-1- PONER MANAGEMENT FOR A COVPUTER BACKGROUND OF THE | NVENTION C 1.

Field of the Invention The present invention relates to a power

di stribution scheme in a5 portable conputer and, nore specifically, to , -
power managenent in a |aptop -conputer. 2. Prior Art- Power consurrm)i@r%iﬁ-‘[q
an el ectronic device is always a significant_concern and a power supply~ -

nmust be designed to adequat el ROMRNack&iT1Por AC¥EREgSi de from the
capability of the power suppry'TTrTn1n#ﬁ¥r1nn;&?1nﬂmar'ru—pvmer t he
correspondi ng BAGKGROLIND ; MVEMTIQN YSsi cal size, weight, efficiency,
and other related characteristics are paranount in designing or selecting

t he power source. These characteristics becone exceptionally critical wher.-

t he device the powep supply, isS.tq.support is a self-sufficient 15 portable
unit. In many portabl e uﬁ?taséﬁgegg\’?&gwpporti ng power source, such as a

battery, i used torhg arodli ienfiH81aaB & BiwerHibbausi sehaingdn o o 1t

mai n or external power "source, such as ouse
current). Typi paitableToATPUter And, mERCEpdcHicallp b Power tnankiRiratanta Rptbp
portabl e power 20 source. In sonme instances the battery functions as an
auxi | iary powecomputere to naintain certain critical circuits active, such
as keeping the nenory alive to retain any information stored in the nmenory.
In other instances,2the B&®RARY functions as the main power source to fully

power the device. IQ the area of information.processing, mniaturization of

Drocessing 25  devi EQWSRgonSimptqn (,ap RIEGBRCHCYiCS |8 avays,malnisaibyi ces.
ssing 2 ! :

One of the T1rghnSdih ngzoéc g?%f gﬁ%ﬂ?‘?ﬁﬁét;l%egﬁﬁﬁé'&d’%@ﬁép wdrdhe

cal cul ator, wherernt r‘oper om a ery S’ower source and

coul d easijy bdevies! iAsdaron theyeapadiltys 6f the ptveraupplyiovraviderample sowerof

the functions of the cal cul ator _ .
to power the corresponding device, heat dissipation, physical size, weight,

efficiency, and other related characteristics are paramourit in designing or
selecting the power soﬁrce. These characteristics become exceptionally
critical when the device the power supply is to support is a self-sufficient
15 portable unit. |
In many ponable units, a  self-supporting p;:wer sobrce. such as a
battery, is used to provide the powei when the unit is decoupiéd from its main
-or external power source, such as 110 Volt AC (ordinary house current).

Typically a battery is used to provide the independent and portable power

G

20 source. In some instances the battery functions as an auxiliary power source
to maintain certain critical circuits active, such as keeping the memory alive to
retain any information stored in the memory. In other instances, the battery
functions as the main power source to fully power the device.

In the area of information processing, miniaturization of processing

25 devices has permitted the portability of computing devices. One of the first
such portable processing devices was a hand held calculator, wherein the
calculator operated from a battery power source and could easily be carried
about by the user. The battery wouid power all of the functions of the calculator



-2 and the user could readily transport the cal cul ator without any
attachrrent to an external power source. The batteries were either replaced
o rechdarged. The earliest calculators sinply had an on/off state in which
full* power was avail able during the on state and the power was conpletely
shut off during the off state. 5 Because of the volatile nature of many
early sem conduct r rrermr%wi# nforma‘tloﬁ storlgﬂm ch volatile rrem)rl es

were | ost when BRE1REHEES reacily trapspait therca Rut any attachmend to an

et g by o BB oep 61k e Bt erR sl epell F inffe. 3h61 e
the menory ret apafidst\Ealé QxRS &ﬂapyaﬂé&aﬁ%wm sPRE i WARAYH PWEP%Q‘@&ﬂQB’Ie

schenes were devised to nonitor rious functions, so t power was

renoved from vaguing the enstatesandithe powes va complbtelyshiut ofiduringahieoff state! her
a tine-out schene was devised to put the calculator in a stand-by node,
such as whensa Begamoma volgmeemiute off many #aty seaiconductor mmcmes.l n order
to preserve power.

of H ese features 15 were devis
et Bt he- t | nemEEen Rered R SugLVAIBS TBaParies WerR 0%t B Eﬁnb he SHkulglaras |
cal cul ;&ﬂ dt oot B8 “HiERERIAR e BlEi0E AR o5 TRBRR RHRRRR <, 7T 1 o
from he- addi {1 AREery ORRHTR shBahl, s R v profidealg 3UBH o ey =0
consi der abl e anwhehlhe Hevicwwas tiinedofiysonhat the mermnoryi retdinet-whatever conduct or
devi ces, such as read-only nenories (ROVWs) and randontaccess nenories

(‘RAVB) whi ct0 i ninformation was presentd More-advaaced schames wese devisghio Mkoﬂri ves
and\vard di sk dri yes nd ot her mag’net c nedia. Al.so, additional ovver

is required to MBS WA 'Qﬂssﬁ?glﬂt wer yasemaysd drom yarioys, qleme 'é‘W
screen. Various tﬁ@%geéme?‘ﬁrv?erg QUi RESHd FOMiGrOh uﬁi}%ﬁ%ﬁé&k Wl dRiNed to

. put the calculator in a sténd-by mode, such as v;:hen a key was not depressed
after a certain time period, in order to preserve powér.j All of these features
15 were devised primarily to extend the time period that the device could operate
from its internal pov&e} source.
| " When the processing technology was expanded beyond a simple
calculator to encompass personal desk top éomputers. additional constraints
were placed to poWer consumption and management control schemes. Aside
' 20 from the additional circuitry, additional memory devices consumed |
considerable amounts of power. These memory devices include semi-
conductoa"devices. such as réad-only memdries (ROMs) and random-access
memories {RAMSs) which include volatile and non-volatile memories, floppy
disk drives and hard disk drives and other magnetic media_. Also, additional
25 power is required to power the display unit which typically includes a viewing
screen. Various schemes were devised to monitor and control the power .

distribution during on/off states.
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di stribution during on/off states. -3- However, as the personal desk top;,'
conputer systens are nade portable, it is desirable to provide a conputer
whi ch contains a fully contained power source so that the conputer is .

conpletely portable. These self - sufficient conputer systens are typically

referred to as | aptops (because of the 5 small physical size and |ight

wei ght) and are designed to operate for_a& certain nunber of hours fromits

i nternal power Howmever asvthe Parsonal desk tip computet $ystems atd imadgh a variety of

t he portable cal cul ator technology can be ingrenented wi thin such a | aptop,
W

addi t i onalportable; itds dlesirable tol ide iarcamputet whichontaing alfully centainegd, nggor Y,
Vi ewi ng screen and an eri pheral devices .attach tao the systemw | |
nec essgr i PPWEH UG sﬂﬁgk V\?prféim%ﬁfeﬁs. cqma%‘Pbe‘Po'}ag?%xf@?ﬁ? ?9118' sel>/f -

sust ai ni n ' i ' I ' | si ze and
wei ght to%&h%t %ﬁmp%ger%gﬁ@?gﬁ?aﬁgifg&ﬁg J'ﬁﬁhﬁ%wés@%&ﬁ@éé §i %@qui red to
provi dg PRARN shiysical Gizb UGt WellirtPard dre6odigiiets tUpidiate B a/ Rl pOver
and to renobve power, or at l'east 1o make a given circuit enter a | ow power
15 consumuimber ofhdars frdraritstihternalipowsrisource; whicheis dypically e baneygenent
schenme nmust also continually nonitor the various circuits and devices in
order t hatAlthough acvariety ofifhe pertablencaltiulaten techaolagy cenbe implementedui t s and

devi ces when, needed. sent invention provides for such a power

managemen Wil Heh géaéggf gétﬁaonadﬁpaﬁr@amﬁeqlaw igrthat theaddiional t he
S st P, beRSerctiihs S ek ol BB ER hReRIB R, 07 2
Cone ST ayAgEARocadty Sonalig dHCHEF 5w J0 N e G010 201,
devi ce i nsustiining time period of these iaptops while keeping the battery size and
weightto a minimuﬂi. a sophisticated power management scheme is required to
provide power only to those circuits and devices which require such power
and to remove power, or at least to make a given circuit enter a low power
15 consumption mode, when that circuit is not needed. The management scheme
' must also continually -monitor the various circuits and devices in order that
power can be applied immediately to activate such circuits and devices when
needed. _
The present invention provides for such a power management apparatus
20 for a laptop computer in ‘order o extend the self-sustaining time period so that .
the laptop computer can operate for an extended period of time once external
power is disconnected.- |
3.  Prior Art References _
A number of prior art references are known for monitoring and controliing
25 the consumption of p‘bwer to a device or fo a"ponion of a device including a
means of providing a timeout when user interaction has not occurred for a
given time period. However, these references pertain to the simpler calculator

technology or to portions of a computer system and fail to disclose the
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means of providing a tinmeout when user interaction has not occurred for a
given tine period. However, these references pertain to the sinpler

