.SLOW MEMORY REFRESH | N A COVPUTER W TH A LI M TED SUPPLY OF PQ/\EQﬂ@Dﬁc‘
THE I NVENTI.ON This invention relates to the field of conputer architecture;
and particularly to a method and appar‘at us for providing a slow nmenory 5

refresh in a congiwememuRt "REFRESEIINGA NITH oM EMI TRRCEUPRIYNOF (BOWERIE
| NVENTI ON Reducing power consunption IS an Inportant issue in many nodem 1
0 personal conputers. This | SSuepny lt"l'lcﬁ Want for battery-
powered | ap-top or notebook styl e—C Ot . her computers with

a |imded supply of power also need to be designed with a concern for power
conservation. Conputers wth a limted supply of power are often those

desi gned to be port abl’Ehis inventidarelatesatorthe field lof compusteri drchigecndre,l8nd t hese
conput er systens, -t he power consuned t he system ggpponents nust be

i sed Reduc oRATGHIYIOA TSR AnG ADPaSAuS To Brosiaig. s, S BOAsY  hus

i ncreases- thes f eagidshlih aVedpdtPEwih P ihfite %ﬁpﬂf@f £ system dearly,
the sinplest way to conserve lE)ower Is to sﬂut e system down entirely;
however, shutdown destroys the contents of menory and forces 20 the user
to restart and re-boot the conputer f -h. nethod is to
provide a reduced power node BAHCRGRQOUNDIOE THEIMNYENIIQN of power to
vital subsystens thereby saving the processing state of the conputer.. Many
of these portable conputers include a nenory subsystemfor 25 storing data
and instructions for tReiuRifEpPOWeF corsintpriondis AnSinkisoint Bsue in Miay rodemd
di splaying a video image on a di .srgl_ ay screen. The nenory subsystem and a

vi deo renory 14 t personalccompusesss Toin isaye iscparvnulagyriswponant fordbatenyc r andom
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advant ageous to inplenent a ed” power
for power conservation. Computers with a limited supply of power are

often those designed to be portable. In order to achieve the portability of
15 these ooniputer systems, the power consumed by thé system components
must be minimized. Reduced power consumption prolongs the battery 'life-
and thus increases: the feasibiliiy of the computer as a portable system.
Clearly, the simplest way to conserve power is to shut the system down
entirely; however, shutdown destroys the contents of memory and forces
20 the user to restart and re-boot the computer from scratch. A better
method is to provide a reduced power mode which supplies a minimal
level 6f power to vitgl'subsystems thereby saving the p'rocessing state of
the computer.
Many of these portable computers include a memory subsystem for
25 storing data and instructions for the processor and a video subsyStem for
storing and displaying a video image on a display screen. The memory
subsystem and a video memory in the video subsystem may be configured
using dynamic random access memory (DRAM) devices for storing
information. DRAMs r,equire'a cyclic refresh signal supplied by the
30 computer system in order to prevent the information stored in DRAM
from being destroyed. It is advantageous to implement a reduced power
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[err] [err] 2 , reln t he
operwo 707817t he conputer is suspended, but the menory gﬂ’ﬂf‘ﬂ@%@? 4 vi deo
menory is saved. In this way, the conputer user nmay reactivate the system
after a suspended period and obtain the gane system state and display as
present prior to the suspension. 5 Several systens and net hods exi st
in the prior art for providing a reduced power node in a conputer with,a

limted sour cencde wherein theoperationsofsthe BompiRer i suspentied) Budihesy st ejpes”
menory and video nmenory on a hard disk or a non-volatile nenory priorto
renovi ng powememory subsysieo and viddosmemonydsisaved.clnothis vy, dhie zommster
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access necgssary fSgveraléysems afld methods Bﬂisi’ﬁme’?ﬁér art frrovidig ¥ oW
operation. There may be a 1 5 delay in response 1o the entry and return
from t he suspeediiceddrowetmode \in a doraputes vatheadimited sourcenofpewensOner esul t
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pover { mpt e Hed SO OER BRI ERERY et Rappd potl B LT R
(PSRAM for sxygétem. Fds method Hasneverabdisddvantges! Fire the compiited i ¢ refresh
signal as required by DRAM SRAM can therefore operate at a | ow power
consunpt i b8 r systemumusybe conBgured witha banddisk or aonnyplatilemensryM nust be -
put into a st %‘_s%%e.‘k partiénlar computer m'ay"no;- be ..sq. conﬁgured Also, a hard -
disk or non-volatile ine'm'-ofy. is an expensxve component ‘which raises the
overall cost of the syStem._ _Seépndij. the dxsk access necessary for saving
and restoring memory is a relatively slow operation. There may be a
15 delay in response tn_ the entry and retum from the snspénd _mdde. Thirdly,

if the s'lispend"'m:odé"'is_ entered as a result of a low battery condition, there

may notbe enou}g:h 'pnnrer to _écc’esé the disk. Disk access is a relatively

power inténsiﬁe nnerafinn. . | _

Other sySte_;ns 'providing_a- reduced power mode in a computer with |

20  a limited source of _poiu_e_r implemé.nt such a mode by using static RAM

(SRAM) or pseudo static RAM (PSRAM) for system and video memory.

SRAM d:’:nés'mt require a cyelic refresh signal as required by DRAM, L

- SRAM can therefore operate at a __lowpewet consumption rate during a

suspend mode without losing data. PSRAM must be put into a standby
25 mode in order 10 operate the device without refresh. Unfortunately,

SRAMs :irc ,substéntia_.lly_-.more expensive than DRAMs. Thus, the overall

sysiem COSI. increasgs and the competitiveness of the -ccnx'puter system in

the markétplace decreases.

sl o'th_cr-s_yste_ms,impl'e_mem- a video memory save operation |

30 where the video memory contents are saved in a System memory area.

This technique, however, does not reduce the power consumption in the



.25 node in_order to operate the device w thout refresh: UWCTMRIS1789Y,
SRAM WILSMORTant i al | y nore expensive than DRAMs. Thus, the overall system
Cost increases and the conpetitiveness of the conputer systemin the

mar ket pl ace decreases. Still other systemsai npl erent: a vi deo nmenory save
operation 3 0 where the video nenory contents are saved in a system nenory

area. This technique, however. does not redugept - - ' LN the
[err]: 3 conput &© £ system. I SYSIem JaRmary '§W' ﬁﬁ%@gﬁ@g\%ﬂ@%ﬁﬁuhﬂst
stilbyhe refre riShe cﬁuﬁ? ) SYB s MaTEmOory $s SRAM6r sone
for mhgf non-volsggg'lpPg%rrfergrr%‘re?/, t gg‘s’t em cgig;dei %c%ggéses as rrryen? I oned all.)ove.
In addition, susime foins of nonyvolatile menruly| the systemycaostinéreasasias y i n or der
to have enough space to hold _the g:pntenté of video m_am)r'é %n& ayﬁowe_r
suspend node. /mentioned abevs:. dnadditian, sychsystems may, equy onal sysiem
al I ocation d nmai nt enance of syste ' ry
during suspgd mSmory - order £, ﬁv&nﬂig‘@rWE*aﬁg@hﬁ'&g%ﬂ%*y§§§C| al |y
confi gured Bl O bWer Siepeil e, AddiaonAl sofbivaretniagialidibe Bt CS
supplied with a ggifrgtasﬁ)}'l;r@gij g\&ﬁg‘?t er cg{rﬁ?ﬁt er slystem desi gn -ig needed for
i npl enenting a reyufreditbl control tiwndilbemrioneand maintenance of sysiean themairy. WO
92/ 07317 . 4
used to hold video memory during suspend mode. '1111‘[searc{d¥tional software
may lead to a specially configured BIOS thereby reducing the general
10 applicability of the BIOS supplied with a basic system.
A better computer system design is needed for implementing a

more efficient and less expensive power suspend mode.



