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The invention relates to a power management system in a computer, and more

particularly, to a power management system for hibernating a computer.

Personal computers are constantly evolving to provide a user with the highest
performance available at the lowest cost. Performance improvements in the MiCroprocessor,
memory and data storage systems have resulted in personal computers so powerful that they are
now capable "of performing tasks that before could only be performed by large mainframe
computers. The proliferation of pel;sonal computers is driven in part by the ever increasing
performance of the electronic components and by the ever dropping prices of the computers.

Technological changes are especially exemplified in the area of portable and palmtop
computers where power consumption efficiency needs to be balanced against features, cost, size,
weight and performance. This is especially challenging since many computer users desire the
portable- computer be compact, lightweight and yet provide the same processir}g power as that

of a desktop unit so that compute intensive applications, such as computer aided design, three

dimensional animation, and video presentations, can be performed even if the user is on the road

and does not have access to his or her desktop computer.

One problem associated with battery powered portable computer systems is the operating
period per set of batteries. Although portable computer users prefer long operating ﬁme between
battery recharge or replacement operations, the weight and space limits imposed by the physical
structure of the portable computer provide a natural limit to the operating period that a set of
battery can support. Many solutions have been proposed to reduce power consumption of a

" portable compﬁter system, particularly when the system is not in use.

One solution used in portable computers with Intel's 486™ SL microprocessor provides
a suspend hardware which allows the system to power-off with an application running after a
predetermined period of user inactivity and resume the application transparently when the user
continues work using the portable computer. In accordance with the Intel 486™ SL data sheet,
the suspend mode is the maximum power saving mode as it eliminates all power usage except

that required to retain the state of the computer system before power is removed. In the Intel
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- 2- 10 such that their states can be accurately restored in the resume function. Thus, in addition to

primary memory conténts, the suspend code has to save the state of the registers of the processor
as well as support chips for the resumption of processing when the computer is waked up.

In the event that the system is in suspension, activities directed at the computer, such as
the assertion of the suspend/resume button pin or the opening of the lid of the computer, initiate

15 a resume operation to remove the computer system from its suspend state. When a resume
operation is initiated, the 82360SL chip restarts the CPU clock and causes a soft reset. During
warm-boot, by examining the suspend status bit, the system BIOS can determine if a reset had
been caused by a resume event. If the suspend status bit is set, the reset is a resume reset and
control is passed to the system management interrupt (SMI) handler. In this manner, in the Intel

20 486™ SL, information saved by nonvolatile memory before the suspend operation is used by the

" SMI handler to restore the system to its original state prior to suspend. ,

Since the Intel 486™ SL suspend specification, computer vendors have added a variation
known as hibernation where the contents of memory as well as the registers of the processor and
support chips are stored in a disk file known as a hibernation file. The ability to store the

25  hibernation file in the disk drive allows much larger system configurations to be stored, such as
much multimegabyte main memory size, high resolution video memory, and related information

. to be economically stored in the computer system’s already available disk drive. By using the
disk drive in place of the non-volatile RAM, the computer system can hibernate even if memory
intensive applications are loaded into memory. Further, by using an existing disk drive rather

30 than adding an expensive non-volatile memory devices, the price of the computer system is kept -

In conventional portable computers offering the hibernation capability, the hibernation

| _trigger is typically activated after a fixed time interval or period of inactivity from the user.
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exi sting dithis rdérhd@ riedliéifo store the chip register contents to arrive at the determination of the
hibernation file size. Next, the time or energy is determined necessary to save the hibernation
file to the disk data storage device.  The battery capacity is then monitored for a drop below a
predetermined threshold of the previously computed hibernation energy value. When that
25 condition is true, a warning message is displayed to the user, the libernation process is initiated
to save the hibernation file, and the portable computer is shut down after the hibernation file has
~ been properly saved.
Thus, by determining the total memory size to be saved in the hibernation file, by
determining the time or the energy required to completely store the hibernation file into the disk
30 drive, and by sensing either the battery capacity on a periodic basis or by requesting that a smart
battery sends an alarm to initiate the hibernation file saving process, the present invention ensures
that sufficient energy exists in the battery pack to properly save the hibernation file in the hard

_disk drive before a system shut down occurs due to the low battery capacity while maximizing
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10 Figure 2 is schematic block diagram of a microcontroller for performing the dynamic

hibernation time device of the present invention;
Figure 3 is a flow chart of a power-on sequence which is executed by the computer
system of Figure 1;
Figure 4 is a flow chart of the process for determining a hibernation energy value in
15  accordance with the hibernation power management system of the computer system of Figure 1;
Figure 5 is a flow chart illustrating the process for hibernating the computer system of
Figure 1 when conventional batteries are used;
Figure 6 is a flow chart of a process for querying a conventional battery for remaining
capacity in accordance with the present invention;
20 Figure 7 is a flow chart illustrating the process for determining the hibernation energy and
setting up a smart battery in accordance with the present invention;
Figure 8 is a flow chart illustrating the process for setting up the smart battery in Figure
7
Figure 9 is a flow chart illustrating the steps for ln’bern,atiﬁg the computer system of
25 TFigure 1 when smart batteries are utilized;
Figure 10 is a flow chart illustrating the process for setting up smart batteries such that
' a warning message will be sent to the user at a predetermined period before hibernation; and
Figure 11 is a flow chart illustrating the process for hibernating the computer system of
Figure 1 with the warning message of Figure 10 when smart batteries are utilized.
30
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KEYBOARD CONTROLLER," by David J. Delisle, William C. Hallowell and Patrick R.
Cooper, filed concurrently herewith;
U.S. Application Serial No. 08/684,413, entitled "FLASH ROM PROGRAMMING," by
Patrick R. Cooper, David J. Delisle and Hung Q. Le, filed concurrently herewith; '
15 U.S. Application Serial No. 08/684,414, entitled "FLASH ROM SHARING," by Hung
Q. Le and David J. Delisle, filed concurrently herewith;
U.S. Application Serial No. 08/684,486, entitled "BUS SYSTEM FOR SHADOWING
REGISTERS," by Dwight D. Riley and David J. Maguire, filed concurrently herewith;
U.S. Application Serial No. 08/684,412, entitled "CIRCUIT FOR HANDLING
20 DISTRIBUTED ARBITRATION IN A COMPUTER SYSTEM HAVING MULTIPLE
ARBITERS," by Dwight D. Riley, James R. Edwards, and David J. Maguire, filed concurrently
herewith;
U.S. Application Serial No. 08/684,485, entitled "LONG LATENCY INTERRUPT
HANDLING AND INPUT/OUTPUT WRITE POSTING," by David J. Maguire and James R.
25 Edwards, filed concurrently herewith;
U.S. Application Serial No. 08/684,710, entitled "SERIAL BUS SYSTEM FOR
. SHADOWING REGISTERS," by David J. Maguire and Hung Q. Le, filed concurrently herewith;
U.S. Application Serial No. 08/684,584, entitled "APPARATUS AND METHOD FOR
POSITIVELY AND SUBTRACTIVELY DECODING ADDRESSES ON A BUS," by
30 Gregory N. Santos, David J. Maguire, Dwight D. Riley, and James R. Edwards, filed

concurrently herewith;
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freely process data without the risk of losing data due to an

i nsufficient battery capacity for hibernation purposes. 5 A
better understanding of the present invention can be obtai ned when the
fol |l ow ng detail ed description of the preferred enbodi nent is
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Turning now to the drawings, Figure 1 is a computer system S according to the present
invention. In Figure 1, the system S comprises a portable computer 80 and an expansion base
unit 90. Within the portable computer 80, a CPU 100 and a level two (L2) cache 104 are

15 connected to a high speed local bus 105. The processor 100 of the.preferred embodiment is one
of the 80X86 microprocessor family manufactured by Intel Corporation of Santa Clara,
California. In the preferred embodiment, the processor operates with a standard IBM-PC
compatible operating system, such as MS-DOS or Windows, available from Microsoft
Corporation of Redmond, Washington. The L2 cache 104 provides additional caching

20 capabilities to the processor’s on-chip cache to improve performance.