é¢al cul ator technology or to portions of a conputer systemand fail to

di scl ose the - 4 - sophisticated power managenent schene for a | aptop of
the present invention. The references are: 1. U S. Patent No. 4,019, 068,

i ssued April 19, 1977, for Low Power Qutput Disable Crcuit For Random
Access Menor ysopmstlzated pov@r ranagemend scherda 40135 laptops 6t the prebentdnvention. 1978
for Variable Function Programmed Cal culator; 3. U.S. Patent No. ,
4,151,641, i sEIREEIHONCES AR8: 1979 for Power Supply Control System For Menory

Systens; 4. U. t 4 10
Consunpt i on ot r &SP, 4 Er0et. issusdckirt 8y 1947 obkebFarardupll ces

5. U. S. Pat S 4, 1981 for Power Suppl

Crcuit For Aﬁga?mrr%{gtggé%rﬁgﬂ orh ﬁ%@gswr%{orﬁt No. 4, 381, 552, |ssggdyApriI
26,1983 fgr ,andiy,.SMPétertiNg. r@bwssutuséuw Fﬁbr%ﬁrwrmﬂ'\fanéﬁe . Us
Pat ent No. 4, 409, 665, issued October 11, 1983 for Turn-Of- Processor '

Bet ween Keystltho&mn ngrammsu CalculatorNo. 4, 611 289 issued Septerrber 9,

1986 for Conputer Power Managenent System S. Pat ent . 4,615, 005,
i ssued Sept ender 34S. PatantiNg. £E4L6D 'SWCM&%’%%Q%EQBGWWP'H ock

S nal ont ¢ o ol i B3 Mgy gimE" e, Fover, Consumpti on Andhe hod
Data Processijg AQpg Palsnt No. 4,293,927, issued October 6, 1981 for Power
10 Consumption Control System For Electronic Digital Data Processing Devices;
5. U.S. Patent No. 4,279,020, issued July 14, 1981 for Power Supply
Circuit For A Data Processor; . |
- 6. - U.S. Patent No. 4,381,552, issued April 26, 1983 for Standby Mode
Controller Utilizing Microprocessor;
15 7. U.S. Patent No. 4,409,665, issued October 11, 1983 for Turn-Off- - -
Processor Between Keystrokes;
8. U.S. Patent No. 4,611,289, issued September 9, 1986 for Computer
Power Management System; |
9. U.S. Patent No. 4,615,005, issued September 30, 1986 for Data
- 20 Processing Apparatus With Clock Signal Control By Microinstruction ?or

Reduced Po_wer Consumption And Method Therefor; and
10. U.S. Patent No. 4,712,196, issued December 8, 1987 for Data

Processing Apparatus.



-5- SUMWARY OF THE | NVENTI ON The present invention describes a power
manager for use in a | aptop conputer. The | aptop conputer is a fully

sel f-sufficient conputer which is 5 powered by an internal battery when
the conputer is disconnected froman external power source. Because power’
conservation is paramunt to sustain the conputer as |ong as possible from
the internal battery, a power manager iS provided to nonitor and contro
vari ous CiSUMMARY ORTHEINVERTIONS units of the conputer, including

peri pheral units, generally function equivalently to 10 well-known

per sonal desktop conputers. However, the power source to the various 4
devi ces are coggé%{led hy the power nangger and a plurality of transistor

swi tches are u rgsantiibventionasciikes a pawee managaeiaraisedn laetarces. The
Add £1 ona P I et folnPuRR L & Rl SRR PENERR A ¢ ches wni o
15 arg Cgﬁgfe?é% %9 dVinidiRa iy g?\@ﬁfﬁé cﬁ@g&fbgtris Btﬁﬁgﬁﬁ&ﬁgd Hof'ghs can be

di sconnect'e certaln uni 'the co power manager

conti nual laxternal power sturte.U Bechuss pbwérigttiseprtion Us patdindurtasistsiimot i n use
have their power sources or clock signals disconnected in order to

deact i vat éheleomputertas loog aspossible fremtheintennal battery carpower ofanagecis 20
signals fromthose units having clock control places these various units
into an i PEeYided to manitor ppd.coatrol vatious sircyib aperations.; Marious phits of the t hese

S gnal 1 o PRAEH o RaoRSral Ty oorraly, KHS B0y i v one of
thr eelavdxaminmggfsbaau deskidp E&éﬁ\é&te@dﬁo%%ﬁ?ﬁ@%%r BpEicB1BThe N & NOT g‘;lé

active no wher e nost nits are active' at a trmes and/or s

of the ot various devices are soatroliéddbyp thepeweramahagerdiviaphardfily. ofA second state
is a sleep state in which the conputer enters Into an inactive state and
the power transistasrswitches are used to switch the power source to the various devices.

)

The operation of these switches is controlled by the power managér._

Additionally, various clock signals are also coupled through switches which
15 are controlled by the power manager so that the clock signals can be

disconnected from certain units of the computer. -

The power manager continually monitors various circuit functions such.
that devices not in use have their power sources or clock signals disconnected
in order to deactivate devices to conserve battery power. The removal of clock

20 signals from those units having clock control places thés'e various units into an u
inactive state. However, because power is still applied to these units, various
internal states retain their current state until the clock signal is restored.

The power manager is capable of operating in one of three modes of
operation. In a first mode the computer operates in a normal active mode where

25 most of the units are active at all times and/or some of the other units are
caused to be made active when needed. A second state is a sleep state in
which the computer enters into an inactive state and the power manager

continues to monitor various circuit conditions. When a certain predetermined



continues to nonitor various circuit conditions. Wien a certain

pr edet er m ned -6- condition occurs, it causes the conputer to awake from
kts sleep state. Athird state is an internediate state in which the power
manager controls the frequency of the clock signals to be decreased such
that the power consunption drops by approxg mately 25-30% from the nornal
active node. -7- BRI EF DESCRI PTION OF THE DRAWNGS Figure 1 is a circuit
bl ock di agr anfendiionoceurs.dticausesitte eompiterto,pwake diompits sleeprftaton dwihid power
i nes, clock sj nal Ijnes

t
managefent sc ISAN intgy %ﬁfat? !’Hl‘*‘dﬁe ppyngFe!{gnglgglgc&t@?s? t’lﬂet pg\(,:\ﬁ(rarrat ic

di agram show control the
swi t chi ng of ng%‘?éhW| gn:'aﬂ&} ﬁ%ﬁ%ﬁihg?@ém@%&%gcﬁ ’ltf]{} téggoﬁ@ra circuit
schemati c di agsistinSption drdps mg@b??&ﬂuﬂa@iy 25309 froim the n%thFQctHk‘h agd to
control the swtching of po 0 a gi Ven device. Al LED DESCRI PTI ON
OF THE PRESENT | NVENTI ON A power managenent systen1for a | apt op conputer is
described. In the follow ng description, nunerous specific details are set
forth, such as specific 5 circuits, devices, etc., in order to provide a

t hor ough under st andi ng of the :



present invention. It will be obvious, however, to one skilled in the art
that the present invention may be practiced without these specific details.