SUMVARY COF THE | NVENTI ON The present invention provides ASY1/767590Pend
nod V@ 930E31Z| ow DRAM refresh in a conputer systemwith a Iimted source of
power. The 5 power suspend node reduces the power consuned by the conputer
system whi |l e preserving the contents of r\‘em)ry. The cyclic refresh of DRAM
using a slow refrsh clock substantially reduces the power consuned while
the conputer |s _suspended. The present invention is particularly adapted
for use in coRMMARY)OF THE INVENTHINycessor - based chip set for usguin
battery-powered personal conputers, especially conputers of the "notebook"
or "laptop" variety. Such a chip set includes a CPU chip, an 1/0 chip, and

typically, a graphrksSphisbne i b e e SEASE f‘ %g ﬂ t“%c de ol essor
and/ or ot her system 1gﬁ$§§rv}d?ggh§gﬁgem§faeéﬁ€€ y: s:‘at om“h%ar |E¥1g peri ods
of non-use anDRAMhrefeeshtinra eomputércsysterh avitle adimited sodfveaafgiowen Ther  Up
routine. This function is particularly useful in copnection with

bant er y- pder ROWven Suspeadsmade reduess-thecpawer consumed by the computeroncern. A
key feature o & Lnvention is that the syste y_he powered down
2 0 and |at e$y%$§u‘8hﬁég’g%sfnf‘8%{}h8 ég’é‘@“ﬁ@?rﬁ@ﬂ% 'p@q@%ﬁgﬁgr am at

which it was G&ws. PFRESH k 'suBs W PEdRRS 'tBE Dowes | Nterrupted
whi | e wor ki ngbﬁéw gﬁhgpaplglia.(%t i on'pfagg]r‘z;n%ﬁs?ge s%_g%ﬁh?ggﬁé?gggnd power to

conserve bat t eonsumédwhiltcthetdommter i suspeaded.ns to use the system it is
restored to the s point jn the gpplig¢ation m.as.|[.f the 25 system

. e atl on progrant.as .|
had been runni ng t iRoBRHESRE "t"ﬁ@_“fs’ﬂ_t"&m@iﬁqﬂy'lbégﬂ gd der use,in conneclion: at or

need not gqke aci i.Q ' [ phicall pragram.resul t's. pri.or t he
"t er rapt On. A RiESHinbeesbR bRsa Chirt 8L A 3k HIARL  pevisied prfonil 1"
appl i cati on pémmpaeri@pesiatiy' cointsuters oF the "TtEBIoRY (' "Ia o sty O I €SUras/
t he operation of i"t he Coggﬁi?‘el? ég"%&g‘uggg‘néspg’n 30 v‘v?t _%%%?Pt_.h’gﬁ%t@;ed for
re-booting orSecheauwhipserineiudes a/GPLbchipyan 1/Qiehip, and typically, a graphics

During a power suspended state, the processor and/or other system

15 devices may be effectively shut down during periods of non-use and then
re-started without the need to go through a power up routine. This
function is particularly useful in connection with battery-powered
computers where ﬁoweﬁr conservation is a primary concem. A key
feature of thc present invention is that the system may be powered down

20 and later brought back:to the- same point in an appli__icaﬁon program at
which it was left. ‘Thus, for example, if a car_t};pinet operator ts interrupted wf

- while WOrkihg with an application program, the system can suspend
peivef_ to '_cons'erve ba'ttery' life. When the operator returns to use the
system, it is restored to the same point in the a-l?icat'ion--prégjram as if the

25 system had been running throughout the intervening period of time. The
operator need not take any action to save application program results
prior to the inierrupti-on, nor need the opei'-ator_take any action to reload
the application program when returning to use the computer.

In order to resume the operation of the. computer. after suspension

30 without the need for re-booting or executing a power up routine, the
contents of memory is preserved throughou_i the power suspension period.



_contents of menory i s preserved throughout t he power suspen

WO 92/ WOP2/07317 fgr?nfl 5 SI nce
DRAM is used in the conputer system of the present i nvention, a significant
| evel of power is required to periodically refresh the contents of DRAM
even whil e suspended. In order to mnimze the consunption of power during
the DRAM refresh operation, the cyclic refresh of DRAMis 5 .slowed to a

m ni mal rate whi SmcetERﬂMpltused iis the cpmpater systemiof the ipresent imlengioneduci ng

Syst oot L ho. praERificant INSD af Rewer a8 RpEHLIG, DemediPy sishabe SOBILS Pf
system o e pr

subsyst em * Thes DRI Eten WhilR SuisBidul bp Dhaecirniphiss KW%&&%@W o
coupled to the GhbwaPdudn ghﬁ@‘bl@ﬁ'ﬂ’%ﬁbﬁlﬁ Eﬁ.ﬂiéé?ﬁ d’te‘fﬂ.%h%flbkﬂlﬂrih
Both the systemhenory and the video nenory conprise 1ow cost DRAM devi ces
requiring a (frisidwed tofa axhimalurate white thel computer iio suspended ¢herebjerred 15
enbodi ment, the VI deo PRAM i s refreshed using a 48 MHz cl ock. System DI?AM
i s refreshed dursubtanialty redysing thenpowsr nscessw l@mfkng the-Consents o

suspend node is ni H ted by the occurrence of an external or internal
event and the ex n of a suspend I nstruction by the CPU. Once the

suspend instruction i theﬁsﬁﬁﬂ- ilﬁn%%' Pér?ed Embédimeént &*ﬁgmsem and

t he video subsystem o g request for suspensi on erting two

control bits. OnGENGPU(central processing uaic)isubsystennean GENI_G (irput/ontput) he
other control bit is associated with the 10 SUbS¥Ste% When the 10
subsyst em sk essubgystemcand 8{GENYGA yideo-subsystem. These subsystems are

coupled by a data bus. A system memory is coupled to the CPU and a

video memory is coupled to the video subsystem. Both the system

‘memory and the video memory comprise low cost DRAM devices

requiring a periodic refresh. During normal operations in the preferred.
15 embodiment, the video DRAM is refreshed using a 48 MHz clock. System-

DRAM is refreshed during normal operations using a 16 MHz clock.

The power suspend mode is initiated by the occurrence of an
external or intemal event and the execution of a suspend instruction by
the CPU. Once the suspend instruction is executed, the CPU signals the

20 IO subsystem and the video subsystem of the pending request for
| suspension by asserting two control bits. One control bit is associated with
> the video subsystem; the other control bit is associated with the 10
subsystem. When the 10 subsystem senses the assertion of its associated
control bit, GENIO asserts a system power off signal which is .received
25 by the video subsystem, GENCPU and other components of the computer
system. The pins connecting the CPU, the 10 subsystem and the video
subsystem io ithe bus are set to a tri-state (i.e. high impedance) condition
which effectively disables communication over the bus. At nearly the
same time, the IO subsystem begins sending a slow (32 KHz) clock signal
30 to the CPU and the video subsystem. After the CPU sets the two control
bits, the CPU begins to use the slow clock for refreshing the system



controlw GENI O asserts a system power off signal whi pgrressemeyed 25
by t WO 22/9 ubsystem GENCPU and ot her conponents of the conputer system
The pins connecting the CPU, the |0 subsystem and the video subsystemto
the bus are set to a tri-state (i.e. hi ngirrpedance) condi tion which
effectively disabl es comuni cati on over the bus. At nearly the sanme tine,
the 10 subsys ns se di a sl ow Hz) clogk SI gnal 3 0 to Lhe
CPU and the vﬁ%wf 02 b%las’i%" Beshendp e

Ao a resurt optnfiet B ai-#‘%%?ﬁ&é -ﬁ%%%@&é&%@% S. ?RQ%
the system poygingofhe siowtdéck fdtcrefesiia Og&hbwaé@mmm Othif hof-esEéhil OW

clock for refreshing the video DRAM non- essenti al conponents are
shut down fol compogentscarashut doworfoliowing the sctivationwf the syisteraippwedr. \Wien
the 10 sub yStE@ reael ves a resune signal as a result of sone user or
system act di sabl es the system power. of f signal and enables its

on,
i cati i t hyly lar
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condi tion on gimebuseriovsgifent actidKlCGENIO &hbRehe systbm powes bfftsigam of the

system power off signal, a CPU reset is generated, a resunme instruction is
executed the snd les dtsccoramundcagionawithithe beg byrremaving the, ti-state t he

]
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set'tses ‘the deacttvatton of the system power off signal, a CPU reset is v/
generated a resume mstructton is executed, ‘the system state is restored.

