indicates activity
or lack of activity in the bus coniweel | er and the pendency or |ack of
pendency of internal bus requests fromthe CPU core. Accordingly, if

the QU ETBUS siigpat, forsreclvingld @odiosignal andutbodplut forlgensfatinggaidy | | i ndi cate
to the power n%g%ﬁgé .%h&cwt (no shown) that the host bus
control l er 408 250 so that no internal requests are pending
in the queue 410. Alternatively, when the internal bus request | BUSREQ
is set to |ogics.l evethelconipifterdystehBbiciaint® Airthér Having a resumption of
activity circuit for generating an address valid signal subsequent toa
5 resumption of activity of said target controller.

6. The computer system of claim 6 wherein said bus activity monitor
asserts said bus activity signal at least one bus cycle before said address
valid signal is asserted.

7. The computer system of claim 5 wherein said resumption of

10 acti\fity circuit includes first flip-flop latch having an input for coupling
to said IBUSREQ signal.

8.  The computer system of claim 5 wherein said address valid signal
is an address strobe signal (ADS).

9. The computer system of claim 6 wherein said bus activity monitor

15 circuit includes an OR gate having a first input, for receiving said
IBUSREQ signal a second input, for receiving said BUSIDLE signal, and
an output.

10.  The computer system of claim 9 further including a bus interface,
said bus interface including a second flip-flop latch having an input for

20 receiving said signal generated by said output of said bus activity
monitor, said second flip flop latch further including an output for
generating said bus activity signal.

11.  The computer system of claim 7 wherein said power management
dircuit includes an AND gate having a first input, for receiving said bus

25 activity signal, a second input, for receiving a clock signal, and an output
for generating said control sequencing signal.
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shift tologic "1" to Wthe menory controller, that an 20
i'nternal request for t ost ' mmng I n the queue 410 and, thus,
the nmenory controller shoy %m\s\ rmal operation. The
resunption of activity in\ \control | er 416, however, has to be
coordi nat ed Wa /2683 resunpgtion of activity in the host busrcrms%lzowl
controller. The nmenory controller should, thus, resune its nornmal 25
operation before a new address i s output by the host bus controller 408.
Accordingly, in the conputer system according to the present invention,

the resunption of activity circuit 430 ensures that the ADS signal is

asserted one bus clock later than the asggrtion of the QU ETBUS signal.
The resunption of activity circuit 430, which is inpl emented in ano- 30

limting way, bx fI | ﬂlgpara;rﬁqllf tﬁéﬁ Bﬁhﬁlﬁ er nal bus
requést signal, one %ga
relative to the @ﬁ %6?‘(9‘?%8

. input coupled to saxd first bus queue, a thxrd mput coupled to said bus
activity signal, and a fourth input coupled to a PCI clock control logic.

5 13. The computer system of claim 12 wherein said target controller is

a dynamic random access memory (DRAM) controller and said target
circuit is a DRAM memory.

14. The computer system of claim 12 wherein said target controller is
a cache controller and said target circuit is a static random access
10 memory (SRAM).

15. Ina processor having a bus controller coupled to a bus, said bus
being coupled to a memory controller controlling the exchange of
information between a memory and said bus, said bus controller
including:

15 a bus activity monitor circuit coupled to said bus controller for
generating a bus activity signal indicative of activity in said bus
controller.

16.  The processor of claim 15 further including a bus request queue
for storing addresses, said bus request queue having a first gate for

20 receiving a bus request (IBUSREQ) signal, said bus request queue having
a second gate for generating a signal (BUSIDLE ) indicative of an idle
state of said bus controller.

17. The processor of claim 16 wherein said bus activity monitor circuit
has a first input, for receiving said IBUSREQ signal, a second input, for

25  receiving said BUSIDLE signal, and an output for generating said bus
activity signal.

