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(57) Abstract: A data processing apparatus (2) has a number of devices (4) having a normal state and a quiescent state in which the
device is ready for being placed in a power saving state. Each device (4) provides at least one preference indication indicative of a
preference to operate in the normal state or the quiescent state. A controller (12) controls a common state transition process for trans-
itioning each of the devices (4) between the normal state and the quiescent state based on the preference indication received from
each device (4).
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CONTROLLING TRANSITIONS OF DEVICES BETWEEN NORMAL STATE AND
QUIESCENT STATE

The present technique relates to the field of data processing. More particularly, it
relates to controlling whether devices operate in a normal state or a quiescent state.

A data processing apparatus may support some devices being switched to a power

saving state to reduce power consumption.

At least some examples provide a data processing apparatus comprising a plurality
of devices; and a controller configured to control transitions of the plurality of devices
between a normal state and a quiescent state in which the device is ready for being placed
in a power saving state; wherein each device is configured to provide at least one preference
indication indicative of a preference to operate in the normal state or the quiescent state; and
the controller is configured to control a common state transition process for transitioning
each of said plurality of devices between the normal state and the quiescent state, in
dependence on the at least one preference indication received from each of the plurality of
devices.

At least some examples provide a controller comprising control circuitry configured to
control transitions of a plurality of devices between a normal state and a quiescent state in
which the device is ready for being placed in a power saving state; and an interface
configured to receive, from each of the plurality of devices, at least one preference indication
indicative of a preference to operate in the normal state or the quiescent state; wherein the
control circuitry is configured to control a common state transition process for transitioning
each of said plurality of devices between the normal state and the quiescent state, in
dependence on the at least one preference indication received from each of the plurality of
devices.

At least some examples provide a data processing apparatus comprising a plurality
of device means for operating in a normal state or a quiescent state in which the device
means is ready for being placed in a power saving state; and control means for controlling
transitions of the plurality of device means between the normal state and the quiescent state;
wherein each device means is configured to provide at least one preference indication to the
control means indicative of a preference to operate in the normal state or the quiescent
state; and the control means is configured to control a common state transition process for

transitioning each of said plurality of device means between the normal state and the
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quiescent state, in dependence on the at least one preference indication received from each
of the plurality of device means.

At least some examples provide a controller comprising means for controlling
transitions of a plurality of devices between a normal state and a quiescent state in which the
device is ready for being placed in a power saving state; and means for receiving, from each
of the plurality of devices, at least one preference indication indicative of a preference to
operate in the normal state or the quiescent state; wherein the means for controlling is
configured to control a common state transition process for transitioning each of said
plurality of devices between the normal state and the quiescent state, in dependence on the
at least one preference indication received from each of the plurality of devices.

At least some examples provide a method for controlling a plurality of devices having
a normal state and a quiescent state in which the device is ready for being placed in a power
saving state; the method comprising: receiving from each of the plurality of devices at least
one preference indication indicative of a preference to operate in the normal state or the
quiescent state; and controlling a common state transition process for transitioning each of
said plurality of devices between the normal state and the quiescent state, in dependence on
the at least one preference indication received from each of the plurality of devices.

Further aspects, features and advantages of the present technique will be apparent
from the following description of examples, which is to be read in conjunction with the
accompanying drawings, in which:

Figure 1 schematically illustrates an example of a data processing apparatus
comprising a number of devices and at least one controller for controlling transitions of the
devices between a normal state and a quiescent state;

Figure 2 shows an example of signals exchanged between a device and a controller
for controlling transitions between the normal state and quiescent state;

Figure 3 shows an example of a device accepting a request to enter the quiescent
state;

Figure 4 shows an example of a device denying a request to enter the quiescent
state;

Figures 5 and 6 show examples of resetting a device;

Figure 7 is a table summarising states of a quiescence control channel between a
device and the controller;

Figure 8 is an example state diagram showing transitions between the states shown
in Figure 7;
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Figures 9 and 10 show examples of managing quiescent state entry or exit based on
an active signal provided by the device;

Figure 11 is a state diagram showing an example of a common state transition
process for transitioning a group of devices between the normal state and the quiescent
state;

Figure 12 is a flow diagram illustrating an example of controlling the common state
transition process;

Figures 13 and 14 show examples of a sequencer for controlling a sequential state
transition process for transitioning each device between the normal state and the quiescent
state;

Figure 15 is a flow diagram showing an example of controlling sequential quiescent
state entry;

Figure 16 is signal diagram showing an example of a sequential quiescent state
entry;

Figure 17 is a signal diagram showing an example of aborting the sequential
quiescent state entry when one of the devices denies the quiescent state entry request;

Figure 18 is a flow diagram showing an example of a sequential quiescent state exit
process;

Figure 19 is a signal diagram showing an example of sequential quiescent state exit;
and

Figure 20 schematically illustrates an example of transition sequencing circuitry.

Some examples of the present technique will now be described.

A data processing apparatus may have a number of devices which may each have a
normal state and a quiescent state. The quiescent state may be a state in which the device
is ready for being placed in a power saving state such as a state in which a power supply or
clock supply to the device is removed. In some systems, each device may issue at least one
preference indication to a controller to provide some indication of a preference to operate in
the normal state or the quiescent state. By considering each device’s preference indication,
this can allow more frequent use of power saving states when a certain group of
components idle, even during relatively short periods, compared to approaches which
consider only whether the apparatus as a whole is idle which would tend to lead to a more
conservative adoption of the quiescent state.

However, typically in systems where a controller receives individual preference

indications from a number of devices, the controller would control transitions between the
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normal state and quiescent state individually for each device, entirely independently of other
devices. For example the controller may issue separate requests to enter or exit the normal
state or quiescent state for each device. However, the inventors realised that for some
groups of devices there may be little power advantage to transitioning an individual device
into the quiescent state independently from other devices in the group. For example, the
group of devices may share a common clock or power supply, so even if one of these
devices enters the quiescent state and is ready for a power saving state, if other devices are
still in the normal state then the power or clock supply is still supplied to the other devices,
and so there is little power saving benefit. Also, a device that has already entered the
quiescent state may not be able to respond quickly to requests for processing operations or
tasks, as it may first need to return to the normal state. Therefore, there may also be a
performance overhead with transitioning individual devices into the quiescent state and back
to the normal state, which may not be justified when there is little corresponding power
saving benefit.

