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PROCESSING SYSTEM AND ASSOCIATED 
METHOD 

FIELD OF THE INVENTION 

[0001] The present invention relates to a processing system 
and associated method, and more particularly, to a processing 
system and associated method achieving improved power 
saving by a buffer capable of holding system resources and/or 
a system power manager (SPM) capable of allocating system 
resources during idle of processing unit. 

BACKGROUND OF THE INVENTION 

[0002] A modern electronic device embeds a processor to 
coordinate peripheral parts of the electronic device. For 
example, a cellular phone can have a processor to control 
other peripheral parts such as display, audio ampli?er and/or 
speaker, and radio circuitry for communication. 
[0003] To cooperate with the peripheral parts, the processor 
can include a processing unit, one or more support units and 
one or more peripheral units. Each peripheral unit may inter 
face an associated peripheral part; the processing unit may 
execute software/ ?rmware codes (e. g., operation system) and 
accordingly command the peripheral units to control the asso 
ciated peripheral parts. Each support unit may provide asso 
ciated system resource for operation of the processing unit 
and the peripheral units; the processing unit may allocate 
system resources for the peripheral units by making the sup 
port units accessible to the peripheral units. 
[0004] For example, the processor may include a display 
controller as a peripheral unit to control the display, may also 
include an external memory interface (EMI) as a support unit 
for providing memory space by accessing an external 
memory, such as a dynamic random access memory 
(DRAM). To maintain a graphic user interface, the processing 
unit of the processor may produce a frame (a picture) to be 
displayed and then stores the frame in the DRAM by the EMI; 
hence, the display controller can fetch the frame from the 
DRAM by the EMI and display the frame on the display. 
[0005] Operations of the processing unit, the peripheral 
units and the support units consume power. For power-saving, 
the processing unit can suspend to idle. During idle of the 
processing unit, however, if a peripheral unit keeps on work 
ing (e.g., the display controller maintains a perceptible 
graphic display), the system resources and the support units 
providing system resources for the processing unit and the 
peripheral unit need to remain accessible, so the processing 
unit may wake up from idle (either spontaneously or by 
interrupt of the peripheral unit) to allocate system resources 
for the peripheral unit. Frequently waking the processing unit 
consumes power. Keeping the system resources and the sup 
port units accessible also consumes considerable power; for 
example, when the system resource is external to the proces 
sor, the support units have to communicate with external 
circuitry through Input/output pads of powerful (and thus 
power-consuming) drivers. That is, suspending the process 
ing unit alone does not achieve effective power-saving. 

SUMMARY OF THE INVENTION 

[0006] Therefore, the present invention relates to a process 
ing system and associated method of enhanced power-saving. 
[0007] An objective of the present invention is to provide a 
processing system including a processing unit, a peripheral 
unit, a system power manager (SPM) and a support unit. The 
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processing unit is capable of suspending to idle and capable of 
waking up from idle. The support unit is capable of being 
powered up to provide system resource and capable of being 
commanded to power down the system resource. The periph 
eral unit is capable of issuing a request to request system 
resource for operation. During idle of the processing unit, 
when the peripheral unit does not issue the request, the SPM 
is capable of commanding the support unit to power down the 
system resource; when the peripheral unit issues the request, 
the SPM is capable of allocating the system resource for the 
peripheral unit in response to the request, e.g., powering up 
the support unit to provide the system resource for the periph 
eral unit in response to the request. 
[0008] In an embodiment, the processing system also 
includes a buffer coupled to the peripheral unit and capable of 
storing at least a ?rst portion of the system resource provided 
by the support unit. The peripheral unit is capable of consum 
ing the ?rst portion stored in the buffer for operation; the 
peripheral unit is also capable of issuing the request to request 
a second portion of the system resource, e.g., to request the 
second portion of the system resource when the ?rst portion 
left to be consumed is within a predetermined threshold. 