The CPU then deacttvates the suspend control bits associated with the IO

_ subsystem and the v:deo subsystem As a result of the deactivation of the

15 system power off stgnal and the suspend control btts, the video subsystem

enables normal refresh clock signals. The video memory and system

memory are then swrtehed to the normal fast refresh clock cycle.



-rrerrory are the switched to the nornal fast refresh clock opetmIS91/07897 1]
[err] 7WER QgSCRI PTION OF THE DRAWNGS Figure | is a functional bl ock

di agram of a m croprocessor system enbodyi ng the preferred enbodi nent of
the present invention. 5 Fi gure 2 is atimng diagramof signals associated
with the present invention. [err] DETAILED DESCRI PTI ON OF THE PREFERRED
EMBODI MENT I n the foll ow ng descrr ption. for pur oses of expl anation and
not 5% limtation, specrfr 2F DESCRIPT S RN b V1 ;I® assi gnnents,
etc. are set forth in order to provr de a thorough understandr ng of the
present invention. However, it will be apparent to one skilled in the art

that the present inve Ve cPiona wf&?‘& t
depart fromthese speclgir.i ‘rﬁg lgfgtaaﬂﬁ‘ I nt 8?%* dﬁ%@ﬁ;ﬁggs det al esg)r @i‘fcm
descriptions of \embodying thoprefared embodiment obtheopresentrinsgmtioms ar e

omtted so as _to not obscure the description of the present invention with
unnecessary d8tail. System Overview The present i'nventi on is

advant ageously enpl oyrgd inaa 1 m C& O roce sor _Jdesi d for
aop1 Cat ong. 1 equt 11 g8 i P SABRRTT SEhal GRp0iteitd il 168 prhem
appl i cations par tijhGaefdy. Y i ncl ude




snmal | Dbattery-powered personal conputers of the types copgqpgor/efsyrred to
as |!na2n! d not ebooks. One preferred enbodi nent of such a m croprocessor
is briefly described bel ow, however, it is to be 2 0 understood that the
present invention is not limted to this _particular mcroprocessor design,
and may be incorporated in virtually anysprocessor design. Referring to
Figure |, a preferred enbodi nent of the conmputer system 10 of the present

i nvention is shown. Ln the preferred 25 enbodi nent conputer systen1i£¥
i ncl udes a 386 B N fhe
cor porat e assi gae B S RAARSaME Aot e Erd B T Dl LML SO
with the | BMIM PC AT Personal Cbnputer System 10 conprises three main
processor conponents, desi gnated as GENCPU 20, GENI O 30 and GENVGA 40. 30°
The conbi nation of In¥hedeliowing desdripiica, $or. puqioseuoteuqﬂaumimvmmt di scl osed
herein are_availabl'e from|Inte] Corporation under =, W) 92/07317

(err) 9 a $rolimitations smﬁcdngtswmmmpbmcb%wlmmw &ENCPU i s

cache. cont ol Fek o & GEEF Fo Plovigeia i ﬁhgﬂmﬁ%s of B pres C'ﬁtgﬁr{)?'y' 80'is

coupl ed to GEW&AnoﬁY%@%W Mﬁ‘i‘)e dnk XkilledGinthe 'attthat Eﬂgé‘

random access nenory (DRAM devi ces. tem Mrequires a perio

refresh pul sepresent dwrentxonrraaylhe pkamced in otherembodimenisathat depat fromnput er
system this normnal clock refresh pulse (i.e. first_ clqck) is_supplied to

the system DRMMeseSpagific details., In josher inssaneesdetailed deseriptions,of vell o
refreshi ”Qosyins%%%é otamlgro?) Msor systems are omitted so as to not

obscure the description of the present invention with unnecessary detail. N/

1 Qverview
The present invention is advantageously employed in a
15 microprecessor design optimized for applications reqixiring low power
consumption and compact size. Such applications 'particularly include
small battery-pawered'personal computers of the types commonly
referred 1o as lapiops and notebooks. One preferred embodiment of such
a micerrocesSOr is briefly described below; however, it is to be
20 understood that the present invention is not limited to this particular.
mxcroprocessor design, and may be mcorporated in virtually any -
processor design. |
Referring to Figure 1, a preferred embodiment of the computer
system 10 of the present invention is shown. In the prefcrred
25 embodiment, compu_ter system 10 includes a 386TMSL_Microprocessor
manufactured by Intel Corporation, the corporate assignee of this
invenﬁon. Such a compuier system is compatible with t'he'_.lBMT"'i PC AT
Personal Computer. System 10 comprises three main processor
components, designated as GENCPU 20, GENIO 30 and GENVGA 40.
30 The combination of GENCPU 20 and GENIO 30 without the
| improvement rliselosed herein are available from Intel Corporation under



10 clock is al s? coupled to the GENCPU. GENIO is a single chpor/use1/o07s97
input/mﬁ'ﬂﬂﬂﬁﬁl conprising parallel ports, dual serial ports, areal tine
clock unit, dual progranmable interrupt controllers, dual programable
timers, dual DVA controllers and a nmenory mapper. GENI O al so contains a
regi ster 31 denoted the 15 PMSUSREF register. This .fegister is used to

command the GENIO to transi t_i on to the suspend mode.” A bit in this register
(err) jis asserted awmlmtmfﬁﬁé 5. Microprocessqn &uperSet! GENGPU on,

TR NSO (N TR SR R o T
har dvare event. - Sughnbe/ R GRHRBIICP s oritrol 3b4 ahd MM AR KO Bysikhye
expiration of a tine-out 'tinmer, or the P At on i? a suspen r'esug%

button on the comphémbry804s cE@pleanarmENCRm.esyaémeﬁforyMummiaugosi ng
alid on the conputer case nmay activate the suspend/resune button. 2

In a suspend nbde conirises plymamic yandomsaapess memoryyDRAM) devicess System

[ | 90 i ' .. This si |, i pdicat t hat the, t 10 h
Cranei tioned to o DRAM Feaumss pRORUR fofresh Buise i orler ko soBin fata, T pQgRal

b t hut d AV o i s . Th
second of gnal - pr oobamils A5 fp GORTPRRE Rigtem il GBFmal c PR IBENS PEREIGE ™
the slow (32KHz) dirgeélock) &-sm@adoqgeﬁyﬁ%msmfm ﬁs@ﬁdgam&mwd&ﬁm 80

and vi deo DRAM 50 during power suspend err) 10 node. REFREQ 91 is
t her ef ore connect &ystem civekroscillaton @ IdexveSreghing systomnDRAM 80 at a norixiad

details of thg OPeisd & aiSo coupied 10 the GERCPU.
W GENIO is a single chip input/output unit comprising parallel ports,
dual serial ports, a real time clock unit, dual programmable interrupt
controllers, dual programmable timers, dual DMA controllers and a
memory mapper. GENIO also contains a register 31 denoted the

15 PM_SUS_REF register. This register is used to command the GENIO to
transition to the suspend mode. A bit in this register IO_SUS_REF is
asserted by GENCPU 20 when suspend"mode is requesied. In addition, a
suspend/resume signal 100 is received by GENIO. The suspend/resume
signal 100 is used to request the power suspend mode on the occurrence

20 of a hardware event. Such a hardware event may be a batery low
condition, the expiration of a time-out timer, or the a_cﬁvatic}n of a