The data processing apparatus may be provided with a controller for controlling a
common state transition process for transitioning each of a plurality of devices between the
normal state and the quiescent state in dependence on the at least one preference
indication received from each of the plurality of devices. Hence, by controlling entry to the
quiescent state and/or exit from the quiescent state in a common process for a number of
devices, in dependence on each device’s preference indication, performance can be
improved because there may be less latency in waking up individual devices and less
thrashing of devices between the normal state and quiescent states when one component is
idle but another device is still active.

Hence, whether a particular device is in the normal state or the quiescent state may
depend not only on the preference indication received from that device but also on at least
one preference indication received from each of the other devices within the plurality of
devices for which the state transition is managed in common by the controller.

In one example, the controller may trigger a quiescent state entry process for
transitioning each of the plurality of devices from the normal state to the quiescent state
when the at least one preference indication from each of the plurality of devices indicates a
preference to operate in a quiescent state. Hence, if only some of the devices within the
domain controlled by the controller indicate a preference for the quiescent state but there are
other devices which still prefer to operate in the normal state, then the quiescent state entry
process may not be triggered and the devices may all remain in the normal state so that
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each device can respond more quickly when it again needs to perform operations. When all
of the devices indicate a preference for the quiescent state then the controller can begin
moving the devices to the quiescent state.

If during the quiescent state entry process, one or more of the devices changes its
preference indication to indicate a preference for the normal state (e.g. the device may have
received a request to carry out a task), then the quiescent state entry process can be
suspended, since again there may not be a power saving advantage to leaving just some of
the devices in the quiescent state. Upon suspension of the quiescent state entry process,
the controller can return to the normal state any device which has already transitioned to the
quiescent state, so that if that device has to carry out a task later then there is a reduced
latency in responding.

Once the devices are all in the quiescent state, if any one or more of the devices
indicate a preference to operate in a normal state, then a quiescent state exit process can be
triggered and this can transition each of the devices back to the normal state.

Hence, in summary the transitions between the normal and quiescent states may be
controlled in common for a number of devices so that, other than during the quiescent state
entry or exit process when the device states may differ for a time, each of the devices may
generally be in the same one of the normal state and quiescent state.

The at least one preference indication may take various forms. In some examples
the preference indication could merely be a hint from the device that the device (or another
device associated with the device) may or may not have operations to perform. For example
the preference indication could include an active signal indicating whether there is activity to
perform (e.g. instructions to execute, incoming requests to process, etc.). If there is activity
to perform, this may indicate a preference to operate in the normal state, and if there is no
activity to perform, this may indicate a preference to operate in the quiescent state. In some
systems the controller may be prevented from triggering or completing a quiescent state
entry if any of the devices issues an active signal indicating that there is activity to perform.
In other systems the controller may sometimes be able to override the active indication from
a particular device and insist on quiescent state entry despite an indication of activity to
perform. However, often the controller may follow the hint provided by the active signal.

In other examples the preference indication may be an explicit denial of a request to
enter the quiescent state. Hence, if a controller requests that a device transitions to the
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quiescent state, the device may issue at least one deny signal which indicates that the
request is denied. In some cases the deny signal may be an acceptance signal which when
not asserted indicates denial of the request. Other systems may provide two separate
acceptance and denial signals to signal acceptance and denial of the request respectively.
Regardless of the particular form of these signals, the device may provide some kind of
indication of whether a request to enter the quiescent state has been accepted or denied,
and the controller may use this to determine the device’s preference for operating in the
normal state or quiescent state.

In summary, in general the preference indication may be any signal or other piece of
information set by the device to provide at least a partial hint as to whether it is preferable for
the device to operate in a normal state or the quiescent state. In some cases the preference
indication may be a hardware signal transmitted between the device and the controller. In
other examples, the device may set a value in a control register which represents the
preference indication, which can be read by the controller to determine the device’s
preference.

The apparatus may include different devices with different forms of the preference
indication. For example, a first type of device may provide the active signal indicating
whether the device has operations to perform, while a second type of device may provide
both an active signal and a deny signal which indicates whether a request to enter the
quiescent state is denied. The controller may be compatible with any of these types of
devices. For example on transitioning to the quiescent state, the controller may trigger the
quiescent state entry process when the at least one active signal from each of the devices
(including the first type and second type of devices) indicates that none of the devices has
activities to perform. The controller may suspend the quiescent state entry process if any of
the devices of the first type issues the active signal to indicate that that device has activity to
perform, or if any of the devices of the second type issues the deny signal to indicate that the
request to enter the quiescent state is denied. Optionally, the controller may also suspend
the quiescent state entry process if any of the devices of the second type issues the active
signal to indicate that the device has activity to perform. On exiting the quiescent state, the
quiescent state exit process may be triggered by the controller when any one or more of the
devices (of the first type or second type) issues the active signal indicating that the device
has operations to perform. In this way, the controller can control the common state transition
process for each device of both the first and second types.
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When all of the devices are in the quiescent state, the controller may switch the
devices to the power saving state. For example, the controller may isolate the devices from
a shared power supply or shared clock supply, e.g. using power gating or clock gating
techniques.

The quiescent state may for example be any state in which the device can safely
switch to the power saving state. The exact details of the quiescent state may depend on
the type of device. Some devices may need to complete at least some outstanding
processing operations before switching to the quiescent state. Other devices may need to
carry out some preparatory action for switching to the quiescent state, such as writing back
dirty data to memory to maintain data coherency, or signalling to another device that the
device may be powered down. Hence, different devices may have different protocols for
switching between the normal state and the quiescent state. By controlling entry to the
quiescent state and exit from the quiescent state in common for a number of devices, the
overhead associated with these preparatory actions for example can be avoided unless
there is a power saving benefit to be achieved when all the devices in the group can be
quiescent.

The normal state may include any state of the device other than the quiescent state
(in which the device is ready for the power saving state) or the power saving state (in which
power consumption of the device is reduced). In some cases the normal state may itself
include a number of different states of the device.

Not all of the devices of the apparatus need to have their transitions to the quiescent
state controlled in common by the controller. In some cases, there may be at least one
further device for which transitions between the normal state and the quiescent state are
controlled independently from the plurality of devices. For example, in some cases the
group of devices for which transitions are controlled in common may be a number of devices
which share a common power or clock supply while other devices for which the power or
clock supply can be controlled independently may transition separately to the quiescent
state. In some cases there may be a number of control domains within the data processing
apparatus and the devices within the same domain may have their transitions to and from
the quiescent state managed in common, while devices in another domain have a separate

common process for transitioning states.