[0009] In an embodiment, when an idle interval has elapsed 
after the processing unit starts to suspend, the SPM is further 
capable of powering up the support unit for the processing 
unit to access and waking up the processing unit. In an 
embodiment, the processing system also includes a timer 
coupled to the SPM, capable of timing passage of the idle 
interval, and capable of notifying the SPM when the idle 
interval has elapsed; the SPM is further capable of waking up 
the processing unit in response to noti?cation of the timer. 
[0010] With cooperation of the SPM and the timer, 
enhanced power-saving is achieved. When the processing 
unit is awake, the processing unit is capable of accessing the 
support unit, and when the processing unit suspends to idle, 
the processing unit is further capable of stopping accessing 
the support unit. That is, during idle of the processing unit, 
when the peripheral unit is still consuming a ?rst portion of 
system resource stored in the buffer, both the processing unit 
and the peripheral unit do not need to access the support unit 
for system resource, thus the SPM can power down the sup 
port unit for power-saving. During idle of the processing unit, 
when the peripheral unit issues a request for a second portion 
of system resource from the support unit, the processing unit 
does not have to wake up, because the SPM is capable of 
allocating system resource for the peripheral unit by power 
ing up the support unit, so the second portion of system 
resource can be provided to the buffer. Thus, when the periph 
eral unit is consuming the second portion in the buffer, the 
SPM is capable of again powering down the support unit. 
[0011] The idle interval of the timer can indicate a sched 
uled update for the system resource of the support unit. Dur 
ing power-down of the support unit, when system resource of 
the support unit needs to be updated, e.g., when the idle 
interval elapses after the processing unit starts to suspend, the 
SPM is capable of powering up the support unit and waking 
up the processing unit, so the processing unit can update the 
system resource of the support unit. 

[0012] In an embodiment, the support unit is an interface to 
a memory, e.g., a dynamic random access memory (DRAM), 
so as to provide system resource for storing a frame; the 
peripheral unit is a display controller, the buffer is a line buffer 
storing one or more lines of a frame, and the processing unit 
(e.g. a central processing unit and/or a graphic processing 
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unit) is capable of scheduling the idle interval to update the 
frame. When the support unit is commanded to power down 
the system resource, the support unit is capable of setting the 
DRAM for self-refreshing, hence the support unit itself does 
not have to consume power for toggling refreshing of the 
DRAM. 
[0013] In an embodiment, the peripheral unit is capable of 
issuing an interrupt to the processing unit for requesting the 
processing unit to wake up and to allocate the system 
resource; however, the SPM is further capable of intercepting 
the interrupt during idle of the processing unit, such that the 
processing unit does not wake up in response to the interrupt. 
That is, during idle of the processing unit, the interrupt 
attempting to wake up the processing unit is transferred to a 
request to the SPM, so the SPM, instead of the processing 
unit, will allocate system resource for the peripheral unit. 
Fewer times the processing unit has to wake, more power is 
saved. 
[0014] An objective of the invention is to provide a method 
for operating aforementioned processing system, including: 
after the processing unit prepares system resource of the 
support unit, setting an idle interval, and suspending the pro 
cessing unit for the idle interval, such that the processing unit 
does not serve to allocate system resource for the peripheral 
unit during the idle interval; during the idle interval, com 
manding the support unit to power down the system resource 
by the SPM when the peripheral unit consumes a portion of 
system resource from the buffer and thus does not request 
system resource from the support unit, and allocating system 
resource for the peripheral unit (e.g., powering up the support 
unit) by the SPM in response to a request of the peripheral 
unit; meanwhile, by the timer, timing passage of the idle 
interval and notifying the SPM when the idle interval has 
elapsed; in response to noti?cation of the timer, waking up the 
processing unit to update system resource of the support unit 
by the SPM. 
[0015] By the peripheral unit, request a second portion of 
the system resource while for example, the ?rst portion left to 
be consumed is within a predetermined threshold. 
[0016] While suspending the processing unit during the 
idle interval, prevent the processing unit from accessing the 
support unit and the corresponding system resource, such that 
the support unit and the corresponding system resource can 
be powered down when the peripheral unit consumes the 
buffer; in addition, intercept interrupt from the peripheral 
unit, such that the processing unit does not wake up in respond 
to the interrupt. 
[0017] Numerous objects, features and advantages of the 
present invention will be readily apparent upon a reading of 
the following detailed description of embodiments of the 
present invention when taken in conjunction with the accom 
panying drawings. However, the drawings employed herein 
are for the purpose of descriptions and should not be regarded 
as limiting. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] The above objects and advantages of the present 
invention will become more readily apparent to those ordi 
narily skilled in the art after reviewing the following detailed 
description and accompanying drawings, in which: 
[0019] FIG. 1 illustrates a processing system according to 
an embodiment of the invention; and 
[0020] FIG. 2 illustrates operation of the processing system 
shown in FIG. 1 according to an embodiment of the invention. 