_suspend/resume button on the computer case. For'exainﬁlé. the action of
opening or closing a lid on the computer cas2 may ac_tiVaté the
suspend/resume button. '

25 In a suspend mode, GENIO provides two signals to system 10. The
first signal 90 is a SYS_PWR_OFF signal. This signal indicatés that the
system.10 has transitioned to a power suspend mode. In response to this
signal, other subsystems shut down non-vital components in order to
conserve power. The second signal provided by GENIO is the REFREQ

30 signal 91. This signal is the slow (32KHz) clock (i.e. second clock) used to
refresh system DRAM 80 and video DRAM 50 durihg power suspend



Si gnal s duri ng suspend node is described bel ow. GENVGA i sperpussersehi p

graphw&”’ face conprising a VGA 5 graphics controller, video nenory
controller and flat panel display unit 60. Gscillator 71 for refreshi ng
vi deo DRAM 50 using a normal (48 MHz) . &0ck is also coupled to the
GENVGA. A video menory 50 is coupled to GENVGA. Video nenory 50°
substantially co r| Ses DRAM devi ces. GENVGA al so_contains a re%mit el;,,41

denot ed: the RERREQQkis tmefGMI@ﬂanQtt@rGF-gQﬂ-baot&ﬂdc

GENNVGA to 't t nd t
(err) is &é&@ée&%ﬁ&%&@%"ﬁﬁ@w gﬁébfano?‘*ﬁ%eemim? Pl reg's -
preferred enbogy ﬁﬂtduﬂﬂlﬁs%ﬁy%gﬁzdﬂéﬁ Wwh GENIO and the

PM SUS REF regi Ster 41 NVGA are actua the sane register. 15 One

register is a shaddBGENVGAcisai kingle chlpagmhiasrmmfm cmﬂ;mhmgatVGWere may
|sters oneg in GEN O and the othr in In_either

be two separate
case, howel® BRPSQWWFOW dgp memary F@"‘F‘Rﬁg 'E lay Q@@JSREF

oy v th %&ﬁ EisBiigh 12 56h ABRER ARV iGRE TIRAM s Mook ~.m
able to sense yhRR :é%ls'o)cdd d tWGBWGAaANMG&nGHmmg&SU isV&®
GENVGA i s able to sense whe VGA SUSREF transitions to activ

i nactive st at cGENVGA. Videosnlbnmyéﬁswhmammlbmmnpnm BRAMrﬂnvimas and with
i sk_contr OFYZJ HENGRR lke sombica reinier F ananed i PMASTISREE ptersy o
AT Comed: i gl BB B SEANGR R e, T
by the pr esent Nt shdénl!drtesithe MedE AR B HERHISPedisef VGA_SBSSRER!y esure W

‘asserted by GENCPU 20 when suspend mode is requested. In the

i 'pmfened embodiment, the PM_SUS_REF register 31 in GENIO and the
PM_ SUS REF regnstcr 41 in GENVGA are actually the same register.
15 One reglster is a ehadow of the other. In an alternative embodiment, there

may be two sep_a_:_-at_-e registers, one in GENIO and the other in
| GENVGA. In éi;her,_cas_.e__. however, the two control bits in the
- PM_SUS_REF register, 10_SUS_REF and VGA_SUS_REF, are distinet
and separate control bits, [0_SUS_REF is assaciated only with GENIO;
20 VGA_ SUS REF is a%sociated onl'y with GENVGA. GENIO is able to
sense when lO SUS _REF transitions to.an active or iriactive state. w
"""GENVGA is able to sense when VGA_SUS_REF transitions to an active
or maenve state. _
All of the subsystems communicate with one another and with
~ 25  other system components (such as expansion slots, keyboard controller,
disk cohtroilers, etc.) via bus 11. In the preferred embodiinent‘,- bus 11 is
an AT compatiblc bus. “This type of bus is weli known in the art.

30 In the preferred embodiment, one function implemented by the
 present invention is a suspend/resume function. Suspend/resume



WD 92/07317 err] 11 coperresw/e?
process-wmm"ﬁrén I nternal or external event indi[ca't Ls to the {:?)%lﬁ‘?}w
systemthat it will be inactive for sone extended period of time. For
exanpl e, such an event nay conprise an operdor's action of closing the
conputer case or lid or it nmy conprise the expiration of an event 5

timer. In response to the detected event,  t hg_wiorrput'er sel ectively powers
down to,a | ow povROMPEsESMPIACSsS Nhesein; anintgmad or Lxigraakievant dndicates to the

Casb or 11 . e CHARAELRY BB, A3 5e HREDk or So 8 e ipirils 6P BRI

appl i cati-on progr tﬁtm@legsm af @yt Tha Eomprige b bggmfgmoﬂel&gffd-

10 Al t houg ower nanagenent function Is usef for
conservi ng pover the contmitercaseorvitd od icmaywomprisesthergxpirationsof damevent
applications in desktop systens where power conservation is not, a primary
concern. In t8i s timghr dn response de dhe detected syenty the computer selactiyely, pawess

operating systemis often | engthy. The present.ipvention allow a
oper at or to t;Jrn a?)‘ﬂ‘wé S’NB%Y@/CQW'%%G&%WM“W@@? In.
operating system HE 84 qgﬁgfam stem "on"
w t hout having to g Wr%ﬁ%ﬁé?ﬁ‘goﬁfﬁl gfﬁﬂz:g?iu?)éjnbg?igcegs of t _gfgggrati ng
system |n a varicomputepaséder Hdsihencompatersysient is automatically destoredito ey

20 be entered when the conputer systemis on but has _remained idle for
sone predet er ni neAPRication psegramEUNING At thedinag, that the, fist eyent weas, datected. of

mde. 1n refhee to A he et Babhdtfed Bnfidh RicRRR.TRALE o

restored to the oRsisehViig pow? iva bleryopoWered ESRpiter sytem, it also has

Mo’

applications in desktop systems where power conservation is not a
primary concem. In this regard. the process of bringing up and shutting
down an operating system is often lengthy. The present invention allows
15 an operator to turn "off" a computer system without shuttihg' down the
operating system. Likewise, the operator can tumn the computer system
"on" without having to go through the initialization process of the
operating system.
In a variation of the suspend/resume function, a standby mode may
20 be entered when the computer system is on but has remained idle for
some predetermined period of time. When time-out occurs, an instruction
or interrupt is invoked placing the system in a minimum poWef
- consumption mode. In response to an event, such as an operator action,
the system is restored to the operating mode by the résume procedure.
25
Operation During Suspend Mode
In the preferred embodiment, the operation of the éomputer system
is suspended on the occurrence of a hardware event, such as a battery -
low condition, the expiration of a time-out clock, or the activation of a
30 suspend/resume button on the computer case. When a suspend event
occurs, the GENIO subsystem 30 is the first subsystem to be notified of



Operation During Suspend Mdde In the preferred enbodi nEntpe/fg I on of

t he; WOPMOFI K yst em i s suspended on the occurrence of a har dvva?gﬁgé/ﬁ]t,
such as a battery |l ow condition, the expiration of a'time-out clock, or the
activation of a 3 0 suspend/resune buttppn on the conputer case. Wen a
suspend event occurs, the GEN O subsystem 30 is the first subsystemto be
notified of (err) 12 the suspend request. This notification nmay oceur as
a result of arthasuspendSRELasts Thisahotification mayeogur asfa reselt of anuaative \dre

co ter lid. The pen tificatiop .may also occur interpally to thi
GErI\rLquO a; al resﬁﬁﬁgﬁﬂép&&gﬁ# &It"Fﬂh‘I' GP the ¥lPﬁ'§%ch&E:J‘i98iP‘BF' ggbjﬁ‘ﬁe?y-l gw
condi‘tion. In _gj St S 138 R ' Nl O
subsyst em 30. %ﬁ%@ﬂs%@%%@‘eﬁ@!ﬁﬁ?geﬁ‘n@%ﬁy Eétﬁgﬂrf?fg%a'aggégﬁlﬁ as
shown i n Fi gurthe ¢xpi¥ation 'of aime Gut icheckeer a bﬁtﬁé?shﬁﬂdoﬂmsln eithe¥ O

gener ates a.power nanagemnent i nterrupt (PM%:_| ggﬁ to the GENCPU 20. The PM
W

92 is trandm tcase, a suspemdrteqpestais activaied; in ENIO subsystesei30: This t he 10