18. A method for reducing a consumption of power in 2 memory
controller, said memory controller controlling an exchange of information



-10- according to ntlon Is configured to avoid the
situation . where th ﬂrmﬁ lmpmgsserted before the nmenory controller

becones operative. No bust cycl es t hus be wasted when the CPU core
of the host CPU WI|| initiate an access to the DRAM nenory after a
period of 5 'd'@,?,gsgity of the bus controller 408. ' 5
further showga 'ock di agram of the conputer system of Pq"ﬁgg%‘gent

i nvention with the power managenent circuit 450. The QUI ETBUS si gnal
generated by the host processor is input to flip-flop 438. Flip-flop
438 and flip-flop 430 can be part of one single flip-flop 10 which |atches
the QUI ETBUS signal at the rising edge of the clock (flip- flop 438).
Flip-flop 430 also | atches conbination of the QU ETBUS si gnal and

three nore other signals input at the inpsdt gate of this flip-flop at the
falling edge of the clock signal, to ensufe that no glitch will occur when

LD 0l 2 Bl of§mpossor ST PRk LA sbbet 2L oL
440. The DRAM r contgaller heying aniinput for recewmga@og@daequwng sighalcthe si gnal
periodically evgiethddedinplifing BecagsSor 0 256
coupling a bus activity monitor between a bus controller, of said
5 processor, and said memory controller, said bus activity monitor
generating a bus activity signal indicative of activity in said bus
controller; and
coupling a power management circuit, at an input thereof, to said
bus activity signal and, at an output thereof, to said input of said memory
10 controiler.

19.  The method of claim 18 further including the step of:
coupling a resumption of activity circuit to said bus activity
monitor;
causing said resumptxon of activity circuit to notify the bus activity
15 monitor of a resumption of activity on said bus at least one bus cycle
before an address valid signal is asserted by said processor.

20.  Themethod of claim 19 wherein said address valid signal is an
ADS signal.
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m croseconds. Accordi ngly, the power managenent schenme of the pr esent
i'nvention takes into account instances where the DRAM needs to 20 be
refreshed such that in these instances, the nenory controller will not

be shut off. OR gate 432 further has a second input for coupling a signal
from host brivwgerniessue 433. As one can see, host bridge quemerndsisrossr a
queue simlar to the host bus request queue 410. The host bridge queue

433 is located in the host bridge agﬂ is coupled to a bridge host bus 25
controller 436 and to a bridge PCl & control I er 438. The host bri dge
gueue 433 receives addresses and control signals from bl ocks 436 and 438

i ndi cati ng whet her an access to the nenory is requested by the host CPU

or by the PClI bus. If the host bridge queue 433 is not enpty, for exanple,
because a request fromthe PCI bus is pending, a QUEUE NOT EMPTY 30
signal will be driven to a second input of gate 432 such that the nmenory
controller 416 will not be shut off. Sonme host bridge controllers may have
i npl erented "wite posters” for performance reasons. All wite

CPU 2
BUS
CONT%OLLER
MEMORY DRAM
CONTROLLER | | MEMORY
8
12
CHIPSET 10

FIG. |
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-11- operations may be posted (stored) in the queue first, and then
be witten into the nenory. In this case, one needs to wait until the
gueue is enpty before shutting off the nmenory controller 416.

Athird input to OR gate 432 receives the QU ETBUS signal 5 described
above. A fou5&§g%gﬁat to the OR gate 432 of the bus acti vitycrusse2e8ni t or
is coupled to a clock control logic 441. The PCl cl ock control

| ogi c receives a signal CLKRUN when PCl clock is running nornally.

During periods when the PCl clock Bas6been stopped (or slowed), the

clock control logic nmonitors CLKRUN to recogni ze requests, frommaster 10
and target devices, for changing the state of the PCl clock signal. The PCl

clock control logic 441 typically receives requests from external devices
coupled to the PCl bus for starting or speeding up the clock i.e.,