Jul. 3, 2014 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0021] Please refer to FIG. 1 illustrating a processing sys 
tem 10 according to an embodiment of the invention. The 
processing system 10 may include a processing unit 12, a 
timer 14, one or more support units such as the support units 

1611 to 160, a system power manager (SPM) 20, an event 
collector 22, one or more peripheral units such as the periph 
eral units 24a and 24b, and a buffer 26. The buffer 26 can be 
an on-chip static random access memory (SRAM). The pro 
cessing unit 12 can be, for example, a central processing unit 
of a single core or multiple cores, a micro-controller, a digital 
signal processing unit, a media processing engine, a video/ 
audio encoder/decoder and/or a graphic processing unit. The 
processing unit 12 is capable of suspending to idle and being 
waked up from idle. In some embodiments, the processing 
unit 12 can wake up from idle by itself. When the processing 
unit 12 is awake from idle, it is capable of executing software/ 
?rmware codes (e.g., operation system) and accordingly 
capable of coordinating operation of the peripheral units and 
the support units of the processing system 10. 

[0022] Each support unit of the processing system 10 is 
capable of being powered up to provide system resource by 
internally generating the system resource and/ or interfacing 
externally generated system resource for the processing sys 
tem 10 to access. System resource may refer to supplies 
which the processing system 10 needs (consumes) to operate 
normally and/or to function correctly. Some examples of 
system resource include controlling/toggling signals and/or 
clocks, volatile and/or non-volatile memory space(s), stable 
current(s) and/or voltage(s), as well as electricity power sup 
ply. In this embodiment, the support unit 1611 can be a 
memory interface for accessing a memory 18, e.g., a DRAM 
or any other memory suitable for storing data. The memory 18 
can be external or internal to the processing system 10. Thus, 
the support unit 1611 can provide system resource by interfac 
ing data stored in the memory 18. In this embodiment, the 
support unit 16b can be a power management integrated cir 
cuit (PMIC) for providing supply voltages and power as sys 
tem resource. In this embodiment, the support unit 160 can be 
a clock generation circuit, e.g., a phase lock loop (PLL), for 
providing clock(s) as system resource. When the processing 
unit 12 is awake, it is capable of controlling accessibility and 
operations of the support units 1611 to 160; for example, the 
processing unit 12 is capable of adjusting clock rate of the 
clock(s) provided by the support unit 160, and adjusting sup 
ply voltages provided by the support unit 16b. 

[0023] In this embodiment, the peripheral unit 2411 can be a 
display controller for controlling an output peripheral part 3 0, 
e.g., a display. The display can be a liquid crystal display 
(LCD), an organic light emitting diode (OLED) display, a 
touch panel or any other type of display. In this embodiment, 
the peripheral unit 24b can be a modem (MD) for network 
communication. The peripheral units 2411 to 24b and the 
processing unit 12 may operate by accessing and consuming 
system resources provided by the support units 16a, 16b and 
160. The peripheral units 2411 to 24b are capable of issuing a 
request for system resource provided by a support unit. When 
the processing unit 12 is awake, requests of peripheral units 
can be interrupts to the processing unit 12, and the processing 
unit 12 is capable of responding to allocate requested system 
resource for the requesting peripheral unit. In this embodi 
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ment, the buffer 26 can be coupled to the peripheral unit 24a 
for storing at least a portion of system resource requested by 
the peripheral unit 24a. 
[0024] For example, to maintain a graphic user interface by 
the output peripheral part 30, such as a display, the memory 
18 and the buffer 26 can respectively work as a frame buffer 
and a line buffer. The processing unit 12 is capable of pro 
ducing (rendering) a frame as system resource for the periph 
eral unit 2411, and accessing the support unit 1611 for storing 
the frame to the memory 18. When the peripheral unit 24a 
requests the frame from the support unit 16a, one or more 
lines of the frame can be fetched from the memory 18 and 
stored to the buffer 26, and then the peripheral unit 2411 can 
control the output peripheral part 30 to display the line(s) 
stored in the buffer 26. After the line(s) are consumed (dis 
played), the peripheral unit 2411 is capable of requesting the 
following line(s) of the frame from the support unit 16a, so 
the support unit 1611 may provide the following line(s) as 
another portion of the system resource. After all lines of the 
frame have been consumed, when the graphic user interface 
needs to refresh to a second frame, the processing unit 12 is 
capable of producing the second frame to update the system 
resource for the peripheral unit 2411, thus different portions of 
the updated system resource can be consumed by the periph 
eral unit 24a in cooperation with the buffer 26. 
[0025] Because of the buffer 26, the peripheral unit 24a 
does not need to access the memory 18 through the support 
unit 1611 when the peripheral unit 2411 is consuming the buffer 
26; accordingly, the memory 18 can be powered down for a 
major power saving. In an embodiment, the support unit 1611 
can also be powered down when the memory 18 is powered 
down. Alternatively, when the memory 18 is powered down, 
the support unit 1611 can remain powered-up if the support 
unit 1611 also interfaces other memory resources other than 
the memory 18. Even if the support unit 1611 is not powered 
down, however, powering down the memory 18 can contrib 
ute noticeable power-saving. 
[0026] In a traditional processor without a buffer, because 
constant resource requirement of the peripheral units, acces 
sibility of system resources have to be maintained, thus sys 
tem resources and/ or the corresponding support units are not 
allowed to power down. Even if a buffer is available, the 
processing unit is not allowed to remain idle when system 
resources stored in the buffer has been consumed and needs to 
be updated. For the example of implementing graphic user 
interface, although the processing unit can suspend to idle 
after generating a frame, idle of the processing unit is not 
allowed to last till next frame update, since the processing unit 
is interrupted to wake up from idle by the display controller 
whenever the display controller requests one or more lines 
from the memory interface of the memory. 

