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PCIE DEVICE POWER STATE CONTROL

BACKGROUND OF THE INVENTION

Power management for computing platforms is a subject of great concern. It isamajor
focus in the design and operation of computing platforms, systems and sub-systems. Ideally,
devices and components should not operate at ahigher level of activity than absolutely
required. However, system and devices may not, for example, be fully aware of the present
and/or future operational states of the components to which they are connected. In some
aspects, software embodied techniques have been proposed to manage the power states of
some computing platforms. A disadvantage in some such systems isthat the software must be
executing in order to manage the power. Thus, the running of the software may itself prevent
the system from entering into alower idle power state.

BRIEF DESCRIPTION OF THE DRAWINGS

Aspects of the present disclosure herein are illustrated by way of example and not by way
of limitation in the accompanying figures. For purposes related to simplicity and clarity of
illustration rather than limitation, aspects illustrated in the figures are not necessarily drawn to
scale. Further, where considered appropriate, reference labels have been repeated among the
figures to indicate corresponding or analogous elements.

FIG. lisablock diagram of a system compatible with some embodiments herein.

FIG. 2isaflow diagram of aprocess, in accordance with an embodiment.

FIG. 3isaflow diagram of a sequence of events, in accordance with one embodiment.

FIG. 4isanillustrative depiction of apower state table, in accordance with one
embodiment.

DETAILED DESCRIPTION

The disclosure herein provides numerous specific details such regarding a system for
implementing various processes and operations. However, it will be appreciated by one skilled
in the art(s) related hereto that embodiments of the present disclosure may be practiced without
such specific details. Thus, in some instances aspects such as control mechanisms and full
software instruction sequences have not been shown in detail in order not to obscure other
aspects of the present disclosure. Those of ordinary skill in the art will be able to implement
appropriate functionality without undue experimentation given the included descriptions herein.
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References in the specification to "one embodiment”, "some embodiments’, "an

embodiment”, "an example embodiment”, "an instance”", "some instances' indicate that the
embodiment described may include aparticular feature, structure, or characteristic, but that every
embodiment may not necessarily include the particular feature, structure, or characteristic.
Moreover, such phrases are not necessarily referring to the same embodiment. Further, when a
particular feature, structure, or characteristic is described in connection with an embodiment, itis
submitted that it is within the knowledge of one skilled in the art to affect such feature, structure,
or characteristic in connection with other embodiments whether or not explicitly described.

Some embodiments herein may be implemented in hardware, firmware, software, or any
combinations thereof. Embodiments may also be implemented as executable instructions stored
on amachine-readable medium that may beread and executed by one or more processors. A
machine-readable storage medium may include any tangible non-transitory mechanism for
storing information in aform readable by amachine (e.g., acomputing device). In some aspects,
amachine-readable storage medium may include read only memory (ROM); random access
memory (RAM); magnetic disk storage media; optical storage media; flash memory devices,; and
electrical and optical forms of signals. While firmware, software, routines, and instructions may
be described herein as performing certain actions, it should be appreciated that such descriptions
are merely for convenience and that such actions are in fact result from computing devices,
processors, controllers, and other devices executing the firmware, software, routines, and
instructions.

The present disclosure relates, in some aspects, to acontrol scheme or algorithm for
dynamically controlling apower state of adevice connected to aplatform based on the power
state of the platform. In some embodiments, the device may be a PCIE (Peripheral Component
Interconnect Express) device connected to an end point of a PCIE bus, under the control of a
core logic chipset (also referred to herein as "core logic" and "chipset"). Some embodiments
herein provide amechanism to manage the power of the PCIE device based on the power state of
the platform, under the control of the chipset and within the operational constraints of the PCIE
device, the chipset, and other devices, (e.g., internal and external to the chipset). FIG. lisa
simplified block diagram of achipset 105 interconnected with a PCIE device 110. In some
embodiments, device 110 may be any endpoint connected device compatible with the bus 115
protocol. Device 110 may be one or more devices. In some embodiments, concepts and aspects
of the present disclosure may be applicable to platform other than those particularly referenced,

shown, or discussed herein.
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Process 200 is aflow diagram of aprocess 200 related to one embodiment of aplatform

power management method, algorithm, system, and apparatus. At operation 205, achipset (e.g.,
chipset 105) may receive information including the power state capabilities of aplatform
connected device (e.g., PCIE device 110). The power state information may be received asthe
result of the device advertising its power state capabilities, whether in response to a solicitation
or request for such information from the chipset, the chipset requesting such information, as part
of a"boot" process, etc. The power state information may be accumulated, stored, or persisted
for future reference by the chipset.