In addition to the CPU 100 and cache 104, a number of memory interface and memory
devices are connected between the local bus 105 and a PCI bus 106. These devices include a
memory to PCI cache controller (MPC) 101, a dynamic random access memory (DRAM) array
102, and a memory data buffer (MDB) 103. The MPC 101 s connected to the DRAM array 102,

25 which is further connected to the MDB 103. The MPC 101, DRAM array 102, and MDB 103
collectively form a high performance memory system for the computer system S. A video

- controller 108 is also connected to a PCI bus 106.

The PCI bus 106 is also connected to a system controller 112. The system controller 112
is a PCI to ISA bus bridge which also provides various support functions for the portable

30 computer 80 and the expansion base unit 90 of the system S. Preferably the system controller
112 is a single integrated circuit that acts as a PCI bus master and slave, an ISA bus controller,
an ISA write posting buffer, an ISA bus arbiter, DMA devices, and an IDE disk interface. The
system controller 112 is connected to an audio controller 116 and a modem 118 as conventionally



25 Figure 1 when snart batteries are utilized, Figure 10 is a
flow chart illustrating the process for setting up snmart batteries such

t hat a warning nessage will be sent to the user at a predeterm ned
peri od before hibernation; and Figure 11 is a flow chart

Il lustrating the process for hibernating the conputer system of Fi gure
1 wth the warning nessage of Figure 10 when smart batteries are utilized.
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R The system controller 112 is connected to an MSIO (mobile super I/O) chip 120. The

MSIO 120 is connected to a flash ROM 122. The flash ROM 122 receives its control, address
and data signals from the MSIO 120. Preferably, the flash ROM 122 contains the BIOS
10 information for the computer system S and can be reprogrammed to allow for revisions of the
BIOS. Additionally, the MSIO 120 provides a parallel port 180, a serial port, a floppy interface,
a keyboard interface and a mouse interface, among others, for the computer system S.
A plurality of Quick Connect switches 109 are also connected to the PCI bus 106. Upon
detecting a docking sequence between the portable computer 80 and the base unit 90, the Quick
15  Connect switches 109 couple the PCI bus 106 and the IRQSER bus 144 to an expansion PCI bus
107 and an expansion IRQSER bus 145 on the base unit 90. The Quick Connect switches 109
.are series in-line FET transistors having low r,, or turn-on resistance, values to minimize the
loading on the PCI buses 106 and 107 and the IRQSER buses 144 and 145.
Tuming now to the expansion base unit 90, one or more PCI masters 132 are connected
20 on the expansion PCI bus 107, which is adapted to be connected to the PCI bus 106 over the
Quick Switches 109 when the portable computer 80 is docked to the expansion base unit 90. The
PCI bus 107 is also connected to PCI slots 142 and 144 and also to a card-bus interface 146 for
accepting expansion cards. Also connected to the expansion PCI bus 107 is a second system
controller 130, which is preferably a second integrated circuit of the same type as the system

25 controller 112. The system controller 130 is configured to be the slave upon power up. Asa

slave, the write posting buffer is not available in the system controller 130. The system controller

. 130 is connected to the expansion PCI bus 107 and the interrupt serial bus 145. The system

controller 130 supports additional drives 137 and 139 through an the IDE interface 134. The

system controller 130 also supports an ISA bus 135 which is connected to one or more ISA slots

30 136-138. The system controller 130 is further connected to a second MSIO device 140, which
provides a secondary parallel port, serial port, and floppy interface.

Thus, the system S, upon docking, may have multiple parallel ports, serial ports,

keyboards, mice, and disk drives via the system controllers 112 and 130. Additionally, the
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controller 112 communicates with the super O device (MSIO) 120 over the ISA bus. In the
10 MSIO device 120, an interface unit 170 is connected to the ISA bus for receiving instructions
from the CPU 100. The interface 170 provides a number of “mailbox” registers mapped into the
/O memory space to facilitate the interprocessor communication and coordination between the
CPU 100 and a microcontroller 174. The interface 170 is connected to the enable input of an
oscillator gating circuit 172 to allow the CPU 100 to control the generation of the clock to the
15 microcontroller 174. The oscillator gating circuit, or the variable clock generator, 172 receives
a clock signal which is externally generated by an oscillator 185. The oscillator gating circuit
or variable clock generator 172 preferably receives a 14 MHz clock signal from the oscillator 185
and generates a programmable clock output that can be selected from 0MHz, 12 MHz, 14 MHz,
or 16MHz. The oscillator 185 is active when the computer system 80 is in the on state.
20 Further, an external real time clock (RTC) oscillator 186 is connected to the oscillator
gating circuit 172 to clock the RTC circuit (not shown) and to clock the 8051 microcontroller 174
whenitisina deep sleep mode. The RTC oscillator 186 which supports the updating of system
time and date functions is constantly maintained even when the CPU 100 has been turned off.
Thus, the RTC oscillator 186 is available as a last resort clock for_the microcontroller 174 when
25 itsleeps.
The deep sleep mode is an ultra low power mode where most sections of the
* microcontroller 174 are shut down to conserve power. This mode is a special mode that is
provided as an enhancement to a standard 8051-compatible microcontroller cell. The deep sleep
mode is entered when the standard 8051 IDLE instruction is executed with a particular register
R 30 bitset. In this mode, the microcontroller 174 assumes that it will operate off a ring oscillator 187
and thus arms the ring oscillator 187 such that the ring oscillator 187 will wake up when certain
" events such as interrupts are presented to the microcontroller 174.



- 6- U S. Application Serial No. 08/ 671,316, entitled "TWD | SA
BUS CONCEPT, " by Gregory N Santos, David J. Maguire, Dwight D. Riley,
and James R Edwards, filed concurrently herew th; U. S.
Application Serial No. 08/684,490, entitled "RECONFI GURABLE DUAL 5 MASTER
| DE | NTERFACE," by Gregory N. Santos, David J. Maguire, WIlliamC

Hal | owel |, and Janes R Edwards, filed concurrently herewith; and
U S. Application Serial No. 08/684, 255, entitled "COVPUTER SYSTEM
| NCORPORATI NG HOT DOCKI NG AND UNDOCKI NG CAPABI LI TI ES W THOUT REQUI RI NG
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t he processor operates with a st andar atible operatin

system suchchthatbe pisroeentrpilerdiFsan weke upthe dng pssillator éggybm certain internal an
Cor por at i on, of nfed TPL dre éﬁﬁﬁmi 84 O%ne HREmbPeveRs Qﬁan%e B@Cﬁ{é g@&o&%ﬁéﬁ%'

caching 20 ~capabiliiies € processor S on-
per f or ma@cdnclude the actuatlonl of thechitigt indicatdrdraninthe ﬁBdeﬂl,O(he amddhyémtten, lmlhﬂmnam:xb er

bus 105 androhcfCHCEA i Stiek and s R nGER0F o BRRGS S TP e

control | er ribfcontsblér,17a uﬂmaameﬁtsrraad@ﬁbameammkwaﬁﬂmwmﬁm time, the102,
o T b5, B ks st o s S 3 o A e
array 102, _tﬂ&ﬂﬂé\@nmc Corporatlon of Hauppauge, NY. Finally, the output of the oscillator gating
15 circuit 172 is provided to the clock input of the 8051 compatible microcontroller 174.
Other than the special clock circuits discussed above for the deep sleep feature, the 8051
compatible microcontroller 174 has a random access memory (RAM) 175 and a read only