In other instances, well-known circuits and signal |ines have not been ’
described in detail in order not to unnecessarily obscure the present
i nvention. 10 Referring to Figure 1, an architecture for a portable-

conputer 10 is shomn manager (PM3ER) 11 of the present
i nvent i on. REISHSIEE - MEINGID a vari ety of conputers, conputer
10 of the present Inventlon is a portable conput er and, nore speci fically,
a |laptop conputer which is capabl e of -operating mnthout an external poger

" ead: only memorb/OpRE® 4 eq gﬁ@sﬁ}"%ﬁg@%@p&ﬁﬁ%ﬁﬁ°@%@m¥%ﬁﬁda¢?53 al

di spl ay (L@)\guﬁ‘rtanaf%ﬁ&}hﬁq‘ g* W&ﬁbﬁoﬁ@ﬁmnﬁ%ﬁ?%ﬁ% figgsoci at ed vi deo

circuitry, stal control |"at or attery 17, a

bat t er ys chpéainingitothe powsr maﬂagomenps&ﬁem& ofthe (pré$ant inventidA. whi ch i ncl udes
an I/Ocontroller 19a and at 20 least one I/O device | 9b. These
conponents are typically present in nost desktop or portable conput er

10 _of the present_ invention further |ncIu es a disk

control | er 20, ’g_igﬂ@r?éﬁ a Cipyil sehematic diagram showing an exampiedi @ i vers 22 a

e S, CPEMMEGF R RSl AR ik ot BEA S 2, 212,

W t hin cong gp. 10 that these devices are typically a design choice and the
conput er can readily operate as a functioning conputer wthout the
presenge of these units. Several additional units are included within -
conputer 10 to operate with the PMGR unit 11. Analog interface unit 26,

cl ock control unigureed isacirauit sehematwdiagmam showingrén examplerof@d to as a via
unit 28, are included tq. function nction with the P 11. It isto
be appreC|iﬁ?’éﬁ!s‘Pﬁé’l"‘t@hPi‘?eﬂZﬁoz@"HP‘e‘ nk\ﬂﬂ%%‘ RRWET to S‘NFB ¥IC8. conput er s

and such description and operation of

|nc[ud|no t he power?



these units are not included herein. Units 12-25, except for unit 17 and
18, are available with the Maci ntosh[err] brand conputers of Apple Conputer
*nc., of Cupertino, California. In functional ternms, CPU 12 is the main
processing unit for conputer 10 10 and in the preferred enbodinment is a
68000 based (part nunmbers 68000, 68020 and_g8030) processor manufactured by
Mot orol a Corporation. ROM 13 is used to store the operating system of the
conput er 10 aRkRUA ' B N S P REOWINIGINVENTIIN as fil e directory
routines. RAM 14 is utilized as the internal nenory of the computer for
accesgi,ng of data. The LCD display 15 15 wth its associated video

The orystal oper arABomeharpg8pan Paé 8t Beldn GoBiull s esihbdl i o .
ponar s conput SOTSY SoAplh, hdiRaRRE peu] oBlaif b SpFfort such B Kpecftey

Battery char gifcuits] Govites,feto in bede? 16 Providy/ & tharough enbaistanding of tise 20  wel |
as charging the battery 17 when conputer 10 is coupled to an external power

sour ce such apreseéot inwentionaClt withbe lobdous,i however, to @nbskilled/inthe adithalthel / O
devi ces, such as keyboards and cursqr control devices uch a& a "nouse" or
a trackbal | . Rieseqt ioveption may| ke pragliced withot these chﬁi@c‘iﬂ‘iﬁ"ﬁa atRet; or age

and actesscd ByaesyRBLAEwn i =B SRIRLIds, hove Rof'B6%h Safcdah i, ™' °

communi cat | onggaf1ih Bdei not to HiHecdstaflly d&&ﬁr@g%&ﬁ@?%ﬁ&oﬁﬂnt 0 provide

serial comunication, such as supporting a RS-. The sound
circuits gnd dri veRefeping R Fidutent tardrchitecturei for agsbriable compiter §01er at e
vakieous audio signals fromconputer 10. Mbdem 25 'is typically an external
devi ce, howevshawn,rincludingithe pawee manager (RMGR) 44 ofitbeé presentinvestion.0 t o

rovide full npdem capability, in order that the portable conputer 10 has
P Although computer 13 can be of a var%ety of oompt?ters, computerr% ofthe

present invention is a portable combilter and, more specifically, a laptop
computer which is capable of operating without an external power source.

15 Aside from the PMGR 11, computer 10 is comprised of a CPU 12, read-only
memory (ROM) 13, random-access memory (RAM) 14, liquid crystal display
(LCD) unit 15 which includes a viewing screen and associated video circuitry,
crystal controlled clock and oscillator 16, a battery 17, a battery charger circuit
18 and an input/output (_IIO) unit 19 which includes an VO controller 19a and at

20 least one /O device 19b. These components are typically present in most
desktop or portable computer systems. Computer 10 of the present invention
further includes a disk controller 20, a serial communication controller 21 and
its drivers 22, a parallel communications controlier 23, sound circuit and
drivers 24, and a modem 25. It is to be appreciated that although units 20-25

25 are included within cbmputer 10 that these devices are typically a design
choice and the computer 10 can readily operate as a functioning computer

without the presence of these units.



capabilities of interfacing with tel ecommunication |ines at various renote
5 Jlocations. The power nmanagenent apparatus is conprised of PMER 11,
analog interface unit 26, clock control unit 27 and via unit 28.
Functionally, PMGR 11 is an intelligent assistant to the CPU 12, wherein
PMER 11 nmonitors the state of chargggof battery 17, controls the power io
consunption of the various subsystens, includes a real tinme clock which
frequency is detSevetaladdilipnahenits arelincluded withinocomputer f1@doopesateiwith nt er nal
nodem 25, as || _as an interface to the 1/ O peripheral devices 19b through
|/ O cont rolm%\lﬁi@auﬂ'ﬂ1-sMé'@é“@ﬂﬁ%é’ﬂﬁ@@d°l°ﬁ5@°mmm&231anprﬂ9 pr ef eriked

S o B RSP R o T 200 Bl Uy lidon L =
dt : 3 ' R . ' t

part numpercoLPEkon witidne FARGRCH. Wi Te te sbrifelidd el PARE 1228 88"\ {Stbi s

Cor por aki Olgevices usellingiidr aitCioaputedsird SUMRRIdskrplion andsopdfatidroét t hree mai n

functions in controlling the power managenent of the various devices. These

functi ons dhese ugits arenmptdnciudedibereironUnite 12528, e2ceptdopunit 37 @ndgl 8, mre esponse

to these commands, controlling the transfer of communjications between the
PMGR and pavajlakie yith thecMagiptoshBlbragdicemputess.of ApRie IGampiter Ingg ofand

nonitoring 4 he stem.as.well as providing the tiner to 25 maintain the
real time ‘fﬁqf'x RCaRMNiA. 15t o bus and two handshake |ines provide the

ling bet : s j:a. Lni ' bi t
ot abue’i o useq M ActdradBtine CEY b4 6 WePtElh bioGodain Uil orpmeltEr fo 0 | |
This 81pi t HATHUNG pRSTeRED eMmbddithéMas alBBoDD baeed épén Aumbars 68600, 68020

handshaki ng schenme wherein commands are provided by CPU 12 and replies ar'-
provi ded byane\G8030) peocessonmandidctured by ddotorola Cadporation. ROM 13 is
- used to store the operating system of the computer-10 as well as other
proprietary programs, such as file directory routines. RAM 14 is utilized as the
internal memory of the cbmputer for accessing of .data... The LCD di_splay 15
15 with its associated video circuitry p_rovides for the presentation of a display on
“a viewing screen. The crystal operated clock 16 providés for the necessary
timing reference signals which are needed for tﬁe operation of computer 10.
The battery 17 powers computer 10, penhitt.ing computer 10 to be-a fully
portable unit. Baﬂery-cha_rger circuit 18 monitors the level of the battery 17 as
20  well as charging the 'battery 17 when computer 10 is coupled to an external W,
power source such.as 110 Volts AC.
The I/O unit 19 interfaces with various VO devices, such as keyboards
and cursor control devices, such as a "mouse” or a trackball. The disk
controlier unit 20 is bsed to-access a disk storage medium, such as a floppy
25 disk. In computer 10. a hard disk is coupled and accessed by the parallel
communications controller 23. The serial communication controll_ef 21 andits
drivers 22 are utilized to provide serial _comt_nunication.’ such as supporting a