CLKRUN wi || be set at '1.' When CLKRUN i s asserted, OR gate 442 w ||
thus generate a PCIRUN signal set to 'l.kuch that the nenory cé#ntroller 15

will be restarted once an external deviyggpk coupled to the PC S requests
the starting or speeding up of the clo (.guch | i ke the way imjwhich
assertion of the internal bus cycle requpgd signal (|BUSREQ Efuses t he
menory controller to resune ration.?5 N o
N
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The power managenent circuit, in this particular enbodinent is 20 an AND
gate 450. The AND gate 450 receives at one of its input a signal from
the output of flip-flop 430. Flip-flop 430, in turn, receives at its

i nput the signal, generated by the OR gate 432, which indicates whether

or not there‘{,ég,g{“ here will be activity on the host bus. Ver/ospenressn see,
gate 450 recelvées at input gate 446 a CLKIN signal which typically 25
sequences the operation of nmenory controller 416. CLKIN is a clock

signal which, generally, would be Glpl ed directly to menory controller

416 in the absence of the power nmanagenent schene of the present

invention. |If the signal received at an input 444 indicates activity on the
host bus, then CLKIN will be gated to the output of the power 30

managenent circuit 450, as CLKOUT. However, if all signals received at

the i-nput of gate 432 are low, i.e. the QU ETBUS signal is |low, the

PCIRUN signal is low, the DRAMrefresh signal is |ow, and the bus

WD 97/ 24653
PCT/ US96/ 20807
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-12- bri dge queue is enpty, then the output of the power nmanagenent

cirguit ., 450 wll be 0 and, thus, the clock to the nmenory controller
will be i nhi bi ted. The power nanagenent schene of the
present invention thus 5 works in the follow ng way. Wien bus activity is
detected on t®e HLAsfEs bus, or the bus bridge queue is necrfRepdesoror the
PCl bus is not idle, or the DRAM refresh logic is refreshing the DRAM
t he power nanagenent circuit 450 will generate a signal CLKOUT at its
out put which will sinply substéaftd al | y replicate the input signal
CLKI N. However, in cases where 10 all the four input signals to gate 432
are | ow, the power nanagenent circuit 450, wll generate the signal
CLKQUT having a frequency ~substantially equal to 0. Accordingly, the
power dissipated in the menory controller 416 will be substantially
reduced in accordance with t he equation 15
[err] where P represents the power dissipated by the nenory
controller, C represents the capacitance seen at the input of the
menory controller, V is the voltage biasing the nenory controller, and
F is the frequency of the CLKQUT signal output by theypower nmanagenent
circuit 450. As one 20 can see frgmthis equation, when e frequency of
the CLKQUT sigpal is subst ant ly 0, the power fis ated in the
menory control@er will be sub@t hntially reduced, (i 0. The conputer
system accordijng to the present }i nvention conferg t capability of
controlling gﬁe_pgm/e_r _______________________ —_——
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di ssipated in the nmenory controller 416 according to activity or lack 25
t-hereaof in the host bus or in the PCl bus. Mreover, the conputer system
accordlng to the present invention includes the resunption of activity
circuit which causes the power managenment circuit to resune sequencing '
the operati ogdyndse Nenory controller at |east one clock cpeanessbedser e t he
- ADS signal is asserted, such that the nenory controller can be fully 30
operative upon receipt of the S|gng DS fromthe bus interface.
The power nmanagenent schene of the ﬁ? sent invention is not

limted
to nenory controllers. The schene can be inplenmented wth WO
97/ 24653 PCT/ US96/ 20807
- 13- ot her devi ces such as cache controllers, static RAM etc., by
reduci ng or shutting the power off during periods of idleness. For
exanpl e, the To)
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present invention can be inplenented in conjunction wth a cache

contraqller which controls the operation of an SRAM nenory such as the 5

L2 of Intel Corporation conputer architecture. The bus activity nonitor
could control the power to the cache controller, which in turn would

power down t lveo &fRab43by usi ng an additi onal power nanagenent PCT/AUS962080CUI t i N
conjunction with the clock of the SRAM Moreover, in the conput er
system according to the present in%ﬁpbion, the bus activity 10 signal can
be mul tiplexed with another signal “Coffnected to a pin already exi st ent
on the mcroprocessor. In such way the present invention can be

i npl emented on conputer systens having m croprocessors which are pad
constrained. Such pin could be any pin existing on the M croprocessor
whi ch does not have any neani ng when there is no 15 activity in the bus
controller and thereforje the bug is quiet). Thls pin cqul d be