memory (ROM) 176 for storing boot-up instructions. The microcontroller 174 has a built-in
timer 177 named Timer_0 which may be used to allow the microcontroller 174 to detect failures
20 when the timer time-outs. The timer 177 is a count-up timer which interrqpts at the rollover
point. The timer 177's duration and count-up sequencing are controlled by the microcontroller
174. The timer 177 generates an interrupt to the microcontroller 174 upon the completion of its
count sequence. The generation of the interrupt to the microcontroller 174 wakes the
microcontroller 174 out of its idle mode so that the processing of the routines of the present
25 invention can be performed. The timer 177 is used as a fail-safe mechanism to wake up the

microcontroller in the event of power failures and other abnormal operating conditions.
Although a conventional timer can be used, the present invention also contemplates that
~a watchdog timer can be used in place of the timer 177. In the event that the watchddg timer is
used, the software overhead on the microcontroller 174 is reduced, as the watchdog timer will
30  reset the microcontroller 174 in event of an abnormal program execution. If the watchdog timer
is not periodically reset by the microcontroller 174, the counter in the watchdog timer overflows,
causing the microcontroller 174 to be reset. The watchdog timer thus restarts the microcontroller

174 in abnormal situations, providing for recovery from a hardware or software error.



collectively forma high performance nenory system for the conputer system

S. Avideo controller 108 is also connected to a PCl bus 106.

The PCI bus 106 is also connected to a systemcontroller 112. The system
controller 112 is a PCl to | SA bus bridge which al so provi des vari ous
support functions for the portable 30 conputer 80 and the expansi on base
unit 90 of the systemS. Preferably the system controller 112 is a
single integrated circuit that acts as a18€l bus master and slave, an | SA
bus controller, an | SA wite posting buffer, an | SA bus arbiter, DVA
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for drivi ng tignserang daga from the paralial port diegtiycte thearegesser 100yia theisystery epnpeofler 112.
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Fevi st ons Ot ew valid BIOS to be loaded to the flash ROM 122.

Additionally, the microcontroller 174 of Figure 2 receives battery information from one
or more battery packs 191 and 193 over an inter-integrated circuit (I°C) bus.  The inter-
integrated circuit (C) bus is a simple bi-directional two wire bus for efficiently controlling

15 multiple integrated chips. Details of the IC bus can be found in the "The I?C-Bus and How to
Use It (Including Specification),” published by Phillips Semiconductors, January 1992. Briefly,
the °C bus consists of two lines: a serial clock (SCL) and a serial data line (SDA). Each of these
lines is bi-directional. The SCL line provides the clock signal for data transfers which occur over
the I°C bus. Logic levels for this signal are referenced to VBATT-, which is common to all

20 installed battery packs B. The SDA line is the data line for data transfers which occur over the
PCbus. Again, logic levels for this signal are referenced to VBATT-. As illustrated by a second
installed battery pack 193, the battery microcontroller of any additional battery pack is also
coupled to the MSIO 120 via the I°C bus. Low value series resistors (not shown) are typically
provided at each device connection for protection against high-voltage spikes.

25 Each device connected to the °C bus is recognized by a unique address--whether it is the
MSIO 120 or the battery microcontroller of any installed battery packs 191 and 193. Both the

- MSIO 120 and battery microcontroller incorporate an on-chip interface which allows them to
communicate directly with each other via the I°C bus. Using the I°C bus in cooperation with the
master battery signal MSTR_BAT reduces the number of interface signals necessary for efficient

30 battery management. Co-pending U. S. Patent Application No. 08/573,296, entitled "BATTERY
PACK WAKEUP" and filed on December 15, 1995, illustrates various aspects of nickel-based
and lithium ion battery packs and communications over a serial bus. This application is hereby

.incorporated by reference.



BIOS. Additionally, the MSIO 120 provides a parallel port 180, a seri al
port, a floppy interface, a keyboard interface and a nouse interface,
anong ot hers, for the conputer systemS. A plurality of Quick
Connect - swi tches 109 are al so connected to the PCI bus 106. Upon

detecting a docking sequence between the portable conputer 80 and the base
unit 90, the Quick 15 Connect swi tches 109 couple the PCI bus 106 and the
| RQGSER bus 144 to an expansion PCl bus 107 and an expansi on | RQSER bus
145 on the base unit 90. The Quick Connedf~switches 109 are series
in-line FET transistors having low r[err] or turn-on resistance, values to
m ni-m ze t he Fultherli they mierotdnerolRE] 17dusiss réc@ﬁeﬁhﬂut&&?omra:lpmmm mlbsjses

144 and 145. t he ex an5| un|

rore POl madpeidngscomper B oReritk AI5h 164, Bower Bipaieciigs, ks sadby et i

i s adapt ed tThelid cpering swieh E%s&ﬁ%@smntﬂélﬁdéﬁﬁewhﬁﬁt&bﬁtem so isQpbried, iﬁmétﬁa es
109 when the po tabl e conputer 80 is docked to_the expansion, base unit
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a card-bug 'dl&ﬁﬁft\ﬁ'ﬁﬁnﬂlﬂﬁoﬁﬂecompmeﬁﬁ@%ﬁléﬂﬂS%Wteﬂlﬁﬂ%stﬂ&grﬁ%ﬁ ted
to the expansion PCl bus 107 is a second system control ler 130, I ch

is prefer ablgﬂmblgm|SYﬁQEQ$(hm@H1dlﬂmQﬂ9|0u’ a@mm&mmnwoa@rtwew&m 25
troll t
controfler 2 %ﬂ@ﬁﬁg&g%’ﬁ?h&ff% erlztﬁs elfgﬁt;tg%érﬂzcﬁb%o{xtp&]eﬂ .

upon power e pos 'S not aval
i n the syst ecansesthe mickasontidiler 17h® exitsts drepcsiaep mmldb &f the microcod@roller 174 lsrmsuohd

control Fer - 130% B state PE isrorapirileg 1A brsvgh ken shkosti i ThadiE ™
i nt er f ac@0 134 respbisl to the actugitidresf theswitchés oz thelindertivnfremovap ohthe Batfefy pfoks Dosanld35

which is conpected to one or nore | SA slots 30 136-138. The system
controller 158-is further connected to a second MsI O devi ce 140, which

provi des a secondaally, ﬁﬁéﬁhﬂo@énﬁ%ﬂértl74$sedohﬁécteﬁ%hk df1|9?96b’reéei\‘1@%&a?§&xtnes
Thus, the system S, upon docki ng, H\é have nmul ti p aral l el ports erial
.|

ports, frerp sses, The misrocantapller furthes;capnected-fo as%mrmmt#rdﬁs Sthich] 12
and 130. Ad dﬂr&%@é&%éu)ﬁtedtigwc and +12VDC to the VCC2 plane to power the portable computer 80.