Figure 1 schematically illustrates an example of a data processing apparatus 2 which
includes a number of devices 4 (seven devices DO to D6 are shown in this example). The
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devices may for example include a processor, central processing unit (CPU), graphics
processing unit (GPU), co-processor or any other unit for performing processing activity in
response to instructions, a peripheral controller, input/output interface, direct memory access
(DMA) controller, or other control unit within the system, a storage device such as a cache or
memory, a device for communicating between two or more other devices, such as an
interconnect or bridge unit, or any other component of the data processing apparatus. In
some cases, some of the devices 4 may correspond to different parts of a common unit
within the apparatus.

As shown in Figure 1, the apparatus 2 may comprise a number of domains 6 with
each domain including one or more devices 4. The devices within the same domain 6 share
a common power supply 8 and a common clock supply 10. While Figure 1 shows the power
supply 8 and clock supply 10 for each domain as a separate block, it will be appreciated that
in practice the power supply or clock supply for different domains may be derived from a
common source of power or a common source of a clock signal, but with power gates or
clock gates allowing the power or clock supply to be switched on or off independently for
each domain. When the power and/or clock supply to a device is switched off or gated, the

device is in a power saving state.

Each domain 6 also includes a controller 12 for controlling whether devices 4 in the
corresponding domain are in a normal state or a quiescent state. In the normal state, the
device is not ready for entering the power saving state. In the quiescent state, the device is
in a state ready for the power saving state, so that the clock or power supply can safely be
removed. Each controller 12 includes control circuitry 13 for controlling state transitions of
the corresponding devices and an interface 14 for communicating with the devices. In some
cases the control circuitry 13 may also act as a power controller for controlling whether the
shared power supply 8 or clock supply 10 for that domain is active or powered down. For
each domain, the controller 12 manages a common state transition process for transitioning
the devices 4 in that domain between the normal state and the quiescent state. This will be
discussed in more detail below. While Figure 1 shows each domain 6 having a separate

controller 12, in other examples a single control unit could control more than one domain.

Each device has a corresponding communication channel 15 (which may be referred
to as a quiescence control channel or “Q channel”) for communicating with the
corresponding controller 12. Each device 4 may transmit at least one preference indication
over its Q channel 15, to signal a preference to operate in the normal state or the quiescent
state. The controller 12 may transmit a signal over the Q channel 15 requesting that a
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device enters or exits the quiescent state, and the device 4 may respond with a response
signal indicating whether the request has been accepted or denied. Hence, the controller 12
uses the signals on each Q channel to control whether the corresponding device is in the
normal state or quiescent state. Once all the devices in the same domain are in the
quiescent state, the controller 12 can then control the shared power supply 8 or clock supply
10 to be cut off or gated, to remove the supply of power from the devices 4 within that
domain 6.

The signals exchanged on the Q channel 15 for each device will now be described in
more detail. Some domains, such as Domain 2 indicated in Figure 1, may only include a
single device D5 and for such domains the controller 12 may control transitions of the device
between the quiescent state and the normal state independently of transitions of any other
devices.

Figure 2 shows the signals transmitted on the Q channel 15 between a device 4 and
the controller 12. An active signal 20, referred to as QACTIVE, can be driven HIGH by a
device 4 in any state to indicate that it has operations to perform. When QACTIVE is driven
LOW by a device 4 it is a hint, not a guarantee, that the device might accept a quiescence
request. The QACTIVE signal from a device can be composed from a number of source
signals. To provide wake-up capabilities, these can include device input signals. The final
QACTIVE signal is driven either directly by a register or by a number of registers whose
outputs are combined using a logical OR. Some of the devices may have some circuitry
which remains powered or clocked when the rest of the device is in the power saving state,
for asserting the QACTIVE signal when the device needs to become operational again (e.g.
when a request for activity is received from another device). For other devices, if the device
4 is itself unable to assert QACTIVE HIGH, in the absence of the resource managed
according to the interface (e.g. when the device 4 is in the power saving state it may not be
able to assert QACTIVE itself), there may be provided a system dependent method to
facilitate wakeup outside of the device. For example, this could be a QACTIVE signal 20
from another device combined at the controller 12 with the device QACTIVE.

A handshake mechanism is provided to manage device quiescence and guarantees
safe state transitions. The handshake signals include:
e A quiescence request signal 22, QREQn, driven by the controller 12.
e An acknowledgement signal pair including an accept signal 24, QACCEPTn, and a
deny signal 26, QDENY, which are driven back to the controller 12 by the device 4 to
indicate acceptance or denial of a request. The acknowledgement signals are
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organized such that only one of them changes per handshake transition. This allows

the interface 15 to be implemented safely across asynchronous boundaries.

QACCEPTN 24 is used to accept a request. QDENY 26 is used to deny a request.
The QACCEPTN 24 and QDENY 26 signals from a device 4 and the QREQn signal 22 from
a controller 12 are driven by registers. The denial mechanism means a device can maintain
an operational state while having a mechanism by which it can promptly complete the
handshake of a quiescence request. The polarities of the handshake signals are organized
to provide a quiescent state where all the signals on the interface 15 are LOW. This
facilitates simple default isolation rules.

The handshake signal states are independent of the state of QACTIVE 20.
Therefore, transitions on QACTIVE 20 are not restricted by the values on QREQn 22 or on
the QACCEPTNn and QDENY output pair 24, 26. The controller 12 can guarantee clock
supply or power availability according to the handshake interface state. Each of the signals
20, 22, 24, 26 is asynchronous.

Figure 3 shows a handshake sequence for an accepted quiescence request. It
includes the activity of an optional controller-supplied clock that is managed according to the
interface semantics. Figure 3 omits QACTIVE 20 because, although QACTIVE 20 can act
as a stimulus for the controller to change handshake state, it is independent of the
handshake. All handshake state changes can be initiated by the controller 12 alone. The
transitions shown in Figure 3 are:

e At T1, QREQN 22 and QACCEPTN 24 are both HIGH. This state is referred to as
Q_RUN and the device 4 is operational. QDENY 26 is LOW in Q_RUN

e At T2, QREQnN 22 is driven LOW by the controller 12, requesting entry to a quiescent
state. This state is referred to as Q_REQUEST. The device 4 remains operational.

e At T3, the device 4 responds to the quiescence request by driving QACCEPTn 24
LOW. QDENY 26 remains LOW. This state is referred to as Q STOPPED. The
device is not operational. This is the only state where the controller 12 does not
guarantee the availability of any clock supply 10 or power supply 8 that is managed
using the Q channel interface. Hence, as shown in Figure 3 between T3 and T4, the
clock signal CLK to the device 4 may be stopped.

e At T4, the controller drives QREQnN 22 HIGH to request exit from the quiescent state.
Both acknowledgement signals 24, 26 remain LOW. This state is referred to as
Q_EXIT. Any clock or power supply managed by the interface is guaranteed after an
implementation-dependent delay.