PM, GENCPU saves the processi,ng sjate of, the systfem This saye operation
nci udes sav; AepeRe Eesesh rangicasst b e Hsing; ag fhown 8 Fgie 2,
power management NM(®OL e ?pe?fd OENO s Ws
processing to resune éorreentgfl%)f/ 1_[2?‘)(&2{39? %2 pomea{reﬁgggslbensi g%erl 0 é%‘as been
terninated angpowérnmanigeméntinterras(PMbBL92 esithel GENCPUC20! The iPMI 1920
vectored to aﬁbi nt er r'upt processi ngor outine containing programlogic for -

handl i ng t he dedpansmitted de GENCBALE 20 asshowni isFigure i soipsiofithg | ogic is
Anianond b HMRENERL L5 RE ool SRS b s hdhs s e Svstem
operation includes saving the contents of system registers and stack o/

| pointers in a power management memory’ aréa':'Siiring' the state of the
| system allows pmessmg. to_resume nbrm‘al_iy after the power suspension
 period has been terminated and normal power has been restored.

15 GENCPU 20 is then vectored to an’ ihterm_-pt processing routine
containing program logic for handling the- suspéhd request. One instruction
in this programming logie is a suspend 10 command. - |

| After GENCPU 20 has saved the state of the sysiéi!"ri, GENCPU 20
‘begins to execute the progrant logic for handling the suspend request. As

20 pant of this sequence, GENCPU issues a write cycle (JOW) on bus 11 in

order to set the suspend control bits l-o;.-sus;gEP--ﬁi&?vc}i&;s"us_REF W,
toan ac_:&ve level. This IOW eyéle is indicated by t‘-he”féﬂihgi edge 200

illustrated in Figure 2. In an alternative embodiment, two IOW cycles may
be required if the PM_SUS_REF register 31 in the GENIO is a separate

25 register from the PM_SUS_REF register 41 in the GENVGA. In the
preferred embodiment. only one IOW cycle is required to activate both
suspend conirol bits iI0_SUS_REF and VGA;SUS_;REF."'I_he' activation of
these control bits is depicted by the rising edge 300 depicied in Figure 2.

Once the 10_SUS_REF and VGA_SUS_REF control bits are set by

30 GENCPU 20, GENIO responds by asserting the SYS_PWR_OFF signal

line 90 shown in Figure 1. The activation of SYS_PWR_OFF is shown by



_begins to execute the programlogic for handling the suspendpcarussi/o759y 20
part of Wﬂglg'aﬁence, GENCPU issues a wite cycle (ION on bus 11 in order
to set the suspend control bits (err) to an _active level. This IOWNcycle is
i ndi cated by the falling edge 200 illustratd® in Figure 2. In an
alternative enbogi ment, two |OWcycles may be required if the PM SUS-REF
register 31 in the GENNOis a separate 25 register=fromthe PMSUS REF

regi ster 41 in th&ecﬁulmedgm4%éh@\véflarﬁi§@'¢e2bbﬂiarféﬁlll. of the,aetive | OW cycl e

'VE;AT %T';}cé)oRgp f ?ﬁ;é_tfmﬁiﬁﬁﬁé‘@ﬁ < 2oB3 10 3 ngrieberdl 4e3ices dg Girolers i ng
edge epicte h&itk , ?ﬁ% - SENVIGA '

bi ?s are se![O by 35}*&@@@&%‘“%&3‘@3‘%% S gtggi%@hg t he SY'%%@CFF
signal line 90 shmemory 80 end ¥ideo Meenory SOV Ahieopins fcofiviCetiiReFGENIO hown by

WO 92/ 07317 err) 13 the falli 400 sh [
Figure 2. As & reGENCBU,and GEN%M@WQ&&F{ P‘gé\%?ﬁ!@ ‘&ﬂ%i&\’,\g "

peri pheral devices,and ntrqollers,i s shut do i th fhe ¢ ' .
GENCPU, GENI O CoRpaR eBscively dbies eminimichodivet the Bud 1B addinte.
connecting the s AP el

tri-state condi m@%@gééﬁég%%l sab1%§%?ﬁ$§?c%%ﬁ%§q %%aabus
11. In addition, ShdwRikh®igure K simingdiagrani 500 o8 thdklow clock Isignajnal
REFREQ 91 shown in Figure 1. A tim ng diagram500 of the slow clock %i nal

REFPREQ i s shown REHRREQris showndnrEigure2; REEREQ ipyecnived byhoth GENCPLL ¢
GENVGA. As a {Ssula}ldcéswcgc_tivation of suspend control bit VGASUSREF,

As a result of the activation of Suspend control bit VGA_SUS_REF,

GENVGA .interrupts the normal refresh video DRAM 50 by- disabling the
clock signals provided by oscillator 71. This action oceurs at the rising
edge 300 depicted in Figure 2. When GENVGA receives the active

15 SYS_PWR_OFF signal 90 generated by GENIO while the B
VGA_SUS_REF bit is active, GENVGA begins to use the slow clock
REFREQ to refresh video DRAM 50. The time between disabling normal
refresh and enabling slow refresh is fast enough to not miss a refresh
cycle. This slow refresh of video DRAM serves to sﬁbstintially reduce

20 the power consumption of the system while still preserving the comehts of

_ video DRAM. In an alternative embodiment, GENVGA does not use the

~ 'VGA_SUS_REF bit to signal the switch to slow refresh. Instead,
GENVGA delays for a time period after receiving the activated
SYS_PWR_OFF signal. The delay required may be as much as 30 to 50

25 milliseconds. In the preferred embodiment, however, the combination of
VGA_SUS_REF bit and the SYS_PWR_OFF signal provides a better
implementation. After receiving the active SYS_PWR_OFF signal 90,
GENVGA also disables its communication on bus 11 by setting its bus
interface pins to a tri-state condition. |

30 'When GENCPU receives the active SYS_PWR_OFF signal 90
generated by GENIO, GENCPU begins to use the slow clock REFREQ



GA interrupts the normal refresh video DRAM 50 by di spist/us®12¢789T! ock
si gnéYQ’EfQ?ﬂ'ﬂed by oscillator 71. This action occurs at the rising edge
300 depicted in Figure 2. Wen GENVGA receives the active 15 SYS PWROFF
signal 90 generated by GENI O while the \AA-SUS-REF bit is active, GENVGA
begins to use the slow clock REFREQ to refresh video DRAM 50. The'tine

bet ween di sabl i ng normal eéﬁm nd. epabliing sl o&v %&q’ s f qnough
to not niss atpdefresh 95%5 ‘?Eef Rdn aﬁ&ﬂﬂ#"s@‘?‘?‘és
substanti al | ile st|II
preserving t%éf'%g#f ﬁ@)Qv %ﬁa‘f{yﬁ%mﬁ%ﬁ@?ﬁ?ﬁéﬁ%% ment, GENVGA
does not use tsﬂ@péf'ﬁ?re‘éUﬁBﬁﬁat@ﬁmélﬁné'nﬁ'@EMOe:s%é ch to sl ow refresh.