15  The DC/DC converter receives 2 DC voltage supplied by an AC/DC converter (not shown)
which is connected to the AC power at a docking _station (not shown). When the portable
computer unit 80 is docked with its docking station, it communicates with peripheral devices,
receives DC currents for charging batteries plugged into the portable computer 80 and for
operating the portable computer unit 80. The DC/DC converter 198 has an enable input driven

20 by the microcontroller 174 such that the microcontroller 174 can turn on or off the DC/DC
converter 198. The battery packs 191 and 193 may be a convenﬁoﬁal Nicad or Lithium
rechargeable battery or they may be consumable, one-time use type of battery. However, as
conventional batteries are less predictable with respect to their energy capacity, the battery packs
191 and 193 are preferably smart batteries which offers power management, precise charge

25 control, accurate capacity monitoring and extensive data logging capability, and can
communicate battery information to the microcontroller 174 wﬁich ultimate communicates such

. information to the CPU 100.
Turning now to Figure 3, the process for powering-on the computer system of Figure 1
. isdisclosed in more detail. In Figure 3, upon entry to the power-on routine, the microcontroller

30 174 boots up first in step 252. In step 252, the microcontroller 174 boots from its internal ROM
and performs various low level system tests. Next, in step 254, the microcontroller 174 checks
if the content of the flash-ROM 120 is acceptable in step 254. If the content of the flash-ROM
120 has been corrupted, the routine of Figure 3 performs a flash-ROM 120 recovery routine in



system S may have a plurality of PCl and | SA type peripherals on their

respective buses. The availability of a plurality of slots allows nore
peri pherals to be connected to the system S and contributes to the
useability and flexibility of the portable conputer 80 when it is docked to
t he expansi on base unit 90. 5 Turning to Figure 2, the

circuitry of a mcrocontroller 174 for nonitoring avail able battery
energy is shown. The mcrocontroller 174-yp-eferably comunicates with snmart
batteries in determ ning remaining battery capacity, but can work with
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updating of ﬁ)féet ifitd main memory after POST completes its operation. .
15 From step 260, the routine of Figure 3 boots up the portable computer system 80 in step

262. The routine of Figure 2 then transfers control to the disk operating system (DOS) in step

264 before the routine of Figure 3 is exited in step 266.
From step 258, in the event that the hibernation bit has been set, the routine transitions
from step 258 to step 268 to determine the drive where the hibernation file is stored. Generally,
20 the drive is assumed to be the hard disk drive in the hard disk bay of the portable computer 80,
as the chance that the boot hard disk will be removed from the hard disk bay is less than the
chance that the hard disk will be removed from the multi-bay. From step 268, the routine reloads
the RAM and the chip contents with the saved value from the hibernation file stored in the data
storage device of step 268. At this point, the portable computer system 80 is restored to the
25 identical state prior to its entry into the standby and hibernated state to conserve energy. Next,
the routine executes from the last saved program counter in step 272 and the CPU 100 resumes

_ processing from the point where it was last suspended.
| Turning now to Figure 4, the routine to compute the hibernation energy value required
to store the hibernation file is disclosed. The routine of Figure 4, HIBENERGY 280, first
30 -retrieves a main memory size from the personal computer’s system parameter table in step 282.
The memory size is normally determined during the boot-up time by the BIOS when it performs
various memory sizing and diagnostic operations. Additionally, in the event that the portable
computer system 80 has received additional system memory via expansion ports such as a



time and date functions is constantly mai ntai ned even when the CPU 100 has
been turned off. Thus, the RTC oscillator 186 is available as a | ast
resort clock for the mcrocontroller 174 when 25 it sl eeps.

The deep sleep node is an ultra | ow power nbde where nobst sections of the
m crocontrol ler 174 are shut down to conserve power. This node is a special
node that is provi ded as an enhancenent to a standard 8051-conpati bl e
m crocontroller cell. The deep sl eep -13mode i s entered when the standard
8051 IDLE instruction is executed with a particular register 30 bit set. In
t hi s node, IAC r ' irts| coRmeteat i N
osci |l | ator %ggd('fi‘A ﬁ&gg@ttsﬂh@? &ts %Sﬁﬁgﬁgh%s ?Illéli%t%urdslcm s&e?_h@ttﬁéa oﬁyutlaé k
ring oscil | eomputeBTysteink BO wark addsshevnemony size asseciated withthe memopitin the expansion

interrupts ar r ] er 174.
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f eedback is broken and ] oscillation stops. The control gate of the
pass transi theoHIBENERGYeroutite 280 retrieves diskrelated: informationzsiored in a parameter table.

10 From these parameters, the HIBENERGY routine 280 derives information relating to the
read/write access speed as well as the power consumption characteristics to disk drives mounted
to the portable computer system 80 in step 288. This is done, for example, by examining a

lookup table with information for known drives in terms of milliwatts per period of time. For

example, thefe can be a default, maximum consumption value for unknown drives. The disk

15 parameter querying step is disclosed in more detail in the previously-incorporated patent
application entitled "BOOT DRIVE SELECTION AND HIBERNATION FILE DETECTION".

From step 288, the HIBENERGY routine 280 computes the time or energy necessary to

save the hibernation file on the disk drive in step 290. Essentially, step 290 divides the

hibernation file size by the disk drive's write speed to arrive at the time required to write the

20  hibemnation file to the disk drive. Next, from step 290, the HIBENERGY routine 280 computes

the hibernation energy required to operate the disk drive for the time period determined in step

290 to save the hibernation file in step 292. This step is accomplished by multiplying the time
required to save the hibernation file with the power consumption parameter on the disk drive.

Although these two steps are shown as computing energy based on time, other techniques

25 could be used, such as energy per megabyte written. Alternatively, an empirically derived lookup

table can be used for a portable's internal hard drive. In any case, the amount of energy necessary

. to save the hibernation file is determined. Once the hibernation energy has been determined in -

step 292, the HIBENERGY routine 280 adds a predetermined spare energy number to the

hibernation energy computed in step 292. The padding of the hibernation energy value ensures

- 30 that the portable computer 80 has sufficient energy reserve to save the entire hibernation file,

even if unanticipated power consumption arises during the hibernation shut-down process.

Further, as conventional batteries are used in this process, the HIBENERGY routine 280 sets a

~hibernation test timer in step 296 such that the portable computer 80 periodically checks the



such that the mcrocontroller 174 can wake up the ring oscillator 187 when
certain internal and external events are encountered. The external
events that wake up the mcrocontroller 174 10 include the actuation of
the ring indicator fromthe nodem the standby button, the hibernation
button, PCMCI A card detect, and the ring indicator. The internal events
whi ch wake up the m crocontroller 174 include events relating to the
real tinme clock alarm the hibernation tikk; the keyboard, and the
nouse, anong others. The ring oscillator is available as a standard ASIC
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m crocont 50l jRflable’4 has a built-in timer 177 named Timer_0 which may
be used to allow the microcontroller 174 to detect failures 20 when the
timer tinme-outs. Tursingingwito Fignre § the routinet toperfeimnthe hikeination skutdowpisshawn tohe
rol | over AL li'%,u}' ' ks . - cin [ e
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is used as a fajl-safe nechanismto wake up_t he m croocaontroller in the
event of powdfP #‘gﬁ fofnge “‘QFFO&IFPIHQ‘F the peest fopperfysming hibsmation: ehekipg,activities in step

Al though a csen/erwhénitlis tinEefo SRBk R HiteRtion B&iviles SHB IEHIBIRRTR tRig 300
cont enpl at es t hat a watchdog tinmer can be used in place of the timer
177. In the WansHonsrom step 0% ke » Whergit queyies the conventional bastenofor itairemaining

30 roset 1 neuen/ Ay Mol it o e KRR Bl ' CERod bl |

reset the mwcr I n” event o rogram
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restarts the nicrirommstep3s,eie HIBERCHECK routiie 300 chittkssih k16 30D Wheth@ thy fetiafighgf Of
recovery fr Oégp%ci arisd a ra_e plgerdetselnglitn rnﬁllt?prler %E‘ ‘the hibernation energy or not. If so, the
HIBERCHECK routine 300 transitions from step 307 to step 309 where it issues a warning
20  message to the user before the HIBERCHECK routine 300 is exited in step 310. Preferably, the

predetermined multiple value of 1.5 is used to simply provide a warning message when battery

capacity is down approximately to 1.5 times the energy required to save the hibernation file.
However, the present invention contemplates that any other suitable value greater than 1.0 can
be used to generate warning messages in step 309. |

25 From step 307, if the remaining capacity is less than the predetermined multiple of the
hibernation energy, the routine 300 checks if the remaining capacity is within a predetermined

_ range of the hibernation energy value in step 308. From step 308, if the remaining capacity is
greater than the hibernation energy value threshold, the HIBERCHECK routine 300 simply exits
in step 310.