10
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e At T5, the device responds to the controller with QACCEPTn 24 HIGH, and QDENY
26 remains LOW. The interface has returned to the state Q_RUN, as at T1.

Figure 4 shows a handshake sequence for a denied quiescence request. It includes
the activity of an optional controller-supplied clock that is managed according to the interface
semantics.

e The sequence from T1 to T2 is identical to that shown in Figure 3.

e At T3 the device drives QDENY 26 HIGH whilst QACCEPTN 24 remains HIGH. This
state is referred to as Q _DENIED. The device 4 remains operational and the
controller guarantees any clock or power supply managed by the interface. Hence,
following T3 the clock CLK continues to be supplied.

e At T4 the controller 12 drives QREQn 22 HIGH. This state is referred to as
Q_CONTINUE and is in response to the quiescence request denial at T3. The device
remains operational.

e At T5 the device drives QDENY 26 LOW. The interface has returned to the state
Q_RUN, as at T1.

Hence, by using the deny signal 26 the device 4 can deny a request to enter the quiescent

state and can remain in the normal state.

Figures 5 and 6 show examples of a procedure for device reset, which can be used
to reset a device to a known state. The reset may be triggered by a reset signal 28 which
may transmitted by the controller 12. At reset assertion a device may drive both QACCEPTn
24 and QDENY 26 LOW. QACTIVE 20 can reset LOW or HIGH. If the device needs to
perform start-up operations on exit from reset then it can reset QACTIVE 20 HIGH,
otherwise QACTIVE 20 may be reset LOW. A controller can release a device from reset
with either: QREQn LOW, with the interface in Q_STOPPED state, or QREQn HIGH, with
the interface in Q_EXIT state, provided any clock or power supply guarantee is met. A
controller may only assert a device reset when the interface is in the Q_STOPPED state.
This is consistent with the recommendation to isolate all signals LOW at power boundaries.

Figure 5 shows a reset exit sequence into the Q_STOPPED state with QREQn LOW.
At some time after reset deassertion the interface progresses to Q_RUN, possibly in
response to a QACTIVE assertion. It then stays active for a time before re-entering the
quiescent Q_STOPPED state, after which reset is asserted.

11
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Figure 6 shows a reset exit sequence into the Q_EXIT state with QREQn HIGH.
Once the reset is released, the interface responds to the QREQn HIGH signal and
progresses to Q_RUN. It then stays active for a time before re-entering the quiescent
Q_STOPPED state, after which reset is asserted.

The table in Figure 7 summarizes the interface states and device availability. If a
device does not implement a denial mechanism, then QDENY is tied LOW or absent, and
the first four states represent the complete set. Figure 8 is a state diagram showing the
possible handshake sequences in terms of the signal states and interface states.

The handshake signalling rules are:
e QREQnN can only transition from HIGH to LOW when QACCEPTn is HIGH and
QDENY is LOW.
e QREQnN can only transition from LOW to HIGH when either:
o QACCEPTn and QDENY are both LOW.
o QACCEPTn and QDENY are both HIGH.
e QACCEPTNn can only transition from HIGH to LOW when QREQn is LOW and
QDENY is LOW.
e QACCEPTN can only transition from LOW to HIGH when QREQn is HIGH and
QDENY is LOW.
e QDENY can only transition from HIGH to LOW when QREQn is HIGH and
QACCEPTnN is HIGH.
e QDENY can only transition from LOW to HIGH when QREQn is LOW and
QACCEPTnN is HIGH.

A controller 12 can make any policy decision concerning its management of QREQn
irrespective of any activity on QACTIVE. However, some possible Q-Channel policies that
provide useful solutions are described below.

Asserting QACTIVE HIGH can be used as a stimulus for the controller to exit the
Q_STOPPED state. The controller 12 responds by driving QREQn HIGH, exiting the
quiescent state.

Detecting QACTIVE LOW can be used, by a controller in the Q_RUN state, as a

criterion for initiating a quiescence request. However, the controller can change the state of
QREQnN from HIGH to LOW at any time while it is in the Q_RUN state. Once QREQn is
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driven LOW, the controller does not have to consider the state of QACTIVE, because
QREQnN cannot be driven HIGH until the handshake is completed by the device with either
an acceptance or denial response.

Figure 9 shows a controller policy led by device transitions on QACTIVE. When the
interface is in Q_STOPPED state a HIGH level on QACTIVE stimulates an exit from the
quiescent state. When the interface is in a Q_RUN state a LOW level on QACTIVE causes
the controller to make a quiescence request.

Figure 10 shows a controller policy where the exit from quiescence is led by the
device 4 but the entry is initiated by the controller 12. This might be a request for the device
to complete its current actions, and not accept more, before becoming quiescent.

Some types of devices may not implement all of the signals of the Q channel as
shown in Figure 2. The following section describes the permitted signal subsets which a
device may support:

Unused interface

An unused interface has the QREQn input tied HIGH if the device is to be operational. The
system has full responsibility for managing the availability of the device by means outside
the interface control.

Omission of QDENY

A device that has no requirement to deny a quiescence request can omit QDENY with an
implicit tie LOW. This subset also offers backward compatibility with devices that have no
requirement to deny a quiescence request.

Omission of QACTIVE

In some applications the initiation of or exit from device quiescence might not require any
information from the device. In this case, the device can omit QACTIVE. QACTIVE must be
tied LOW at the controller.

QACTIVE-only interface

A device can present a minimum interface comprising only QACTIVE to indicate a
requirement to perform operations, without any associated handshake. Typically this
minimum interface might be used to provide an initial wakeup indication. However it does not

provide any means to guarantee any clock or power availability. The indication provided by
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QACTIVE alone may be combined with other arrangements of either hardware, software, or
both to provide working solutions. One arrangement might be to permit a device attached to
a controller through a QACTIVE-only interface to wake a second device, which itself has a
Q-Channel interface to the same controller that is used to guarantee clock or power
availability.

Hence, in domains including a single device 4, the controller 12 may control that
device’s entry to and exit from the quiescent state as discussed above.