RS-232 protocol. .The sound circuits and drivers of sound unit 24 are utilized to

2



‘nce the conmand is sent from CPU 12 through via unit 28 to PMGR 11 and the
handshake is conpl eted, PMER 11 decodes the command and 5 executes it. If
xno repky data is to be returned, PMGR 11 waits for the handshake for the
next command to begin from CPU 12. If reply data is to be returned, PMGR 11
begi ns the reply handshake and returns tgﬁfrequested data. In the preferred

enbodi ment commands and replies are transmtted in a protocol conprising of

g gonmi/nglo r e]E)I \gengrate ;ari?waudibﬂwo?lggugﬂm?ﬁf it Modge2s Iisl-mtpica lyan once
ver of a second (frequency of | . the c|ock qscillato

e an Alkpabintes SR Eslvsite | Frindl it il o .
channel from I /R?E‘Bﬂ?'r"ﬁﬂ%’?"&%"éﬁﬁ"ﬁd?gﬁ‘g’ﬁ %tﬁmﬁfgggﬁ@et 0 gny
handshak & o T [ : W ' 12 t
Stspend t he. qarcaPRpifiBs ot rkeracing RipSipgoimtiiicallo iAgs dfvariiusderied) = L0,

11 performs g t Jop&tidryli C monitoring routines which include updating the
real tinme clock, checking the battery power |evel and sending an auto poll
command. The auto pdTHe puwersmanagement@ppatatus vist bonprésedit o pol | schene of

FUT onmt | oal Ly 208 VIR cMRIe INesAqecyn 28, ek GHouTBr wat £ apasia it 28,
170 transcel ver vaeraBbhNBRT Bt iPeiioe ap HER: B 125 vigFRif " 300
un2 15" are S PMEFR T3 TSR el 3 o) 7 ot venay, 0 110
command si gl . comsumptionast kel vanous\Edbsyiteims) indludascreal tirleeclodiowhichbuf f er ed
in(ernally and once received, this data is stored within PMR 11 until
request ed by CPlrequencyfis detesminedby: thenclack aiseuit 16 irteriacesitathedmernal duri ng
eV oS O 55, s well 8¢ n Thtertace 1o the 113 periphatal devicss {8b through
/O controlleri9a. It is to be appreciated that PMGR 11 of the preferred
embodiment includes its own ROM, RAM, timers, analog to digital converters,
15 and general purpose /O lines. Although a variety of devices can be used to
perform the functions of PMGR 11, the preferred embodiment u.;»es part number
- 50753, which is a semiconductor chip manufactured by Mitsubishi
" Corporation.
The software stored within PMGR 11 provides
20 for three main functions in controliing the power management of the various
devices. These functions are receiving commands from the CPU 12 and
performing in response to these commands, controlling the transfer of
communications between the PMGR and peripheral units coupled to the IO
controller unit 19, and monitoring the system as well as providing the timer to
25 - maintain the real time clock. An 8-bit data bus and two handshake lines
provide the coupling between CPU 12 and PMGR 11 through the via unit 28.
The 8-bit databus is used to transfer command and data between CPU 12 and

PMGR 11. This 8-bit communication is achieved by the use of a two line



_ , . -
Its corresponding data is supplied as the next 1/0O command which is to be
sent. If the I/O device has any data to return, PM3R 11 receives, buffers
and stores the data. Wen the data is conpletely received, PMGR 11 - * v
interrupts CPU 12 on interrupt line 34 and CPU 12 responds to the interrupt
by determning the 5 source of the int_ﬂ_rupt and data is obtained from
PMGR 11. PMGR 11 includes a one second tinmer which is based on the 60 Hz

frequency hdndshakinglschemévhérbirm ommangs ite provided by OCPU d2ndid rdplies whi ch
perforns as a real tinme clock. The one second tiner is used to supply a.

wake up t ianerpravigedhy-PMGH a1 endateandchandsbakefimes 33. tri ggering the

T o 7R RS ey L ran o By 1T
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checked t ofofheehextroonimand Rt beity fromEPU 12/ cif repiyidath isitd bewrdtatried), y condi tion
exi sts. The battery charger circuit 18 includes neans for nonitoring the

| evel of tRMGRMdeginethefreplychandshake and retutrisdhe cequested datadriogbe bel ow a
predeterm ned | evel . Then, the internal tenperature is,also checked

f ol 11 owed ?wqfwéeq ambpgimant cgmmandsrand gpfies alR:iransmitiegin 3 protecokengs any
Bé“pg?or £ODRAEAG R A B Andlien Byid. . conh Byttt el bt by 5. 10 b
11. it 280 8551/8 #be SE8( thb HIGa4cild , .
i nt erlrﬁoptml\:jtenefgrgfsley as laglruliras i npu§ algg@ut puot’ F%Z'rtthg@ Hovveve?d,taﬁsi s tes

be noted t 1gigehdiateslan imeript to RMGRY1 hidng thisl intérruptds opupled to GRLBL such a
via unit 28 without departing fromthe scope of the present invention. In

order to pesiinad@4: Hhen this intetupt isigenetated, AMGR 1 closps ke VO channelit er 10
for the pr }rgr‘ilr l\/O %%;\R'gl?eer 1%f ar?ti( }uenmcgr,n\%illtn%%résigo%d()tg 'al?\?(t l"nta%gha]]Ze l\!\ek}q%résts "
from CPU 12. The interrupt on line 34 causes CPU 1210 suspend the data

15 transfer to PMGR 11. During this interrupt cycle, PMGR 11 performs its
periodic monitoring routines which -include updating the real time clock,
checking the battery power level and sending an auto poll command. The auto
poll command is associated with the auto poll scheme of the pfeferred '
embodiment in which the CPRU 12, through PMGR 11, automatically

20 interrogates (polls) devices coupled to bus 37 to determine the presence of \J
data for transfer. | |

PMGR 11 contains the necessary VO trati'sceiver functions for transfer of
information between PMGR 11 and /O unit 19 on bus 37. Packets of -
information to be sent on bus 37 to VO unit 19 are sent by CPU 12 to PMGR 11

25 in the data portion of.the command signal. Data received by PMGR 11 from /O

controller 19 is buffered internally and once received, this data is stored within
- PMGR 11 until requested by CPU 12. If a new O command was transmitted by

CPU 12 during a previous command/execution cycle, the new command and



- 13 - computer 10 is disconnected froman external power source, PMGR 11
provi des for a nunber of control and nonitoring functions for this purpose.
PMGR 11°is utilized to cause conputer 10 to be in one of three separate
nodes of operation. The three nodes are the normal, slow and sl eep nodes.
PMGR 5 11 responds to each of these nodes by control I ng the cl ocking
signal being sent to a given device and/or déntrolling the vol tage being
supplied to a giitscopriesponding sfata iscsuppliethas she: nex liQicommand which iscte be sent.

