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PERFORM NG MACHI NE SPECI FI C TASKS BEFORE GO NG TO A LOW PONER STATE
BACKGROUND OF THE INVENTION 1. Field of the Invention The present
invention relates to conputer systens, and nore specifically to ones

havi ng an advance configuration and power interface, or ACPl, operating
system. 5 2. Background of the Related Art The Advanced Configuration and
Power Interface (ACPI) has been devel oped for power nanagenent in conputer
systens. The ACPlI has been intended to-replace earlier power nanagenent
techni ques, including both the plug-and-play (PnP) and the Advanced Power
Managenment (APM), and has beehPREACATIONTFORBATENTI i ni nate the need for a
system 10 Basic I nput/Qutput System (BIOS) to configure a conputer system
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Managenent (APM, reducing the system Basic | nput tput Systemto a small
collection of routines callable fromthe operating system Wth ACPI, it
was determned to relegate to the operating systemvarious 15 functions
t hat had previously been performed by the system Basic | nput CQutput System
or BICS. Traditionally when power has been applied to a conputer system

its Basic .l t put _System executed i medi ately. The BICS for the
conput er &é@%&?@%ﬁﬁmww or PROM (and was therefore
difficult to noglify) l Initial Program Load (I1PL) device that could
not be di sabl ed.” 20 ?ﬁ@@gﬂ'ﬁs&lqﬂhe conputer systemhas, so far as is
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fol | ow ng the eXecut}?%c(r%fg%ﬁunflﬁghbe ?Hgg%:gyst em BI OG5, both a Pl ug-and-Pl ay
25 BI OS and an TitdencdROMEau MBS BSW orBh his el ifled bk 1 L1 €S,
20 oD 5 NG an Madancdy Euryel erBhieRac AT P ids Bels Jle%%l%peéj%or

power management in computer systems. The ACPI has been intended to replace earlier

power management techniques, including both the plug-and-play (PnP) and the Advanced

Power Management (APM), and has been said to virtually eliminate the need for a system

10 Basic Input/Output System (BIOS) to configure a computer system. The ACPI operating
system was thus planned to perform all of the functions previously performed by plug-and-

play (PoP) and the Advanced Power Management (APM), reducing the system Basic

Input Output System to a small collection of routines callable from the operating system.

With ACPI, it was determined to relegate to the operating system various

15 functions that had previously been performed by the system Basic Input Output System

or BIOS. Traditionally when power has been applied to a computer system, its Basic

Input Output System executed immediately. The BIOS for the computer system typically

resided in ROM or PROM (and was therefore difficult to modify) or in an Initial Program
Load (IPL) device that could not be disabled.

20 The BIOS for the computer system has, so far as is known, included firmware that
configured the computer system, and provided a variety of other functions. In addition
to the computer system BIOS, there were often other, separate Basic Input Qutput
Systems contained in the power management software techniques. In many PnP and APM
systems, following the execution of the computer system BIOS, both a Plug-and-Play

25  BIOS and an Advanced Power Management BIOS, each with related utilities, executed.



-2 The Plug-and-Play Bl OS was separate fromthat of the conputer system
and re- configured the systemeither dynam cally or staticall »;.t(ﬂ%-aléng t he
operating systemto initialize. The Advanced Power Managemerit“coht r ed
system power, including sleep 5 states and power states- The Advanced
Power Managenent BIOS was al so separate from both that of the conputer
system BI OS and the PnP BIOS. ACPlI has begun to replace both the

Pl ug- and- Pl ay Bl OS and Advanced Power g/anagement Bl S, and ot her system
initialization functionality. This has“been done by providi ng operating
systens and a | at formf device interface that can performthese tasks in a
nor e cent ra:rhezsﬁgmdfﬁay BIOSHowe yepiratd Grobt! gl | INthercoBiuter, syASRl aad $6-
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sour ces, cpsitmabldongrol kgstem power states. Before ACPL, power management had been

platform-specific, typically implemented in hardware or in the computer system BIOS

code. ACPI has allowed portable, platform or independent operating systems to control

hardware power states on a system-wicfe basis. ACPI defined a number of low-power
20  states in which the operating system could i)lace the computer system.

The ACPY specification required certain hardware components and extensions to
facilitate the hardware interface. Typically an embedded microcontroller was one of these
hardware components. This embedded microcontroller was in effect a stand-alone
processor working hand-in-hand with the main processor of the computer system. One

25  of'the other additional hardware extensions necessary under the ACPI specification has
been that of power-management registers. The power-management registers controlled
the power state of the computer system. An ACPI-compatible operating system running
on the processor of the computer system wrote instructions defining a power state for at
least some of these registers. The ACPI compliant operating system controlled a variety

30 of system-wide features, such as enabling and disabling interrupt sources, controlling the

amount of power provided to various buses and devices, and restoring the computer




anount of power provided to various buses and devices, and restoring the
conputer -3- systemfrom|ow power states, such as sl eep- mode 7afif7seE- of f
node. For exanple, if the operating systemdesired to put the conputer
systemin a sleep node, the operating systemwote a "prepare to sl eep”
command to the registers. The operating systemthen issued an enable for
certain of the registers. The issued enable set an appropriate enable 5 bit
corresponding to the register. Wien the "prepare to sleep” instruction was
sent and the registers were enabl ed, _tshe conputer systemtransitioned to
what ever | ow power state the operating system commanded. Unfortunately,
even if thesyseinfrgin (Ses606r s@ss, ARR ' golﬂg? r r
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a host pr O?g&;gegrﬂ-? {Jr%@g?e%@gﬂ% 5‘1% NPT SPLe frersifianed fo whatpyes josy-Rewir state
accor di ng tthe bperatigfiyafatcaMiddayr ati on and power interface, or ACPI,

allowing the operating state and at |east one | ow power or sleep state.
The conputer sys{Ywfprtanatelyherendf theanain posressbe was A CRIesungsliant) thefembedded

i ' | i dent]y of the host .
Tnen Ehe. nazgestrihedBl B Wi sebgr e iaembentpa oaelar i piarowas Houtibocy
stat e, 10he devicenOoKieH it Wak @mbbc&iea,%tfﬂha%@fthﬁ&%ﬁgh&? ol rélképesf&tﬁfﬁeéebltﬁP al so

t y S I's t1 e,

transition to the lower power state, or i ut down:

t he syst emeBigfedRirededmitlisvelbidefined synchmnizakier pf nyltfpleplocessrs, patisilagy
devices in ve,their present states. Thus, the host
processor gitrll1 gﬁ%@r}igggs %Irg%ﬁr 3%\ 8% iS/Pwia begn copneried tq a "geperal
conput er  pugfoecrevaRtr st@tibFdpisidr bk, known state. 15 BRI.EF DESCRI PTI ON OF THE
DRAW NGS A better understandi ng of the present invention can be obtai ned

when the follow ng detailed description of the preferred enbodinent is

consi der ed gt R ¥ OF HAB INvENTION

Briefly, the present invention provides a new and improved computer system to

perform machine specific tasks before going to a low power state. The computer system
has a host processor under control of an operating system, preferably one according to the
advance configuration and power interfa\ce, or ACPI, allowing the operating state and at
least one low power or sleep state. The computer system also has at least one device
containing a microprocessor which normally runs independently of the host processor.
When the host processor receives a command to transition to a low power state, the
microcontroller is notified. The microcontroller can then also transition to the lower
power state, or it may shut down. At this time, the system can perform custodial or
housekeeping functions, causing devices in the system to save their present states. Thus,
the host processor and microprocessor are synchronized. Also, on restart the computer
System can return at a known state.
15 BRIEF DESCRIPTION OF THE DRAWINGS
A better understanding of the present invention can be obtained when the
following detailed description of the preferred embodiment is considered in conjunction

with the following drawings, in which:



with the following drawings, in which: 2 2- J LC 2D13 -4- Figure 1 is a
schemati c di agram of a conputer system according to the present ({ngesgion.
Figure 2 is a schematic diagram of the advance configuration and power
interface, or ACPI, operating system including its operating system

di rected power managenent, 5 for the conputer systemof Figure 1. Figure 3
is a nore detailed schematic diagram of certain portions, including an
enbedded microcontroller. Figure 4 is a schematic diagram of certain power
managenent control registers in the camputer systemof Figure 3. 10
Figures 5, 6A a&d 6B are flow charts of the operation of a conputer system
according to tHa8PFddeatschematistdiagtam DETALIPHEDERGRN PRAOlin®ro THefprBREEERRED