When there are multiple devices 4 in a domain 6, each device can accept or deny the
request independently dependent on their internal activity. However as mentioned above,
the denial feature is optional and not all components support it. In the case where a
component does not support the deny signal, if the device has internal activity it will delay
accepting the request until it is in the correct idle state.

For a controller component 12 which controls a domain 6 including multiple devices 4
with a shared clock or power supply, one approach may be to handle each channel 15
independently using the rules defined above, and to combine only the enabling/disabling of
the clock or power supply for the domain. However, there is no power advantage from
individual components of the domain entering a quiescent state as the common clock or
power supply still needs to be provided if another component is still in the normal state.
Therefore, it would be preferable to control all channels simultaneously when all components
in the domain indicate they are idle. This is preferable to handling individual Q-Channels as it
only makes quiescent requests when all components in the system are idle and therefore
removes the latency of wake-ups of individual components and thrashing of the interfaces
when a component is idle but needs to wake up as other components are still active.

Hence, the controller in a domain comprising multiple devices may manage a
common state transition process as follows:

e The QACTIVE(s) 20 from each device 4 within the domain are combined so that a
quiescent entry request is only made when all components are idle, i.e. all
QACTIVE(s) are LOW. Additionally hysteresis can be added to either each QACTIVE
individually, or to the combined QACTIVE(s) before a quiescent request is made.
For example, the controller 12 may wait for a predetermined delay after all the
QACTIVE(s) become low before issuing the quiescent entry request, to reduce
thrashing between states.
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o When the controller 12 is making a quiescent request to the components 4, i.e.
where some Q-Channels might have an outstanding request while some might have
accepted, then a QACTIVE HIGH from any component which does not have the deny
feature initiates the moving of all Q-Channels within the domain back to the running
(normal) state. This allows any dependent operations to be completed on devices
which may have been quiescent.

e If any component issues a denial response using QDENY 26 this also initiates a
quiescent exit on all Q-Channels within the domain. The controller therefore, in the
correct protocol manner, moves all Q-Channels back to the running state. At this
point can another quiescent request be made.

e Any component without the denial feature which is in a quiescence request state, but
active so it will not accept the request, remains that way until it can accept the
request. This maintains the Q-Channel protocol as discussed above.

Figure 11 shows a state diagram representing a common state transition process
between the quiescent state and the normal state can be managed by the controller 12 in a
domain having multiple devices 4. The states shown in Figure 11 essentially correspond to
the states of Figure 8, but unlike in Figure 8, in Figure 11 the state transitions depend on the
preference indications (QACCEPT or QACTIVE/QDENY) issued by each of the devices 4
within the domain 6.

In the g_run state 30, all devices are operational and QREQn is HIGH. When all the
QACTIVE signals 20 from the devices 4 in the current domain are LOW, the controller 12
asserts QREQn 22 LOW and the devices transition to the g req state 32 in which the
devices are still operational but are requested to become quiescent. This initiates a common
state transition process for transitioning each device to the quiescent state. If any of the
devices 4 denies the request by asserting QDENY 26 HIGH, or any of the QACTIVE signals
20 becomes HIGH, all the devices 4 transition to the g_continue state 34 in which the
devices remain operational and the quiescence request is denied. QREQn 22 is brought
HIGH to request that any devices which have already accepted the request are brought back
to the normal state, and then each device returns to the normal state by bringing
QACCEPTN 24 HIGH and QDENY 26 LOW, so that the domain returns to the g _run state
30.

On the other hand, if following the Q_req state 32, all of the devices accept the
request (i.e. all QACCEPTn signals 24 are LOW and all QACTIVE signals 20 are LOW),
then the devices transition to the q_stopped state 36, in which the devices are all in the
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quiescent state. This is the only state 36 in Figure 11 in which the devices can safely be
placed in the power saving state by isolating them from the shared power supply 8 or clock
supply 10. If any device 4 asserts QACTIVE 20 HIGH to indicate that they have activity to
perform, then the clock or power supply is restored and the controller 12 brings QREQn
HIGH to request exit from the quiescent state. The devices move to the g_exit state 38.
Once each device 4 has brought QACCEPTn HIGH to acknowledge that it is back in the
normal state, then the state machine returns to the g_run state 30.

Hence, as shown in Figure 11, the transitions between quiescent state (q_stopped
state 36) and the normal state (any other state) may be managed according to a common
process for a number of devices, based on the individual Q channel 15 signals sent by each
device. While Figure 11 shows a common state transition process for all of the devices
within a domain, on transitioning between states not all of the devices 4 may change states
simultaneously. As discussed below, in some cases the transitions between states may be
controlled sequentially so that one device transitions before another.

The approach shown in Figure 11 is scalable to any number of devices.

Figure 12 is a flow diagram illustrating an example of controlling state transitions in
common for each of the devices within a given domain. At step 50 all of the devices are in
the normal state. At step 52, the controller 12 determines whether each of the devices in the
domain 6 have issued preference indications indicating a preference for the quiescent state.
The preference indication could be the QACTIVE signal or the QACCEPT or QDENY signals
for example. If any device 4 does not indicate a preference for the quiescent state then the
devices remain in the normal state 50. Once all of the devices in the domain indicate a
preference for the quiescent state then at step 54 the quiescent state entry process is
triggered. This may correspond to asserting the quiescent state entry request or may
correspond to actually completing the quiescent state entry if the preference indication
already received was the acceptance signal QACCEPT. At step 56 the controller 12
determines whether the preference indication from any device indicates a preference for the
normal state before the quiescent state entry process has completed. If so, then at step 58
the quiescent state entry process is suspended and at step 59 any quiescent devices which
have already switched the quiescent state are transitioned back to the normal state. For
example this may correspond to bringing high the QREQn signal to indicate that the devices
are no longer requested to enter the quiescent state. The method then returns to step 50
once all of the devices are back in the normal state.

16



10

15

20

25

30

35

WO 2016/174386 PCT/GB2016/050711

On the other hand if at step 56 no preference indication corresponding to the normal
state has been received then at step 60 it is determined whether all of the devices are now in
the quiescent state. If not then the method returns to step 56 and continues looping round
steps 56 and 60 until all the devices are quiescent or the process has been suspended at
step 58.