:33?,{ L&;‘Jazéf “isﬁg”%@é ke hasCain data 1 retytn, FMGHS URERTES '@gzgq,g,pgggﬁn
and the i sk cord Sak, Whenie 88l komiileisEHOBMILETUER iR RmE CRtf 2
receives its po"tﬁfmfér lnabtsarahd]épuwzoaésﬁsﬁaémneﬁﬂﬁﬁgbm‘d irag 'c'%um o

computer 10. These supply vol tages, shown as Vcc's I gare

through PM3Rsll, smelthemﬁﬁuﬁﬂarmwaﬁesbmﬂmmnsqurces to the
various units through the analog interface unit 26. 15 As shown in Figure

1, VccA is coupl ed t PMGR tPlncMeambneesm timertwhiciTisrkasediancthedifpHz at e
'Vcc sources are also provided from as dedi cated Vcc voltages to

serial communi cdfeauengy o} glogk 185, PM@@‘ 1 rﬁ|§° inglugas its own-ipterpalgiockswhighough

Voan s capect v e Rirns dh e (abFfifhe!@oddofth. A& sEBPHNErTE w8y 7 G fpon § fiakd ™
present between mﬂ&naeebaié woﬁ&?éé&id |Hfﬁrhp?70r4ﬁg§bé?iﬁ jUREVakdGR 11 and

analog interface unit 26. In the preferred enbodi ne ahal og interface

nit 26 i s qenmprimesitbring fanplionsal THat is)fastgathiew secandné chamtedl withiwPMGR g,
thé\—varl ous Vcc sources onto their corresponding l.ines. The cl ock control

unit 27 al so i n®@ nuaber af pefindic aperatiens pegurc Finstly.the real timeelrckapdahe o
t he correspondl

al so incl udes m‘g%"iﬁ | ' rr'!':e%i' ??% %@rﬁfﬁlﬁ’?déleﬁ'c i %?@e?ﬁtgfadqf}\ %‘?‘%n
5 o 5 A A IO A
: coincides with the tome set for the wake up timer (if enabled). Next, computer
15 10's power system and battery 17 are checked to determine the battery power
level.énd if a low battery condition exists. The battery charger circuit 18
includes means for monitoring the level of the battery and for determining if the
power leve! drops below a.predetermined level. Then, the internal temperature
is also checked followed by the interrupt to the CPU. Subsequently PMGR 11
o 20 sends any pending I/O transactions to CPU 12, _

It is to be appreciated that via unit 28 performs the function of an -
interface unit between the CPU 12 and PMGR 11. Via unit 28 includes general
purpose /O devices, intemél timers, interrupt generators, as well as input and
output ports. However, it is to be noted that PMGR 11 can be readily adapted

25 to operate without such a via unit 28 without departing from the scope
of the present invention.

In order to provide the control over the consumption of power by
computer 10 for the primary purpose of ea;tending the life of battery 17 when



- 14 - In the normal (or wake) node of operation, conputer 10 is fully
active and all of the switches within clock control unit 27 and the anal og
interface unit 26 are closed. However, commands can be provided by CPUYU 12 ¢
automatically in response to stored routines, or in response to a user

Input through I/Ounit 5 19, to deactivate transistor swtches which

coupl e VcecB, VccC and VceD, in order1die renove the applicable Vcc power

from t he sesmputerdOrisisconnested droi ah lexternkilipowes sdidrces AMERANY vers of unit
24 and nmodem 25. Alternatively, in order to conserve power of the battery,
Vce vol t agprovides fpbaduimber oh coatrolandmonitatingfunctians for this:pugposecd unt i L

such unit I,s requested by the systemor, 10 the user. | n order to
further cobberd s willzecioaausd campulal J030 bl ane:ot thres: aegarata rides

(i nactive) e ' ! ' fon ondil.Li 0 en the
bat tory. chl oegrali-cTng thrBs fiside g ¥ nditel Yo any ez ilbe, “Plpar”

predet eg m , ' I ‘i D i - rther 15
por at i on of FsoIRs to'dHRILI Y mloBpd B EBArbng Tré ek idhal baing' " .
PMGR 11 casentite giveardévive and/oncomrbiiing'the valtage beingosuppliddits adgiven ded by
CPU 12. CPU sends a sleep command to PMCR 11 en there has been no user
activity funit.aTpesinaksignals gouplied fomsthetgionk eacillater 16 1IPMGR 1d@redes to

t k and shut down th ut 0. 20 . . Bef tering. th
o1 oo moceouRIRd B UieEPek Co R ARIAT. « Dok Saptelainit 2Z opBIETeS.8s Brawithr | ous

the vari ou® FRIIE Y kbl Qb Sohfl3nTRs 4, 42 a0 P o, deffLs ' i O
RAM 14, § or cémhftinicalioh Cohiroér uil'S £ ahl IRE dIRRCOhEBIINT éﬁiﬁbﬁ.sre%gSctﬁiaW.ed in RA
14, PMER 11 releases all of the swtches in analog interface 25 “unit 26

that power is rArpowet suppiyn 29)avhieh reveivesriist powdr feombatiery. 19, provides t o be
noted that th%or\\lferdédsvorlteagg\s/a%g‘ gorn(t)pnt}teRﬁ %-.%hie;e. ﬁ%!&ioihgggs? r;%iw%egs \%c'g o
in Figure 1, are coupled through PMGR 11, wherein PMGR 11 provides
separate Vee sources to thé various units through the' analog interface unit 26.
15  As shown in Figure 1, VccA is coupled to the CPU 12 and related units. Three
other separate Vcc sources are also provided from PMGR 11 as dedicated
Vce voltages to serial corhmunication drivers 22, sound unit 24 and to the
‘modem 25 through analog interface unit 26. These voltages are designated as
VeeB, VeeC and VeeD, iespectively. It is to be noted that control lines are
20 . also present between PMGR 11 and clock control unit 27 and between PMGR U
11 and analog interface unit 26. In the preferred embodiment, analog interface
unit 26 is comprised of a plurality of transistor switches for switching the various
Vcc_ sources onto their corresponding lines. The clock control unit 27 also
includes various switches for coupling the clock signals to the corresponding
25 units. Further, itis to be appreciated that PMGR 11 also includes circuitry for
the various clocking signals for distribution onto lines 41-43. It is to be noted
that PMGR 11 can change the various clucki.ng rates of the clocking signals
present on lines 41-43,



vol atile menory such as an EPROM which is the case with the menory device

14. However, if RAM 14 is conprised of volatile - 15 - nmenory then the
transi stor switch applying Vcc power to RAM 14 is kept closed so that Vcc
is still applied to RAM 14 keeping it active in order to retain the stored

information. It is to be noted that non-volatile nenory is preferred so
that Vcc need not be applied to RAM 14 in tAk sl eep node. Further, it is to

be 5 noted that thelrpthefmirmar(oe wake) nidde of dperalivhiScompitey 10 i fuity active
alternative enbodi ment, VccA can be coupled onto line 45 in order to keep

the pquer supplndd@litof tlirswitchesTwithin claskreontrol uaik 28 andterRanalogdnterface unit

decoupled fromCPU 12 by clock control unit 27 thereby disabling the clock
out to. CPU 1B6:MR Gleselh HoweHerSmTENGs cap DerRIowed b P33 AlomEReAlY:

Sniact by’ ha o Mhfbefihbe f tofddtolihéd. 07 in BsHoRfe'ic’ & Wb inoLiaildh HOLATEL ) 19
typically vl 150y8 HehbtivalWahisisoP SWithé Whith %qc@r@wéa?v TENIVESDISin

Al t hough a nunber of conditions can cause conp 10 to wake fromthe

sl eep node, cogpderao réfhobeshé applicablesvedpowdiSiromahdisetiaicommunibation ggers it
to |l eave the sleep node. PMER 11 continues to nonitor |ines 37 such that
any input fromcontoliesrdrivets 22, soond wiriverscefunit 20and madenn25.0 Allernativelynint he

sleep state. The I/Oinput is typically a pressing of a keé,on t he keyboard
and/ or the nov@fafitogonsae pewes of thabatiery(¥es veltagasos RewRENG UAtS £2.0%#f f or

PR 11" had beBRCARaneEfetth aapibHIIHIbH i (4Hel.s Frdlee OF e Sieaet” ©

Upon the aghi vehd @gerof the al armclock, PMER wakes conputer 10 fromits
slegp state. Finally, the third condition of conputer 10 occurs if PMGER 11
was set to nonitor therdéetefurthencorisenve powesiRMGR 1 with sendcooniputer 10 into

v 2 ' 9% cloep (inaciive) mode under an occurtence of sither of two onditions.  Wheh

' the battery charger circuit 18 notes that battery 17 has dropped to a
predetermined level, which level ié deemed to be detrimental to further

15 operation of computer 10, PMGR 11 places computer 10 into a sleep mode.
PMGR 11 can ailso enter the sleep mode when a sleep command is provided
by CPU 12. CPU sends a sleep command to PMGR 11 when there has been no
user activity for a predetermined amount of time or when the user decides to
stop work and shut down the computer 10.