EVMBODI MENT jfstning to Figure 1, illustrated is a typical conputer systemsS
i npl enented according to the invention. While this systemis illustrative

of one enbodi mefigure Bés a Schemaddlh @bt ﬁ&%bﬂic@ﬁoﬁﬂgﬁéﬁ@nww&r@ﬂeﬁ% be
i npl emented i g w de variety of systens. The conputer systemsS in t he
i |lustrate@® é\z?ﬂ’ dPRAERHNG ystempincluding/iisopermtiog systenn diretehporeer thanzizergerd,

peri phesal gGqpp i (PCl) bus 10 and an industry standard
architecture (I g%%%tﬁléwfgé:ﬁ%g@lﬁl‘bus 10 is controlled by PClI controller
circuitry | ocat &tgune 8Hs B reoredeniiyd aheRhes ah P&Pﬂaﬁlspd}ﬁéﬁs, ﬁﬁﬁa}r{gﬁﬂ

controller 14.%%0 This controller 14 (the "host bridge") couples the PCl
bus 10 to SMpsdstedaigrocensrlisr- 16 via a host bus, a memory subsystem 20, and

an AGP 22. Alth i.re I Ly an AGP connector 18 may al so
be provided in '? e cggpau{cg‘%ﬂétgfs(ﬁ%&é% %%\gg@qyﬁgﬁenawqﬁoééqgﬁrgé ay 18.
A second btliedgepatereystem of Fifaké 8SA bridge 24 (the "1SA bridge") bridges

bet vveeg the PCl _bus 10 and the | SA bus 12. 25 The host bridge 14 in the

di scl o8td enmbodligeie 5i 6A apdABGIfidwithags aftteelopdration bita &ynpulenbytenCaraaingt i on,

al so known Oqﬁetge E.CI AGP Controller (PAC). The |SA bridge 24 is a PII X4,
al so by Inf’el® CEFELET8H. The host bridge 14 and | SA bridge 24 provide
capabilities other than bridging between the processor socket~16 and the

PCl bus 10 d
DE%‘ELILED DESCRIPTION OF THE PREFERRED EMBODIMENT
Turning to Figure 1, illustrated is a typical computer system S implemented
according to the invention. While this system is illustrative of one embodiment, the
15 techniques according to the invention can be implemented in a wide variety of systems.
The computer system $ in the illustrated embodiment is a PCI bus/ISA bus based
machine, having a peripheral component interconnect (PCI) bus 10 and an industry
standard architecture (ISA) bus 12. The PCI bus 10 is controlled by PCI controller
circuitry located within a memory/acceler‘a;:ed graphics port (AGP)/PCI controller 14.
20 This controller 14 (the "host bridge") couples the PCI bus 10to a processor socket 16 via
a host bus, a memory subsystem 20, and an AGP 22. Although not required, typically an
AGP connector 18 may also be provided in the computer system S for connection of a
video display 18. A second bridge circuit, 2 PCI/ISA bridge 24 (the “ISA bridge") bridges
between the PCI bus 10 and the ISA bus 12.
25 The host bridge 14 in the disclosed embodiment is a 440LX Integrated Circuit by
Intel Corporation, also known as the PCI AGP Controller (PAC). The ISA bridge 24 is
a PIIX4, also by Intel Corporation. The host bridge 14 and ISA bridge 24 provide
capabilities other than bridging between the processor socket 16 and the PCI bus 10, and
the PCI bus 10 and the ISA bus 12. Specifically, the host bridge 14 includes interface
30 circuitry for the AGP connector 18 (when present), the memory subsystem 20, and the



the PCI bus 10 and the | SA bus 12. Specifically, the host bridge 14

I ncl udes interface 30 circuitry for the AGP connector 18 (whz@ przégﬂb),
the nenory subsystem 20, and the 2 2 0 CT 2003 -5- AGP 22. The g dge
24 further includes an internal enhanced IDE controller for controlling up
to four enhanced IDE drives 26, and a universal serial bus (USB) controller
for controlling USB ports 28. The host bridge 14 is preferably coupled to

t he processor socket 16, which is 5 preferably designed to receive a
Pentium 1l processor nodule 30, which-Ba turn includes a m croprocessor

core 32 and l.ev t L cache 34. The processor socket 16 could be
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15 support up to 66 megahertz DRAMs, whereas the processor socket 16 can support

various integral and nonintegral multiples of that speed.

The ISA bridge 24 also includes enhanced power management. It supports a PCI
bus at 30 or 33 megahertz and an ISA bus 12 at 1/4 of the PCI bus frequency. PCI
revision 2.1 is supported with both pasitive and subtractive decode. The standard

20  personal computer input/output (I/Q) ﬁxﬂctions are supported, including a dynamic

memory access (DMA) controller, two 82C59 interrupt controllers 224, an 8254 timer,

a real time clock (RTC) with a 256 byte complementary metzﬂ oxide semiconductor

(CMOS) 222 (Figure 2), static RAM (SRAM), and chip selects for system read only

memory (ROM), real time clock (RTC), keyboard controller, an external microcontroller,

25  and two general purpose devices. The enhanced power management within the ISA

bridge 24 includes full clock control, device management, suspend and resume logic,

advanced configuration and power interface (ACPI), and system management bus
(SMBus) control, which implement the inter-integrated circuit (I?C) protocol.

The PCI bus 10 couples a variety of devices that generally take advantage of a

30 high speed data path. This includes a small computer system interface (SCSI) controller

36, with both an internal port 38 and an external port 40. In the disclosed embodiment,



(SMBus) control, which inplenment the inter-integrated circuit (12C)
protocol. The PCI bus 10 couples a variety of devices that Re I éake_
advantage of a 30 high speed data path. This includes a smafl @gllrrpém r
systeminterface (SCSI) controller 36, with both an internal port 38 and
an external port 40. In the disclosed enbodiment, 2 2 OCT 2003 -6 the SCSI
controller 26 is a AIG 7860 SCSI controller. Also coupled to the PCl bus 10
is a network interface controller (NIC) 42, which preferably supports the
Thunder LanTN power nanagenent specif+téation by Texas Instruments. The NI C
42 is coupled through a physical layer 44 and a filter 46 to an RJ-45 jack
48, and t hitwufBSIcontrotlen2656 atAdCa7880l SGST cantrofidt. At septedith ehd LI Wiss1010 and
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bus 12 sall SO gggpl es the I SA bridge 24 to a Super 1/0 chip 62, which in the
di scl osed iment is a Standard M crosystem Corporation SMC952 devi ce.
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Accordi ng to thpyms ' trd t ' edded
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15 track ball 70, additional series ports 72, and a floppy disk drive controller for a floppy disk
drive 74. These devices are coupled through connectors to the Super 1/O 62.

According to the present invention, the super /O 62 includes an embedded
microcontrolier 300 (Figs. 1 and 3) which is preferably an SMC 951 available from
Standard Microsystem Corporation. ‘As will be described below, the embedded

20 microcontroller 30 provides runtime event s.ignals and wakeup event signals on receipt of
certain indications which occur during operation of the computer system S.

The ISA bus 12 is also coupled through bus transceivers 76 to a flash ROM 78,
which can include both basic input/output system, such as BIOS 216 (Fig. 2) code for
execution by the processor 32, as well as an additional code for execution by

25  microcontrollers in a ROM-sharing arrangement.

The Super I/O chip provides a variety of miscellaneous functions for the system
which includes security features, system power control, light emitting diode (LED)
control, remote wake up logic, system fan control, hood lock control and support, system
temperature control, and various glue logic.

30 Finally, a video display 82 can be coupled to the AGP connector 18 for display of
data by the computer system S. The video display 82 displays video and graphics data



The Super 1/0 chip provides a variety of m scellaneous funcbi}aorﬁl.rf éﬂthe
system which includes security features, system power cont ; ‘ig 3 _
emtting diode (LED) control, renote wake up logic, systemfan control,
hood | ock control and support, system tenperature control, and various
glue logic. 30 Finally, a video display 82 can be coupled to the AGP
connector 18 for display of data by the conputer system S. The video

di splay 82 displays video and graphics data 2 OCT 2 2003 -7 provided by a
vi deo di splay process running on either the processor nodul e 30 or anot her
by a PCl device bus master or PCl bridfe device bus naster via host bridge
14. Video or graphics data may be stored in main nenory or in a

suppl ement REYVigad bana e displayrpromesy unpidg loe eittay ahenprocdssarmadutt Ieorumdtiest ood

that a wid et v. of syst | d. be, 5. used inst f_the disclosed
Syatem S it Pt GRiep i ISE PoRCL Hatefevicl B matier Vi berkbride 19R3ALR0 | ng

now t 0 Fi gk @riéhhicd dagd fiXftbeCot6ed G &iRiP tnekldsy 6P FPYL ] 1in
an ACPlI environnment is shown. The conputeer?%ysteﬁ]%b%@ﬁ%tg&%?%ellcl?(i)n i gured

accor di ng smgTamodylek Agsin, it shaubtbbengrers@aghhit :Syisle emiety of kystkinmocouhisbe

oper at i ; id.ecte wer nagement (OSPM 200, .as Js shown.