Once all the devices are in the quiescent state, at step 61 the devices are all
switched to the power saving state, by gating the power supply 8 or clock supply 10 to those
devices. At step 62 the controller 12 continues to monitor the indications from each device 4
to determine whether any device indicates a preference for the normal state. For example,
this could be monitoring of the QACTIVE signal from each device. If no such indication is
received, then the devices remain in the power saving state. However, if a device 4
indicates a preference for the normal state, then the method moves to step 64 where the
power or clock supply is restored and the devices exit the power saving state. At step 66 the
controller 12 triggers a quiescent state exit process for each device in the domain (e.g. by
asserting high the QREQn signal for each device). Once all of the devices have confirmed
exit from the quiescent state (e.g. by bringing high the QACCEPTn signal) then the devices
return to the normal state and the method returns to step 50.

The examples above describe a common process for transitioning a number of
devices between the normal state and quiescent state. Where there are dependencies
between components which support Q-Channel based power or clock gating the sequencing
of entry to and exit from the quiescent state may be required to avoid possible deadlock or

loss of information.

One example of a scenario where this may be useful is in the quiescent control of a
component, or group of components, which communicate to other components, outside the
power or clock domain, through one or more bridges. Prior to power down or clock gating,
the component(s) within the domain and the bridges are required to be entered into a
quiescent state. However some communication may be required with a component outside
of the domain between the Q-Channel quiescent entry request and the acceptance. For
example, Figure 13 shows an example of two components 4 in two different power domains
communicating through a bridge. If the bridge enters the quiescent state before the
component A, then the component A may issue the disconnect request and may be waiting
indefinitely for the disconnect acknowledge, which may cause a deadlock.
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To address this issue, as shown in Figure 13 a transition sequencer 70 may be
provided between the controller 12 and the devices 4. A control Q-channel QC is provided
between the controller 12 and the sequencer 70, and device Q-channels QA, QB are
provided between the sequencer and component A and bridge respectively. Each of the Q-
channels QC, QA and QB may comprise the signals shown in Figure 2.

The sequencer 70 may control quiescent state entry for the devices 4 according to a
predetermined sequence, which may be hardwired or defined by programmable data within
the sequencer 70. For example, in the current example the sequence may be such that
component A is transitioned to the quiescent state before the bridge. Hence, the quiescent
state entry process may proceed as follows:

1. Controller 12 sends a quiescence request to the Sequencer 70.
2. Sequencer 70 sends quiescence request to Component A using Q-Channel
A.

Component A sends a disconnect request to Component B via the bridge.

P

Component B sends a disconnect acknowledge back to Component A via the
bridge.

Component A accepts the quiescence request.

Sequencer 70 sends quiescence request to the Bridge using Q-Channel B.
Bridge accepts the quiescence request.

©® N o o

Sequencer 70 accepts quiescence request from the Controller 12.

Without the Sequencer 70, the quiescence requests could be sent on both Q-
Channel A and B at the same time which could lead to the bridge entering the quiescent
state, and stalling any pending transactions, before Component A and B have completed
their communication. This could lead to a live-lock or dead-lock situation. This can be
avoided by providing a sequencer 70 for controlling sequential quiescent state entry.

Similarly, on exiting the quiescent state, the sequencer 70 can handle transitions of
the bridge and component A in the opposite order, so that the bridge will be active by the
time the component A is brought out of the quiescent state, so the bridge is available for
transmitting signals to component B if necessary.

Another example scenario where the sequencer 70 can be useful is shown in Figure
14. There may be dynamic clock control for a group of components 4 which communicate
using a protocol which is not capable of back pressure, i.e. the transaction cannot be stalled
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until the receiving domain is ready. If both the sender and the receiver of the message are
exiting a quiescent state simultaneously it is not possible to guarantee that the receiver is in
a fully ready state before the sender. This could lead to the loss of message if a message is
sent but ignored by the receiver as it not in a fully ready state (and has no backpressure
mechanism). With the use of a sequencer 70 the receiver can be guaranteed to be in an
operational state before the sender.

While Figures 13 and 14 show examples with the sequencer controlling two Q-
channels, more generally this is scalable to any number of Q-channels. For example, as
shown in Figure 20, the sequencer 70 may have a control interface 72 for a single control Q-
Channel (CTRLQ) QC and device interface portion 74 which includes interfaces 76 for a
configurable number of component Q-Channels (DEVQ) QO, Qf1,..., QN-1. The CTRLQ
interface 72 is connected to a controller 12 whilst the DEVQ interfaces 76 are connected to
the components 4 which are required to be sequenced. The sequencer 70 has control
circuitry 78 which controls the operations discussed below. In some cases, the sequencer
70 may combine the QACTIVE indications from each component Q-Channel interface 76
with a logical OR operation and output the result as the QACTIVE signal 20 on the control Q-
channel interface 72, so that the controller 12 receives an indication which is HIGH if any of
the individual components have asserted their QACTIVE signal 20.

The examples in Figures 13 and 14 show the sequencer 70 as being provided
separate from the controller 12. This has the advantage that the controller can simply
manage a single Q-channel QC in substantially the same away as if the controller was
controlling a single device (as in Domain 2 of Figure 1 for example). In this way, the
controller does not need to consider how many devices are present, as this can be managed
by the sequencer 70 alone. Hence, the sequencer 70 may in some embodiments be
considered to be the controller which manages the common state transition process
discussed above with respect to Figures 11 and 12.

Nevertheless, in other examples a single combined control unit may include the
functionality of both the controller 12 and the sequencer 70, so that it performs both the
overall control of when the devices in that domain are to enter/exit the quiescent state, and
the control of the sequence in which devices are transitioned between states.

Figure 15 is a flow diagram illustrating an example of a sequential quiescent state
entry process. At step 100, the sequencer receives a request from the controller for
quiescent state entry. The devices controlled by the sequencer 70 are associated with a
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certain sequence, such that each device has a position in a sequence from device 0 to
device N-1, where N is the number of devices. Which device is regarded as device 0, device
1, etc may be set during the manufacture of the apparatus 2 or may be programmable.

At step 102, the quiescent state entry process starts with i = N — 1, and step 104 the
sequencer 70 transmits a quiescent state entry request to device i. At step 106, the
sequencer 70 determines whether device i has accepted or denied the request (e.g. based
on the QACCEPTnN signal for that device’s Q-channel). If the request is accepted, then at
step 108 it is determined whether i=0 (i.e. all of the devices in the sequence have now
accepted the request), and if so then at step 110 the sequencer transmits a response to the
controller indicating that the request for quiescent state entry has been accepted (e.g. the
sequencer may bring QACCEPTn LOW on the control Q-channel QC). Ifi > 0, i.e. not all the
devices have yet accepted the request to enter the quiescent state, then at step 110 i is
decremented and the method returns to step 104 where another quiescent state entry
request is sent to the next device in the sequence.