30 Alternatively, in the event that the remaining capacity is approximately equal to the
determined hibernation energy value threshold in step 308, the routine 300 sets a hibernation bit
in step 312. Nm:i, the routine locates a suitable hibernation drive in step 314. The hibernation
drive selection process is disclosed in more detail in the previously incorporated by reference



-10- The m crocontroller 174 is al so connected to the sel ect
I nput of a two-to-one multiplexer 178. The B input of the multiplexor
178 is connected the input/output lines of the m crocontrol l er 174.
The A input of the nultiplexor 178 is connected to the interface 170 for
transferring data fromthe parallel port directly to the processor 100 via
the systemcontroller 112. 5 The mcrocontroller 174 has an out put
connected.to the select input S of the mdPriplexor 178 to control the
routing of data fromthe parallel port 180 to either the interface 170 or
t he ni gateobrapplidation entitled TBOQILIDREVELSELEETHONt AND: IIBERMATICN FILE
connect ed tci?%ﬁg%%ﬁ | el port 180. The interface 170 and the

m crocontrolTér ¢core 174 are connected to the flash ROM 122. Finally,
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inter- thid S8u16 k4ilGdh tHelpb®ef dotcePUs is a sinple bi-directional two
wire bus for e#‘??‘?:’?ftenﬁ?g cont rol Ipibng 15 nmultiple int egr.%%gd chips, Details

of the I[err]C bUkuraing new todigve 6.the procesy fs qperging peomysationslibatisty is shown. Injyqq

It (Includi ld ot hm Y f{%ﬁg 7! 430P $heS550 LS tvoe is
January 1999&3&?@% Y, %1%@ e[%r COHSjIjSFS o?@v{o 't nes: rgtgperi al
cl ock (ST0) detetmineder amd dbet a approprigt&DActionSac hreof takeme  In |sfepes332  the
bi -direction [ [ h I '_g&? S
whi ch occur @b&ﬁﬁaﬂ‘rfe‘fﬁm—@@ﬁﬂgﬁﬁ‘é %ﬁé&%‘ 'S %srti’? &ngadsfﬁ)aﬁgﬁggéhg&
referenced t#kaidéof tithiwhifoinrentainix@nespacityanaitoriy) and management puepases: yIfisac ke B.
The SDA |line is the data If'ne for data transf?rs I ch occur OVH t he
routine 330 causes voltage and current sensors coupled to the microcontroller to sense the
current, voltage and the discharge rate in step 334. From step 334, the
15 CONVENTIONAL BATTERY QUERY routine 330 of Figure 6 compares the observed current,

voltage and discharge rate against a predetermine discharge curve in step 336. Preferably, the

predetermined discharge curve of step 336 is stored as a table in the RAM 102 of the portable

computer unit 80. From step 336, the routine CONVENTIONAL_BATTERY_QUERY 330
computes the remaining capacity in step 338 before it exits in step 348.

20 From step 332, in the event that the battery is not alkaline type battery, the routine 300

further checks to see if the battery is a lithium type battery. If so, the routine transitions from step

340 to step 342 .where it senses the current, voltage and discharge rate of the battery. Next, the

CONVENTIONAL_BATTERY_QUERY routine 330 compares the voltage fall-off rate of the

battery against a predetermined lithium battery discharge curve stored in the RAM 102 in step

'25 344. From step 344, the routine CONVENTIONAL_BATTERY-QUERY 330 computes the

| remaining battery capacity for the battery in step 346 before it exits in step 348. The routine 330

of Figure 6 thus detects the appropriate battery type and applies the appropriate process for

determining remaining battery capacity.

Figure 7 describes the process for computing data related to the hibernation process and

30 for configuring intelligent or smart batteries with the computed hibernation data. Smart batteries

are described in a publication entitled "Smart Battery Data Specification,” revision 1.0, February

15, 1995, by Intel Architectural Lab located in Portland, Oregon and Duracell, Inc., located in

Bethel, Connecticut. In Figure 7, a routine SMART HIBENERGY 280 performs various



I[err]C bus. Again, logic levels for this signal are referenced to VBATT-.
As illustrated by a second installed battery pack 193, the battery

m crocontrol l er of any additional battery pack is also coupled to the
MBI O 120 via the I[err]C bus. Low value series resistors (not shown) are
typically provi ded at each device connection for protection against

hi gh-vol t age spi kes. 25 . Each dewgce connected to the I[err] C bus
i s recognized by a uni que address--whet het®it is the M5l O 120 or the
battery mcrocontroller of any installed battery packs 191 and 193. Both

t he VBlcompuptionschepessari to/arfive staduhemation energyrthrsshold reauired to grppetly pperate

interface ' Qslﬁddv t ﬁl;glhi : | l'S\AR (BENERG

via the | [\é\lfrur"'a]C us.g.ﬂffsai"%g t bgn\at[\%nri?lf.g Eus ’ﬁ%’trgg%{gerat | gﬁlmv]\n; th thgﬁb%&
mast er bat t esets wi tesmaNDEReBAD instuctdbes sidrbbattenblorintefruptithe pfogessorswhanayes its
necessary fqr efficien bat ¢ managenent.. - |_Bg.

Appl i cation Wd@??%ffa}ég’fﬂognq ?r?ﬁli%?inmﬁi%%d ﬁgr&ﬁ%&"@\%‘é\:‘jﬁséﬁﬁtﬁ#a@d
f)_n E_eCefTbﬁr tgﬁhaﬂ&‘iﬁe rdutih@lsf gigﬁm&,%ﬂdﬂmumeakmrph' ion of comm &?j—mlunlmedihsteps andnd
Ithiumion batter ac an onmuni cati ons_ Qyer i us. Thi

appl i cation R"%““'Fﬁé?égp eials‘?‘f?@ﬁ?‘ggy‘ﬁieé’%%@“?”ef g‘gﬁ?éh r3 ffom Figiite 4 in that step
Further, th@@&%h@ﬂe&ir@ﬁé&@dy&%ﬁ OivHRsh skt RY tige sniafliBattery] A didcidsad iaf

Swi t ches, i ncl uding a conmputer |id opening swtch 194, a power on
switch 195, merg dgtadinHignse8switch 196. The lid opening switch 194

senses when the Iy giafe & BIMARP BATTERYS SETUB foultine 960758 Aistrated! | Opdd ety to the
10 SMART BATTERY_SETUP routine 360, the microcontroller 374 determines whether or not
the battery packs 191 and 193 are smart batteries by examining the signature of the battery packs

191 and 193. Ifthe battery packs 191 and 193 do not exhibit their smart battery signatures, the
SMART BATTERY_SETUP routine 360 simply exits in step 368. Alternatively, if the battery
packs 191 and 193 are smart batteries, the routine 360 initializes the smart battery in step 364.

15 From step 364, the SMART BATTERY_SETUP routine 360 programs the smart battery packs
191 and 193 with a remaining capacity alarm value such that the battery packs 191 and 193
would interrupt the microcontroller 174 whenever the battery capacity is within a predetermined
range of the hibernation energy threshold in step 366. After the smart battery has been
programmed, whenever the remaining capacity in the battery packs 191 and 193 falls below the

20 set alarm value, the battery packs 191 and 193 send alarm warning messages ‘to the
microcontroller 174. Thus, the remaining capacity alarm function on the smart battery notifies

the microcontroller 174 of an impending power outage such that the portable computer 80 has

time to transition to the suspend or hibernate state. From step 366, the

' SMART_BATTERY SETUP routine 360 transitions to step 368 to exit the process of Figure 8.