[0027] To address power-saving issue, the processing sys 
tem 10 of the invention can include the SPM 20 and the event 
collector 22. The SPM 20 can be coupled to the processing 
unit 12 and the support units 1611 to 160; when the processing 
unit 12 suspends to idle, such as idle of wait-for-interrupt 
(WFI) and/or wait-for-event (WFE), the SPM 20 is capable of 
replacing the processing unit 12 to allocate system resources 
provided by the support units 1611 to 160 for the peripheral 
units 2411 to 24b. That is, when the processing unit 12 enters 
idle, the SPM 20, instead of the processing unit 12, is capable 
of controlling accessibility and operation of the support units 
1611 to 16b. For example, during idle of the processing unit 12, 
the SPM 20 is capable of powering up the support unit 1611 to 
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power up the memory 18 for access (e.g., for updating the 
buffer 26), and capable of commanding the support unit 1611 
to power down the memory 18 and powering down the sup 
port unit 1611 (if possible) whenever the memory 18 does not 
have to remain accessible (e.g., whenever the buffer 26 is 
supplying system resource). Rather than full functionality of 
the processing unit 12, the SPM 20 may focus on a smaller 
subset related to system resource coordination between the 
support units and the peripheral units, thus the SPM 20 is of 
less software/hardware complexity and lower power con 
sumption comparing to the processing unit 12. Note that there 
may be other low-power states available for the processing 
unit 12 to suspend besides idles of wait-for-interrupt (WFI) 
and wait-for-event (WFE). In an embodiment, the support 
unit 1611 and the memory 18 can be controlled by a same state 
machine with an identical state. 

[0028] When the SPM 20 is activated during idle of the 
processing unit 12, the event collector 22 is capable of col 
lecting requests for system resource issued by the peripheral 
units 2411 to 24b, such that the SPM 20 can respond to requests 
of the peripheral units. In cooperation with the event collector 
22, interrupt(s) to the processing unit 12 issued by a periph 
eral unit to request system resource can be intercepted and 
transferred to a request to the event collector 22, hence the 
processing unit 12 does not wake up in response to interrupt; 
instead, the SPM 20 can respond to requests of the peripheral 
units. 

[0029] The timer 14 can be coupled to the processing unit 
12 and the event collector 22. Before idle, the processing unit 
12 can schedule when to wake up by setting an idle interval, 
such as a predetermined idle interval, that can be counted by 
the timer 14. When the processing unit 12 starts to suspend, 
the timer 14 can also start to count time elapsed. When the idle 
interval has elapsed after the processing unit 12 suspends to 
idle, the timer 14 is capable of notifying the SPM 20 via the 
event collector 22. In response to noti?cation of the timer 14, 
the SPM 20 is capable of powering up the support units (if 
they are not powered up) and waking up the processing unit 
12, so the processing unit 12 can access system resources 
required for operation. In an embodiment, the SPM 20 is 
capable of stopping operating when the processing unit 12 is 
awake. In another embodiment, the SPM 20 may only power 
up the processing unit 12 in response to noti?cation of the 
timer 14, and the awake processing unit 12 can be responsible 
for powering up the support unit(s) (and/ or the memory 18). 
As the processing unit 12 may require longer time to wake up, 
it may take a longer time for the supporting unit(s) to restore 
from power-down if the supporting units are powered up by 
the processing unit 12. 

