METHOD, APPARATUS AND SYSTEM FOR ENABLI NG AND DI SABLI NG VOLTAGE REGULATOR
CONTROLLERS FI ELD OF THE | NVENTI ON [ 0001] Enbodi nents of the present
invention generally relate to the field of voltage sequencing, and, nore
particularly to a nethod, apparatus and systemfor enabling and disabling
vol tage regul ator controllers. BACKGROUND COF THE | NVENTI ON [ 0002] When a
silicon conponent is introduced, there is often nuch testing that nust
take place to determi ne the proper ranp rates and sequences of operating
voltage levels for reliable performance. Typically, these ranp rates and
sequences are set in hardware through the use of resistors, capacitors,
and the like. Not only do these solutions add to the overall cost of the
el ectronic circuit board, but also make it difficult to make any changes

to the hayeran®, AbPARATERSIUNICSES AR OR BN BILING £8D DIBRBEFINGESCRI PTI ON OF

THE DRAW NGS [ 0003] viier AGESREGUIINVEMR CONTROLLERS! rated by way of exanple
and not limtation in the figures of the acconpanying draw ngs in which

| i ke references indicate simlar elenents, and in which: 1 FIG | is a
bl ock di agram of an exanple el ectronic appliance suitable for inplenenting
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[0001] Embodiments of the present invention generally relate to the field of voltage
sequencing, and, more particularly o a method, apparatus and system for enabling

and disabling voltage regul ator controllers.

BACKGROUND OF THE INVENTION

[0002] When a silicon component is introduced, there is often much testing that must
take place to determine the proper ramp rates and sequences of operating voltage
levels for reliable performamce. Typically, these ramp rates and sequences are set in
hardware through the use of resistors, capacitors, and the like. Not only do these
solutions add to the overall cost of the electronic circuit board, but also make it

difficult to make any changes to the hardware if the sequences need to be altered.

BRIEF DESCRIPTION OF THE DRAWINGS

[0003] The present invention is illustrated by way of example and not limitation in
the figures of the accompanying drawings in which like references indicate similar

elements, and in which:




the invention; FIG 2 is a block diagram of an exanpl e sequencer agent
architecture, in accordance with one exanpl e enbodi nent of the invention;
FIG 3 is a flowchart of an exanple nethod for enabling and di sabling
voltage regulator controllers, in accordance with one exanpl e enbodi nent
of the invention; and FIG 4 is a block diagramof an exanple article of
manuf acture i ncludi ng content which, when accessed by a device, causes the
device to inplenment one or nore aspects of one or nore enbodi nent(s) of
the invention. DETAI LED DESCRI PTI ON [ 0004] Enbodi ments of the present
invention are generally directed to a nethod, apparatus and system for
enabling and di sabling voltage regulator controllers. In this regard, in
accordance with but one exanple inplenentation of the broader teachings of
the presentpihy RUTRR giafrate At BERII AN R, SpliotdepieRMdr | N accordance with
but one exanpl e enbodi ffent, the g%quencer agent enpl oys an innovative

met hod t ngl%ln%%ﬂ ViR e Lt?enﬂ tn S GBRE whih Sn Ok bRpe SmBbaiveltbage regul at or
control | er8 IH aff el ectronfc appl1ance based at least in part on settings
stored innon-vol.atile nenory. According to one exanple nethod, the
sequencer agent nay retrieve delay tines to 2 wait before enabling or
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accordance with one example embodiment of the invention;

FIG. 3 is a flow chart of an example method for enabling and disabling voltage
regulator controllers, in accordance with one example embodiment of the inventiora;
and

FIG. 4 is a block diagram of an example article of manufacture including contert
which, when accessed by a device, causes the device fo implement one or more

aspects of one or more embodiment(s) of the invention,

DETAILED DESCRIPTION

[0004} Embodiments of the present invention are generally directed to a method,
apparatus and system for enabling and disabling voltage regulator controllers. In this
regard, in accordance with but one example implementation of the broader teachings
of the present invention, a sequencer agent is introduced. In accordance with but one
example embodiment, the sequencer agent employs an innovative method to
selectively enable or disable the outputs of voltage regulator controllers in an
electronic appliance based at Ieast in part on settings stored in non-volatile memory.

According to one example method, the sequencer agent may retrieve delay times to
2




to anot her exanpl e nethod, the sequencer agent may | ock out the power
supply to prevent power supply state changes until the voltage regul at or
controller outputs have been stabilized. [0005] In the follow ng
description, for purposes of explanation, numerous specific details are
set forth in order to provide a thorough understanding of the invention. It
w Il be apparent, however, to one skilled in the art that enbodi nents of
the invention can be practiced without these specific details. In other

i nstances, structures and devices are shown in block diagramformin order
to avoi d obscuring the invention. [0006] Reference throughout this
specification to "one enbodi nent” or "an enbodi nent"” neans that a
particul ar feature, structure or characteristic described in i connection

with the emhoeboremibling of disdblifiSshridiladloll:gambuBLcREbRG. RREaRE the present
i nvention. Thus, appearances of the phrases "in one enbodinent” or "in an

enmbodi mente anbotheMdainpld Sncflod GBS selyibh 844 Ab tna} fHcR O&Rﬁ&ﬁJ\A}eP ﬁ\%b ?@o are not
necessarily all referring to the sanme enbodi nent.” Furthefnore, the

particul apreh@apo@Supphf StAEEHANRS vkl theODRAAGEANAST ool PN CONbi ned in any
sui tabl e manner in one or nore enbodi ments. [0007] Fig.1l is a block

di agr am ohawmeaxddbpized.el ectroni ¢ appliance suitable for inplenmenting the
sequencer agent, in accordance with one exanpl e enbodi nent of the