I nstead, CGENVGA del ays for -a tinme period after receiving the activated

SYS- PWR- OFF si gnal The del ay requi red may be-as nuch as 30 to 50 25
mllisecon : d , however, the conbination of

VGA- SUS- RE [ : S - provides a better inplenentation.
Af ter rece|V|ngth I i sables its
conmuni cati on on bﬁ‘ggl s{f&ié Wﬁ?‘%gm PR @ lggl\&g sﬁ;holga tri-state
condi'tion. 30 SYS PWRVOFF GidWalis hoesieded hmmé'm&icﬁﬁ'& Sfﬁsﬁd ghal 90
generated by GENIQO, - GENCPU begins to use the slow cl ock REF (err)
(err) 14 to resigmihhsmunatMmpendrtmge ahéthemesamptmhfnmtﬂall ogi c

ot her than the sl ow refyésh qf ystequRAM and vi deo .DRA Dar
| suspend/resurrv!’!’&!’%ﬂﬁ!n ugh Resignalcpay e denqied as 4 GSBF‘&S‘ resyMResune

Mode 40 signal may be provided for a variety of reasons. In the preferred

' embodxmem. a resume signal is generated mamly as a result of the o/
opcmng of a cover on the computer. The openmg of the: computer cover
causes a transmon to occur on a swuch operably coupled to the computer

casing or the ecmputer cover itself. in an alternative embodlment, a
15 resume sxgnal can be generated as a result of the. computer user slmply
| touchmg the keyboard or mouse device connected to the computer In still
anoth_er_e_mbadlmem_. a resume mg_n_a! can. be: gcnerate_d.as a result of a
_ riug' deséct signa! .receiv_ed by a modem connected to the computer
syst.em. 10. For sﬁy. of these or other conceivable reasons, the user or
20 system evem sxgmlls lhe computer system that resumpnon ‘of normal
| operatnons xs des:red e : L Rl TR : \.J
A resume sxgnal mdy be prov;ded 0 the GENIO subsystem in the
same manner that the suspend signal was prov:ded as dcscnbed above.
Specxﬁc__ally_, a suspend/resume signal line 100-is coupled to GENIO. A
" 25 transition on _the. suspend-__lrcsume signal line 100 may be used to indicate
- either a suspend' request or a resume request. In the preferred
embodiment, & suspend request is indicated by a rising edge. This
transition 101 is 1llustrated in Figure 2. ermlarly, a resume request is
indicated by a falhng edge. Such a fallmg edge 600 is-also'shown in Figure
30 2. It will be apparent to those skilled in the art that the:direction of the
signal ua_usiticn is im.mauerial to the operation o?r the present invention.



~The system 10 is in a power suspend state as |long as the SYSPERASIIFOTSN!

i s asseMWQ82/083khr dwar e i ndi cati on may be used tg signal the term nIZtion of
suspend node and the resunption of normal operations. Such a signal may be
denoted as a resune signal. A resune 10 si Sﬁal may be provided for a
variety of reasons. In the preferred enbodi nent, a resune signal is

generated nmainly as a result. of, the 4 opening of a.,cover on the .conputer.
The ogehing of { HEquiAN embeslielents,of the Bresel-IVERton aFF cRRGRIvahle Where (1,

oper abby coupl ed {. _ : " | nput er cover itself. In an
alternative enbod#‘ggﬁ@?“g%img}g&'éi%ﬁ@%?’gﬁ%‘ﬁaggﬁgbe generated as a result
of the conputer user W_Gﬂnmhééavém réSHe Equest ofisigsalding ¢00connect ed

to the conmputer. In st anot her enbodi ment. a resune signal can be
generated as a r etrahsitioh 600 ocaursias showniigrEigure2eWhen this aceurscENKect ed
r,concej.vabl e reasons,

to the conmputer system 10. Faor_any of se or, oth
' tpe userI or 2® N éwmﬁtsgggéw&éﬁg %@PBPE'QSPW LBy ‘ﬁ@ﬂﬁm on
of normal operati gRs oI ' ' ' t "y
GEN'O subsystem 7O Thi drativaion ™ BEDRIR B 808 9B Xuptm i TikERE 2 CERID
escribed above. gRacd : : R?Qté’ni ' con oLk oupl ed
to GENNO. A 25 trans?lﬁdlt*(})%g ggw?ﬁéégﬂé end/ nggﬁn%ﬁgﬁggﬁiafb?tﬁéé@b%hﬁn%% bg
used to indicate GBINHKD enables montmunivatien o bus 1tdyneemoving the trirstathe
preferred enbodi nent, a sus&egnq request, i s_indi cated bl a rising,edge. This-
t rgnsi ti gnblol i scondigion,on the PIRS CORRGAIINE, ‘hSir]?HsI rSy,m iﬂye%?n!e E]Bg i s
i ndi cat e y falyj e 1 i R GRS I in
Figure 30 2.1aqt W%@gpﬁaﬁgﬁysoﬁ%&gﬁgﬁ% e]'délg.'r';'j ?ﬁg‘ gﬁ?ﬁ?ﬁg@ t he
direction of the gomitrbnibitdiols bhibed 111Sby RMbeingahe tfi-sudte conditivn on igfpinbe
present | nvention. .- , _ :
connecting the bus 11.: S ' |
Upon deactivation of the SYS_PWR_OFF signal, GENCPU is reset

and vectored to processing logic for handling the resume request. This

15 processing logic restores the system state previously saved in the power
management memory area. The GENCPU interface to the bus is enabled
by removing the tri-state condition on the interface pins. GENCPU then
initiates another bus write cycle (IOW) for the purpose of resetting the
10_SUS_REF and VGA_SUS_REF control bits in the PM_SUS_REF

20 register. This IOW cycle is depicted by edge 700 in Figure 2. The
resulting reset of the 10_SUS_REF and VGA_SUS_REF bits is shown by
edge 800 in Figure 2. _

GENIO terminates the generation of the slow (32 KHi) refresh
signal REFREQ 91 when the 10_SUS_REF bit is reset by GENCPU. The

25 termination of the slow refresh clock is depicted by the final slow pulse
1000 in Figure 2.

Oncc GENVGA senses the deaciivation of the VGA_SUS_REF bit
while the SYS_PWR_OFF signal is also inactive, GENVGA enables its
clock used for normal (48 MHz) video DRAM refresh. In an alternative

30 embodiment, GENVGA does not use the VGA_SUS_REF bit to signal the
switch to fast refresh. Insiead. GENVGA delays for a time period after
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Equi val ent enbodi nents of the present invention are conceivabl e where
signals are either active high or active low. Once GENI O receives a resune
request on signal line 100, transition 600 occurs as shown in Figure 2.
When this occurs, GENIO 5 - deactivates the SYS PWROFF signal supplied
generally to the system 10. This deactivation is depicted by edge 900, shown
in Figure 2. GENI O then enabl es power L9gal | system peripherals and L
controllers. Lastly, GEN.O enables communi cation on bus 11 by renoving-the
.tri-state condition on the pins connecting the bus 11. Simlarly, as a

result of ddieilihg dea'lCtdé-!&étWaﬁédt hsy§YﬁwﬁVBF@FFsi Aaal. ERNVefeenabl es
its conmuni cati on on bg e&é rmV|n thetrl econdltlon on its pInS
Bﬂéﬂ‘ ctIMR

connect i nd®XHETRRA 10 ¢ oFh ‘Fhé‘ W“@EF" i Y&- GENCPU
iS reset ®BUS\RER &t and ptl@eesss ngwRQgFE émgnamnﬂt-pﬂgdéaear betttex equest.