25 Turning now to Figure 9, the routine to handle the alarm generated by the smart battery
| packs 191 and 193 is shown. In Figure 9, a REMAINING CAPACITY_ALARM_HANDLER
370 is normally installed during the boot-up phase of the portable computer 80. The

- REMAININ G_CAPACITY_ALARM_HANDLER 370 is executed whenever it receives an
interrupt from the battery packs 191 and 193 indicating that the capacity of the battery packs 191

30 and 193 has fallen below the previously set remaining capacity alarm value of Figure 8. From
step 370, the REMAINING CAPACITY_ALARM HANDLER routine of Figure 9 sets a
hibernation bit in step 372. Next, from step 372, the routine locates the appropriate hibernation
drive in step 374. The hibernation file is saved on the hibernation drive in step 376. After the



that the user is about to activate the conputer system 80. The power on
swtch 195 allows the. 5 wuser to turn on the portable conmputer 80, while

t he standby switch 196 allows the user to put the portabl e conputer
system 80 to an idle node or a sleep node to conserve power. Preferably,

t he actuation ofthe switches 194, 195 and 196 generates an interrupt
to the mcrocontroller 174 and causes the mcrocontroller 174 to exit
its deep sleep node, if the mcrocontrellfer 174 is in such a node, and

further caysges the microggntroller 174 to branch to an, appropriate
i nterrupt E‘éﬁm’é"r“?@ to(}ol«?spon %o t Pt uaFPSﬁeﬁf?’ﬂ svmt@Pfgg sor tiRe

i nsertion/ REMXINING (AP ACITYE AV ARM HSANBLER H6utine 370 oftPigure 9 signals the user that

Finally, the m crocontrqgller 7174 is connected to a keyboard 197 for

recei ving @dindeme w.nr@emdmgm stepck{B befare thesputing petugily shuts dawn the nortable gomputer
further CO%?E@B%G ) a DO/ DC converter 198 which provi des regul at ed
+5VDC and + to the VCC2 plane to power the portable conputer 80. 15
The DC/ X conveFigures @ end/bkillnstR@ the Iprorgsesfop gtnesating pdvanca@amidgoessages 0

(not shown) ich is connected to th ower at st I O
(not shown)®*nel fhe FHIY giﬁé Aot ljﬁ'}r{m‘%O |§‘?dg§ked thﬁl;tsip
docki ng st MART ] Bnmmmrwmn WAmmemiﬁhem/isdkelosed Aﬂerboaingexp DC

currents for ch |n batteries e the rtable C ut er
for ™ oake REERS. Wi 48 b itep 252, the

has an enalcﬁ, Mﬁﬂl&?grn&héﬁ&eﬁﬁwtaﬁ&h@&e%%m&e&ﬂﬁt m

m crocontr 174 can turn on or of converter 198. The

batterqubadﬁgov.gh_e tontine 9 Fi WMMM& oﬁmmatnvelwfﬂxe S!BH@WFQmﬁ ebattery
rechar geabl %clgalbtl%&/lﬁm&l&?é/ rﬁflggesﬁﬁﬂ gﬁﬁ%ﬁ stép ! g‘? e ct ) eSt\%’t o

battery. HRMEVe conve les-are’ ess predi
respect to Igzleavhere tlmrtgrytenesme infitializadh Fréeatstep 3P4 pihe kantine sets ﬂfcjremaldlng %pmtye

pr ef er abl y rrart hat t r| es ich offers managenent nLeci se r 25
ont rof . xcARs e Ao 5. e semned Fmaiipe, o s et Bpd <hira, PrBYEH, gttty 4F
capabi I ty, prtﬁhm‘ﬁl?rl Smémmmﬁnb@molmfﬁérﬁBfepG%ttﬁe st battery with
m crocontroller 174 which ultinmate communi cat es suc faormati Qn to

t he CPU1ZQQwarning setup routine 330 gitgyn st 308, Afthoneh the lemab'e@gé Sfigpsed in step

power i ng- ondeN ene bt Bivesticht greater (Bhs $10458Cbe uked®S & th
detail. In Igﬁgﬁl?e 3, uﬁ{c‘{n ent‘?’meﬁ% Féﬁgwt%‘rml%en rotutl ne, th %Ob ¢

m cr ocont rchasgrfosaenexamngbﬂmta!armpnmagstto|wnrmth;qou$52vell|ln advange o€ the imppending
mcrocontr%ﬂ njo4 boots fromits internal ROM and perforns various
| ow | evel sys ests. Next, in step 254, the mcrocontroller 174 checks

if the content mmndwmmmammsmum to display prathing méskagehito the

colnt ent 28f &SQI@ ftllp%%h- Il?%pt of a hibemation is disclosed. . In Figure 11, a

REMAINING_CAPACITY_ALARM WITH_WARNING handler routine 400 is shown.

Starting from step 402, the routine 400 retrieves the estimated time to empty from the smart

 battery in step 402. The time to empty information of step 402 is maintained by the controller

within the smart battery packs. The maintenance of each battery's own information allows for

25 a mixture of batteries, such as different chemistries and/or charg;a states to be used in a device.

As each smart battery accurately reports its own characteristics, the information provided to the

. _computer system relating to the expected energy capacity and provides the computer system with

accurate state of charge information along with an accurate prediction of the remaining operating

time.

30 . - -In accordance with the Intel-Duracell smart battéry data specification, the routines

AT_RATE() and the routine AT _RATE_TIME_TO_ EMPTY() may be used to determine the
remaining operating time given the AT_RATE value.



120 has been corrupted, the routine of Figure 3 perforns a flash-ROM 120
recovery routine in

-12- step 256. The flash-ROM 120 recovery routine of step 256 is
di scussed in nore detail in the previ ousl y-i ncor por at ed- by-ref erence
application entitled "FLASH ROM PROGRAMMENG' . Alternatively, in

the event that the flash-ROM 120 passes the cgecksum lest [fhe rout.i ng
of Figure 3 caudinseithe esiimested Smerto enpy hasbepn, determuned in Step 442, e 1oufipe 960 ¢

the CPU 10Q,4d ﬁét%%eﬁera?esa@ QB e 13?@2 40h! eFﬁEﬁér 1504 40AilpRys tHe@stimated

processing "0 rest of t e routine o gure 3. I n step 258, .the
routine of timeto emptycalbek Such masshgﬁsﬂmthemaerttbtpfm with glosiag down geriain files,

t hat the ortabl e c.gﬁagnqr smgs ng80 n%@é a%ev' OUS¥m beesqelpol agg@ I ng,e a
at t )

hi ber natlor‘Fn desa?"(? con' ry power~. If not, the routiné
proceedss f IEEMATMINGSEAPACITYPARSRMWWATEL WARNING 1Bshdler ratiseut0d sets the

power - on-sel f-test (POST) routine. The, P routine te

m cropr oces"§6§am“’50‘api‘FéWﬂ33§méﬂ H’F@F‘WPH\’% ﬁ?@’ef'b R4 Nﬁ?t’etggnce
and cor r ect ORGS0l its inldhéd H@SWAnamera%Iomgaieﬂq doﬂipldté%'dpéﬁﬁomahe WaxBtime
interrupt vector table entries with default val ues

oi nt i
i nterrupt Hhatitherremainingeapadity alamm is pefuated, thepprtablp-canpiyier : %%’F‘Pt‘?@ eapesthe) s

a user set- %?i@fi‘? Qﬂ!{m?i&i{s rE0RLE skdveh InORgare®) The
operating s%deAnngﬂom se eé?gg‘ﬁb'o 6t drive into malgﬁr menory
after PQST exeoytiont GEthBtEEMﬁMGcEAPAGITY ALARM STANDEBR xoutine H70 panges e of
Fi gure 3 boots the tabl e stem 8
routine of W"@#‘E "Znﬁ‘ﬁ aﬁ?éque?g&&tﬂ oqgro{a??gaé&] lﬁ“t'opera(fwx?‘ig ? sie
(DOS) in st@ecussed.
Thus, by determining the total memory size to be saved in the hibernation file, by
determining the time and the energy required to completely store the hibernation file into the disk
15 drive, and by sensing either the battery capacity or requesting that the smart battery sends an

alarm to initiate the hibernation file saving process, the present invention ensures that sufficient

energy exists in the battery packs to properly save the hibernation file onto Fhe hard disk drive
before system shut down occurs due to low battery capacity, but without wasting available
capacity. Although the disclosed embodiment is based on remaining available energy, an

20 exclusive time-based system could also be used, where the system hibernates at a variable time
before battery empty, where the time is selected based on memory size..