I nvent i on[eosd]emtiiecrol Swia@Msipues, f3:QRrosesionL@MRRod, Ruh&BISs&H: any of a wide
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details are set forth in order to provide a thorough understanding of the invention. It
will be apparent, however, to one skilled in the art that embodiments of the invention
can be practiced without these specific details. In other instances, structures and
devices are shown in block diagram form in order to avoid obscuring the invention.
[0006] Reference throughout this specification to “one embodiment” or “an
embodiment” means that a particular feature, structure or characteristic described in
connection with the embodiment is included in at least one embodiment of the
present invention. Thus, appearances of the phrases “in one embodiment” or ;‘in an
embodiment” in various places throughout this specification are not necessarily all
referring to the same embodiment. Furthermore, the particular features, structures or
characteristics may be combined in any suitable manner in one or more
embodiments.
[0007} Fig. 1is a block diagram of an example electronic appliance suitable for

implementing the sequencer agent, in accordance with one example embodiment of

the invention. Electronic appliance 100 is intended to represent any of a wide variety




of traditional and non-traditional conputing systens, servers, network
switches, network routers, wreless communi cati on subscriber units,

wi rel ess conmuni cation telephony infrastructure el enments, personal digital
assistants, set-top boxes, or any electric appliance that woul d benefit
fromthe teachings of the present invention. In accordance with the
illustrated exanpl e enbodi nent, el ectronic appliance 100 may include one
or nore of processor(s) 102, nmenory controller 104, system nenory 106,

i nput/output controller 108, sequencer agent 110, input/output devices 112,
voltage regul ator controllers 114, and power supply 116 coupled as shown in
Fig. 1. Sequencer agent 110, as described nore fully hereinafter, may well
be used in electronic appliances of greater or |esser conplexity than that
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include one or more of processor(s) 102, memory controller 104, system memory

106, input/output controller 108, sequencer agent 110, input/output devices 112,
voltage regulator controllers 114, and power supply 116 coupled as shown in Fig. 1.
Sequencer agent 110, as described more fully hereinafter, may well be used in
electronic appliances of greater or lesser complexity than that depicted in Fig. 1.
Also, the innovative attributes of sequencer agent 110 as described more folly
hereinafter may well be embodied in any combination of hardware, on or off an
electronic circuit board, and software.

[0008] Processor(s) 102 may represent any of a wide variety of confrol logic
including, but not limited to one or more of a microprocessor, a programnmable logic
device (PLD), programmable logic array (PLA), application specific integrated
circuit (ASIC), a microcontroller, and the like, although the present invention is not
limited in this respect. Processor(s) 102 may receive one or more operating voltages

from one or more voltage regulator controliers 114.




[ 0009] Menory controller 104 may represent any type of chipset or control
|l ogic that interfaces systemnenory 106 with the ot her conponents of

el ectronic appliance 100. In one enbodi ment, the connection between
processor(s) 102 and nmenory controller 104 may be referred to as a
front-side bus. In another enbodinent, nenory controller 104 may be
referred to as a north bridge. Menory controller 104 nay receive one or
nore operating voltages fromone or nore voltage regulator controllers
114. [0010] System nmenory 106 may represent any type of nenory device(s)
used to store data and instructions. Typically, though the invention is
not limted in this respect, systemnenory 106 will consist of dynamc
random access nmenory (DRAM. In one enbodi nent, system nenory 106 may

consi st Ojgodsy &S &R FRerR AR PRI of AR bPERIrol 193Stheim merory 106
may consiét&%f d&ﬁ I e gata ra gméy%cﬁﬁéggﬂ% %%AM (DDR%d%%N). System nenory

106 may I{GehYS s ﬁammgqb@wﬂﬂa{e%mep&m@%ém:etﬁ&m RpBarRE nore vol tage
regul ator controllers 114. [0011] Input/output (1/0) controller 108 may

represent @\ bydRentRfinfetl, iR €bniebion S et prode@@h@) Id2ahd ieh6f aces 1/ O
device(s) 112 wth the other conponents of electronic appliance 100. In

one enbodi&Bfier 184 Q:afﬂé'ﬁtefpe%lleé)l & as A 0B tf&@.nﬁla}ﬁo%ﬂe%bbﬁﬁ%enfer i pher al

Conmponent [ nterconnect ( - X Protocol Addendumto the PCl Local Bus
Speci fi caf QB BRMIE A ey QR refbifdd 1ORELA R phBEL MShor{tQitRIler164 €ased July 22,
2003. I n anofher enbodinent, I/O controller 110 may be referred to as a

south bri ggerecd{one or more operating voltages from one or more voltage regulator
controllers 114.
[0010] System memory 106 may represent any type of memory device(s) used to
store data and instructions. Typically, though the invention is not limdited in this
respect, system memory 106 will consist of dynamic random access memeory
(DRAM). In one embodiment, system memory 106 may consist of Rambus DRAM
{(RDRAM). In another embodiment, system memory 106 may consist of double data
rate synchronous DRAM (DDRSDRAM). System memory 106 may receive one or
more operating voltages from one or more voltage regulator controllers 114,
[0011] Input/output (I/O) controller 108 may represent any type of chipset or control
logic that interfaces IO device(s) 112 with the other components of electronic
appliance 100. In one embodiment, 1/0 controller 110 may comply with the
Peripheral Component Interconnect (PCI) -X Protocol Addendum to the PCI Local
Bus Specification, Revision 2.0a, PCI Special Interest Group, released July 22, 2003.