pover AR B4 ° CERVEA Sentl pRYTRETLE! BRE-BRR | E4RGY oRRKCT L1 "
by renovi iR t heingi -thet elcxmadl t i(48MHZ)t helock er f a@ncei rkhe GANERELt hen

nitiates efab e I f r r ng the
| & S R eLal ueutyd © GHabPy (o380 'BigLe By HBG-gln BRRLETO 117

| OW cycl e MelQEdhi 80 ey sdfidedbhe 700rPA LN GiA MHZ) Tﬁé-qcé‘slﬁ‘éi’%l?‘gsby of the
éLO SUS- tRElasaﬁcn\é@%iUSlEF bo?&elh s:railxmméoybadﬁg &wff téstfwum%i&gEGENl O
ermnae er 1 ON:-0 e S rerres

v e Eastel @it Hodial \Gperst ok Col Ehal SoRSSEeP, SREEER 16r | ne

sl ow r ef r ey deoatesumettpi cted by the final slow pul se 1000 in Figure 2.
Oncc GENVGA senses the deactivation of the VGA_SUS_REF bit- w,



whil e the SYS PWROFF signal is also inactive, GENVGA enables its clock used
for normal (48 MHz) video DRAM refresh. In an alterpative 30 enbodi nent,
GENVGA does not use the VGA SUSREF bit to signal the switch to fast

refresh. Instead. GENVGA del ays for a time period af ﬂﬂu ”uluj-"l[m lvi ng
a deactivated SYS- PWR-OFF signal. In the prefé:il i m
however_.the conbi nation of VGA- SUSRER, bit and the SYS- PWR- OEF i gnal
provi def%a better inplenentation.-CE then begins to refresh video DRAM
50 using the normal (48MHz) cl ock. Once the normal clock is active,
GENCPU al so begins to refresh systemgpgersgy 80 using the normal (16 MHz)

cl ock supplied by oscillator 21. Oncé DRAM i s being refreshed using a '
faster clock, normal operation of the computer system 10 may be resuned.
(err) -17- CLAIMS 1. In a conputer systemwith a limted source of power
and nmenory being refreshed using a first clock, an apparatus .for conserving
power in refreshing the dynam c nenory, the apparatus conprising: suspend

e 0EneT 2l oy IO oL AP A SRR S S rHBR A BN g

refreshed using a first clock, an apparatus for conserving power in refreshing the

dynamic memory, the apparatus comprising: _
suspend mode generation means for generating a suspend signal upon
activation of a power suspend mode, the power suspend mode being activated in
\/ response to a first event internal to the computer system and a second event external to
the computer system; _
an input/output unit coupled to receive said suspend signal and for generating an
in{errupt in response thereto; |
a central processing unit coupled to receive said interrupt and in response
thereto for generating a first suspend control bit and a second suspend control bit and
for saving current system registers and stack pointers of said computer system to a
particular location in memory in response to said interrupt, said central processing unit
coupled to system dynamic memory; |
wherein said system dynamic memoty is a portion of said memory, wherein said
A input/output unit is coupled to receive said first suspend control bit and is also for
generating a power off signal in response theretp;
a video interface device including video dynamic memory wherein said video
dynamic memory is a portion of said memory, said video interfaée device coupled to

receive said second suspend control bit;



response to a first event internal to the conputer system and a second
event external to the conputer system an input/output unit coupled to
recei ve said suspend signal and for generating an interrupt in response
thereto; a central processing untt8€oupled to receive said interrupt and in
response t hes@he réde genétafién Ribansicolipledo HRECHULRAGERGrallhG adB8uMeSecONd
suspend control bit and for saving current systemregisters and stack _
poi nt esignalfupsaiddactivationesf tisy powar suspendanode; thewpowersuspendimodebeing i 4 .
response to said interrupt, said central processi ng uni t coupled to sy¥fem
dynanmideacvaed in fapcese te gitird guent intatnak i herampues systep @ndiaioush sai d
menory, wer.e| a1 DpU .unit is coupled to receive said first
Suspene(yeﬁlgﬁ%@é{ﬁlgcfth%a%d(]ﬂ%ég&sg&%}m generating a power off signal in
response t RgHeRbin:thé inpulRRtpul LR CBRPrIESY Lotk gBR&MSIOA ednsCEoliEdE theeTOr Y
wher ei n said yiédeo 'dd;?nam_tp rrermr_yﬁ\?s a port Pon %ﬂ said rrerm%, sa‘!%g vi deo
i nt er fspepent®wiotie gunepdtih meansand e mauthesMode geAoralion thexmg! forl bit;
-18- resune node generation: means coupled to the CPU for generating a
r esumgesietating aipesondeacioch slawenthapithe fisst slooks theisepend clocki beingfasbover
suspend node bei ng deactivated in response to a third event internal to the
conputedpugh 49 beushd 1o refreah said sysiemand.yidae dyramicaemeRyWithout Sausiaga
wher ei 0. t ' 4ni-t conprises clock generation neans, coupled to
t he Stﬂé} e&?é}%%ﬁt’ g‘%@ﬁéé.’e&?f: nmeans and the resune node generation neans, for
gener at i g nfan836FfbfelsAig the Qo dynamid Rfondry Bhddhe sfsteimdynafsend cl ock
bei ng fast enough to be used to refresh said systemand video dynami c
menor yemotyasing thessecgne clacksn oéspiase te saidaienend suspendrtontnehbid ahdsaid _
r ef r eshi n? t he vi deo dg/_nar'rfj:c menory and the system.dynam c W
power off signal, respeclively, to place said memory into a reduced power state;
means for disabling tﬁg first clock after the suspend signal is feceived from the
suspend mode generation m?e__a‘ns; ' o v
means for enabling the first clock after the resume signal is received from the
resume mode generation meéng: and | R
means for refreshing tﬁé_éy*stem dynamic memory and the video dynamic
memory using the firSt clock é_ﬂer the resume signal is received from the resume mode -

generation means.

2. The apparatus of claim 1 wherein said computer system is battery
powered. SRS : S T : -’
3. The apparatus of claim 1 wherein said system 'd'y'n'a_mic: memory is DRAM

and wherein said video dynaniic-'me'mory is DRAM.



menory using the second clock in response to said second suspend control
bit and said power off signal, respectively, to place jmu“m:'m [t 2
reduced power state; nmeans for disabling the first cl oc} A mmmm})end
signal is received fromthe suspend_qgde generation neans, mtan¥ for =

enabling the first clock after the resume signal is received fromthe
resune pode ggner attiadRaifis ot efhitRwhefot saifise8ehd BeritRRterialtginélynam c

menory BAd the video dynam c nenory using the first clock after. the resune
si gnal i scompelev systémdneiudes & dansitionod angdevtrice] isignahépplied t@ .an extéroal
apparatus of claiml wherein said conputer systemis battery powered. 3.
The apparcitayd pi. cl ai m 1 wherein said system dynanic nenory i s DRAM and
wherein said video dynam c nenory i s DRAM - -19- 4. The appar at us of
claiml1l wherein said second event external to the conputer system i ncl udes

a transition gf an leaiit of LAt ARBlelPskil fouth G eRRINAGHE L Pin. 5.

The apparatus of clal erein said fourth event external to the conputer

syst em i nsdnwsifter systémnndibdea Gansition lof @i lelebivicas sighal apiipd ite dntexternake xt er nal
circuit pin. 6. The apparatus of claim 1 further including neans:-for

det ect i nceitguii@in.ery | ow condition coupled to said suspend node generation
means and wherein said first event internal to the conputer systemincludes
detection of said battery |low condition. 7 The apparatus of claim1l

further including : t i | H tlepy Sai d
resume node geher aﬁiq% n%réggéntg 9gﬁlgﬁsmQ%gﬁﬂéé'g‘lg'aﬂ%ﬁrﬁ%%ﬁée@gﬁtb tee%?jt glra?\daji fe&) t he
conput er |s¥doniditioRWouprRd tb8ari SlispehdTbdb genuratieh Arkns asdavherein said first
s event internal to the computer system includes detection of said battery Iow'condigion.
7. Thé apparatus of claim 1 further including means for detecting a ring
detect signal coupled to said resume mode generation means and wherein said fourth

event external to the computer system includes receipt of said ring detect signal-;

8. The apparatus of claim 1 further including an input device and a timer,
said timer is reset upon each activation of said input device, said timer is coupled to said
suspend mode generation means, and wherein said first event internal to the computer

system includes said time-out of said timer.