Vgri ousglgp?al%/%ﬁ ﬁ%adgé/étﬁ%@?qﬁ%géﬁmngﬁ?%ﬁ amn%%?it SRR thyaventio. on a
systemint erfacaefetrmig)htﬂht@ﬁﬁﬁfe@hs&%m%ﬁi&g}ahﬂ@fptﬁ@%ﬁ@%%@{f&ﬂ rect ed

power nanagement system code 200, and wth | ne Panguage
i nt er pr et ed 1238 AChewirohweset is ghewi.s The computec syste 1Sgofl Figal s configuredrachi ne
| anguage, conpi-led from ACPI Source_la e, i n,which device_control
net hods ar eew#‘l!h{xg g‘?‘l?VE’%tr‘}ﬁ "l"’&ﬁs‘i&l’g Wﬁéﬁggﬁ%aamm@d%ﬂhmmmwﬁew e
operating dbe&ydbeWer mhl ' t ar [ : LtLen by
devi ce rranufgct u?ersf énndggégfe\g\t/ggggﬁ?o%g’ aatgﬁéolrgfr?n eve oggraso%g#é%g%ktte}ﬂ
manuf atd ur dependenh sofopare applivgticns 202 nunlbn @ systsn intarfare, nroagien kerhel P4 vt code
200 and A river/ machi ne |L.anguage interpreter 206 gperate in software
Wit hin thgmr?i 0896515%8%%%8 irecf§d POy &P%agag)@ma%ym@l e Z0M, apkwithap AGHe
kernel 204d&¥estnachibelah S irifd Vi : , . | in

a AGE8 inbbrbidie? 206V CERveHfidnaly ::Al%%ic%&g acalrglﬁ%gdéﬂ%ﬁa.

software on the m croprocessor 30. Through the rrve I ne
| anguage | Weenps languagzeompial foft MOPE Svhurceykirmmgnde v2kich ideties fcantesl W t h
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15 systems. The device control methods are typically written by device manufacturers and

providéd to platform developers and manufacturers.
The operating system directed power management system code 200 and ACPI
driver/machine language interpreter 206 operate in software within the microprocessor
30, and are operating system specific. Tire; kernel 204 also interfaces with a device driver
20 208, also running in software on the 'microprocessor 30. Through the ACPI
driver/machine language interpreter 206, the software of system code 200 interfaces with
ACPT registers 210, the ACPI Basic Input Qutput System 212, and the ACPI tables 214,
to the platform hardware (Fig. 1) and, through the platform hardware of Fig. 1, to the
computer system BIOS 216. The ACPI registers 210, ACPI BIOS 212 and ACPI Tables
25 214 are independent of operating system technologies, interfaces, code and hardware.
The computer system BIOS 216 is typically that associated with the Advanced
Power Management and/or PnP. ACPI BIOS is part of computer system BIOS.
The device driver 208 also allows conventional, standard register interfaces
directly with the platform hardware of the computer system S (Figure 1). The ACPI
30 tables 214 describe the interface to the platform hardware. Although some controls are

typically imbedded in fixed blocks of ACPI registers 214, the ACPI tables 214 specify the




to the platformhardware (Fig. 1) and, through the platform hardware of

Fig. 1, to the conputer system BIOS 216. The ACPI register§22@@? ﬁﬁ@l Bl OS
212 and ACPlI Tables 25 214 are independent of operating system
technol ogi es, interfaces, code and hardware. The conputer system BI OS 216
Is typically that associated with the Advanced Power Mnagenent and/or

PnP. ACPI BIOS is part of conputer system BIOS. The device driver 208 al so
al l ows conventional, standard register interfaces directly with the

pl at f orm hardware of the conputer systegm S (Figure 1). The ACPI 30 tables
214- describe the interface to the platform hardware. Although sone controls

are typi cahddredsabefithedegistef bhseies. bidek $hedbpeiBly §yRGBhSLEU Sxeditds, thOACHEP
tabl es 214 @ecify the 2 2 OCT 2003 -8- addresses of the register bl ocks.
When t he OB‘E a2l B e haacerssedo executes, the ACPI  tables 218 can be

accessed. The ARS8 8L d B nt, shown in Fi.guce 2 m grat much of
t he functionaﬁﬁ% prevfi’]%éﬁ%?1 g%"é‘f?%@%%%%“?ﬁ‘@%ﬁ?e?“%‘ﬁ é?"r‘gﬁa?tg%ﬁre of
Figure 1 afudctidmalityepreviststyraédotiplished ih BbMphiee syvedi RhldwanesfHipig 1ngdtigm

i1l ustrated. Ne\ﬁ/ﬁr%hel'ess, t he operating system 200 operates in a

har dwarke- | VR RaLat 2 Hoduo the pyveraliopgrating Systed illysratedot Neverntheleshvathe

signal s arg re- £ ' rs . ing to

t he Advanc(gp Conf %@aﬂ%ﬁ%@?ﬂ?@r gégg)épﬁé%l ?%Ogite i (;Iﬁl,qlél’s% &ﬁg{sd‘wﬂat ever

ACPI - awar emame otier hgrdwst aipnalisare andpped toegofiteireedadsiig eI tepiskppropri at e
uter systemof Fig. 1. As a_result general hardware

' f 0 th
ngsogii 2%009\5 'ttﬁ%b%gg%ﬁlﬁ%ﬂ (Corfigaration Paruer biterfase sprsificatip pptiebhagearem  The
Pt ach AUELERE bhetifla ot hAOLINRY ool W Bl 1" WBpitFhe GG TR 0

| ocat ilén. the examnpidtet spstend ofFigt £m | ayout is retained by the platform
manuf acturer, since 15 ACPI-conpliant systens crate a data structure object

in menory for eAthrealhigsacmbhardiare pous exist vwidhin theinmionipyt spare/efthe best
Cpeci 11 carrnirthoRle Ve SRR JnERS Bl Reun st By afed” ane
O T orent 120 power. Lot 05 as Beeden. . Eor T A Bonor S Rert fons
of the cor}ﬁ%ﬂﬁgp- Klesikilty of system layout is retained br)Trpthe platform manrlrlIt)’acturer, sglce
15 ACPI-compliant systems crate a data structure object in memory for each device in the
system, containing any drivers or parameters useful to the host system in operating the
device.
The ACPI specification defines various power states for the computer system S,
and for various devices within the compﬁter system S. Devices may be placed in different
20  power states as needed. For example, ACi;I compliant portions of the computer system
S may operate when in a "S0" or normal-operate state, but are completely shut down and
without power when in a "$3" state. There is also an S4 state for ACPI-compliant
portions of the computer system S, described below.
In an S1 or S2 state, the hardware platform of the computer systsem S is in a low
25  power state, referred to as "sleep" state respectfilly, in which very little processing is
performed. Such states are particularly useful in mobile or portable computer systems,
since power consumption is a dominant concern. Intermediate power states such a S1,
S2 or 83 allow the computer system S to respond to particular interrupts, such as a

remote access request, a telephone call, or a user pressing a key on a keyboard, without

30 requiring the power needs of a fully-operating system.