mul ti pl exed NDS‘ 'JSS|onaI Figufe 6lillustrates a
timng di ag

oF dl aVa B4

bt I
i nvention. e tranS|t|o fro high tq | ow of the ADS
signal indicates that tphe CPU i ing {the bus. 20 Uponijthis transition
the bus will send ’ nor contrd | er which will
| at ch that address. 5 acfivit ignal is

expl ai ned
erative

QUI ETBUS GISFETHUS ©

above, thl-S—asSi-ag
before the asserti

internal g gn The
cLiouT si APHRESS Y, ]
t he QUI ETUS signal i ot | US si gnal
is high.
REQTYPE P N
N
RDY#
Ll |
CLKIN
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In.tHe foregoing specificati on, the invent i on has b g<r igpgd
reference-to specific enbodiments thereof. It wll m be@%/éﬁev\uit

that various nodifications and changes can be made t hg PEW

departing fromthe broader spirit and scope of the inven (L)'r‘r' gé J\UL r1gg7V\D

97/ 24653 '

'PCT/ US96/ 20807 ' | ' -14- . set-
forth in the appended clains. The speC|f|cat|on and draw ngs are,
accordingly, to be regarded in an illustrative rather than a restrictive

sense. Therefore, the scope of the invention should be |imted only by the
appended cl ai ns. : '

-8-

Figure 4 shows a block diagram with the bus activity monitor |
according to the present invention. The host bus activity monitor 412,
according to the present invention, is coupled to host bus controller 408
via host bus request queue 410. The host bus activity monitor 412 can
detect a level of activity or lack thereof in the host bus controller 408 by
monitoring a BUSIDLE signal from the host bus request queue 410.
BUSIDLE is a signal which indicates activity when high, i.e. is set to logxc
level '1." Additionally, the host bus activity monitor receives the
IBUSREQ signal from the CPU core (not shown). IBUSREQ indicates
10  whether or not an internal bus request has been issued by the CPU core.
If both BUSIDLE and IBUSREQ are set to logic "0,” then the host bus
activity monitor 412 issues a low signal at an output thereof. However,
the power to the memory controller can be turned back on if an internal
request signal IBUSREQ is received, i.e., IBUSREQ is high. Furthermore,

15 the computer system, according to, the present invention, can be extended
to other devices which may utilize the host bus, such as devices coupled

_to a PCI bus. In this case, the power management circuit can receive

input from both the host bus controller and from a PCI bus controller (not
shown), responsible with a transfer of data between an external device

20 coupled to the PCI bus and the DRAM. More details about this scheme
will be provided later in this section.

(9]

The host bus request queue 410 typically stores data or addresses
awaiting transfer to the host bus via bus controller 408. The host bus
controller 408 typically drives the host bus 202 with addresses or data

25 queued in the hostbus request queue 410. The host bus controller 408
will also output to the host bus an address strobe signal (ADS) indicating
that the address on the host bus is valid. As one can see in this figure, the
host bus request queue 410 includes a delaying device such as flip-flop
430. This ﬂip?ﬂop receives at one of its inputs 431 the TBUSREQ signal

30 and outputs this signal, with a delay of one clock, to the host bus
controller 408. This signal is then routed to flip-flop 424, of a bus
interface 434, which will synchronize this signal with the clock and
outpﬁt the signal ADS in response. The flip-flop 430 is part of a
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CLAI M5 VWhat is clained is: 5 ° 1. A conputer

a bus; a processor having a bus controller @’mgcﬂpéuid%%
a bus act|V|ty nonitor circuit coupled to said bus controller for
generating a bus activity signal indicative of activity in said bus 10
controller; a target controller, coupled to said bus

controller, for controlling t he exchange of information between said
processor and a target circuit,

-9-

“resumption of activity” circuit which will be explained later in this
section.