20 - Before entering the sleep mode, the operating system of the computer, -

- as well as the various drivers, save the current state information in RAM 14.
Thus, the state of the various registers, drivers and other memory devices are
stored within RAM 14 for Iaier restoration. Once these necessary states are
stored in RAM 14, PMGR 11 releases all of the switches in analog interface

25 unit 26 so that powér is removed from the various units of computer 10. itisto
be noted that power is removed from RAM 14 it RAM 14 is comprised of non-
volatile memory such as an EPROM, which is the case with the memory device

14.  However, if RAM 14 is comprised of volatile



25 11 and causes conputer 10 to awake fromits sleep state. Upon waking,
conputer 10 accesses RAM 14 to retrieve the stored state of the various
units for restoring conputer 10 to the state It was in prior to - 16 -
entering the sleep node. Further, upon waking,; conputer 10 initiates a-

di agnostic routine for ensuring proper operation of conmputer 10. The third
mode of operation of conmputer 10 is knowhSas the sl ow node. The sl ow node

is a condi tmemary thérmtheitarisistoraswiichéapplyling Vespomer tRAM hg iskeptk 5 rate of
the clocking signal to the various units is slowed. That is, by reducing

the clock rdps,e sodbatvecis sybapabednmﬁAwaeepmafaqam otsierite getainan Iy
bt d. cki | | 41- 43 be
orowed. i1 1ne Sereiutammationis ok e&%gﬁﬁ%”r&q:vo i ERENPTY I RSIGITRLED <1 oved.
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f rom the; nopgeY thBrife HieRraa effbiodihént ULeS CMOS Mgmeey od. af ter a

predetermned tine period, this time period being | ess than the tinme period

for placing the yas alteinative embodinsen, Wock car ibescouplfedontadined8 in occurs for
a certain duration, conputer 10 enters the slow 15 node first and if the

non-acti ve eyderéo keep ﬂmmermplndefo ¢BuI2. |Tbe/amerual ¢|9C|Qaﬂt|%MGﬁ]é1 sl eep
node after an addjtion e e ntered and
Gopar ted byoar B desenaiRd fiam GEY 48 HAigck eantil upis 37ane By isabina e c
signals to
horal oo HBES TR PEPE 12 A8 RN 6 HRbE ol A B e CEU A, o,
i nt ernajg st glabds Aife froRTAWRIER EPURMENAI m&&e&w& regustarst feffihiRgOr switch
50 utlllzed In the clock control unit 27 is shown. s to be appreciat
that only ointact\byt tedttirigthesexebution oftheGRU., Hdltmgahembanioncdi CRUWt20] unit 27
is conprised of a plurality of these
-typically will lower its power consumptuon by two orders of magnitude.
Although a number of conditions can cause computer 10 to wake from
the sleep mode, computer 10 has three possible
15 conditions which triggers it to leave the sleep mode. PMGR 11 continues to
monitor lines 37 such that any input from /O controlleﬂéé will cause computer
- 10 to wake from the sleep state. The /O inbut is typically a pressing of a key on
the keyboard and/or the movement of the cursor control device. The second
condition for waking up computer 10 occurs if the wake up timer (alarm _clock)
20  within PMGR 11 had been enabled and matches the real time clock within
PMGR 11.- Upon the activation of the alarm clock, PMGR wakes computer 10 |
from its sleep state. Finally, the third condition of computer 10 occurs if PMGR
11 was set to monitor the detection of a ring signal from modem 25. if an
incoming signal is received by modem 25, the ring signal is detected by PMGR
25 11 and causes corhputer 10 to awake from its sleep state.
Upon waking, computer 10 accesses RAM 14 to retrieve the stored state

of the various units for restoring computer 10 to the state it was in prior to

%



switches 50. A clock signal fromPMSR 11 is coupl ed through transistor 51
to 25 its corresponding device 52. The control signal is al so obtained
fsrom PMGR 11 and is coupled to the gate of the transistor 51. Wen

transi stor 51 is nmade active by the control signal, the clock signal is
coupl ed to device 52. Typically, deV|ce s a CNCS devi ce so that when
the cl ock si ed fronlt t he device

shuts down a?ﬁﬁﬁ% th?e§‘°ﬁ8 ﬁ'éoqﬂ' QPH ¥RQN 'élagﬂwmm{m ib fntigles Aot ed t hat

decoupLed 1 Mﬁ%ﬁ%ﬁ‘@ fieliBb plopel oetaRfies BRI G0 Ces ar e
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one of the smntches w t hi n anal og |nterfa uni t omm However, it

i's to be not €phé Slow mogk is alcohyitioh sirhitrdo s aamsmwale*eam that theamatlog
interface unit 26. One of the Vcc lines is coupled fromPMER 11 through

t L ansi st or5f 55rage otithei Qleclﬁmf s;gnebtatthewanomeuwsse slowad. P]ll'm !i.llf)y redusing gd to
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description in reference to Figures represented Ih various

ot her circui tclockiratelottihe tmcmgvmgmw linepHir ol CBUf120¢can Achieve26-30%t he
I nvention. Further, in reference to Figure 1, the actual devices and the

swi t chi ngtOf S&\&B"WW@I clock signals can be readily adapted to operate
vent b PoeeonE %*?%Bépeﬂhé’gf 8871%&"%"1%‘34“" thadararal EWdeFMETHER of the
present | ey e etAded %BE! {5 lel i findiAsfiob s 8 e ¢ -
being less than the time period for placing the system into the sleep mode. ;
Thus, if no activity occurs for a certain duration, computer 10 enters the slow
15 mode first and if the non-active cycle continues, computer 10 will eventually
enter the sleep mode after an additional time period.
The slow state can be entered and departed by user command or CPU
- command. it is appreciated that clock signals to units 20 and 21 can be
decoupled by clock control unit 27, wherein units 20 and 21 are deactivated
20 and will not lose the current internal states of those units.
| Referring to Figure 2, a transistor switch 50 utilized in the clock control
unit 27 is shéwn. it is to be appreciated that only one switch 50 is shown,
however, the actual clock control unit 27 is comprised of a plurality of these
switches 50. A clock signal from PMGR 11 is coupled through transistor 51 to
25 its corresponding device 52. The control signal is also obtained_from PMGR 11
and is coupled to the gate of the transistor 51. When transistor 51 is made
active by the control signal, the clock signal is coupled to device 52.
Typically, device 52 is a CMOS device so that when the clock signal is



. commands to PMGR 11 for connecting the Vcc power to applicabl e devices as
needed. Further, clock signals can be either disconnected fromvarious
devices, or in the alternative, PMGR 11 can provide different clock speeds, t
25 such as during the slow node. CPU 12 can be nmade to provide these
commands in response to a stored routine or in response to a nonitoring
function of the PMGR or in response to©1a -user interaction through 1/0O unit
19. - Y8moved fiam this ICMOS: device, dhe dévices shuts wowiy and:censimasongng er 10 are
responsi bl e for_ powering on and off their respective peripheral devices. It
is to be svely itlapower., dis 1@ be notgs that in some-ef the deMicasSUChHS UNitSt war e

drivers, a [,hation thereof, and the, preferred emodi e uses -

sof tware gq%%‘ig.q?*ﬂ?a?'ogk 51@?[9%}?{)&,45809929%@8@ '?'Bsggﬁ{"PBF vfrwgqb%vveri ng on
and of f t Rged' e ' : - he power to the disk control unit 20
al so powers tﬁm%%s&%i\ﬁ%aeé%er o the parallel comunications
controkl er 23 F&tQrring 10 Figlure<3, IcRATISIGOWIRRB4PEEMpNisinEene of thiguch as the
hard disk. The drivers of the serial comunications controller 21 and the
power to tdwitchesawithin analog igterface unih 28 is showrc oHowever: it iando beadtati These

drivers are responsible for maintaining the tine that these devices are
pover ed t dhat aPiuralibnat these evitahes Feside within analog inetiace unit26. J0Be & v

st vt o Skl BBl R Sk s st 2 32
I h A . i . : 0 : . i ed
et he o3 1 PG 08Bl 4 gd BBl S5 <00 < 0