S may operate when in a "SO' or nornel -operate state, but ape conpletely
shut down and without power when in a "S3" state. There isldl §6Tamggs
state for ACPI-conpliant portions of the conmputer system S, described
below. In an Si or S2 state, the hardware platform of the conputer systsem
Sisinalow 25 power state, referred to as "sleep" state respectfully,
in which very little processing is perforned. Such states are particularly
useful in nobile or portable conputer systenms, since power consunption is
a dom nant concern. Internedi ate power9states such a S1, S2 or S3 all ow
the conputer system S to respond to particular interrupts, such as a
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oper at i onal oéﬁﬁ%ﬁbﬁéﬁ%§%?§29§§gﬁ eemgﬁaélslf g(ﬁ %r%%[}a& géﬁa%e(:onpl I ant
portions of theASPEtlefineSa syshen SSétateifoi ACRI caNplaRNFINodsOMRANEEMS, AR for a
conput er sg(‘gtem The g%&a]\éi or of the S4 state is defined such that

pr ocessor s> APatG 5 eXLg MoPSWRItState far greompmtersystems Thehshadoref the S¢aki ng

t he systemngtie 0Lt al.l I i td oni ng
the Lyt enate MUctid SHIPhil froBkSort o i ek dhflyd BN B 0o Rlen BAABR 1061 "o
to bediOn ewddug thensystem from thedd4 saeaidednitiallied &34 dhlkbledifagtrsisticRingSthehe

| owest power,, Iog&gsé keup.l afency sl eeping state supported by ACPI. The
ACPI - conpl VT 19 S 0- potRangten Gem Side Sheapsss the prasswsred0 to kegin exscysioner, and

yet mai nt gjt e PobhoRkiddf or m context. The nmechanisminitiated by the
operating systemfor entry into the S4 state requires the operating system
driver to witelTHesS4dpeping/natt if ihelelgesapoweaeionghit wakbgrRteapalbedindtite These
are defined for CP‘%ﬁéi)g,Bl aint _systens.  The nechanisminitiated by Bl OS
216 for er‘FPP?/orF‘?ﬁ{iB‘ - Shhe; AGPEcompliant devieporiignsof system Sepedissbleddtamansft er

contrak t Gowke BHGer RdftaRe8 PaftSnt orkdl M e IREE ihiGAkH B¢ tﬂceoorperpﬁgﬁlg
system for entry into the S4 state requires the operating system driver to write "sleep

type" fields and set the "sleep enable” bit. These are defined for ACPI-complaint systems.

The mechanism initiated by BIOS 216 for entry into the $4 state requires the operating

system to transfer control to the BIOS 21‘6'according to the ACPI specification for ACPI-

20  compliant hardware platforms. These value; are specified in ACPI Tables 218 defined for

ACPI systems. When the BIOS 216 has control, appropriate memory and chip set context
are saved, the platform is placed in the S4 state and power is disabled to all devices, and
appropriate values are written to the appropriate wake status registers according to the
ACPI specification.

25 The embedded microcontroller 300 (Fig. 3) on super VO chip 62 in the computer
system S provides run time event signals on line 302 to a general purpose input on the ISA
bridge 24. When the ISA bridge 24 is a PITX4 bridge, the run time event signals are
furnished to General Purpose Input 01. Similarly, the embedded microcontroller 300
provides wakeup event signals on line 304 to a general purpose input on the ISA bridge

30 24. In the case of the PITX4 bridge, the wakeup event signals are furnished to General
Purpose Input 11.



20 conpliant hardware platforns. These values are specified_in ACPl Tabl es
218 defined for ACPlI systens. Wen the BIOS 216 has controf ? ébprgﬂgiate
menory and chip set context are saved, the platfonn is placed in thé $4
state and power is disabled to all devices, and appropriate values are
witten to the appropriate wake status registers according to the ACPJ
specification. 25 The enbedded rnicrocontroffer 300 (Fig. 3) on super 1/0
chip 62 in the conputer system S provides run tinme event signals on |ine
302 to a general purpose input on the 1"SA bridge 24. Wien the | SA bridge
24 is a Pl1 X4 bridge, the run tine event signals are furnished to Ceneral

Pur pose | nput Ol.mSi . the enbe d mcrocontroller 300 provides
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bridge 30 24ignkhort e 30236 I0A Hridge P4 dRRirdGRe of 18 %@é&ﬁkﬁ RNt signals are
edde

furnished to General Purpose Input 11. -10 The e m crocontrol | er
300 toggles or changed:st atld th evehofapuweroemuestchasgeginal, from ACne TRD3r t 0
| SA bridge Zqp @zcurrence of the following events: 1. In the event of a
power resource c‘ﬁa ige (i.e., fromACto DCor DCto AC). 52 On the
insertiof or renoval @ a g ihelinkeftioRBr al St € stem -
S. 3.0n occurrence of a thermal event, i.e., a senspé]gm{u %ﬂﬁaﬁéﬁpﬁ%“ﬁe
conmput er sySPBRYE ftamfini ng at too high a tenperature and the operating
system needs to be ngti fi %i to take Og.ppf‘o riate cgorrective action. 10 4.
On the insertion or rénoval ol A geridat WHP-L‘Eveébrﬁ'ﬁutaéPn%%Es*F@TﬁdSFhatéhﬁch as
a floppy di stmputetéystents iv@ndifte af b 18 QF@@Q e, ! J

t oggl es or changes, state of th%_ vvakeuép!jp Si ngﬁor?aﬁ?%é%éfﬁ?fgﬁggﬂ%g?%dge 24
on the occufdkmatifigd te takegppropsiateaiomeotiveqactivrnt s: 1. The sl eep button is
pressed;dy the user opn key d. 68 .so that the 5, conputer systemSis to
be placed into a sl eeg‘ sta?ﬁl%‘i‘.nsﬁrﬂgnQT@E&Vﬂﬂf@dﬁﬂcglﬁ@ﬁﬁ@ﬁ@@fﬁﬁteﬂb&board
68 to indi caich akadloppfdisk in disk drive 74.

The embedded microcontroller 300 also toggles or changes state of the wakeup
signal on line 304 to ISA bridge 24 on the occurrence of one of the following events:

1. The sleep button is pressed by the user on keyboard 68 so that the
15 computer system S is to be placed into a sleep state.
2. The sleep button is depressed on keyboard 68 to indicate that the
user desires to wakeup the computer system S.
3. A low threshold level is detected in the battery for the computer
system S so that the embedded controllér 300 needs to wake up the computer system S
20 and ask the operating system to perform' appropriate power conservation or saving
strategies.
4. - APCMCIA adapter card is either being inserted or removed from
the PCMCIA slot, such as for disk drive 74, in the computer system S.
According to the ACPI Specification, included among the ACPI registers 210 are
25 a power management control register or PMla control register 310 and a power
management or PM1b control register 312. When the ISA bridge 24 is a PIIX4 bridge,
PM1a control register 310 is accessible on Input/Output port 2004 and PM1b control
register 312 is accessible on Input/Gutput port 5004. For other types of computer
systems and ISA bridges, the PM1a and PM1b control registers may be located at other

30 appropriate locations in the computer system S.



user desires to wakeup the conputer systemS. 3. Alowthreshold level is
detected in the battery for the conputer systemS so that {he enbedded
controller 300 needs to wake up the conputer systemS 20 aAd 6K €03
operating systemto perform appropri ate power conservation or saving
strategies. 4. - A PCMCI A adapter card is either being inserted or renoved
from the PCMCIA slot, such as for disk drive 74, in the conputer systemS
According to the ACPI Specification, included anong the ACPI registers 210
are 25 a power nanagenent control regi,ster or PMLa control register 310
and a power nmanagenent or PMLb control” register 312. Wien the | SA bridge
24 is a Pl X4 brEabheof theWial ot P icogirstt @fisRid3 i GamC SES e loBfifited as

| nput / Qut p% or.tF2084 and. I:%b control register 312 is accessible on
| nput / Qut p °§Br“i‘ 18 4 Bitis thy Bek enablscos SGL BN hity thit 1 isghe BusdvlasietReload

bridges, thenBMua. E}EﬂprM‘l t 1184 ca -at her, 30
appropriate | ocations isn ﬁfggé}g&p@éﬁéggs%lgﬁ%n@.g%?%ﬁﬁ%%%lw u%ﬁ‘t S
12- '10t fiel d%ﬂ%ﬁnédgé ivaspend tjpn!c ¢mSES_m-ﬁeEacdl b_@fde%:dﬂi@efg&la\gg?y% A ilgttﬁg ntS 2: ?l
regi stegs a are j.Qqured as shown in Fig. 4. Bi is e
enabl e (rgr %sf)ﬁadﬁtﬂah%%?r éﬁgﬁ’h tsNgand l Spad sesgrvednabl e bit. Bit 2i's
the G obal Rel egep thi pxBhi t: 1~ Bint raugh 12
define the suspend type OFﬁ%?Sﬂjﬁg%%fogecf%rﬁ%%dﬂggg}ébﬁtg6%5 0@2’%&%&%&@3 S
the Suspedigldimadeinddias follov@)S EN, while bits 14 and 15 and reserved. For
the Pl 1 X4 bri dg%.ézgzl_{‘no t heDe%nigl osed enbodi nent, bits 12-10 ofthe-SUS TYP

000 001 010 —<anttion

000 Soft OFF or suspend to disk

10 001 Suspend to RAM (STR)
010 POSCL (Powered On Suspend, Context Lost)

- 011 POSCCL (Powered On Suspend, CPU Context Lost)

100 POS (Powered On Suspend, Context Maintained)
101 Working (clock control)

15 110 Reserved

111 Reserved

Figure 5 of the drawings illustrates the steps performed during the initialization
process of the computer system S according to the present invention. During a step 500,
the computer system S receives an iﬁdica_tion of power up or reset and control is

20  transferred to a step 502 where the BIéS 216 begins initialization of the platform
hardware S. Control is then transferred to step 504 where the BIOS updates the DSDT
table to indicate support of power management control registers PMla and PM1b, or
registers 310 and 312 of Figure 3. Control is then transferred to step 506 where the BIOS
216 transfers control of the computer system S to the OSPM code 200,

25 Operation of the computer system S continues in the normal manner until the
ACPI operating system is notified of an Operating System Enable. This causes a System
Management Interrupt to occur. Control is then transferred to step 510 which transfers
control of the computer system S back to the BIOS 216. At this point, the BIOS 216
begins trapping of the PM1a register 310 to be described below with reference to Fig. 6.