The foregoing disclosure and description of the invention are illustrative and explanatory
thereof, and various changes in the size, shape, materials, components, circuit elements, wiring
comnections and contacts, as well as in the details of the illustrated circuitry and construction and

25 method of operation may be made without departing from the spirit of the invention.



264 before the routine of Figure 3 is exited in step 266. From
step 258, in the event that the hibernation bit has been set, the routine
transitions fromstep 258 to step 268 to determ ne the drive where the
hi bernation file is stored. Generally, 20 the drive is assuned to be the
hard disk drive in the hard di sk bay of the portable conputer 80, as
t he chance that the boot hard disk will bp.renoved fromthe hard disk bay
is less than the chance that the hard disk will be renoved fromthe
mul ti-bay. E£ramved ep 268, the routine rel oads the RAM and the chip
contents with the saved value fromthe hibernation file stored in the data
storage devi ce oWhatigglaimsgdisiAt this point, the portable conputer system 80
is restoned to tyie 254inflRid fohibeh aoédn%gt&,‘%aidtc%nﬁﬁiefﬁaﬁﬁgzi)hib&ﬁaﬁnmw
and hi bernated state to conserve energy. Xt the routine executes

f r om t he 2l amemeryy=datpstoragededcr andarbatteryssaishbattery havigg e hatierpeapagity, said method

processing fromth Ql nt ere it was | ast suspended. : Tur ni ng
now t o FBgquﬂ%ﬁgg%&ﬁqﬁr’lﬁ; to conmpute the hibernation energy val ue
requi redq t odetértining the sirelo€ saidhibenationlfile;i s di scl osed. The routine of

Figure 4, H BENERGY 280, fi (st -retrieves a.main nor | Z@y I the
per sonal Sconput efletemupag @rﬁ“ﬁﬁ‘?‘&i@‘?‘é’r’t‘?‘hﬁf% Joved trg‘B"rfgg(.’ optrats ﬁaﬁ% dﬁé ;%ﬂ'gge
SiZfe s %Oraahéé&nﬂﬁwmaﬁﬁﬁﬂmémueaﬁsgbgmmmm%m&wm{eﬁsﬁé@ when it

per f or ns various menory sizing and di agnosti¢ operat.i.ons., .
Addi tiondl |y, i ndeterminingvhenispid atierecapesity Srans to said Sﬁm@éﬂ’wé‘% Fresey ke

recei ved 8adg&&ional_ system nenory via expansi on ports such as a
-13-
9 hibernating said computer when said battery capacity drops to said determined

10 hibernation energy level.

2. ‘The method of claim 1, wherein said hibernation file size determining step.further
comprises the steps of :

retrieving a memory size from said portable computer;

determining a memory capacity needed to store chip and register content; and

VT B W N -

adding said memory size with said memory capacity to arrive at said memory size.

o

3. The method of claim 1, wherein said data storage device has a write speed
2 parameter and an energy consumption parameter, further comprising the step of retrieving said

write speed and energy consumption parameters from said data storage device.

4. The method of claim 3, further comprising the step of computing the time
2 necessary to save said hibernation file on said data storage device using said write speed

3 parameter.

5. The method of claim 4, further comprising the step of computing a hibernation
2 energy required to operate said data storage device to save said hibernation file using said time

and said energy consumption parameter.

6. The method of claim 5, wherein said computing a hibernation step further
2 comprises the step of padding said hibernation energy to provide for spare energy capacity.

I




PCMCI A port (not shown), step 282 queries the expansion ports connected to
the portable conputer system 80 and adds the nenory size associ ated
with the nmenory in the expansion cards to the system nenory size
retrieved in step 282. From step 282, the H BENERGY routine 280
further determ nes the nmenory needed to 5 store register contents fromthe
peri pheral support chips as well as the GBM in step 284. Next, t he

HI BENI ERGY routine 280 determines a hibernation file size value by adding
the system menory available to the portable conputer 80, as determ ned

In step 282, with the,_storage, space r equi for | s

regi ster kontentd: as ggﬁq%gﬁ&m %tw%yJ%Hg@EWZ%M@E@ﬁﬁQI
HI BENERGY, I' QUinbfises AR stéPbf pefib@isally ch¥cking/thé @padityiofsaldbattety.stored in a

par anet er tabl g. 10 Fff(;mﬂt hesgaugar aneter s@t htg H BENERGY routi ne 280
derives information relating to the read/ wite access speed as well as
the power, consunption @;gegfadea'cfam Qeiflissilf blfdry 8% sHAHYaREly and witeei Bd
portabl e 1(:orrput renr%'sysgg)r% | nflstep(ig‘gfé. Thias imsérydone, fo_rﬁgr)!g,anpl e, b

y

exani ni ng2 a battery cipaciiy determiving step fiitherdomprises theistep of progeamming sajd battery tosepast of
mlliwatt er .neriod of . tie . oo . def aul t,
maxi mum condnABRcaRPYs yht BF teBly sapeiy HERER Gig hibEhfich3erggictel P
gquerying step is disclosed in nore detail in the previously-incorporated
pat ent applicati entjt|led. "B DR] VE. ,SELECTI ON. AND HI.BERNATI F| LE
DETECTI ONE . 9. qu‘eri?ﬁh?i?gﬂ““?%hﬁ%‘ ﬁ&@é@ﬁ“&&ygﬁ’émﬁ%% L
the time 9r foej tim%ﬁ'h‘?tagapercent%\&ﬁﬁﬂﬁn@yhﬁﬁwj on file on the disk

Y, e

drive in step 290. "Essenti a Step O divides t hi bernation file
size by the disk drive's wite speed to arrive at the tine required to

wite the,20 hibghnati ettofl of Qaiba ¥ wild g&q,gﬁﬁgm r dt @it Rep Serntinles
HI BENERGerouti ngmgso lglgrlribut eg% ’?ﬂ%&ﬁisﬂgpnat on energy rqul??red to

oper at e t2e reinakingbatteryfcapacity in anipese pwirs. od determined in step 290 to
save the hibernation file in step 292. This step is acconplished by
multiplying the tine required to save the hibernation file with the

power congunpti onipar Adpphratas for hibetlatig aliompeter, said computer haviig dliberhationdie
two steps are shown as conputjng energy bag&? on tine, other techni,. ?l?eﬁ 25
coul d be %sewpe@e%aégtaém%ﬁw%%ém memary haxing 3,mpemqry Sigs, saig battery
enpi ri cal §y Heib\aaubyUpRity, said dpphtafis eatipriihgised for a portable’s internal

hard drive. In any casSe, the anount of ener necessary Sﬁﬁ‘ig save the
hi bernati#n fil e 4proersserraeupledito sajmemony, w%mm%dmﬂgéz atieee

determned in . D B1e28P d infeheSes oF Rkiged
spare energgy numaefn%@%%gﬁwé%ﬁﬂ%gﬁgﬁfg}\%gﬁg?&gy eg%np%gmiﬁ% step 292.
The paddi 6g Idberhdtionifild)er nat i on energy val ue ensures

7 a hibernation energy analyzer coupled to said memory analyzer and said processor, said

8 hibernation energy analyzer determining a hibernation energy level required to operate said data

9 storage device until the hiberhating process is éompleted;

10 a battery capacity monitor coupled to said battery and said processor, said battery capacity
11 monitor asserting an output when said battery capacity drops below said hibernation energy level;
12 and

13 a file saver coupled to said hibernation file, said data storage device, said battery capacity

14 monitor and said processor, said file saver writing the content of said hibernation file to said data

15 storage device when said battery capacity monitor output is asserted.