9.  The apparatus of claim 1 further including an input device, said resume
signal generation means further inc!Uding means for receiving an input signal generated
by said input device upon activation of said input device, and wherein said external to

the compdter includes receipt of the input signal.



8. The apparatus of claim 1 further including i) devi ce and a
timer, said tiner is reset upon each activation oi@ﬂ mi w "ce, sai d
timer is coupled to said suspend node generation , &n said

first event internal to the conpupgL systemincludes said tine-out of said
tinmer. 9. The_apparatus of clarm1 further- including an input device,
sai d resunel8i.gndhe@pparatus ohclaira i svhiareintesid computér systemda botsed insei vi ng

an input signal geperated sai d_ i npyt devjce upon.activatjon of sai§g %
ot G5 5ags Ry DLHGR SR oS Slosard AR 15 AeKLasDerd oo of
the in i . rre) e 20- . ' f.claj Lein said
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upon  cloypghidthutfons ahd whabéin saRi SbORaRARA StgRaN tRBYoRDUEY SYRRINS iciliddaer

i ncl uding means for recei'ving a signal upon activation of Said button, and

wher ei necsipttoftiee sigiiabvent:: external to the conmputer systemincludes receipt

of the signal. 11 The apparatus of claim 1l wherein said conputer systemis
housed in a case, said caseiincluding a button de-activated upon opening

sai d case, said resune signal .generatiaon ans further i.ncluding means for
ecei ving. alir gndi GRBATEIE SLaRy L Whsre S Rmeiet Srsten i nGIRAENE <a; d
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COMput Signal §érsTatidlt iednB durthéranélnding PRESIBF Rizoliing a 6ighb) ussigéed to system
dynam ¢ nenory and vi deo dynam c nenory coupled to a video interface unit,
sai d sgstiatioarad saidindtaty aadiwhereinsaid toeithevest extistnatitotbe cgmputénsystertiock, a
met hod, f or . conservi ng power I n refreshing the system and video dynam c )
mer nor {ncludes rageiRbel S8k HigNalng the st eps of 1 generating a suspend signal "/

upon activation of a power suspend node . in

12. In _a--computer:sy_stem wiih‘ a limited source of power, the c_omputer. system
including a cebt-ral processif,_'r_;g"-mi't- (CPU) coupled to system dynamic memory and video
dynamic memory coupled td a 'vidje_o interfacé_unit, said_s_yster_h and video dynamic
memory being refreshed using a first clock, a method for conserving power in refreshing |
the systém and video d’yna-rﬁié m_em'on-y,__th'e method compﬁsing: the steps of:

generating a su'spend siQ;hé!.Upon acti_vation of a power suspend mode in
response to a one of a first qVépt ihter-’n_-al to the c'_qmputer. system and a second event
external to the computer system; o |

generating an interrup} wa an input/output unit responsive to said suspend signal;

generating a first suspend c_o_ntro'l" bii__and a se_'cj:ond,_- s,uspé_nd control bit via a
central processing unit requpsf\i.e fo said interrupt; | _

-saving current system.:;'_regis__ters and stack pbi'_nt_eré of said computer system via
said central processing unit rés_éonsive to said interrupt;

generating a power oft-:signal via said input/output unit responsive to said first

suspend control bit;



response to a one of a first event internal to the conputer systemand a
second event external to the conputer system generating an interrupt via
an input/output unit responsive to said suspend signal; generating a first
suspend control bit and a second suspend control bit via a central
processing unit responsive to said ir'nzér’rupt; saving current system

regi steys and géneratingaresumedcigreiugon deactivatios phtherpower seispend ewdesih
proces$i™g unit responsive to said interrupt; generating a power off signal
via sai'd respenseie pwnewnfithe thishevent intemal todheg computerdysteahand gforah eyent
-21- gen.erattir?ﬁq a, esune si gnﬁl upon deactivation of the power suspend node
in r espon&¥tefA 10 ACHUPPYIRESYHEMY event internal to the conputer system and
a fourth event : £ | Kk
a1 over than HEoHALE e SoBphd BIOERARMIGR ina i Mk GHGEAC I bk BB 1T
to refresgnoiligh 5 esacmﬂrewesﬁ%asm@m@mmdgwédﬂ@wﬁerﬁmmm chasing o
data contained therein; placing sald system and video dynam c nenory rnto a
reduced plmseof date eorhginedthereim; ng sai d system and vi deo dynam ¢ nenory

usi ng the second clock, said step of placing said system and video dxnarri C

menory into a Pagesaidsmiemans ideadypamicaemerydaton rslueed pewes stta by and

after ¢ no SR SIbInd it BFRRRE hyol g e sdi8ndBich aBioudh 8

_ ISP ( I'Ng a suspend~sign
enabl i ng piagingisald sysiemkarf Viddo HpfamRTHEMOR/ iBftP4 rétuced poller 8iRe rédponsive
generating a resune signal; and refreshing’said dynam c nenory using the
first cl oloksaid pewet bif signaliasd saigrssicond susmaridvenmtrol bit, respectively; '

\/' disabling said first clock after the suspend signal after the step of generating a
~ suspend signal; '
enabling the first clo_ék after the resume signal after the step of generating a
resume signal; and '
refreshing said dynamic memory using the first clock after the resume signal is

received.
13.  The method of claim 12 wherein said computer system is battery powered.

14, The method of claim 12 wherein said system dynamic memory is DRAM

and wherein‘said video dynamic memory is DRAM.

15. The method of claim 12 wherein said second'event external to the..
computer system includes a transition of an electrical signal applied to an external

circuit pin.



13. The nethod of claim 12 wherein said glonrrpg;er system S batterym)r .
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of detecting a battery | ow condition and wherein said f| rst event internal
to the conmputer systemincludes detection of said battery | ow condition.
18. The nEl hod Tave roethiodhof 2laimuz tfudher includihgraystep<f cetating et atternipwa i ng
detect si %nal wherein said fourth event external to the conputer system

i ncl ud&en E'é’élaé\d whergl) $aid fireg eyentdpieraal 4p the cargputer systemdnplyges detactipm 12
wher ei n m further includes an input device and a tiner
and m@%%ﬁ%%ﬁﬁ"?&?&ﬁ@% internal to the conputer systemincludes the
step of resetting said timer upon each activation of said input device. 20.
The nmethod of. claim 12 wherein said conmputer:system further includes an

i nput devi ceg sai F'hlthéeitiod ot Blaih 8 dunBér inclutiing = step Wi dbtetying @fing@dtbdes t he
step of receiving an i nput " signal generated by said i nput devi ce upon

act i vatsignal.ovherainosaid mrttde\(ﬁm; extepnal to theccorsplted system in¢lndes radeiptefn sai d
conput er St housed in a case, said case including a button activated
upon clS 3@5’3—9 5?'%@?'&"% ase and wherein - said second event external to the
comput er systemincludes the step of: receiving a signal upon activation of
said button. 22. The nethod of -claim 12 wherein said conputer system S

housed in &9. The method of claim 12 wherein said computer system further includes an
input device and a timer and Wherettj said first-event internal to the comput':e_r system

includes the step of rese_tti-n_g said timer upon each activation of said input device.

20. The method o_f- claim 2 wherein said computer system further includes an
input device said third event internal to the computer system includes the step of
receiving an input signal generated by said input device upon activation of said input

devt'ce.

21.  The method of claim 2 ~wherein said computer system is housed in a
case, said case including a button activated upon closure of said case and wherein said
second event external to the eomputer system includes the step of: receiving a signal

upon activation of said button.

22. The method of claim 22 wherein said computer system is housed in a

case, said case including a button de-activated upon opening said case and wherein



"~ case, said case including a button de-activated upo ' - case and

wherei n (err) -23- said fourth event external tomﬁwmﬂ .,T Hm_tem

i ncludes the step of receiving a signal upon de-activat¢ Omn Ols «put t on.
C =23-

said fourth event external to the computer system includes the step of receiving a signal

L]

-i?hpon de-activation of said butfon.-