[0030] It is understood that the architecture in FIG. 1 illus 
trates only one possible embodiment of the invention, other 
embodiments can also be employed to implement the inven 
tion. For example, one or more blocks excluded from the 
processing system 10 of FIG. 1 can be included in an alternate 
embodiment of the processing system, as well as one or more 
blocks included in the processing system 10 of FIG. 1 can be 
excluded from the alternate embodiment of the processing 
system. And/or, some blocks shown in FIG. 1 can be inte 
grated as one, and some blocks are optional. For example, the 
SPM 20 and the event collector 22 may be integrated into one 
block or circuit. The MD 24b may be optional (and thus may 
be omitted). WFI noti?cation from the processing unit 12 to 
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the SPM 20 and the noti?cation from the timer 14 to the event 
collector 22 may be integrated to be transmitted through a 
same bus. 

[0031] For an example of maintaining a graphic user inter 
face, pleases refer to FIG. 2 which illustrates temporal power 
usage during operation of the processing system 10 according 
to an embodiment of the invention. During a stage Sm[l], the 
processing unit 12 can be awake to generate a ?rst frame, and 
the support unit 1611 can be powered up, so the ?rst frame is 
stored to the memory 18 by the support unit 1611. As the ?rst 
frame is generated, the processing unit 12 is capable of sched 
uling an idle interval and accordingly setting the timer 14, 
then the processing unit 12 is capable of suspending to idle, 
and the stage Sm[l] ends. During a next stage Sa[l], the 
support unit 1611 can remain powered up, thus at least a ?rst 
portion (e.g., one or more lines) of the ?rst frame can be 
moved to the buffer 26 by cooperation of the support unit 1611 
and the peripheral unit 2411, and then the stage Sa[l] ends. 
Because the processing unit 12 may have suspended to idle 
after the stage Sm[l], power usage of the stage Sa[l] can be 
lower than that of the stage Sm[l]. In an embodiment, the ?rst 
portion held by the buffer 26 can be the whole ?rst frame. 

[0032] Next to the stage Sa[l], the peripheral unit 2411 is 
capable of consuming the ?rst portion of the ?rst frame stored 
in the buffer 26 (e.g., receiving the ?rst portion from the 
buffer 26 and transmitting to the display 30 for displaying) 
during a following stage Sb[l]. The SPM 20, which is respon 
sible for system resource allocation after the stage Sm[l], is 
therefore capable of commanding the support unit 1611 to 
power down the memory 18 for power saving during the stage 
Sb[l] (and powering down the support unit 1611 if possible), 
since the idle processing unit 12 and the peripheral unit 24a 
no longer need accessibility of the corresponding system 
resource (e.g. memory 18) during the stage Sb[l]. Owing to 
power-down of the memory 18 (and the support unit 1611), 
power usage can be greatly decreased during the stage Sb[l]. 
For the embodiment where the memory 18 is a DRAM, pow 
ering down the DRAM can be setting it to self-refresh, and 
powering up the DRAM can be causing it to leave self 
refreshing. Duration of the stage Sb[l] may last hundreds of 
milliseconds to gain considerable power-saving. 
[0033] In an embodiment, the processing unit 12, the SPM 
20, the peripheral unit 24a and the buffer 16 can be integrated 
into a same die, while typically the memory 18 and the sup 
port unit 16b are respectively located in two other different 
die(s). That is, the buffer 26 is an embedded memory, e.g., an 
embedded static random access memory (SRAM), while the 
support unit 1611 and the memory 18 should be accessed 
through input/output pads (not shown). Thus the support unit 
1611 and the memory 18 are more power consuming. There 
fore, powering down the support unit 1611 and the memory 18 
gains considerable power-saving. As the memory 18 can be 
implemented by DRAM which requires refreshing to main 
tain data storage, the support unit 1611 is capable of setting the 
memory 18 for self-refreshing during the stage Sb[l], hence 
the support unit 1611 does not need to toggle refreshing of the 
memory 18. The support unit 1611 can include isolated regis 
ters to maintain control statuses related to the memory 18 
when the support unit 1611 is powered down. 
[0034] At the end of the stage Sb[l], when the peripheral 
unit 2411 has consumed the ?rst portion of the ?rst frame (e.g., 
has displayed the line(s) of the ?rst portion on the output 
peripheral part 30), the peripheral unit 2411 is capable of 
issuing a request (e.g. an interrupt,) for a secondportion of the 
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?rst frame. The event collector 22 is capable of capturing the 
request, and the SPM 20 is capable of allocating the second 
portion for the peripheral unit 2411 by powering up the support 
unit 1611 (if the support unit 1611 is powered down during stage 
Sb[l]) and commanding the support unit 1611 to power up the 
memory 18 during a stage Sa[2] following the stage Sb[l]. 
Note that end of stage Sb[l] can be triggered by various 
events besides the exemplary event when the ?rst portion has 
been consumed. After the second portion of the ?rst frame is 
fetched to the buffer 26 by cooperation of the support unit 1611 
and the peripheral unit 2411, the stage Sa[2] ends, and the SPM 
20 is capable of commanding the support unit 1611 to again 
power down the memory 18 (and powering down the support 
unit 1611 if possible) during a following stage Sb[2], when the 
peripheral unit 24a consumes the second portion of the ?rst 
frame. 