In another embodiment, I/O controller 110 may be referred to as a south bridge. I/O




5 controller 108 may receive one or nore operating voltages fromone or
nore voltage reqgulator controllers 114. [0012] Sequencer agent 110 may
have an architecture as described in greater detail wth reference to Fig.
2. Sequencer agent 110 may al so performone or nore nethods for enabling
and di sabling voltage regulator controllers 114, such as the nethod
described in greater detail with reference to Fig. 3. Wiile shown as being
part of 1/0O controller 108, sequencer agent 110 may well be part of another
conponent or may be inplenented in software or a conbi nati on of hardware
and software. [0013] Input/output (1/0) device(s) 112 may represent any
type of device, peripheral or conponent that provides input to or
processes output fromelectronic appliance 100. In one enbodi nent, though

the presehirbiy 808 mQPrebSvd e of Rotel dibraifh vothgek B8Mlon® BEmork AEgeVi ce 112 may
be a network interface controller. 1/0O devices 112 nay receive one or nore

operatingbgg&&qg§§dkﬁpﬂmpne or nore voltage regulator controllers 114.
[ 0014] Voltage regulator controllers 114 may represent any type of

conponentpBfiseqieRbcehydit PIEMA haV®iLardtikd e @ adsEAR ROYRAterseRP| y 116 and
provi de one or nore operating voltages to other conponents of electronic

appl i ancey;iilRferdnde H8;. 26 HRQRLER Blent MO/ AAROHESHAIRLr BBRL IOl | ers 114 have
out put enabl e I nputs, through i ch sequencer agent 110, for exanple, can
enabl e orpgdhsRbhenitifiguad §iddB8ng AdHdpAefllator controllers 114, such as the

method described in greater detail with reference to Fig, 3. While shown as being

part of /O controlier 108, sequencer agent 110 may well be part of another

component or may be implemented in software or a combination of hardware and

software,

[0013] Input/output (I/0) device(s) 112 may represent any type of device, peripheral

or component that provides input to or processes output from electronic appliance

100. In one embodiment, though the present invention is not so limited, at least one

I/O device 112 may be a network interface controller. I/O devices 112 may receive

one or more operating voltages from one or more voltage regulator éontrollers 114.

[0014} Voltage regulator controflers 114 may represent any type of component that

receive one or more voltages from power supply 116 and provide one or more

operating voltages to other components of electronic appliance 100. In one

embodiment, voltage regulator controllers 114 have output enable inputs, through

which sequencer agent 110, for example, can enable or disable the voltage regulator

controller output, In another embodiment, voltage regulator controllers 114 may




controller output. In another enbodi nent, voltage regulator controllers 114
may 6 have ranp rate inputs, through which sequencer agent 110, for
exanpl e, can set the ranp rates for the output voltages. In other

enbodi ments, the ranp rates of voltage regulator controllers 114 output
vol tages are determ ned by external hardware conponents. [0015] Power
supply 116 may represent any type of power source that provides input
voltages to voltage regulator controllers 114. Power supply 116 may convert
alternating current voltage, such as froma conventional outlet, to one or
nore direct current voltages. In other enbodi nents, power supply 116 may
receive power from a battery. Power supply 116 nay provide a standby

vol tage while not providing all avail able voltages as when fully

functi oni e rabky Sre3hid Bi¥ontRl WiAGSedBNceRhdefN 10518 R con@arie 110 to
function in advance of a power on event. In one enbodi nent, power supply

116 may haus rated 26 MR WhphiWRINbges! T ki BmbbHiGhts BRUKRE Bifies ofa@R@ke 110, for
exanpl e, can prevent power supply state changes before voltage regulator

cont rol | efsuiddfcatEnds § 1 SurfiRlSifdGRe ackRikB by &Gernd hb@iwarebl ock di agram of
an exanpl e sequencer agent architecture, in accordance with one exanple

enbodi menteQfonddie i nvention. As shown, sequencer agent 110 may include one
or nore of control logic 202, nmenory 204, power supply interface 206,

vol t age rRgis; AfdVer SRRl Q6EE réfidset hAE §pLOowdf e HiefeAlesgijat ne 210
voltages to voltage regulator controllers 114. Power supply 116 may convert —
alternating current voltage, such as from a conventional outlet, to one or more direct
current voltages. In other embodiments, power supply 116 may receive power from
a battery. Power supply 116 may provide a standby voltage while not proyiding all
available voltages as when fully functioning. This standby voltage may allow
sequencer agent 110 to function in advance of a power on event. In one
embodiment, power supply 116 may have a lockout input, through which sequencer
agent 110, for example, can prevent power supply state changes before voltage
regulator controllers 114 are within tolerance.