At operation 210, the chipset determines an idle power state for the device. The
determined idle power state may consider and be based, at least in part, on the power state
information gathered by the chipset at operation 205. In some embodiments, the idle power state
determined for the device at operation 210 may consider additional factors other than the
device's power capabilities. In some instances, the chipset may consider, for example,
operational parameters of the chipset itself aswell desired performance goals.

At operation 215 the chipset may direct the connected device to enter the determined
power state. In some embodiments, the device may receive an indication of the determined idle
power state and enter such an idle power state at a next available opportunity. In some
embodiments, the information provided to the device regarding the determined idle power state
may include an indication of the power state of the chipset. Based on the power state of the
chipset asreported from the chipset, the connected device may make its own state transitions
with confidence knowing the state of the chipset (i.e., platform). In some embodiments, the
device may enter the determined idle power state at anext idle period or at all future idle periods
unless directed otherwise.

At operation 220, the core logic and the device may bereturned to an active state.
Operation 220 may also be managed under the control of the chipset.

In some aspects, it isnoted that the control scheme and methods disclosed herein may be
strictly controlled by hardware.

FIG. 3isaflow diagram 300 of a sequence of operations occurring between achipset at
302 and a PCIE device a 304. According to FIG. 3, the device communicates its idle state
capabilities to the core logic at 305. In thisinstance, asprovide by the DMA Capability structure
of the PCIE standard. In addition to collecting or gathering the power state capabilities of the
device, the chipset may receive other platform related information. The chipset may use the

received information, all or parts thereof, to determine or predict how long it can expect to be
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idle, including expectations on exit latency. The core logic may predict how deep of an idle state

it can expect to bein anext idle transition.

FIG. 4isanillustrative example of power state information for the device connected at
304. Asshown, the power state information may be captured in atable. It is noted however that
any data structure may be used to contain or at least reference the device's power state
parameters and values. The example of FIG. 4 details the idle states the device is capable of
entering, aswell aslatency and power parameter values corresponding to the idle states. In this
example, D Orefers to an active state and states DOIl and DOi2 refer to alight and a deeper idle
state, respectively.

Based on the gathered or accumulated device power state and platform information, the
core logic can inform the connected device to enter alighter or deeper idle state (e.g., DOIil and
D0i2) that is supported by the device. That is, the core logic may provide guidance to the device
regarding the idle power state(s) it should enter based, at least in part, the state of the chipset.

At operation 310, the device is armed to enter one of the idle states that it supports, DOl
and D0i2, upon the next idle period by acommunication from the core logic. In some aspects,
this guiding of the device of which idle state to enter may operate to inform the device to prepare
for an idle state transition. Such preparing may involve the device "cleaning up" and concluding
other operations.

At operation 315, the platform has decided that it isin or entering an idle state, defined
by all cores and activity generators coalescing. A signal, for example, OBFF Active to Idlg, is
sent to the external device (and internal devices in some embodiments) to indicate the platform
desires to enter an idle state.

At thisjuncture of the process, the device may know that it should coalesce the activities
itisgenerating, and that it is safe for it (i.e., the device) to enter into the one of the idle states
determined and selected by the core logic.

The platform core logic expects to be idle for acertain period of time, asillustrated at
325. In some aspects, the core logic also knows the device recovery latency from the
information received from the device and stored for use/reference by the chipset.

In some aspects, the core logic may cause the system to "warm up" and activate in
advance of the device exiting the idle state and (potentially) needing platform resources. In some
aspects, this "warming up" operation may work to minimize software latency by not adding to it.

At operation 320, the platform informs the device that isintends to exit the idle state.
The device may then enter an active state as shown at 330. Thereafter, the device may resume

DMA (and other) transactions.
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It is seen that the present disclosure provides amechanism to have devices enter alow

(e.g., idle) power statein an orderly and sequenced manner. Asillustrated by the foregoing
discussion, aprocess in accordance herewith may include the selection of idle states for the
device based, at least in part, on the device recovery latency.