If at step 106 it is determined that a device has denied the request, then the
quiescent state entry process is suspended. At step 114 it is determined whetheri=N — 1,
i.e. the device which denied the request was the first device to which a request was sent. If
so, then at step 116 a response is transmitted to the controller denying the request for
quiescent state entry (e.g. the sequencer can bring HIGH the QDENY signal on the control
Q-channel QC). Ifi < N-1 then this means that at least one device has already accepted the
quiescent state entry request, and so some steps are performed to bring this device back to
the normal state. At step 118, i is incremented, and at step 120 a quiescent state exit
request is transmitted to device i (e.g. by bringing HIGH the QREQn signal for that device’s
Q-channel). At step 122, a response is received from that device (e.g. the device brings
HIGH the QACCEPTN signal). The device is now back in the normal state. The method
returns to step 114 and may loop through steps 114 to 122 several times if there is more
than one device which had already transitioned to the quiescent state by the time another
device denied the request. Eventually, all devices are back in the normal state and at step
116 the response is provided to the controller to indicate that the request for quiescent state
entry has been denied.

Figure 16 is a signal diagram showing an example of the sequential quiescent state
entry process as controlled by the sequencer 70. Figure 16 shows the QREQn, QACCEPTn
and QDENY signals 22, 24, 26 on the control Q-channel QC and the component Q-channels
QO0, Q1, Q2 for an example where there are three components 4 to be controlled by the
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sequencer. In this example the predetermined sequence for quiescent state entry is Q2, Q1,
Q0. As shown in Figure 16, on detection at time t1 of a quiescence entry request on the
CTRLQ interface, the sequencer 70 brings low the QREQn signal on Q-channel Q2
corresponding to the first component in the sequence. When component 2 accepts the
request by bringing low its QACCEPTnN signal 24, the QREQn signal for the following
component’s Q-channel Q1 is brought low, and similarly acceptance of the request by
component 1 triggers a request for component 0. Once all devices have accepted the
quiescence request, at t4 the sequencer 70 brings low the QACCEPTnN signal 24 on the
control Q-channel QC, to signal that the initial request from the controller has been
accepted. All devices are now in the quiescent state.

On the other hand, Figure 17 shows a similar example in which one of the devices
denies the quiescent state entry request. At this point, the Sequencer restores all devices
which have previously accepted the quiescent request, and the component which has
denied, back to the Q_RUN state, and issues a response to the controller denying the

original request from the controller.

Hence, the initial part of Figure 17 is the same as Figure 16, in that the controller
requests entry to the quiescent state at t1, triggering a request to component 2 at t2. This
request is accepted by component 2 at t3, and this triggers a request to component 1 at t4.
However, this time at time t5 the component 1 denies the request by bringing HIGH its
QDENY signal 26. In response, the sequencer 70 brings HIGH the QREQn signal on Q-
channels Q1 and Q2 at times 16, t7 respectively. At t8, the component 2 brings HIGH its
QACCEPTN signal 24 to acknowledge the request to exit the quiescent state, and in
response at t9 the sequencer 70 brings HIGH the QDENY signal 26 on the control Q-
channel QC to signal to the controller that the request has been denied. In response, at t10
the controller 12 clears the outstanding quiescence request by bringing its QREQn signal 22
HIGH. Att11, in response to the quiescence request being cleared, the sequencer 70 brings
LOW the QDENY signal 26 so that all signals are now back in the state shown at t0.

Figure 18 is a flow diagram showing an example of a quiescent state exit process.
Again, the devices controlled by the sequencer 70 are transitioned in a predetermined
sequence, but this time the sequence is the opposite sequence compared to quiescent state
entry so that device 0 is brought out of the quiescent state before device 1, device 2, etc.
This is because where a first device is dependent on a second device, when exiting the
quiescent state it is preferable for the second device to be woken up before the first device,
while on entering the quiescent state it is preferable for the first device to be quiescent

21



10

15

20

25

30

35

WO 2016/174386 PCT/GB2016/050711

before the second device, so that the second device is operational at the point when the first
device may need to carry out actions to enter or exit the quiescent state.

At step 200, the sequencer 70 receives a request from the controller to exit the
quiescent state (e.g. the controller brings the QREQn signal on the control Q-channel HIGH).
At step 202, i=0 so that device 0 will be the first to exit the quiescent. state. At step 204, the
sequencer 70 transmits a quiescent state exit request to device i. Once the device has
completed any actions required for exiting the quiescent state, it transmits a response (e.g.
bringing high its QACCEPTnN signal 24), which is received by the sequencer at step 206. At
step 208, the sequencer determines whether i = N — 1 (i.e. all devices have now confirmed
exit from the quiescent state). If so, then at step 210 a response is transmitted to the
controller 12 to confirm exit from the quiescent state (e.g. the sequencer 70 brings high the
control Q-channel's QACCEPTnN signal 24). If not all the devices have yet exited the
quiescent state sequence, then at step 212 i is incremented, and the method returns to step
204 to issue the quiescent state exit request for the following device in the sequence.

Figure 19 is a signal diagram showing the sequential quiescent state exit process.
When a quiescence exit request is detected on the CTRLQ interface at t1, the Sequencer
starts a quiescence exit request on each DEVQ interface in turn, starting with DEVQO at t2
and progressing to DEVQ<N-1> where N is the number of DEVQ interfaces. When the
device connected to the DEVQO Q-Channel has accepted the exit request the Sequencer
moves on to the next DEVQ Q-Channel. Once all DEVQ interfaces have accepted the
quiescent exit request the Sequencer accepts the request on the CTRLQ Q-Channel.

In the present application, the words “configured to...” are used to mean that an
element of an apparatus has a configuration able to carry out the defined operation. In this
context, a “configuration” means an arrangement or manner of interconnection of hardware
or software. For example, the apparatus may have dedicated hardware which provides the
defined operation, or a processor or other processing device may be programmed to perform
the function. “Configured to” does not imply that the apparatus element needs to be
changed in any way in order to provide the defined operation.