[0016] Fig. 2 is a block diagram of an example sequencer agent architecture, in
accordance with one example embodiment of the invention. As shown, sequencer
agent 110 may include one or more of control logic 202, memory 204, power supply
interface 206, voltage regulator controller interface 208, and sequencer engine 210
coupled as shown in Fig. 2. In accordance with one aspect of the present invention,

to be developed more fully below, sequencer agent 110 may include a sequencer




coupled as shown in Fig. 2. In accordance with one aspect of the present
invention, to be developed nore fully below, sequencer agent 110 may

i ncl ude a sequencer 7 engine 210 conprising one or nore of retrieve
services 212, |ock services 214, and/or delay services 216. It is to be
appreci ated that, although depicted as a nunber of disparate functional
bl ocks, one or nore of elenents 202-216 nmay well be conbined into one or
nore multi-functional blocks. Simlarly, sequencer engine 210 may well be
practiced with fewer functional blocks, i.e., with only delay services
216, without deviating fromthe spirit and scope of the present invention,
and may well be inplenented in hardware, software, firmware, or any

conbi nation thereof. 1In this regard, sequencer agent 110 in general, and

_Sequenceén?ﬂgbﬂﬁco%gp%sfngon@&rﬁbﬁﬂfﬁﬁiev@&@w&@@ﬂ YodckbWisésatj ve of one exanpl e
i npl enentati on of one aspect of the present invention. As used herein,

sequencety, 38EMllaylsbid8Y16\8k Is (§Be ﬁ%pi@ﬁteﬁ%dt JAlthdi2h dMadiel ass@fwar e, firmare

and/ or any conbi'nation t hereof As introduced above, sequencer agent

110 may BAVRHLRE rdRlibdd Mok, &E@Ph%r@éfeleﬂieﬁ@@b@ﬂdlﬁaﬁb@lméts of vol tage

regul at or controllers in an el ectronic appliance in sequence based at

| east i N Bained his &l dr ibee &:hﬁi"—ﬁﬂctioﬁal'Eﬂiaké/(ﬁnﬁlléﬂyeswﬂénmbémf@ne
enbodi ment, sequencer agent 110 may retrieve stored settlngs t hat represent

delay t M@%&}%e%a&lc%bﬂ fwerahliond tiicke s abl pay diyf #reRt vol tage
regul ator controller outputs. In anot her embodi nent , sequencer agent 110
may retrheyewaNPddvkife from the spirit and scope of the present invention, and may

well be implemented in hardware, software, firmware, or any combination thereof.

In this regard, sequencer agent 110 in general, and sequencer engine 210 in

particular, are merely illustrative of one example implementation of one aspect of the

present invention. As used herein, sequencer agent 110 may well be embodied in

hardware, software, firmware and/or any combination thereof.

[0017] As introduced above, sequencer agent 110 may have the ability to enable or

disable the outputs of voltage regulator controllers in an electronic appliance in a

sequence based at least in part on settings stored in non-volatile memory. In one

embodiment, sequencer agent 110 may retrieve stored settings that represent delay

times to wait before enabling or disabling different voltage regulator-controller

outputs. In another embodiment, sequencer agent 110 may retrieve ramp rate

settings that are used fo set the ramp rates of different voltage regulator controller

ountputs. Sequencer agent 110 may also lock out the power supply while the voltage




settings that are used to set the ranp rates of different voltage regul ator
controller outputs. Sequencer agent 110 may al so | ock out the power supply
while the voltage 8 regulator controller outputs are being changed to avoid
unexpected power state changes. [0018] As used herein control |ogic 202
provi des the | ogical interface between sequencer agent 110 and its host

el ectronic appliance 100. In this regard, control |ogic 202 nay manage one
or nore aspects of sequencer agent 110 to provide a comunication
interface to other conponents of electronic appliance 100, e.g., through

power supply interface 206 and voltage regulator controller interface 208.
[ 0019] According to one aspect of the present invention, though the clains
are not so |imted, control logic 202 may receive event indications such

as, e.g. 1re§ﬁléﬂ§%5nir5ﬁetrb§(?§tgareﬁa@‘ﬁg'&ha?n'g@cit% S BB NAKpERSIRSer stddPON T ecei ving such
an indication, control [ogic may sel ectlvely invoke the resource(s) of

sequencer gﬂ?gne 210. As part of an exanple nethod for enabling and
dlsabllng voltage regul ator controllers, as explained in greater detai

wi thref §hRBF ]s LQecﬁaegem éonu%pfag,rcqbz {ncagides BORYnESAhRELwEl Y | nvoke
retrieve services 212 that may retrieve stored settings used in enabling or

di sabl i n ee(&éeﬁggeﬁmr@t@mo&@m:&&hé ﬁfpﬁazileé'ﬂoo GARti$ Rbarl QGAE1 202 al so may
selectively 1 nvoke | ock services 214 or delay services 216, as expl ai ned

in great Qbgi g%ﬁhé. Wahdke oﬁ@&ﬁﬁ@r@ﬁ%e&t?oi‘: defuendor ak&ht L AGK pRIWIdeROVEr supply 116
or to wait acertaln armount of tine