30 It should be understood, however, that the trapping function performed during step 510
can also be enabled during the performance of step 504 set forth above. After the



100 101 110 111 Definition Soft OFF or suspend to disk Suspend to RAM
(STR) POSCL (Powered On Suspend, Context Lost) POSCCL (Pomé&@d?@ﬁ 203 pend,
CPU Context Lost) POS (Powered On Suspend, Context Maintained) Wrking
(clock control) Reserved Reserved Figure 5 of the drawings illustrates the
steps perforned during the initialization process of the conputer system S
according to the present invention. During a step 500, the conputer system
S receives an indication of power up or reset and control is 20 transferred
to a step 502 where the BIOS 216 begingzinitialization of the platform
hardware S. Control is then transferred to step 504 where the BI OS updates
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‘BIGS 216 W|rg§rén5§pcppfggjof the PMa register 310 to be described bel ow
with reference to Fig 30 It should be understood, however, that the
trappi ng functi Gorpeg foFiged, dwrprﬂ@s§bee%@ﬁﬁclﬁﬂx&ébebﬁcQMb'b@%r@'ﬁ{é ng the
erformancgc%ﬁ step 504 set forth above. After the 2 2 0 CT 2003 -12

per f or manc OPPI3HNg gYFtem b agnording o the preseptdavastion isidspictasl. SRhds egcursy

system 20040 ﬂ_ﬁleﬂle computer system S to a lower power state. At step 600 an indication is

10 received that the operating system 200 wishes to place the computer system S into a Jower
power mode, either sleep or off. Control is then transferred to step 602 where the ACPI
Operating System ACPI Driver 206 writes the sleep type (SUS_TYPE) and the Sleep
Enable Bit to PM1a register 310. Control is then transferred to step 604 which causes the
hardware which has been programmed to trap access of the PM1a register 310 to now

15  generate a System Management Interrupt.

Next, during a step 606 the interrupt routine of the ACPI BIOS 212 is called to
service the System Management Interrupt generated during step 604. Control is then
transferred to step 608 where the BIOS 212 disables the hardware for trapping access of
the PM1a register 310. Control is then transferred to step 610 and BIOS 212 reads the

20 SUS_TYP field to see why PM1a register 310 is being accessed. Next, step 612 assumes
control to check if the sleep enable (SUS_EN) bit is set. Control is transferred to step 614
and if the SUS_EN bit is not set, trapping is again enabled and control is transferred to
an EXIT instruction 616.

If; however, during step 614 it is determined that the SUS_EN bit is set, the

25 operating system has indicated a desire to put the computer system S to a lower power
mode, as determined during step 618. Control is thus transferred to step 620. During step
620, the various devices in the computer system S that are not ACPI compliant have their
present state stored in an appropriate register memory location.

Control is then transferred to step 622 so that any hardware device problem that

30 needs to be solved in order to place the computer system in either the sleep or wakeup

state properly can be performed. After performance of step 622, the BIOS 212 writes the




‘during a step 512, the operating system 200 begins to run, setting the
SCI_EN bit O in control registers 310 and 312. The conput € ? Sy31 % then
operates in its normal manner according to the operating system 200 until
the occurrence of either a run tinme event or 5 a wakeup event as indicated
by an appropriate signal to | SA bridge 24, as described above wth
reference to Fig.-3. Turning to Fig. 6, the process of perform ng nachine
specific tasks before the ACPI operating system 212 according to the
present invention is depicted. This ocggrs to put the conputer systemS to
a |l ower power state. At step 600 an indication is 10 received that the

operating sybteftROdemil sbemunizadae @M NerpaiR 10 inRyYRVIEH r&idtet D128 TRver
power node, either sleep or off. Control is then transferred to step 602

where the ABPPUtersysiest » ghayrutdnthadpyermomes mogdeduning 2 siep 62fe Altasagivelype
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transferred fo g? gb%g%?%ﬁg%%%@@ oﬁl}lg %gp%sierﬂﬁitgﬁgsfﬁgggg%cgﬁo the

pr ogr ammed operatingify stenc 28G taodautd akde o wititipSdfhe &dflerdt® oNPNM1a tozigenerate a
Syst em Managenent, I nterrupt. Next, during a step 606 the interrupt routine
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regi ster 3806. Control is then transferred to step 610 and Bl OS 212 reads

the 20 SUS TYP fi%léd to see why PML a register 310 is being accessed. Next,
step 612 assunedn thegperagipn of theinpsesent inventions¢hanging thetampusuSyssin Hfrom s set .

Control is and if the SUS EN bit is not set,
Crapping | SEEEPSAAEL: bbaLAS sbidusdl fotbod dpmaned by Jhe apctadiieySien
i NSt rub i 0206 16ndeg AOME viey opeftiting Rgist6th RRtcBrhthed, leithér 1LY SBRAAL fifdl sidhe SUS
EN bit is set, the 25 operating s¥ster_n has indicated a desire to put the
conput er s¥$¥eFHag applicatipp ¢A2 (Fiswer?) rarning omthedwsteproresser niodule 30 {Figpre618

Control isyhy 2 L ep.. 620, the various

devi ces in )E’ heﬁg%l{rr%ﬁ%fgrwag%%a%%g ﬁﬁ‘g?r lgF%%ng?éﬁéﬁoﬁé%f?%terﬂygmt eir
present state sHardwehré-gernatedpower stk erah€@@hiliadudee i eXarthfle Sbdvdt bufegAt rol i s
then transferred to. step 622 so that any hardware devi ce_(i)robl emthat 30

needs to bYECPIUHOE POV AYErIdebutipn sequerce, eeshiimeshock plarmndid switth, Hsrmalhe
25 1, 1K LI . DAL R L R BB
select, and various power control logic can generate power-state transition commands.
These typically conform to fixed feature programming models, although some may be
generic events, and reside on the host system.
The operating system 200 respz)nds by providing a “prepare to sleep” signal
20  including of a suspend enable (SUS_EN) ﬁeid and a type (SUS_TYP) to all devices in the
computer system S, indicating a command to enter a low power state and the particular
low power state, respectively. The devices respond by performing custodial or
“housekeeping™ functions as necessary, Housekeeping functions typically include storing
context data in nonvolatile memory; unloading applications, closing files; recording or
25 storing clock program counter and various timer states; and enabling “wake enabled”
devices.
Briefly, the present invention allows ACPI to be extended to define power
management for processors outside the ACPI space as well as processors within the ACPI
space. This is accomplished by using the “PM1b control”register 312 to cover the power

30 management state of embedded microcontroller 300. The techniques described above may