Although illustrative embodiments of the invention have been described in detail
herein with reference to the accompanying drawings, it is to be understood that the invention
is not limited to those precise embodiments, and that various changes and modifications can
be effected therein by one skilled in the art without departing from the scope and spirit of the
invention as defined by the appended claims.
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CLAIMS

1. A data processing apparatus comprising:

a plurality of devices; and

a controller configured to control transitions of the plurality of devices between a
normal state and a quiescent state in which the device is ready for being placed in a power
saving state;

wherein each device is configured to provide at least one preference indication
indicative of a preference to operate in the normal state or the quiescent state; and

the controller is configured to control a common state transition process for
transitioning each of said plurality of devices between the normal state and the quiescent
state, in dependence on the at least one preference indication received from each of the
plurality of devices.

2. The data processing apparatus according to claim 1, wherein for each device, the
controller is configured to control whether that device is in the normal state or the quiescent
state in dependence on the at least one preference indication received from each of the
plurality of devices.

3. The data processing apparatus according to any preceding claim, wherein the
controller is configured to trigger a quiescent state entry process for transitioning each of
said plurality of devices from the normal state to the quiescent state, when said at least one
preference indication from each of the plurality of devices indicates a preference to operate
in the quiescent state.

4. The data processing apparatus according to any preceding claim, wherein the
controller is configured to suspend a quiescent state entry process for transitioning each of
said plurality of devices from the normal state to the quiescent state when said at least one
preference indication from one of said plurality of devices indicates a preference to operate

in the normal state.

5. The data processing apparatus according to claim 4, wherein following suspension of
the quiescent state entry process, the controller is configured to return to the normal state
any of the devices already transitioned to the quiescent state.

6. The data processing apparatus according to any preceding claim, wherein the
controller is configured to trigger a quiescent state exit process for transitioning each of said
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plurality of devices from the quiescent state to the normal state when said at least one
preference indication from one of said plurality of devices indicates a preference to operate

in the normal state.

7. The data processing apparatus according to any preceding claim, wherein the at
least one preference indication comprises at least one active signal indicative of whether
there is activity to perform.

8. The data processing apparatus according to any preceding claim, wherein the at
least one preference indication comprises at least one signal indicative of whether a request
to enter the quiescent state is denied.

9. The data processing apparatus according to any preceding claim, wherein:

for a first type of device, the at least one preference indication comprises at least one
active signal indicative of whether there is activity to perform; and

for a second type of device, the at least one preference indication comprises said at
least one active signal and at least one deny signal indicative of whether a request to enter
the quiescent state is denied.

10. The data processing apparatus according to claim 9, wherein the controller is
configured to trigger a quiescent state entry process for transitioning each of said plurality of
devices from the normal state to the quiescent state when said at least one active signal
from each of the plurality of devices indicates that none of the devices has activity to

perform.

11. The data processing apparatus according to any of claims 9 and 10, wherein the
controller is configured to suspend a quiescent state entry process for transitioning each of
said plurality of devices from the normal state to the quiescent state when the at least one
active signal from one of the devices of said first type indicates that the device has activity to
perform, or when the at least one deny signal from one of the devices of said second type
indicates that said request to enter the quiescent state is denied.

12. The data processing apparatus according to any of claims 9 to 11, wherein the
controller is configured to trigger a quiescent state exit process for transitioning each of said
plurality of devices from the quiescent state to the normal state when the at least one active
signal from one of the plurality of devices indicates that there is activity to perform.
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13. The data processing apparatus according to any preceding claim, wherein the
controller is configured to switch said plurality of devices to the power saving state when all
of said plurality of devices are in the quiescent state.

14. The data processing apparatus according to any preceding claim, comprising a
shared power supply configured to supply power to the plurality of devices;
wherein in the power saving state, the plurality of devices are isolated from the

shared power supply.

15. The data processing apparatus according to any preceding claim, comprising a
shared clock supply configured to supply a clock signal to the plurality of devices;
wherein in the power saving state, the plurality of devices are isolated from the

shared clock supply.

16. The data processing apparatus according to any preceding claim, comprising at least
one further device for which the controller is configured to control transitions between the
normal state and the quiescent state independently from said plurality of devices.

17. A controller comprising:

control circuitry configured to control transitions of a plurality of devices between a
normal state and a quiescent state in which the device is ready for being placed in a power
saving state; and

an interface configured to receive, from each of the plurality of devices, at least one
preference indication indicative of a preference to operate in the normal state or the
quiescent state;

wherein the control circuitry is configured to control a common state transition
process for transitioning each of said plurality of devices between the normal state and the
quiescent state, in dependence on the at least one preference indication received from each
of the plurality of devices.

18. A data processing apparatus comprising:

a plurality of device means for operating in a normal state or a quiescent state in
which the device means is ready for being placed in a power saving state; and

control means for controlling transitions of the plurality of device means between the
normal state and the quiescent state;
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wherein each device means is configured to provide at least one preference
indication to the control means indicative of a preference to operate in the normal state or
the quiescent state; and

the control means is configured to control a common state transition process for
transitioning each of said plurality of device means between the normal state and the
quiescent state, in dependence on the at least one preference indication received from each
of the plurality of device means.

19. A controller comprising:

means for controlling transitions of a plurality of devices between a normal state and
a quiescent state in which the device is ready for being placed in a power saving state; and

means for receiving, from each of the plurality of devices, at least one preference
indication indicative of a preference to operate in the normal state or the quiescent state;

wherein the means for controlling is configured to control a common state transition
process for transitioning each of said plurality of devices between the normal state and the
quiescent state, in dependence on the at least one preference indication received from each
of the plurality of devices.

20. A method for controlling a plurality of devices having a normal state and a quiescent
state in which the device is ready for being placed in a power saving state;

the method comprising:

receiving from each of the plurality of devices at least one preference indication
indicative of a preference to operate in the normal state or the quiescent state; and

controlling a common state transition process for transitioning each of said plurality of
devices between the normal state and the quiescent state, in dependence on the at least
one preference indication received from each of the plurality of devices.
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QREQn QACCEPTn QDENY Interface state Description

1 1 0 Q_RUN Device is operational.

0 1 0 Q_REQUEST  Device is operational, but requested to become quiescent when idle.

0 0 0 Q_STOPPED  Device has entered the quiescent state. This is the only state where
the controller does not guarantee the availability of any resource
managed by the interface.

1 0 0 QEXIT Supply of clock or power is guaranteed. When the device
acknowledges, by deasserting QACCEPTn HIGH, the state moves
to Q_RUN.

0 1 1 Q_DENIED  Device denies request to become quiescent and remains operational.
Controller must deassert QREQn.

1 1 1 Q_CONTINUE  Controller deasserts QREQn HIGH after Q_DENIED. Device is
operational.

X 0 1 Unused (illegal) -

FIG. 7
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