[0035] That is, when the peripheral unit 2411 is consuming 
an n-th portion of the ?rst frame during a stage Sb[n], the 
memory 18 (as well as the support unit 1611) can be powered 
down to enhance power-saving. After the peripheral unit 2411 
has consumed the n-th portion of the ?rst frame or any other 
proper timing, the SPM 20 is capable of powering up the 
support unit 1611 to power up the memory 18 in response to a 
request for an (n+l)-th portion of the ?rst frame during a 
following stage Sa[n+l], so the peripheral unit 2411 can con 
tinue to consume the (n+ 1 )-th portion of the ?rst frame during 
a stage Sb [n+1] next to the stage Sa[n+l], and hence the 
support unit 1611 and the memory 18 are again powered down 
during the stage Sb [n+1]. 

[003 6] In an embodiment, the peripheral unit 2411 is capable 
of issuing request for the (n+l)-th portion when the n-th 
portion left to be consumed is within a threshold, i.e., when 
non-consumed remainder of the n-th portion is within the 
threshold. That is, the peripheral unit 2411 is capable of issuing 
the request for the (n+ 1 )-th portion before the n-th portion is 
completely consumed. Because there may be a latency 
between when the memory 18 is powered up and when the 
memory 18 recovers to fully functionality and accessibility, 
the threshold can be determined according to the latency, such 
that the (n+l)-th portion can be timely prepared in the buffer 
26 by the support unit 1611 before or when the n-th portion is 
completely consumed. For example, the buffer 26 can include 
a counter to record how many data of the n-th portion are not 
consumed (e.g., how many data are not read by the peripheral 
unit 2411); when the counter indicates that data left to be 
consumed are less than the threshold, the (n+l)-th portion of 
system resource (e. g., another line) may be requested. That is, 
the interval between the stages Sa[n] and Sa[n+ 1] can be 
dependent on how quickly the n-th portion of system resource 
is consumed under the threshold. 

[0037] With repeated cycling of the stages Sa[.] and Sb[.], 
the peripheral unit 24a can maintain normal functionality 
(e.g., maintain bright and perceivable graphic user interface) 
even when the processing unit 12 keeps idle and the memory 
18 is powered down. Hence, enhanced power-saving can be 
achieved without compromise of peripheral functionality. For 
example, the output peripheral part 30, such as a display, does 
not have to black out during power-saving cycles of the stages 
Sa[.] and Sb[.]. Without the buffer 26 and the SPM 20, the 
memory 18 has to be kept powered up during the stage Sb[.], 
and power usage of the stage Sb[.] would consequently 
approximate that of the stage Sa[.], instead of being much 
lower than that of the stage Sa[.]. 
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[0038] The processing unit 12 is capable of scheduling 
when the ?rst frame needs to be updated to a second frame 
and capable of accordingly setting the idle interval. For 
example, an OS (operation system) kernel executed by the 
processing unit 12 can determine when itself needs to be 
wakened up and accordingly set up the timer 14. Peripheral 
event such as screen touch, power key triggered can also be 
wakeup event. When the timer 14 detects that the idle interval 
has elapsed after the processing unit 12 starts to suspend to 
idle, the timer 14 is capable of notifying the SPM 20. Noti? 
cation from the timer 14 canbe received by the event collector 
22 as a request to wake up the processing unit 12. In response 
to the noti?cation, the SPM 20 powers up the support unit 1611 
to power up the memory 18, and wakes up the processing unit 
12. Thus, the processing unit 12 can produce the second frame 
during a stage Sm[2], and portions of the second frame can be 
fetched to the buffer 26 and be consumed during following 
cycling of the stages Sa[.] and Sb[.]. When the graphic user 
interface only needs to show still or slowly varying images, 
the idle interval may consequently extends longer; that is, the 
processing unit 12 may not have to wake up as long as the ?rst 
frame does not need to be updated. 