OR gate 412, which is a non-limiting implementation of the bus .
activity monitor, receives at input gate 419 the signal BUSIDLE,

5 indicative of an idle state of host bus controller 408. The BUSIDLE signal
typically indicates that the host bus request queue 410 is empty and thus,
the host bus controller is in an idle state, as no addresses in the host bus
request queue are awaiting processing by the host bus controller 408.
The output of gate 412 is then input to a flip-flop 426 of the host bus

10 interface 434. Flip-flop 426, which synchronizes the signal output by the
bus activity monitor 412, issues in response 2 QUIETBUS signal. The
‘QUIETBUS signal indicates activity or lack of activity in the bus
controller and the pendency or lack of pendency of internal bus requests
from the CPU core. Accordingly, if the QUIEIBUS signal is '0,’ the host

15  bus activity monitor will indicate to the power management circuit (not

~ shown) that the host bus controlier 408 is idle and also that no internal
requests are pending in the queue 410. Alternatively, when the internal
bus request IBUSREQ is set to logic level 1, the QUIETBUS signal will
shift to logic "1" to timely indicate, to the memory controller, that an

20 internal request for the host bus is pending in the queue 410 and, thus,
the memory controller should resume its normal operation. .

The resumption of activity in memory controller 416, however, has
to be coordinated with the resumption of activity in the host bus
controller. The memory controller should, thus, resume its normal

25 operation before a new address is output by the host bus controller 408.
Accordingly, in the computer system according to the present invention,
thie resumption of activity circuit 430 ensures that the ADS signal is
asserted one bus clock later than the assertion of the QUIETBUS signai.
The resumption of activity circuit 430, which is implemented, in a no-

30 limiting way, by flip-flop 430 is inserted in the path of the internal bus
request signal, thereby delaying by one clock cycle the signal ADS
relative to the QUIETBUS signal. Accordingly, the computer system
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said target controller h
signal; and 15

aving an input for receivi

power managenment circuit, ?ﬂ(ﬁ’!&%ﬁ (r)<§):6 ?366&%2? T

a

consunpti.on of said target cantroll i

having an input, fo i vi Iler, said powep ty i GGt
having an input,  for receiving said bus activi ty IREMOS 2 JUE 2390,

sequenci ng signal .. 20
processor further

- said bus request
request (I BUSREQ signal,

for generating a signal

ponsive to said bus activity signal, said control
. 2i g The conputer systemof claiml wherein said
i ncl udes a bus request queue for storing addresses,

gueue having a first gate for receiving a bus

sai d bus request queue havin
re _ g a second gate
. (BUSIDLE) indicative of an idle state of gaid

b _
agfi \(;;){n r(r)rljlnie{. 25 3. _ Th_e conputer system of claim2 wherein said bus
A y I or circuit has a first input, for receivin i d

Q signal, a second ' ’ VE o

and an output for generating
The conputer system of claim3 wherei n-1%a

has a first

i nput, for receiving said BUSIDLE si gnal
said bus activity signal. ,

i d power nmanagenent 30 ci Fcui t

input, for receiving said bus actiyi '
according to the present?nvention is co 'gurle Ld Yvord 8% tuatiors €coNd
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20

30

where the ADS signal is asserted before the memory controller becomes
operative. No bus cycles will thus be wasted when the CPU core of the
host CPU will initiate an access to the DRAM memory after a period of

inactivity of the bus controller 408.

Figure 5 further shows a block diagram of the computer system of
the present invention with the power management circuit 450. The
QUIETBUS signal generated by the host processor is input to flip-flop
438. Flip-flop 438 and flip-flop 430 can be part of one single flip-flop
which latches the QUIETBUS signal at the rising edge of the clock (flip-

 flop 438). Flip-flop 430 also latches combination of the QUIETBUS signal

and three more other signals input at the input gate of this flip-flop at the
falling edge of the clock signal, to ensure that no glitch will occur when
the signals are latched.