-13- value of the signal comunicated to PMa register 310 into PMb

regi ster 312. The conputer systemS is then put in the |ower eeeing de
during a step 624. Alternatively, step 626 can be performed and control of
the conputer system S transferred back to the operating system 200 to
cause transfer or witing of the contents of PML a register 310 5 values to
be witten to PMLb regi ster 312 under control of the operating system 200.
After performance of either step 624 or 626, control is transferred to an
exit instruction 616. In the operation of the present invention, changing
the conputer system S from one power-dfate to another is generally a
function co‘,_[ﬁ\"ragde b%e'dt he oper%%qi#ga% system 10 200. Under ACPI, the
operating syt BRFHERERA TP QLler egy qepballers ot norAEPE ipgeeghsos,utotharwiser om an
appl i cat i onpdQRah& ' t host processor nodule 30 (Figure
1), or upon a harét?v\gggﬁ;i%ﬁg?@?%%?Ogghv?eéé}gtfﬂ%l'to be di sabled fromthe
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exanpl e, poﬁgﬁr bu(ﬁg b sle %g%)utton power override button sequence,
real-tine clUok 2 m GantroLigersiars 31 andra]2 aresleclerdrupen inifid retion.and
docki ng sof Tiayirdsh cdhtss) eePy | a [ .sel egt, and
vari ous power Zont r ol Iosei@;itcan %‘gﬁ‘r’%‘?@;‘%w@&"é 8ir't%g]§ﬁ%%f€§ﬁdcgﬁ?ﬁands.
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suspend en tin &hhcdel : tyrge(? P l.d deuices.in the
conput er s;ﬁeem %ﬁ?ndigﬁfﬁghg%%n é%ﬁ?@%%ﬁ%ﬁ%ﬂgﬁgﬁﬁﬁfgsﬁ%d t he

parti cul ar indiegiegtovhe micracantrollesi0dctbisitel downlhreentk W 16@ powRE RREE. PHus, an
perforqbng cust odi or ."hguseke pi ng" functions as necessary.
Housekeapi HgCTRE PT B ™Mation betpresn the vriiers pseesssargis acermplisheddaefereientering

nonvol ati | ehdRRREYS aG | ¢i ' | osi.ng fi.l.es; recordi ng or 25
storing cl ock pr.ggvrvgﬂ‘rlnmggh%@?%W%%%ﬁ@ﬁ?ﬁmFmgf(gtr%gg?ter&rfﬂe ﬁ%ﬁd‘?’ﬁge "wake
enabl ed”  depiopdste sBité efid the ribecphesibRB00 ivEéd Eigadl iPY&pdRlo tiR: REpr

ext ended t%a‘gfi,@e ower .. mgnagenent for processors outside the ACPI space
as wel | as S5PEdeFienace-t-Skem qommandrThe misecontrplers 00 getumsamackaivddigey usi ng

e
register 312, shutting down or putting to sleep the host processor 30.

Declaring both the PM1a and PM1b registers 310 and 312, and providing the
microcontroller 300 with a chance to either shut down or enter a low power mode
whenever the operating system or BIOS 230 accesses the PM1a control register 310,
provides several advantages. Prixnan'ly:‘ synchronization is achieved between the main

20  processor 30 and the microcontroller 300, A’Iso, timing information can be exchanged over
the interface bus 12. Additionally, the overall system can use non-volatile storage devices
on the microcontroller 300 to save device states from the host systems before returning
control to the operating system 200. Finally, preventing the continued operation of the
microcontroller 300 when the host system is in a low power mode enhances system

25  "coherency." The ability to resume subsequently from a known state is enhanced, since
the microcontroller 300 cannot have altered the state while the host processor 30 was in
the low power mode. Additional processes can be run for shutting down the system when
some of the device-saving routines can be off-loaded to a processor on the microcontroller
300,

30 Legacy (i.e., non-ACPI) operations are also supported. The ACPI specification
requires the BIOS 216 to determine whether the operating system is ACPI-compliant by



22 OCT 2003 -14 also be extended to other enbedded controllers in a

non- ACPlI processor, or otherwise not defined within the ACRI? §dc@ji¥ the
system According to the present invention, regardl ess of the operating
system both the PMla and PMLb control registers 310 and 312 are decl ared
upon initial configuration. 5 The PMLb control register 312 is driven by
the PML a control register 310, and "traps" or detects signals to the PMa
control register and transactions accordingly. BIOS 230 (1) traps on every
access to the PMla control register, (2)s_checks the reason for the
operating system access of the register, and (3) when the correspondi ng

enabl e bit dhecking wheitieg hfs@éx@%oﬁt%ltiﬂt%rrﬁbﬁré?g %Hél{lélfl, 'ag 'inﬁ&@écpbfg%n%qm or

enter alo ower node. Thus, an 10 exchange o nformat1 o etween f he
various pr &3&5&@“ Begaso SpN iexrdsl atvefvailsble ntlgrin ACP] tdperatingrepav@imetaat €.
Both the P l@&qnﬂhgﬁt PI\%Yb con rol registers are placed in the appropriate
state and thé m croco e Plaseyds;agt y4nap enth I WaisHganagemenhe ACPI
defi ned " Pristest le®&its rea AN ' rns _an
acknow gdge, w%-eorsgﬂgpon t he oper atliqg]ggg/ns%e%ﬁ%p%aggb? %neiglgggsr%ﬁ}slﬂ é—%%oﬁom‘rand
to the PMLEMeneqmepliant Bardwatesinevhid SCI stest aregnabped to SMIldvehtagtie@Miigep t he

host proce .Declaring both the PMa and PMb registers 310 and 312,
and provi di%?l’g{r?ﬁgegi %rcr:‘ggo S| é"rce’?%éevﬁvteﬂ_ o theidREacY PPSTAMEBISYSIAmS. down or
enter a | oapespientiRdRe eMBRIABY 8bnttdlRr 906 batl “Whiked Y&l 8% BlocBlsP 36 g A esses

the PMa control register 310, provides several a ages. Primarily;
synchroni z Skehsnge infarmation awith seonedary trireceswirs oBChe hostesystem, 20ermmhile hRe

m crocontr qls | Lming information can be exchanged over the

i nterface gys 5’2%%&8{3%&?3 F\?ﬁ#’ fsj?a?ﬂ‘g'pé’\}‘@f&}qdesyst em can use non volatile

st or agé0 devi ces Wissh thé\BosibIcez81 0 élitér@%l&g-?;o%r %M@hﬁ‘ﬂ}ﬂ@ﬁ&%}tsﬁ% ffom the
i to the operating Syste 0.

host systens before returning control
Final |y, pFedRwer figtennBIQphepsthe dorogspordingacceds to e PVl £ canmib tagidtdrey10300

when t he hqﬁg I.S.in.,a l.ow,power e enhances system 25 "coherency. "
The ability t ﬁ?%é‘ﬁ‘r%e%a S50 dRYqkes i wethad o ShEWtr hiph sxekanges nce
the ni crocinfrmmkibar betRBerC AN AbstNANE eRlHeBiSH Mt%ﬁﬁ?t o bl &edt" fuvERE 0
processor 30 was in the | ow power nbde. Adgl tional pr 0cdsees CanBe run
for shutti fAgcaunes thatths\nomemmanegement negisiér 4dcessdevo eius@power MOMEIHAES can
be of fr4 oa rocessor..on.the mcrocaontrol|er 300.
19 S&%n{ OTRe ;[))resen invention also ensures that, in mapping SCI events to SMI events,
the ACPI operating system shut-down procedures allow the microcontroller 300 to wake
the host system even if a legacy operating system is all that is available on re-boot.
With the present invention, it can be seen that synchronization is achieved between
the main processor 30 and the embedded microcontroller 300 during transition to a low
20  power state. In addition, the ACPI BIOS 210 is able to save the status of those non-ACPI
compliant portion of the computer system S before returning control to the operating
system. The microcontroller 300 is able to either shut down completely or go to a low
power mode before such a return occurs. Thus, when the system S is returned to a wake
state, it returns to a known state during the resume process.
25 The foregoing disclosure and description of the invention are illustrative and
explanatory thereof, and various changes in number of variables, number of parameters,
order of steps, field sizes, data types, code elements, code size, connections, components,
and materials, as well as in the details of the illustrated hardware and software and

construction and method of operation may be made without departing from the spirit of

30  the invention.