In some embodiments, the operations and processes herein are implemented in hardware.
Thisisin contrast to OS and other software directed means. The present disclosure may also be
contrasted with link state power management protocols where aphysical connection or link
between end points isused, as opposed to the present disclosure that directly manages and
controls the operation of the core logic and the device(s). In some aspects, the power
management scheme herein isindependent of acommunication link state status.

All systems and processes discussed herein may be embodied in program code stored on
one or more computer-readable media. Such media may include, for example, afloppy disk, a
CD-ROM, aDVD-ROM, one or more types of "discs’, magnetic tape, amemory card, aflash
drive, asolid state drive, and solid state Random Access Memory (RAM) or Read Only Memory
(ROM) storage units. Embodiments are therefore not limited to any specific combination of
hardware and software.

Embodiments have been described herein solely for the purpose of illustration. Persons
skilled in the art will recognize from this description that embodiments are not limited to those
described, but may be practiced with modifications and alterations limited only by the spirit and
scope of the appended claims.
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CLAIMS

What isclamed is;

1. A method, the method comprising:

receiving an indication of aidle state capability of aplatform connected device;

determining, by achipset, an idle power state compatible with the device; and

directing the device to enter the determined idle power state based on apower state of the
chipset.

2. The method of claim 1, wherein the indication of an idle state capability of the
platform connected device includes information regarding at least one idle state and a
corresponding latency and a power consumption associated therewith.

3. The method of claim 1, wherein the received information is stored for afuture
reference by the chipset.

4. The method of claim 1, wherein the determining of the idle power state compatible
with the device isbased, at least in part, on alatency of the device where information indicative
of the latency isreceived from the device.

5. The method of claim 1, wherein the determining of the idle power state compatible
with the device isbased, at least in part, on a state of the chipset.

6. The method of claim 1, further comprising receiving an indication of at least one
platform parameter value and further determining the idle power state compatible with the device
based, at least in part, on the at least one received platform parameter value.

7. An apparatus, the apparatus comprising:

aplatform connected device; and

achipset comprising the platform, the chipset being operative to:

receive an indication of aidle state capability of the platform connected device;
determine an idle power state compatible with the device; and
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direct the device to enter the determined idle power state based on apower state of the

chipset.

8. The apparatus of claim 7, wherein the indication of an idle state capability of the
platform connected device includes information regarding at least one idle state and a

corresponding latency and a power consumption associated therewith.

9. The apparatus of claim 7, wherein the received information is stored for afuture

reference by the chipset.

10. The apparatus of claim 7, wherein the determining of the idle power state compatible
with the device isbased, at least in part, on alatency of the device where information indicative

of the latency isreceived from the device.

11. The apparatus of claim 7, wherein the determining of the idle power state compatible
with the device isbased, at least in part, on a state of the chipset.

12. The apparatus of claim 7, the chipset being further operative to receive an indication
of at least on platform parameter value and to determine the idle power state compatible with the
device based, at least in part, on the at least one received platform parameter value.

13. A system, the system comprising:
amemory;
aplatform connected device; and
achipset comprising the platform, the chipset being operative to:
receive an indication of aidle state capability of the platform connected device;
determine an idle power state compatible with the device; and
direct the device to enter the determined idle power state based on apower state
of the chipset.

14. The system of claim 13, wherein the indication of an idle state capability of the
platform connected device includes information regarding at least one idle state and a

corresponding latency and a power consumption associated therewith.
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15. The system of claim 13, wherein the received information is stored for afuture

reference by the chipset.

16. The system of claim 13, wherein the determining of the idle power state compatible
with the deviceisbased, at least in part, on alatency of the device where information indicative

of the latency isreceived from the device.

17. The system of claim 13, wherein the determining of the idle power state compatible
with the device isbased, at least in part, on a state of the chipset.

18. The system of claim 13, the chipset being further operative to receive an indication
of at least on platform parameter value and to determine the idle power state compatible with the
device based, at least in part, on the at |east one received platform parameter value.
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