[0039] In addition to saving power during maintenance of 
graphic user interface, the invention can be generalized for 
applications where system resource is consumed slower than 
it is produced. The processing unit 12, operating in faster 
rates, can ?rst prepare the system resource for a peripheral 
unit, and then the processing unit 12 can suspend to idle to 
save power. During idle of the processing unit 12, the periph 
eral unit can request allocation of at least a portion of system 
resource and consume the allocated portion in slower rate, 
and the system resource (and the corresponding support unit) 
can thus be powered down to save power when the peripheral 
unit consumes the allocated portion. For example, the periph 
eral unit can be a functional block to support audio or a 
network interface block for wired or wireless communica 
tion, such as Wi-Fi or Bluetooth. If a system resource is 
generated by an external module (device/circuit/block) and 
provided to the processing system by interfacing of a support 
unit, powering down the system resource may refer to: caus 
ing the external module to stop generation of the system 
resource, to slow down generation of the system resource, to 
generate the system resource in a slower rate, to stop genera 
tion of a portion/ subset of the system resource while main 
taining generation of another portion/subset of the system 
resource, to generate less system resource, to update the sys 
tem resource in a less frequent rate, to change quality and/or 
quantity of the system resource, and/ or to generate alternative 
kind of system resource different from the system resource 
generated during power-up. If a system resource is generated 
by a support unit, powering down the system resource may 
refer to: causing the support unit to stop generation of the 
system resource, to slow down generation of the system 
resource, to generate the system resource in a slower rate, to 
stop generation of a portion/subset of the system resource 
while maintaining generation of another portion/ sub set of the 
system resource, to generate less system resource, to update 
the system resource in a less frequent rate, to change quality 
and/or quantity of the system resource, and/or to generate 
alternative kind of system resource. 

[0040] To sum up, with the processing system of the inven 
tion (which can include a buffer and a SPM), system resource 
for peripheral units can be buffered so the power-consuming 
system resources and/or the corresponding support units 
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(e.g., memory and memory interface) can be powered down, 
and the processing unit can be allowed to suspend for further 
power-saving because of the SPM. Enhanced power-saving is 
therefore achieved without compromise normal functionality 
of peripheral units. It is understood that CPU is just a possible 
embodiment of the processing unit. Memory interface, clock 
generation circuit and PMIC merely list several examples of 
the support unit. Display controller and modem (MD) are two 
examples of the peripheral unit. These blocks and associated 
blocks can be altered to meet design requirements. 
[0041] While the invention has been described in terms of 
what is presently considered to be the most practical and 
preferred embodiments, it is to be understood that the inven 
tion needs not be limited to the disclosed embodiment. On the 
contrary, it is intended to cover various modi?cations and 
similar arrangements included within the spirit and scope of 
the appended claims which are to be accorded with the broad 
est interpretation so as to encompass all such modi?cations 
and similar structures. 

What is claimed is: 
1. A processing system comprising: 
a processing unit capable of suspending to idle, 
a peripheral unit capable of issuing a request to request 

system resource for operation, and 
a system power manager (SPM) capable of allocating the 

system resource in response to the request during idle of 
the processing unit. 

2. The processing system of claim 1 further comprising: 
a support unit capable of being powered up to provide the 

system resource, 
wherein the SPM is further capable of powering up the 

support unit in response to the request during idle of the 
processing unit. 

3. The processing system of claim 1 further comprising: 
a support unit capable of being powered up to provide the 

system resource and capable of being commanded to 
power down the system resource; 

wherein during idle of the processing unit, the SPM is 
further capable of commanding the support unit to 
power down the system resource when the peripheral 
unit does not issue the request. 