30 Legacy (i.e., non-ACPl) operations are al so supported. The ACPI
specification requires the BIOS 216 to determ ne whether the Died&ii #f3
systemis ACPI-conpliant by 2 2 OCT 2003 -15 checki ng whet her system
control interrupts are enabled, as indicated by a nonvolatile SCI EN bit.
Because SClI events are available only in ACPI operating environnents,

ACPI - conpl i ant hardware platforns automatically map SCI events to system
managenent interrupt (SM) events readable by BIOS 216. Because | egacy
operating systenms run on 5 ACPI-conpliant hardware in which SCI events are
mapped to SM events, the PMLb contraléregister 3 12 remains accessible
even to the - |egacy operating-systens. Consequently, the enbedded
controller 300 cans "wake" the host processor 30 and can exchange

i nf or mat i olCIvAMIS secondary processors on the host system even while the
primary host pr ssor, 30 is in a | ow power node. 10 Wen the host
processor 30 ent'ond 1&clpimEdiSuer node, including a sleep state, the

conput ef systemBl OS 4 RS kD fdi.ng access to the PMLa control
-register 310. The pr esen?u%ngg%ﬁ%ﬁé "g-%'i nvokes a net hod on the host

syst em ®hi ch_exaltmsgeecessof widentomivl obai vpatiid§shasindashse miredadhut
processprs. The l(isent invention determnes that the power-nmanagenent
regi stef ad¥i¥y a'\% Fong & plyedity, ghatptes, aidrtatproepmprising antaperating engatdsasht

i nventign ahéﬁ“ﬁ? LEgakhat, in mapping SCI events to SM events, the ACPI
operating systems ut-Jan procedures allow the mcrocontroller 300 to wake
the hosi systemaenemmoryfdedicé siginy tiR{tRERiAHE obdbut SyBrdrs ai theloadatihg avail abl e
on re-boot. Wt?ﬁ_&ﬂe present invention, it can be seen that synchronization
i s achi®vedsHt e hoyt prorsssorydhe basie pubontpwiystents sptiemingdode &y cazeat r ol | er
300 durtng A St. n_addition, the ACPI BICS
210 is Zabl éﬁ@gg@g%ﬂ%&sﬂsgﬁngﬁqfﬁ%\seg{onaoﬁ%ﬂ ét%tgrrpl iant portion of the
conput &} syst ene Srét gboree naigetinh ot iégditerto rédeiverBe katd dfdhe Bosst em The

m crocoptroller 300 is able to either shut down conpletely or go to a | ow
power modeP¥EFHPE such a return occurs. Thus, when the system S is returned
to a e stat ! tate during the resune process. 25
The f\(l)\trﬁégoi ng d?ggfi%%%%}%ﬂgt ée%é@srt:ﬁp :égsr?iof the invention are illustrative
and eMpl anat or y devies etip forawenecting eelscted mpgRIoithe Bdgeer of vari abl es,
nunber, of paranmeters, order of steps, field sizes, data types, code

el enent’s, code %W@?C%m%mtgﬁé?weeoﬁ%@ml@g signals to the birdge from the

13 selected inputs during operation of the computer system;

14 a second power management control register to store the state of the

15  input/output chip microcontroller;

16 the basic input output system for the first host processor containing code to
17 notify the input/output chip microcontrolle;' when the processor is to transition to a

18  different power state.

1 2, The computer of claim 1, further including:

2 the basic input output system further causing the input/output chip

3 microcontroller to transition to a like power state to that of the processor when the
4 first processor transitions to a different power state.

1 3. The computer of claim 1, further including:

the basic input output system further causing the input/output chip

microcontroller to shut down the first processor transitions to a different power state.

Y I )



and materials, as well as in the details of the illustrated hardware and
software and construction and nmethod of operation may be rrggi? et eot
departing fromthe spirit of 30 the invention. 2 2 O CT 23 -16 CLAI M5
What is clainmed is: 1 1. A conputer systemconprising: 2 a host processor
under control of an operating systemand a basic input/output 3 system and
having a plurality of states, said states conprising an operating and at

| east 4 one | ow power state; 5 a nenory device storing the basic input
out put system and the operating 6 systemfor the host processor, the basic
i nput out put systens containing code tg7cause 7 the host processor to
transition on request to a different state; 8 a first power managenent
control,register, to receive the statg of %he host 9 processor, 10 a bridge
coupl ed to the Rost pro&8WDYLer system ofielaim 4, wherging or connecting sel ect ed

i nputs 20 the bgiidgRtesk? tite Kase i i i di ng
signals to the bridge fromtheﬁﬂ%gﬁggﬁlgjg?égp@rﬁ%&?ﬁ%ﬁ?ﬁg&%&gﬁﬁon of the
corrpute3r s?’ﬁeéﬁg3W§S&f§éﬁf9ﬁ@bq§@m9ﬁ0nmnagenent control register to store the
state of the 15 input/output chip mcrocontroller; 16 the basic input

out put systemfor the first host processor containing tede to 17 notify
the input/outpus. chi n‘heic&h?m@f]gys@nksfclmes] fafiferREAGARSOr 1S to transition
to a 18 different power state.” 1 2. The conputer of C€laim1, further

i ncl udizng: 2 t htherbasic énpun putpubepistem fisihst eausing thdiaputdaupitrolipt he i nput / out put

chip 3qmc ler to transitjon to a lik oyer state to that of the
proces s3g1r éﬁgﬁéﬁgﬁghe% OrtfgnSiHioR fo 2 LL‘% BPWersiyete ﬁ'@g §¥\§‘5 hgst fre¢essasfrhegoner
state. 4 Shekbq srosmudFarihiond & dMiMerchtpbligTsrdtBCl uding: 2 the basic input

out put system further causing the input/output chip
1 6. The computer system of claim 1, wherein;
2 the input/output chip provides run time event signals to the bridge during

3 operation of the computer system.

1 7. The computer system of claim 1, wherein:
2 the input/output chip provides wakeup event signals to the bridge during

3 operation of the computer system.

1 8. The computer system of claim 1, wherein:
2 the first power management register contains bits indicating the type of

3 state of the host processor.

1 9. The computer system of claim 1, wherein:
2 the second power management register contains bits indicating the type

3 of'state of the input/output microcontroller processor.

1 10. The computer system of ¢laim 1, wherein:

2 the first power management register contains bits indicating the type of state of
3 the host processor; and

4 the second power management register contains bits indicating the type of state
5 of the input/output microcontroller processor.




3 mcrocontroller to shut down the first processor transitions to a
different power state. 4 2 2 0 CT 2003 -17 1 4. The conputer? gyﬁt%rﬁﬁm
claim4, wherein: 2 said states of the host processor include a plurality
of | ow power states of 3 differing |evels of power consunption. 1 5. The
conputer systemof claim3, further including: 2 the basic input output
system further causing the input/output chip 3 mcrocontroller to
transition to a |like power state to that of the host processor when 4 the
host processor transitions to a different power state. 1 6. The conputer
systemof claim1, wherein: 2 the input/output chip provides run tine event
signals to the bridge during 3 operation of the conputer system 1 7. The
conput er system of claim 1, wherein: 2¥hre input/output chip provides
wakeup event signals to the bridge during 3 operation of the conputer
system 1_ 1 8. THe ccHiempsrssyssomast chiirail lwhereltfe 8o pracetdde ahd tgt  power
managengnt re_eaitster contains bits indicating the type of 3 state of the
host pr &cesP5tating systernpage cosppatibler with deadvaced penfigutationand ppwer interface second
power nBnagpeEftatibRglI Ster contains bits indicating the type 3 of state of
t he input/output nicrocontroller processor. 1 10. The -conputer system of
claim1, wherein: 2 the first power managenent register contains bits

i ndi catilng t he tl)épe Q@tstate of 3 the host processor; and 4 the second
power management “r egi SIEPTR Sy iemiof claim g fusther ingluding: t ype of state 5 of
the inpgt/output mcrgogpntroller processor. -18 1 11. The conputer system
of claim1, wherein the host processor and its 2 operating system are
conpatiBle with the atilasose pedphérgiudtesice operatit HRINE ContrdlF Hiatist

4  processor and the operating system;

a first power management control register to store the state of the host
processor;
a bridge coupled to the host processor;

an input/output chip for connecting selected inputs to the bridge;

L= - - S N -

a microcontroller in the input/output chip for providing signals to the birdge
10 from the selected inputs during operation of the computer system;

11 a second power management control register to store the state of the

12 input/output chip microcontroller;

13 the basic input output system for the host processor containing code to notify
14 the peripheral device to perform a custodial function when the host processor is to

15 transition to a different power state.