OR gate 432 has a first input for receiving 2 DRAM refresh signal
from a DRAM refresh logic circuit 440. The DRAM refresh logic circuit

440 generates

a refresh signal periodically every 15.6 microseconds to 256

microseconds. Accordingly, the power management scheme of the
present invention takes into account instances where the DRAM needs to
be refreshed such that in these instances, the memory controller will not
be shut off. OR gate 432 further has a second input for coupling a signal
from host bridge queue 433. As one can see, host bridge queue 433 isa

queue similar
433 is located
controller 436
queue 433 rec

to the host bus request queue 410. The host bridge queue
in the host bridge and is coupled to a bridge host bus

and to a bridge PCI bus controller 438. The host bridge
eives addresses and control signalé from blocks 436 and 438

indicating whether an access to the memory is requested by the host CPU -
or by the PClbus. If the host bridge queue 433 is not empty, for example,
because a request from the PCI bus is pending, a QUEUE NOT EMPTY

signal will be

driven to a second input of gate 432 such that the memory

controller 416 will not be shut off. Some host bridge controllers may have

implemented

"write posters" for performance reasons. All write
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an address valid signal subsequent to a 5 resunption of activity of said
target controller: - 6. The conputer systemof claim®6 wherein said

bus activity nonitor-

cl ock cycle before sai d address valid signal is asserted.
The conputer systemof claim5 wherein said resunption of 10 activity

circuit includes first flip- rop | atch having an input for coupling

sai d I'BUSREQ si gnal .
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operations may be posted (stored) in the queue first, and then be written
irito the memory. In this case, one needs to wait until the queue is empty
before shutting off the memory controller 416.

A third input to OR gate 432 receives the QUIEIBUS signal
described above. A fourth input to the OR gate 432 of the bus activity
monitor is coupled to a PCI clock control logic 441. The PCI clock control
logic receives a signal CLKRUN when PCI clock is running normally.
During periods when the PCI clock has been stopped (or slowed), the
clock control logic monitors CLKRUN to recognize requests, from master
and target devices, for changing the state of the PCl clock signal. The PCI
clock control logic 441 typically receives requests from external devices
coupled to the PCI bus for starting or speeding up the clock i.e.,

CLKRUN will be setat 1. When CLKRUN is asserted, OR gate 442 will
thus generate a PCIRUN signal set to 1" such that the memory controller
will be restarted once an external device coupled to the PCI bus requests
the starting or speeding up of the clock, much like the way in which
assertion of the internal bus cycle request signal (IBUSREQ) causes the
memory controller to resume operation.

The power management circuit, in this particular embodiment is
an AND gate 450. The AND gate 450 receives at one of its input a signal
from the output of flip-flop 430. Flip-flop 430, in turn, receives at its
input the signal, generated by the OR gate 432, which indicates whether
or not there is or there will be activity on the host bus. As one can see,
gate 450 receives at input gate 446 a CLKIN signal which typicaily

' sequences the operation of memory controller 416. CLKIN is a clock

signal which, generally, would be coupled directly to memory controller
416 in the absence of the power management scheme of the present
invention. If the signal received at an input 444 indicates activity on the
host bus, then CLKIN will be gated to the output of the power
management circuit 450, as CLKOUT. However, if all signals received at
the input of gate 432 are low, i.e. the QUIETBUS signal is low, the
PCIRUN signal is low, the DRAM refresh signal is low, and the bus

\ .

asserts said bus activity signal at |east one

7.

to
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ﬁé. The conputé} syéten{éf éra|n15 mhereln said a 4™va
I's an address strobe si gnal” (ADS). - 9. The % getﬁ%i@ Zim
6 wherein sal' ctivity nonitor 15 circuit incl S%Z@gle i ng

a first i rece| vimg said . |BUSREQ signal a second input, for
recei vi n naI , and an out put. 10. The conputer
syst em of cl%u I ncl udi ng a bus interface, _ sai d bus

i nterface. |nclud|ng a sécond flip-flop latch having an input for 20
receiving said signal generated by said output of said bus activity

monitor, said second flip flop lLatch further including an output for
generating said bus activity signal. 11. The conputer system of claim
7 wherein sai'd power managenent. - cjqgcuit includes an AND gate having a
first input, for receiving.said bus 25 activity signal, a second input,

for receiving g, Lpfo%réee%?gadmi 1,30k BHbutput forlgBhedfRESAL I N sai d
com o) ssauenc G S B S SRR

5. The computer system of claim 4 further having a resumption of
activity circuit for generating an address valid signal subsequent to a
5 resumption of activity of said target controller.