coramunicati on interface to other cornponents of electronic appliance 100, e.g.,
through power supply interface 206 and voltage regnlator controller interface 208.
[0019] According to one aspect of the present invention, though the claims are not so
limited, control logic 202 may receive event indications such as, ¢.g., a user-initiated
power state change request. Upon receiving such an indication, control logic 202
may selectively invoke the resource(s) of sequencer engine 210. As part of an
example method for enabling and disabling voltage regulator confrollers, as
explained in greater detail with reference to Fig. 3, control logic 202 may selectively
invoke retrieve services 212 that may retrieve stored settings used in enabling or
disabling voltage regulator controllers 114, Control logic 202 also may selectively
invoke lock services 214 or delay services 216, as explained in greater detail with
reference to Fig. 3, to lock out power supply 116 or to wait a certain amount of time
before enabling or disabling voltage regulator controllers 114, respectively. As used
herein, control logic 202 is intended to represent any of a wide variety of control

logic known in the art and, as such, may well be implemented as a microprocessor, a




before enabling or disabling voltage regulator controllers 114,
respectively. As used herein, control logic 202 is intended to represent
any of a wide variety of control logic know in the art and, as such, nmay
wel | be inplenented as a mcroprocessor, a 9 mcro-controller, a
field-programmabl e gate array (FPGA), application specific integrated
circuit (ASIC), programmable |ogic device (PLD) and the like. In sone

i npl enentations, control logic 202 is intended to represent content (e.g.,
software instructions, etc.), which when executed inplenents the features
of control logic 202 described herein. [0020] Menory 204 is intended to
represent any of a wide variety of nenory devices and/or systens known in
the art. According to one exanple inplenentation, though the clains are

not so | 'n%%%g%tﬁcfﬁmrﬁélger%gl%ﬁa% el aGY @%ﬁﬂoﬁpﬂ&héﬁ ige&tic enory el enents,

possi bly rea uch as menory or electrically

erasabl e ﬁ§%@ OR S RAM ( SRAM ,
t hat retaﬁ%§g£ S co ggnt Igft |tt é?%fﬂ%gﬁ%%ﬁggq§g§ﬁ|%%ghswbnory 204 may

e used LRpRlelfiongdAB0 ILAIMAL BlioflRld Okl SRR, Rfulsabl e de) ay

tines, a es, ranp rates or exanple. In one enbodi nent, the
settings sﬁnﬂa&%%s%& %ch%}h@ﬁ 8l cutb @Al hdrtth feaﬂ%%fcoa&@n@gl&mnges for
exanpl e, ‘Tromvari ow power stat'es, suc as off, sleep, and standby,
to an on statgeippd,froman on state to various Iom1pomer states.

[0020] Memory 204 is iniended to represent any of a wide variety of memory
devices and/or systems known in the art. According to one example implementation,
though the claims are not so limited, memory 204 may well include non-volatile
memory elements, possibly read only memory (ROM), such as flash memory or
electrically erasable programmable ROM (EEPROM), or battery-backed static RAM
(SRAM), that retains its contents with little or no power required. Memory 204 may
be used to store voltage regulator controller enable and disable delay times, voltages,
and ramp rates, for example. In one embodiment, the settings stored may be related
to particular power state changes, for example, from various low power states, such
as off, sleep, and standby, to an on state and from an on state to various low power
states.

[0021] Power supply interface 206 provides a path through which sequencer agent
110 can affect with power supply 116. In one embodiment, power supply interface
206 may allow sequencer agent 110 to lock out power supply 116 as part of a method

of enabling or disabling voltage regulator controllers 114,
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[ 0021] Power supply interface 206 provides a path through which sequencer
agent 110 can affect with power supply 116. In one enbodi nent, power
supply interface 206 may all ow sequencer agent 110 to |ock out power
supply 116 as part of a nmethod of enabling or disabling voltage regul ator
controllers 114. 10 [0022] Vol tage regulator controller interface 208
provides a path through which sequencer agent 110 can affect voltage

regul ator controllers 114. In one enbodiment, voltage regulator controller
interface 208 may al |l ow sequencer agent 110 to enable or disable voltage
regul ator controllers 114. [0023] As introduced above, sequencer engine 210
maybe sel ectively invoked by control logic 202 to retrieve stored settings
for the enabling or disabling of voltage regulator controllers 114, to

| ock out Pﬁ% ?lgztég pég)ﬂla@o]‘ Qonngflertiﬁegﬁlh s phif i@ Bhih Agogph widdpsabl i ng of

vol tage regul a controllers 114. In accordance with the illustrated

exanpl e L&@P&%@éﬁ@@a@%{eﬁ Bita reSERHEGRONEN N0 340 15 depi cted

conpri sing one nor e retrieve services 212, |ock services 214 and

del ay se%gﬁ,ﬁﬁlﬁtﬁé Ite?lﬂ%glﬁonﬁiﬁﬂl" ﬁ&&ﬂc@%@;ﬁwmsﬁﬁm@é@gﬁat e el enents,

t hose ski e ar appreciate that one or nore el enents 212-216

of sequencer, &AL BeiZhl g tehladiSofi@RinRg, v thout deviating fromthe

scope and spirit of e prese invention. [0024] Retrieve services 212, as

| ntroducegh, ADRY Grofi¥d B g,it sgﬁ\teﬁc%géi%ﬂ&%lme sLikQiveW ihfokkdigy ability to

retrieve settings relate e enabling or disabli'ng of voltage
control logic 202 to refrieve stored settings for thie enabling or disabling of voltage

regulator controllers 114, to lock out power supply 116, or to delay the enabling or
disabling of voltage regnlator controllers 114. In accordance with the illustrated
example implementation of Fig. 2, sequencer engine 210 is depicted comprising one
or more of retrieve services 212, lock services 21 4 and delay services 216. Although
depicted as a number of disparate elements, those: skilled in the art will appreciate
that one or more elements 212-216 of sequencer engine 210 may well be combined
without deviating from the scope and spirit of the present invention.