4. The processing system of claim 3 further comprising: 
a buffer coupled to the peripheral unit and capable of stor 

ing at least a ?rst portion of the system resource provided 
by the support unit; 

wherein the peripheral unit is further capable of consuming 
the ?rst portion stored in the buffer for operation, and 
capable of issuing the request to request a secondportion 
of the system resource. 

5. The processing system of claim 4, wherein the peripheral 
unit is capable of issuing the request to request the second 
portion of the system resource when the ?rst portion left to be 
consumed is within a predetermined threshold. 

6. The processing system of claim 3, wherein the process 
ing unit is further capable of waking up from idle; when the 
processing unit is awake, the processing unit is capable of 
accessing the support unit, and when the processing unit 
suspends, the processing unit is further capable of stopping 
accessing the support unit. 

7. The processing system of claim 6, wherein the SPM is 
further capable of powering up the support unit for the pro 
cessing unit to access when an idle interval has elapsed after 
the processing unit starts to suspend. 
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8. The processing system of claim 7 further comprising: 
a timer coupled to the SPM, capable of timing passage of 

the idle interval and capable of notifying the SPM when 
the idle interval has elapsed, 

wherein the SPM is further capable of waking up the pro 
cessing unit in response to noti?cation of the timer. 

9. The processing system of claim 3, wherein the support 
unit is an interface to a dynamic random access memory 
(DRAM), and the support unit is further capable of setting the 
DRAM for self-refreshing when the support unit is com 
manded to power down the system resource. 

10. The processing system of claim 1, wherein the periph 
eral unit is further capable of issuing an interrupt to the 
processing unit for requesting the processing unit to wake up 
and to allocate the system resource, and the SPM is further 
capable of intercepting the interrupt during idle of the pro 
cessing unit, such that the processing unit does not wake up in 
response to the interrupt. 

11. A method for operating a processing system which 
comprises a processing unit, a peripheral unit and a system 
power manager (SPM); and the method comprising: 

suspending the processing unit for an idle interval, such 
that the processing unit does not serve to allocate system 
resource for the peripheral unit during the idle interval, 
and 

during the idle interval, allocating the system resource for 
the peripheral unit by the SPM in response to a request of 
the peripheral unit. 

12. The method of claim 11, wherein the processing system 
further comprises a support unit capable of being powered up 
to provide the system resource, and the method further com 
prises: 

by the SPM, powering up the support unit in response to the 
request of the peripheral unit during the idle interval. 

13. The method of claim 11, wherein the processing system 
further comprises a support unit capable of being powered up 
to provide the system resource and capable of being com 
manded to power down the system resource, and the method 
further comprises: 

during the idle interval, commanding the support unit to 
power down the system resource by the SPM when the 
peripheral unit does not request the system resource. 
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14. The method of claim 13, wherein the processing system 
further comprises a buffer coupled to the peripheral unit and 
capable of storing at least a ?rst portion of the system 
resource; and the method further comprises: 

by the peripheral unit, consuming the ?rst portion stored in 
the buffer for operation, and requesting a second portion 
of the system resource. 

15. The method of claim 14, wherein the second portion of 
the system resource is requested when the ?rst portion left to 
be consumed is within a predetermined threshold. 

16. The method of claim 13, wherein the processing unit is 
further capable of waking up from idle; when the processing 
unit is awake, the processing unit is capable of accessing the 
support unit; and the method further comprises: 

while suspending the processing unit, preventing the pro 
cessing unit from accessing the support unit. 

17. The method of claim 16 further comprising: 
by the SPM, powering up the support unit for the process 

ing unit to access when the idle interval has elapsed. 
18. The method of claim 17, wherein the processing system 

further comprises a timer coupled to the SPM, and the method 
further comprises: 
by the timer, timing passage of the idle interval and noti 

fying the SPM when the idle interval has elapsed, 
by the SPM, waking up the processing unit in response to 

noti?cation of the timer. 
19. The method of claim 13, wherein the support unit is an 

interface to a dynamic random access memory (DRAM), and 
the method further comprises: 

by the support unit, setting the DRAM for self-refreshing 
when the support unit is commanded to power down the 
system resource. 

20. The method of claim 11, wherein the peripheral unit is 
further capable of issuing an interrupt to the processing unit 
for requesting the processing unit to wake up and allocate the 
system resource, and the method further comprises: 
by the SPM, intercepting the interrupt during the idle inter 

val, such that the processing unit does not wake up in 
respond to the interrupt. 

* * * * * 