I n thagei Nndontreflingi thd colplingPeEved fo dévicd §6 thedlighirafgistor BS\AYisydbel a ring is
detected by PMGR 11 or when activated by the CPU 12. As stated previousl
t hose devinoded thattpawerds sypplied toldeyicei S6puhen transiston b5 dsimadedtivel by

cont ol || gt Wasich SEPMLS Sk HhobSeaith orh Wlios Bivles ek $er WiFKST o¢ even
removed from device 56 when transistor 55 is cut off.
ltisto be appreciated that the above description in reference to Figures
15 1-3canbe represented in various other circuit equivalent forms without
departing from the scope of the invention. Further, in reference to
Figure 1, the actual devices and the switching of the power and clock signals
can be readily adapted to operate with other designs without departing from the
scope of the present invention. However, in order to provide a more
20 detailed workings of the present invention, various SpeCiﬁc details pertéinin'g'to \.)
the preferred embodiment are disclosed below. CPU 12 provides various
commands to PMGR 11 for connecting the Vce power to applicable devices as
needed. Further, clock signals can be either disconnected from various
devices, or in the alternative, PMGR 11 can provide-ditferent clock speeds,
25  such as during the slow mode. CPU 12 can be made o provide these
commands in response to a stored routine or in respbnse to a monitoring

function of the PMGR or in response to a user interaction through VO unit 19.



of the systemis off, therby retaining their internal states, but consum ng
| ess power. As such, clock control devices do not need be re-initialized or
rie- enabl ed when their clock is turned off. Those devices that do not have
a clock input or do not require any state to be retain are enabl ed/ di sabl ed
by 25 controlling their connection to powt® .- As stated previously, the

12 are atored i n R IEYS S Do e e Vi Bt 8t oqthineEsp B Léfhoaple
cl.oek. i nput can. 4 poaRg bl b eir8shebiiohigBRpASRPabliBed tdt Ribe HofeeS, of

CPU 12sare retaine I'n reference to attery charger circuit

18, th& circuit tHanhdgesrstdicohpulerrp cdncie hardwWars! of Softward divers) orgpver
source, but circuit 18 is also utilized to nonitor battery 17. PMGR 11

moni tors the poweombipgation thereof; and thelpretemned-grobedimentuses:software drivars. | Ehall
drops to a predetern ned | evel, ermttlng the 5 wuser_ to finish the

current job of tﬁesew @ is usad do sankalithe, PAWRANG RB Wrﬁfﬁf’l@rfeﬁf’ﬁg}vet@v'ces

BER 11 pr ovi des T (DR BOAK FLE st Gyt RR 0 Bablis 8 1Bk His Y "

digital sional . BbivBPtiplheidrafih AWl hiCaBHS Sofrolfer WS Boilefs ﬁ§3§ecﬂﬂated

mechanismis als to a to sense the tenperature and

anot her anal og- t pesiptaraicdevicy) s8¢ as té haid disk/GRha triversadithe sesidl t o convert
this analog signal to a digital signal. It is to be appreciated that the

PMGR 11 of the pcemawunioations cantroller 2d>fandnbeppwemthermnd driveps 8¢ ialsasaneor a
vari ety of techniques to nonitaor S nd control the distribution,aof ?ome an

cl ocking si gHal sconiroliedas peededn, g drivers;argdesnensible; for maipiaining e ime be
seNL/sust ai ning yhep, decaupled Lt poWerdY 6°4 AR GteP - Edikerve power.

Thus, they are only activated when a given parncular device is needed
Generally, each device driver will enable its peripheral device when the dnver _
is needed. _

15 In the case of the floppy disk controller 20, the power is only applied to
the peripheral device when an actual disk read or write is under way. Also, in
the instance with the modem 25, it is kept without power until a ring is detected
by PMGR 11 or when activated by the CPU 12. As stated previously those
devices that have system clock inputs are enabled/disabled by controlling

20 their connection to the clock. They can remain powered even though the rest

“of the system is off, therby retaining their internal states, but consuming less

| power. As such, clock control devices do not need be re-initialized or re-

| enabled when their clock is turned off. Those devices that do not have a clock
input or do not require any state to be retain are enabled/disabled by

25 controlling their connection to power. As stated previously, the power can be
rerﬁoved, from CPU 12in which case the internal stetes of CPU 12 are stored in
'RAM 14 prior to power down. lt_. is to be stressed that the clock input can be

removed from CPU 12 in which case the internal states of CPU 12 are retained.



-20 - CLAIMS 1. In a portable conputer, having a central
processing wunit (CPU, a nenory, a plurality of peripheral devices
including a user interactive device, and a battery for powering said - o
conput er, an apparatus for nanagi ng the use of power fromsaid battery by’
sai d conmputer, conprising: control means having timng neans and coupled to
said CPU for receiving conmands from sai @ Y and al so coupled to receive

i nputs fromsaid tar I ' [ ' ) S

oper at es under th?%%ﬁe?gfi%ﬁdsg?ﬁ\ghmggﬁs ?g%aégﬁd&$8@g%$esal | nput.s
fromsaid usbattémwhmt:b-ﬂﬁeaiwan%mananbmﬁsoﬂrcm%irems 98 9 alsoadtilizegEgl d -
battery for controlling distribution of said power to various units of said
conput er ; sataimonitor battergds PMGRB 1domphitorstthe power levebof batteey hzlandl ock and
distributing a clock signal to sonme of said various units of said conputer;

sai d cont r ol alagsibeymsgrwhen hatdevel greps toori predeternyiaedlevel, permidtingtheonput er
ti de f i di nq [ ratjon of ;said ter, |
mode for Bl abeario e the:qirdof jobiptdhe PAmBuler 2nd stifiina ST e cAmpilel - “and
| e . LDt o _an
o e’ ) el B i s dra GRE |
coupl ed to r aaRin/PMGR T flovities Toothal conversion Bf the &hdled baéry hage to a

sel ectively provides said power to.said various units _

digital signal. Although not shown in Figure 1, a temperature sensing
mechanism is also cbupled 1o a PMGR 11 o sense the temperature and

10 another analog-to-digital converter within PMGR 11 is also used to convert this W/
analog signal to a digital signal. o | |

 Ristobe abpreciatec_l'that the 'PMGB 11 of 't'h"e préférred embodiment of

the present invention provideé for a variety of iechﬁiqués to inonitor and control
the distribution of power and clocking signals in order to consetve the time that

15 computer 10 can be self-sustaining when deco-up'led from an external power

source.