[0024] Retrieve services 212, as introduced above, may provide sequencer agent 110
with the ability to retrieve settings related to the enabling or disabling of voltage
regulator controller 114. In one example embodiznent, retrieve services 212 may
retrieve settings from memory 204. In another example embodiment, retrieve
services 212 may receive settings from other sources external to sequencer agent 110

and store those settings in memory 204.
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regul ator controller 114. In one exanple enbodi nent, retrieve services 212
may retrieve settings fromnmenory 204. |In another exanpl e enbodi nent,
retrieve services 212 may receive settings fromother sources external to
sequencer agent 110 and store those settings in nmenory 204. 11 [0025] As
i ntroduced above, |ock services 214 may provide sequencer agent 110 wth
the ability to |l ock out power supply 116. In one exanpl e enbodi nent, |ock
services 214 may | ock and unl ock power supply 116 as part of a nethod of
enabling and disabling voltage regulator controllers 114, for exanple, as
described in reference to Fig. 3. [0026] Delay services 216, as introduced
above, may provi de sequencer agent 110 wth the ability to delay the
enabling or disabling of voltage regulator controllers 114. In one

enmbodi mentog2sichinusaickd SiRSe, 2k stRMesTNl nBE fRotidd@RiudnterGemtidown del ay times
bef ore sequencer agent 110 enabl es or disables vol tage regul ator

cont r ol | ekgth tdelbility th 18k Fiwee 126 e le efhBbddemelovik ces 216 may
i nclude separate tiners for each voltage regulator controller 114. [0027]

Fig. 3 iss@vikbsmysehandckahd aodpawnl Rpf 136 8EREN ¢l pigtkdaad ehdtingnabl i ng and
di sabling voltage regul ator controllers, in accordance with one exanple

embodi MeNntnd aaéablihgvélﬁg@;@Fﬁiﬁap coftrdifeanal, hhec:hpld, avidigiepes ati ons may be
descri bed as a sequentia process, nmany of the operations may in fact be
per f or ned dfean@kiged. or concurrently.

[0026] Delay services 216, as introduced above, may provide sequencer agent 110

with the ability to delaly the enabling or disabling of voltage regulator conirollers

114. In one embodiment, delay services 216 may act as a timer to countdown delay

times before sequencer agent 110 enables or disables voltage regulator controllers

114. In another example embodiment, delay services 216 may include separate

timers for each voltage regulator controller 114.

[0027] Fig. 3 is a flow chart of an example of a general method for enabling and

disabling voltage regulator controllers, in accordance with one example embodiment

of the invention. Althongh the following operations may be described as a sequential

process, many of the operations may in fact be performed in parallel or concurrently.

In addition, the order of the operations may be re-axranged without departing from

the spirit of embodiments of the invention.

[0028] According to but one example implementation, the method of Fig. 3 begins

with sequencer agent 110 detecting (302) a power state change request (e.g., 2 user-

initiated power state change). In one example embodiment, the power state change

i2




In addition, the order of the operations nmay be re-arranged w t hout
departing from 1f the spirit of enbodinents of the invention. [0028]
According to but one exanple inplenentation, the method of Fig. 3 begins
wi th sequencer agent 110 detecting (302) a power state change request
(e.g., auser- initiated power state change). In one exanple enbodi nent,
the power state change 12 may be froma | ow power state, such as off,

sl eep, or standby, to an on state, which requires the enabling of voltage
regul ator controllers 114. In another exanple enbodi nent, the power state
change may be froman on state to a | ow power state, which requires the
di sabling of voltage regulator controllers 114. [0029] Next, control logic
202 may selectively invoke retrieve services 212 to retrieve (304) stored

setti NgS.mdyhe @R LPARTRIWR: RBROALTRIVE, sled, bf 8MRAbE & a6l Si8&atd IwhicHmay retrieve
delay tinmes for each voltage regulator controller 114 fromnmenory 204. In

anot her gl e &RH) BPWItagd BENAENDNESIEYY COS IndshdtheRYxAp¥® retrieve vol tage
and ranp rate settings. In another enbodinment, retrieve services 212 may

receive  S8bliRgSleRWeAiae Bl hy OIS Bn biPftart B8 1bW powlekbtitee power state
change. [0030] Control logic 202 may then selectively invoke | ock services

214 to | aghc(:3R8ks tHRUBHIIAHIRbYacd 18 e BortioBeknoni ¢ appl i ance 100 is
transitioning to a different power state. [0031] Next, delay services 216
may del ayod2gP 8xt! dish@NRBICI200 ) sdlé®iodl) ilekfetriebEservices 212 to

retrieve (304) stored settings. In one example embodiment, retrieve services 212

may retrieve delay times for each voltage regulator controller 114 from memory 204.