16
1 13. A computer system, comprising: -
2 a host processor under control of an operating system and a basic input/output
3 system and having a plurality of states, said states comprising an operating and at least
4  one low power state;
5 a memory device storing the basic input output system and the operating
6  system for the host processor, the basic input output system containing code to cause
7 the host processor to transition on request to a different state;
8 a bus;
9 at least one peripheral device operating under control of the host processor and



3 specification. 1 12. The conputer systemof claim11, further including:
2 a bus; 3 at |east one peripheral device operating under confrofj;of 2the
host 4 processor and the operating system 5 a first power nmanagenent

control register to store the state of the host 6 processor, 7 a bridge

coupled to the host processor; 8 an input/output chip for connecting
selected inputs to the bridge; 9 a mcrocontroller in the input/output chip
for providing signals to the birdge 10 fromthe selected inputs during
operation of the conputer system 11 aigsecond power managenent control
register to store the state of the 12 input/output chip mcrocontroller;
13 the basi the opsatingisygem; system for the host processor containing code to

not i fy 4 t he perﬁtrgheral device to performa custodial function when the
host pr ocessor i & 1% POYHT ranzgementgpnitipl gegintertte stone thestase ofthatest 16 1 13. A

conput e12 sypicRB3so£ONMPri sing: 2 a host processor under control of an
operatlg system and a basic input/output 3 systemand having a plurality

of stat sai d Qbaﬂg@cmmiqdrtoshm@sapr@agbgtl ng and at | east 4 one |ow
power siate; 5 a rrerm% devi.ce_storing the basic input output system and
the operating 6 &yEPEHPYERE hppofor sepnesting selested inputs ththeibeideeiput  out put

Cauest 10 a di 11 oSt UEEH R iyt Ao RPale REBEFAR o °%’f{9ﬁ‘§?h¥ i oo

request to a different state;

operatiMy ulrderthe seieated mpmtsﬂbangwoparaﬁumaaéeémpmer s C 1 2003 -19 10 the
operat i g syster‘gi 1 a first power managenent control ‘register to store

t he st alt e of the?feropd PeWermaRagssent control register to store the state of the

18  input/output chip microcontroller;
19 the basic input output system for the host processor containing code to notify
20  the peripheral device to perform a custodial function when the host processor is to

21 transition to a different power state.

1 14 The computer system of claim 13, wherein the peripheral device

2 responds to notification from the host processor and performs the custodial function.

1 15. The computer system of claim 14, wherein the custodial function
2  comprises:

3 storing data. v

1 16.  The computer system of claim 14, wherein the custodial function
2 comprises:

3 storing clock.

1 17. The computer system of claim 14, wherein the custodial function
2  comprises:

3 unloading applications.

1 18.  The computer system of claim 14, wherein the custodial function
2 comprises:

3 closing files.




13 a bridge coupled to the host processor; 14 an input/output chip for
connecting selected inputs to the bridge; 15 a microcontrol | er? 26 heds3

i nput/output chip for providing signals to the-birdge 16 fromthe sel ected
i nputs during operation of the -conputer system 17 a second power
managenent control register to store the state of the 18 input/output chip
m crocontroller; 19 the basic input output systemfor the host processor
containing code to notify 20 the peripheral device to performa custodi al
functi on when the host processor is to 21 transition to a different power
state. 1 14. The conputer systemof claim 13, wherein the peripheral device
2 responds to notification fromthe hos$t0-processor and perforns the
custodial function. 1 15. The conputer system of claim 14, wherein the
custodidl functilh 2ThOegipReSsystémIrelaid40@héeinkhd feriphBia) GQRRUL T System
of cl ai 21 14, V\/nerelg the custodial function 2 conprises: 3 storing clock,
1 17. The SEkstmabled devigspast whersinthe enstadiad figiction kempuisssodi al function 2
conprisgs: 3 unl } Lcathons. .1 18. The conputer system of claim 14,
wherein the custegg?le{%qu%ﬁgﬁgbhe%%gl rises: 3 closing files. 2 2 OCT 2093
-20 1 19. The conputer system of claim 14, wherein the peripheral device is
a 2 wake-enabl devi ce and wherein the custodial function conprises: 3
enabl i ng the wak®: endlacs@utpesiar sestent baving g host provessarendeyengol éfani ng a host
processor : . 2 operat | system and a hasi c i nput output
syst em thgﬂﬁ%{sﬁégﬁ%@é@%é b%%\:/llnﬁlét AP Sé{%g?’aﬁe:\’as%ﬂfafeés%ﬁaws Peast one | ow
pover s} at eperating statecandran Vasli 61@ lowpeier btatel Revice providing inputs to the

4 computer system, and a microcontroller on the device, a method comprising the steps
of:
detecting a command to transition the host processor to a low power state;

notifying the microcontroller of the transition command to the host processor;

O 3 O

changing the state of the microcontroller.

fan—ry

21. The method of claim 20, wherein the step of changing the state of the
2 microco_ntroller comprises the step of:

3 changing the microcontroller to a like power state to the host Processor.

1 22, The method of claim 20,\‘wherein the step of changing the state of the
2 microcontroller comprises the step of:

3 shutting down the microcontroller.

1 23. The method of claim 20, wherein the computer system has at least one

2 peripheral device, and further including the step of:

3 notifying the peripheral device to perform a custodial function.

1 24.  Ina computer system having a host processor under control of an

2 operating system and a basic input output system, the host processor having an

3 operating state and at least onc low power state, a device providing inputs to the

4 computer system, and a microcontroller on the device, a memory device containing
5 code causing the computer system to perform the steps of:



4 conmputer system and a mcrocontroller on the device, a nmethod conprising
the steps 5 of 6 detecting a command to transition the hostg Procesaps to a
| ow power state; 7 notifying the microcontroller of the transition conmand
to the host processor; 8 changing the state of the mcrocontroller. 1 21.
The met hod of claim 20, wherein the step of changing the state of the 2

m crocontrol |l er conprises the step of: 3 changing the mcrocontroller to a
| i ke power state to the host processor. 1 22. The nmethod of claim20,’
wherein the step of changing the state of the 2 microcontroller conprises
the step of 3 shutting down the mcrocontroller. 1 23. The nethod of claim
20, wherein the conputer system has at | east one 2 peripheral device, and
further including the step of 3 notify'?ilg t he peripheral device to perform
a custodial function. 1 24. In a conputer system having a host processor
under control of an 2 operating systemand a basic input output system
the host processor having an 3 operating state and at | east one | ow power
state, @ devi ce dgtestingia aeminapd tostremitionehé host mpodessor Sy 8 l@MpoRatstate;

m crocoqtroller n&: thethdevi ce, .a menpry device containing 5 code causing
the computer sy2PeiRREIIEBHEEreAtEaller of b rapsition commmand teghg host praressorect i ng a
comandgt o tranghddefy thbStallOStthPRGESREL @ | ow power state; 7 notifying
the mcrocontroller of the transition command to the host processor; 8
changing the state of the mcrocontroller. 1 25. The nenory device of claim

24, wheyein the germ devi ce .cqde CP%_causes t he conputer systemto perform
the step of 3 cR ngi 1GS TR BPEEOPE Flaim % wherein thepeemindevise ends t o t he

host prcesfines thd céRputbh SystBHES Yer8iM & | ai m 24, wherein the nenory
devi ce code 2 causeg thgycorrpu%{eer sys?g%})tog' performthe step of 3 shutting

- down the ni cr oceinginglthe micro@ntrollbetonelitepowte giatetoothe tbaipidetdsorwher ei n t he
conputer system i ncl udes
1 26.  The memory device of claim 24, wherein the memory device code

2 causes the computer system to perform the step of:

3 shutting down the microcontroller.

o

27.  The memory device of claim 24, wherein the computer system includes

at least one peripheral device, and wherein the memory device causes the computer

system to perform the step of:

W

notifying the peripheral device to perform a custodial function.



2 at | east one peripheral device, and wherein the nenory device causes the
conputer 3 systemto performthe step of. 4 notifying the per?ggﬁﬁqlzﬂﬁyice
to performa custodial function. TI TLE: COVWPUTER SYSTEM PER NG
MACHI NE SPECI FI C TASKS BEFORE GO NG TO A LOW PONER STATE ABSTRACT OF THE
DI SCLOSURE A computer system having an Advance Configuration and Power
Interface conpliant, or ACPlI, operating systemperforns certain machine
specific tasks before going to a | ow power state. Wen the conputer
operating systemindicates that entry into the |ow power state is desired,
a mcrocontroller enbedded in an input/output chip is alerted.
Synchroni zati on between the nmain processor of the conputer system and the
enbedded m crocontroller of the ACPI operating systemis achieved, reducing
the likelihood of systemfailure on ti2&-next boot operation. The enbedded
m crocontroller then also causes the state of devices connected to the

i nput/output chip to be saved. This helps the machine to go to a known

state duri AT r es GPRIEHNIEEe Y S(TEMy PERFORMING  MACHINE SPECIFIC
TASKS BEFORE GOING TO A LOW POWER STATE

ABSTRACT OF THE DISCLOSURE

A computer system having an Advance Configuration and Power Interface-
compliant, or ACPI, operating system performs certain machine specific tasks before
going to a low power state. When the computer operating system indicates that entry
into the low power state is desired, a microcontroller embedded in an input/output chip

5  is alerted. Synchronization between the main processor of the computer system and the
- embedded microcontroller of the ACPI operéting system is achieved, reducing the
likelihood of system failure on the next boot operation. The embedded microcontroller
then also causes the state of devices connected to the input/output chip to be saved.

This helps the machine to go to a known state during the resume process.
(Fig. 1) '