and said clock signal to said sone of said various units when needed to
accessed in said active node, wherein said control neans renoves said p
fromsaid various units in said sleep node, wherein said control neans

reduces the frequency of said clock signal

said contro

of said various units in said slow node; first smntc Ied
ai i means for distributing sai dapggeL to sai (’WW&Q ﬂ s

first switching means including first switches for switchin
said Tirst
swi t chikng neans coupled to said control ceammsfor distributing said cl ock

si gnal

swi tches being controlled by said control neans; second

to said sonme of said various Udmts, Sard second swtching

means including second switches for switching said clock signal,
second swi tcheslbei ng cdntr @ | cpoxtakle d computérneahavxmmﬂtaniognteahs

for

t he

nmoni t oring
units to said

use

of

g@b&legg&hggs Uit s g.%)O,r ovh di Rambplor MRl qhh ey
ontro sai d non forlng neans n| O
sheyiphgrady slevéﬁ’ieﬁs ingludi ng & Yy interagtive device,

be
ower

coupled to 2% ——sald_sane

to
ald

sai d

ed
rs

provided by sai dn@li @ shtEaAs, fehepaverihgn sadiad dBMpUtdr ,NlaNEapparetest s
that said conpu

t, d f t det e d t
said active md%erslﬁ'sﬁdggdﬂg‘r:%?’%rsrgﬁ%%orﬁ "Ifﬁr%s ’E"J‘? I ’c‘g%‘?ﬁr{'g’? p%%t%-:

sl ow nodeomputer, comprising:

sai d

control means having timing means and coupled to
said CPU for receiving commands from said CPU and also
coupled to receive inputs from said user interactive

din

device, wherein said control means operates under the

control of said commands from said CPU and said inputs
from said user interactive device; '
said control means also coupled to said battery

- for controlling distribution of said power to various

units of said computer; .

said control means also coupled to provide an
internal clock and distributing a clock signal to some
of said various units of said computer;

said control means providing for three modes of
operation of said computer, an active mode for providing
active operation of said computer, a sleep mode for
placing said computer in an inactive state to conserve

. power and a slow mode in which the frequency of said

clock signal is reduced in order to reduce power
consumption to said some of said various units coupled
to receive said clock signal, wherein said control means
selectively provides said power to said various units
and said clock signal to said some of said various units
when needed to be accessed in said active mode, wherein
said control means removes said power from said various
units in said sleep mode, wherein said control means
reduces the fregquency of said clock signal coupled to



response to a first one of said commands from said CPU, wherein when said
noni toring nmeans detects that said conputer is not accessed for a second
predeterm ned tine period in said sl ow node, said control neans controls
said conmputer to enter said sleep node in respqonse to a second one of said
commands from said CPU, wherein when said nonitoring neans detects said :
inputs fromsaid user interactive device in sai dunmmmglmmu;ﬂmgde sai d
control nmeans controls said conputer to return t e. 2. .
The apparatus of Claim1, wherein sai2d control * % 22 ! ndan% controls
said first switching nmeans to decoupl e said power fromeach of said va'r,_'wus

units coupled to said first switching neans until said each of said =
vari ous uni B3ig sonee®f saidyardaussanits da ¢addysilews aiadlesct i ve node,

wherei n said cont rolf'imwssggeéﬁ%é Mahe | EShpeat ¢y ngairgal&,,ttg:diecoupl e
said power fromsaid each of said varjious units in said sleep npde. 3.
The appar at 13 &ox dist Ng S8 power;tasaid vardqusanitsyyj g

second  swisadd rEirstansitching cheans VehyldaingPEtrati gwikenessisgial from
moans unt | SBARRRAPL o B4 ety BaFRo DR "Bt R0 sl
accessed whicoatggld ety ¢aid aentrolnmeans;sai d power to said each of said
some of said variougdHyrdd switching means coupled to said control

means for distributing said clock signal to said some of

said wvarious units, said second switching means

including second switches for switching said clock W,

signal, said second switches being controlled by said
control means; '

‘monitoring means for monitoring said various
units and pfoviding information of monitored units to
said control means, wherein said monitoring means
monitors the use of said various wunits at a
predetermined time interval provi&e’d by said timing
means, wherein when said monitoring means detects that
said computer is not aCc_:eSsed for a first predetermined
time period in said active mode, said control means
controls said computer to enter said slow mode in
response to a first one of said'¢ommands- from said CPU, .
wherein when said mqnitoring. ‘means detects that said \/
computer is not accessed for a second predetermined time
period in said slow mode, said control means controls
said computer to enter said sleep mode in response to a

' second one of said commands from '.said CPU, ‘wherein when
said monitoring means detects said inputs from said user
interactive device in said slow or sleep mode, said
control means controls said computer to return to said
active mode. |

2. The _apparaftus' of Claim 1, wherein said control



-

4. The apparatus of Caim 3, wherein prior to entering said sleep
node, said apparatus stores states of said CPUin said menory and retri eves
said states of said CPU from said nenory when said conputer

said active node by said apparatus. 5. The appa
wherein said first and second switches are field- efflﬂ'm MI{IHME”(S
The apparatus of Claim1, further conprising a referenceccloc

coupled to said control neans .for providi g a crystal controlled reference

cl ock+signal. 7. The apparatus of Caim 1, wherein said
noni tring neans is a set of programinstructions running on said control
nmeans. - 23 meahs contThésamaidat fidrst Ewitchingwmragis tai dlecomple

nmeans mai nt ai Ng; 54 daag%‘;r f%msaé&fp&wgh%ﬁerﬂﬂ\ﬂw éﬂ% CFBﬁé]l%Hgﬁer e| n

fromsaid CPU in sai appar at us

sai d control méid f fime FWéFGHé@ga Bears | intider sajder epghs 04

neans- control s v%&‘fb@@ﬂi@é 59eeabaaeaat% 3d 'é{&:é@&@ifﬁfﬁbéiﬁdcﬁt}e% m)de
when said wake u is set, by said gontrql, neans to count for

reaches a thi r.cF dEP i¥En&Pds nevReretn spdd con aPparsat 19:9"'5‘?' Sai m
1, wherein sai Gait £fdisteswitchihgomeans o odecdwplée osaidepowerd fadm ve

node from sai d g een, Jude phaly ¢ ALl R Wi TPUR S D FoddiPut TTom a

nodem coupl ed t0 ‘Sai means

3. The apparatus of Claim 2, wherein said control
means controls said second switching means to

— selectively decouple said clock signal from each of said
some of said various units coupled to said second
switching means until each of said some of said various
units are needed to be accessed while said control means
maintains said power to said each of said some of said
various units.

4. The apparatus of Claim 3, wherein prior to
entering said sleep mode, said apparatus stores states
of said CPU in said memory and retrieves said states of
said CPU from said memory when said computer is returned
to said active mode by said apparatus.

S. The apparatus of Claim 1, wherein said first and
second switches are field-effect transistors.

6. The apparatus of Claim 1, further comprising a
reference clock means coupled to said control means for
providing a crystal controlled reference clock signal.

- 7. The apparatus of Claim 1, wherein said
monitoring means is a set of program instructions
running on said control means.



11. The apparatus of Claim1, wherein said control neans controls said _
conputer to enter said active node fromsaid sl ow node when said nonitoring -

nmeans senses an input fromsaid user interactive device within said second ¢

predeterm ned tine period. 12. In a portable conputer, having a

central processing unit (CPU, a rrermry, Mmmmm ullﬂnmerl pheral
devi ces including a user interactive device, an ower i ng
sai d computer, an apparatus for nmanagi g t he use *of *poler® frfom™sai d battery

by said conputer, substantially as her & nbef or e descrlbed with reference to
t he acconpanyi ng draw ngs. o

8. The apparatus of Claim 1, wherein saia control
means maintains said power to said CPU while removing
said clock signal from said CPU in said sleep mode.

9. The apparatus of Claim 1, wherein said control
means further includes a wake up timer, wherein said
control means controls said computer to  enter said
active mode from said sleep mode when said wake up timer
is set by said control means to count for and reaches a
third predetermined time period.

10. The apparatus of Claim 1, wherein said control
means controls said computer to enter said active mode
from said sleep mode when said mbnitorihg means senses
an input from a modem coupled to said control means.

11. The apparatus of Claim 1, wherein said control
means controls said computer to enter said active mode
from said slow mode when said monitoring means senses an
input from said user interactive device within said
second predetermined time period.

12. In a portable computer, having a central ;/
processing unit (CPU), a memory, . a plurality of
periphefal devices including a user interactive device,

and a battery for powering said computer, an apparatus

for managing the use of power from said battery by said
computer, substantially as hereinbefore described with
reference to the accbmpanying drawings.