In another examxple embodiment, retrieve services 212 may also retrieve voltage and

ramp rate settings. In another embodiment, retrieve services 212 may receive

settings from are external source for use in a future power state change.

[0030] Control logic 202 may then selectively invoke lock services 214 to lock (306)

power supply 116 when electronic appliance 100 is transitioning to a different power

state.

{0031] Next, delay services 216 may delay (308) the enabling or disabling of the

outputs of voltagze regulator controllers 114. In one embodiment, delay services 216

may individually enable or disable voltage regulator controllers 114 after expiration

of a timer that was set with a delay time for that particular veltage regulator

controller 114,

[0032] Then, lock services 214 may unlock (310) power supply 116 when the

outputs of voltage regulator controllers 114 are stable.
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out puts of voltage regulator controllers 114. I n one enbodi nent, del ay
services 216 nmay individually enable or disable voltage regul ator
controllers 114 after expiration of a tinmer that was set with a delay tine
for that particular voltage regulator <controller 114. [0032] Then, |ock
services 214 may unl ock (310) power supply 116 when the outputs of voltage
regul ator controllers 114 are stable. 13 [0033] Fig. 4 illustrates a bl ock
di agram of an exanpl e storage nedi um conprising content which, when
accessed, causes an el ectronic appliance to inplenent one or nbre aspects
of the sequencer agent 110 and/or associated nethod 300. In this regard,

st orage nedi um 400 i ncludes content 402 (e.g., instructions, data, or any
conbi nati on thereof) which, when executed, causes the appliance to

i npl enment 101 lRER SEAVENGET tned SGhd bed above.
[ 0034] ng@%ﬁg Egg?eaﬁﬁﬁpga%gﬁg%gge) neg?5§14 Onﬁaig}%%ﬁudé% but is not

| imted ntf%}fz\cﬁ'\/mg%hééipaéé%;&ﬁ Eaéllg% ddtrofdt Sjptiandeld Rifnendiid opBgNeEt o- opt i cal

di sks, , , , magnet or optical cards, flash nenory,

or Ot'hef.&u)éps?eaé ofmgéeguénc@%lahmo%ﬁ@&%&&mﬁ&%@ﬁéﬁ{@a%bﬁ aphf for storing

el ectronic 1nstructions. Moreover, the present invention nmay al so be

downl Oad%g%a > <RS0 MRBLET A0 IRGE R LoRER VL fe.g., WABL IR, 1dBE, AT am may be

transferre roma renote conputer to a requesting conmput'er by way of data

signal s 96691%%&91 t.hél'e(ﬁ) \gvﬁfc'ili WhenWG¥&mdd! cabddie appliance to implement one
or more aspects of sequencer agent 110, described above.
{0034] The machine-reacdable (storage) medium 400 may include, but is not limited

- to, floppy diskettes, optical disks, CD-ROMs, and magneto-optical disks, ROMs,

RAMs, EPROMs, EEPR OMs, magnet or optical cards, flash memory, or other type
of media / machine-readable medium suitable for storing electronic instruciions.
Moreover, the present invention may also be downloaded as a computer program
product, wherein the program may be transferred from a remote computer to a
requesting computer by way of data signals embodied in a carrier wave or other
propagation medium via a communication link (e.g., a modem, radio or network
connection).
[0035] In the description above, for the purposes of explanation, numerous specific
details are set forth in order to provide a thorough understanding of the present
invention. It will be apparent, however, to one skilled in the art that the present
invention may be practiced without some of these specific details. In other instances,

well-known structures and devices are shown in block diagram form.
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propagati on nediumvia a conmunication link (e. g., a nodem radio or
network connection). [0035] In the description above, for the purposes of
expl anati on, numnerous specific details are set forth in order to provide a
t hor ough understandi ng of the present invention. It will be apparent,
however, to one skilled in the art that the present invention may be
practiced without sonme of these specific details. In other instances,

wel | - known structures and devices are shown in block diagramform 14

[ 0036] Enbodi nents of the present invention nmay also be included in
integrated circuit blocks referred to as core nenory, cache nenory, or
other types of nenory that store electronic instructions to be executed by
the m croprocessor or store data that may be used in arithnetic

oper at i Ono3d] MEPRARcALs, of 88 p%ﬂ&ﬁﬂiv%i@nd@d%be%ﬂdeﬁﬁrﬁﬂfegﬁ%@ no logic in
accordance wth the clainmed subject matt'er may provide ~“a benefit to

M Cr opr oCE&aRbhbcksaofdrbdtoRAEdrb fieh8dy, cABBY nidfiok)) 605N 66 hiL@van address
decoder for a nenory device. hbtgﬁ%%at theogﬁbodinégts may i nt egrated

into radihe: satsées®nRinhefRni@lH ez_@aemealgk%edrﬂmogmss&so@%i@c{akav when devi ces
depend on reduced power consunption. Thus, |aptop conputers, cellular

radi ot el epbaRey beQOKITH BHGALHOIDBY S TR perdcP - WAMBbAHS: SRFMUNI Ccation systens,
one-way pagers, two-way pagers, personal comunication~systens (PCS)
personal - glilgthgd doBS®) 1648 H st cord AW theCBIREPS LRI AP Ry PlOdUCLS are
intended to be included within the scope of

a benefit to microprocessors, and in particular, may be incorporated into an address

decoder for a memory device. Note that the embodiments may be integrated into
radio systems or hand-held portable devices, especially when devices depend on
reduced power consumption. Thus, laptop computers, cellular radiotelephone
communication systems, two-way radio communication systems, one-way pagers,
two-way pagers, personal communication sy stems (PCS), personal digital assistants
(PDA’s), cameras and other products are intended to be included within the scope of
the present invention.