6. The computer system of claim 6 wherein said bus activity monitor
asserts said bus activity signal at least one clock cycle before said address
valid signal is asserted.

7. - .The computer system of claim 5 wherein said resumption of-
10  activity circuit includes first fhp—ﬂop latch having an input for coupling
to said IBUSREQ sxgnal

8. The computer system of claim 5 wherein said address valid signal
is an address strobe signal ( ADS).

9. The computer system of claim 6 wherein said bus activity monitor
15 circuitincludes an OR gate having a first input, for receiving said

IBUSREQ signal a second input, for receiving said BUSIDLEsignal, and

~anoutput. :

10. - The computer system of claim 9 further including a bus interface,
said bus interface including a second flip-flop latch having an input for

20 receiving said signal generated by said output of said bus activity
monitor, said second flip flop latch further including an output for
generating said bus agtivity signal.

11.  The computer system of claim 7 wherein said power management
circuit includes an AND gate having a first.'input, for receiving said bus
25 activity signal, a second input, for receiving a clock signal, and an output
for generating said control sequencing signal.
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~control oglc The conputer systemof claim 12 wherein said target
controller is - a dynan1c random access nenory (DRAM controller and
said target circuit is a DRAMnmenory. 14, The conputer system
of claim12 wherein said target controller is a cache controller and
said target circuit is a static random access 10 nenory (SRAM. 15.
I n a.processor having a bus controller coupled to a bus, said bus

bei ng-coupled to a nenory controller controlling t he exchange of

i nformati on between a nenory and said bus, said bus controller

o it S it T,

including: 15 - ~a bus activity nDnitor circuit- coupled to said bus
controller for generating a bus activity signal indicative of activity
in said bus. “controller.’ 16.  -Whe processor of claim 15 further

i ncluding a bus reguest queue
between a bus of a processor and a memory device, said memory

controller having an input for receiving a control sequencing signal, the
method comprising the steps of:

coupling a bus activity monitor between a bus controller, of said

5 processor, and said m'emory controller, said bus activity monitor

generating a bus activity signal indicative of activity in said bus
controller; and

couphng a power management circuit, at an 1nput thereof, to said
bus activity signal and, at an output thereof, to said input of said memory

10  controller.

19.  The method of claim 18 further including the step of:

' coupling a resumptxon of activity circuit to said bus activity

monitor; :

causing said resumption of activity circuit to notify the bus activity

15 monitor of a resumption of activity on said bus at least one clock cycle.
before an address valid signal is asserted by said processor.

20.  The method of claim 19 wherem said address valid 51gnal isan
ADS signal.
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sequenci ng signal, the . method conprising th

coupling a bus activity nonitor- between a bus Controﬁmz%-&"— 199]
processor, and said nenory controller, said bus activity nonitor
“generating a bus activity signal indicative of activity in said-bus-

controller; and _ coupri?g?a power managenent circuit, at an.
i nput thereof, to said bus actiivity signal and, at an out put
thereof, to said i nput of said nenory 10 controller. 19.

The method of claim 18 further inclduding the step of:

coupling a resunptlon of act|V|ty circuit to said bus activity
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noni t or’; causing said resunption of activity circuit to
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(57) Abstract

e

A computer system is provided for monitoring the activity of a bus controller (208) of a processor (204) and responsive thereto for
controlling the power consumption of a target controller such as memory controller (216) coupled to the bus controller (208). The computer
system includes a bus (202), a processor (204), and a bus activity monitor (212) for generating a bus activity signal indicative of activity in
the bus controller (208). The target controlier (memory controlier (216)) controls the exchange of information between the processor (204)
and a target circuit such as DRAM (218). The target controller (216) has an input (215) for receiving a sequencing signal. The computer
system additionally includes a power management circuit (220) for controlling the power consumption of the target controller (216), The
power management circuit (220) receives the bus activity signal and generates the sequencing signal in response to the bus activity signal.