[6037] The present invention includes various operations. The operations of the
present invention may be performed by hardware components, or may be embodied
i machine-executable content (e.g., instructions), which may be used to cause a
general-purpose or special-purpose processor or logic circuits programmed with the
instructions to perform the operations. Alternatively, the operations may be
performed by a combination of hardware ancl software. Moreover, although the

invention has been described in the context of a computing appliance, those skilled in
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the present invention. [0037] The present invention includes various
operations. The operations of the present invention may be perfornmed by
har dwar e conponents, or nay be enbodied in nachine-executable content
(e.g., instructions), which may be used to cause a general -purpose or
speci al - purpose processor or logic circuits programed with the
instructions to performthe operations. Alternatively, the operations nmay
be performed by a conbination of hardware and software. Moreover, although
the invention has been described in the context of a computing appliance,
those skilled in 15 the art will appreciate that such functionality may
wel | be enbodied in any of nunber of alternate enbodi nents such as, for
exanple, integrated within a conmunication appliance (e.g., a cellular

t el epnonely o I 3Eheod NG ual GOk Ofbpbiity BELy W ASIcbbBid kil B parti cul ar

details described herein. [ndeed, many other variations of the foregoing

descr i pti,qn, 806 ALAM AR SBHCCRIN fuldiepbhapg 20f Lhe present

i nvention- Accordingly, it Is the folTowng clains including any

anendnent s _thereta that deti neafbehoeRA0f the invention. 16 CLAIM
What is éﬁalneé fgﬁhm WQ.E” ° *p )

{0038} The invention is not restricted to the particular details described herein.

Indeed, many other variations of the foregoing description and drawings may be

made within the scope of the present invention. Accordingly, it is the following

claims including any amendments thereto that define the scope of the invention.
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1. An electronic appliance, conprising: a power supply; an electronic
circuit board coupled with the power supply; and a sequencer engi ne coupl ed
with the electronic circuit board, the sequencer engine to sequentially
enabl e voltage regulator controllers on the electronic circuit board
during a power up based at least in part on settings stored in non-volatile
menory, the sequencer engine to rdLAEMS delay tines for a future power
state change, and the sequencer engine to prevent the power supply from
changing states until voltage regulator controller outputs are stable. 2.
The el ec{,9MisGl1a4RR4 {s@nce of claim 1, further conprising: the sequencer
engine to sequentially disable voltage regulator controllers on the

el ectronic circuit board during a power down based at |east in part on
settings stq&gd in non-volatile menory. 3. An apparatus, conprising: a

non- vol ati | e TRMSFYOTRARMAREE. COMPISTEar supply interface: a vol t age
regul at or conf pskbdraipplpt erface; and control logic coupled with the

non-vol atile menory, ‘power supply and voltage regulator controller
interfaces, taveeledionicotirdqugdioard epupledwithtbe gewaysupplwsnd r om non- vol atil e

menory, to ena g’éq%eﬁ/(%r te%gl%erc%%giegt\g{th ?}?englregtlrcl)n% QELP %togrd?ttheeé( qiurex?cteir on of
engine to sequentially enable voltage regulator controllers on the electronic circuit -
board during a power up based at least in part on settings stored in non-volatile
memory, the sequencer engine to retrieve delay times for a future power state change,
and the sequencer engine to prevent the power supply from changing states until

voltage regulator controller outputs are stable.

2. The electronic appliance of claim 1, further comprising;:
the sequencer engine to sequentially disable voltage regulator controllers on
the electronic circuit board during a power down based at least in part on settings

stored in non-volatile memory.

3. An apparatus, comprising:

a non-volatile memory interface;

a power supply interface;

a voltage regulator controller interface; and

control logic coupled with the non-volatile memory, power supply and voltage
regulator controller interfaces, the control logic to retrieve delay times from non-
volatile memory, to enable voltage regulator controller outputs at expiration of
associated delay times in response to a power up request, and to prevent a power

supply from changing states until the voltage regulator controller outputs are stable.

4. The apparatus of claim 3, further comprising control logic to disable voltage
regulator controller outputs at expiration of associated delay times in response to a
power down request.
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associated delay tines in response to a power up request, and to prevent a
power supply from changing states until the voltage regulator controller
outputs are stable. 4. The apparatus of claim3, further conprising control
logic to disable voltage regulator controller outputs at expiration of
associated delay tines in response to a power down request. 17 5. The
appar at Us of ',E‘:lheahppaﬁatusf uf chen kcfnnhd:rsmmg)rimm caitrdl dggic to getrieve irmp: ranp

Contr of 184" BT AP p semegoRre! koo sa Tedalos e K gy

conprlsu@&,qgggrol logic to retrieve delay times for a future power state
change. 18

6. The apparatus of claim 3, further comprising control logic to retrieve delay

times for a future power state change.

18