1 12.  The apparatus of claim 11, wherein said computer has one ore more support

2 componénts with registers, wherein said memory analyzer further comprises:

A



P e

30 that the portable conputer 80 has sufficient energy reserve to save the
entire hibernation file, even if unantici pated power consunption

ari ses during the hibernation shut-down process. Further, as
conventional batteries are used in this process, the H BENERGY routine 280
sets a “hibernation test tinmer in step 296 such that the portable
conput er 80 periodically checks the 21- :

-14- remai ni ng battery capacity and perforns the hibernation

shut - dows pr ocedukgten mefd r coupldd 10/¥id ipfgtesiBfand safil trbridriNEiREéermine
routine 280 exits 1 n, step 298. Al though an absol ute energy conput ati on

i s pref erd edhe memory size Of said SEELIGMORY; st ore t he hi bernation file can
alternatiyely be ; | i | SBid r&disthr cdatet
55, 2o SRR S it s i o

percentage of tota I ry capacity 5" avai € .
Tur ni ng rfowsizer dhalyperaletermining a memonysapagityter store thet dostent ofsaidregistarssandt - down

nstal od after o8t Bt e sy o omon JibpBli o sl et e
Fi gure 3.8 | anilger.Hl BERCHECK routine 300, the routine first det er m nes

whether it is tinme to check for hibernation activities in step 302. If not,
the routine 10 puts itself to sleep in step 304. Periodically, the routine

cones outy of steg3304TREGp Rft slainP 11, wherdit Sfid &8 sfoPageteficsBisa wﬁac?ew
the need tfor perform ng hibernation_checking activities ,in step 02.

Wien it i% tarAmeter dlodlk R FRRSHMBNOILPATaBetES, ifirthes comprsing AMAMINRK PHAHPNHe
300 3 ' Wapitd 1813d 888 to Qi dafd s dRABe, s¥ill Pridmieter GidtPActdi TettiBRing said

conventional battery for I1ts remal ni-ng .
4 write speed and energy consumption parameters from said data storage device.

14.  The apparatus of claim 13, further comprising a time analyzer coupled to said
2 parameter extractor, said time analyzer determining the time required to save said hibernation file
on said data storage device using said write speed parameter.

1 15.  The apparatus of claim 14, wherein said hibernation energy analyzer generates
2 said hibemation energy level as a function of said time and energy consumption parameters.

_ 16.  The apparatus of claim 15, further comprising a hibernation energy padder
2 coupled to said hibernation energy analyzer, said hibernation energy padder providing a spare

energy capacity to said computer.

1 17.  The apparatus of claim 11, wherein said battery energy monitor periodically
2 checks the capacity of said battery. o

18.  The apparatus of claim 11, wherein said battery is a smart battery and wherein said
2 battery capacity monitor programs said smart battery to report to said computer when said battery
capacity drops to said hibernation energy level. '

1 19.  The apparatus of claim 11, wherein said battery capacity monitor analyzes the
2 capacity of said battery as a percentage of full battery capacity.

I
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battery capacity. As di scussed earlier, the remaining battery capacity is
determ ned using a fuel 15 gauging process. The fuel gaugi ng process
essentially deternines how nuch useful charge remains in the battery
and is typically acconplished by counting Coul onbs. From st ep
306, the H BERCHECK routine 300 checks in step 307 whether the remaining
capacity is at a predetermned nultiple qQhythe hibernation energy or not.
| f so, the H BERCHECK routine 300 transitions fromstep 307 to step
309 whergq it issygs aTH@%Eﬂgd?&u@chlEﬁ??ﬁ%e}dih SaRP bRy capREiB Bokil abIRREGECK
routine 300 is exited In . Preferably, the predet er m ned
mltiple a/armmnggapamnsofmgd@amswmpeyem@m de a warni ng nessage when
battery capacity is down approximately to 1.5 tinmes the energy
required to save the hibernation file. However, the present invention
cont enpl &t es t haRlany Aodongputes systenylcomprsing: greater than 1.0 can be
used to generate warnin ssages .in step 309.-25 From step 307, if
the renmaiving caﬂﬁm"yﬂg’% é“gﬂ 9n the predeternined nultiple of the

hi ber natigpn ener g¥porthble compiiter @upled 16 msioxiﬁaeemrmmpmbwmtputeyhmng
wi thin a predeterm ned ran of the |bernt|on en ue in ste
308. Fro @é&%ﬂﬁh%ﬁ@?@maﬁﬁﬁ@% geice and;abattery, ”&f’&%@‘? HaE 2 Do

hi ber natl sﬁggaﬂlyb Y‘%“‘% shill BESBIEEdinputetich ) sinply exits
in step 10 Vitngr nat%@f I’'n t?e event that t e&(r;ée)rral nin
capacity 6s appr oxi rrala@rqcemumupﬂedtolwd memory; 83id datp slorpgeidgvieeand sgid gy
val ue threshold in step 3 ﬁﬁhﬁ %ﬁiﬁ'ﬂ | I n
step 312. ‘FNext the r8JtY ??%?%@%tres gedgﬁﬁ&)@P Bg}ér?gfl%n “%telfélsfnzeg%‘séabd

314. The #i ber nathibemmonﬁle;irl ve sel ection pr ocess is disclosed in nore
detail in the previousl i ncqr por at ed refer
o "¢ P a Hibernation -

energy er coup %5 said memory analyzer and said

10 processor, said hibernation energy analyzer determining a hibernation energy level
11 required to operate said data storage device until the hibernating process is completed;
12 a battery capacity monitor coupled to said battery and said processor, said battery
13 capacity monitor asserting an output when said battery capacity drops below said
14 hibernation energy level; and
15 a file saver coupled to said hibernation file, said data storage device, said battery
16 capacity monitor and said processor, said file saver writing the content of said hibernation
17 file to said data storage device when said battery capacity monitor output is asserted.

1 22.  The computer system of claim 21, wherein said portable computer has one ore

2 more support components with regisfers, wherein said memory analyzer further comprises:

3 a System memory size analyzer coupled to said processor and said memory to determine
4 the memory size of said system memory;

5 a register content size analyzer coupled to said support components, said register content

6 sizer analyzer determining a memory capacity to store the content of said registers; and

7" an adder coupled to said system memory size analyzer and to said register content size

8 analyzer.

23. The computer system of claim 21, wherein said battery energy monitor
2 periodically checks the capacity of said battery.

o

-
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- 15- patent application entitled "BOOT DRI VE SELECTI ON AND HI BERNATI ON
FILE - DETECTI ON'. From step 314, the H BERCHECK routine 300
of Figure 5 saves the hibernation file on t he hi bernation drive
determned in step 314. Next, the routine in step 318 signals the user that
5 a shutdown is in progress in step 318 before it perforns the shut-down
process in step 320. The shut -down process is essentially inplenented
by directing an electronic switch to isolate the mai n power supply rai
fromthe power source. Tur ni ngg.now to Figure 6, the process for
qguerying a conventional battery is shown. In the routine

CONVENTI QNAL BATTERYCUER cdifhte $tei T cin' 2] Shéi@in! i baktéffislaSsnhit bty apg
determned and, the, approprjate  actions are taken.

t he 2conbesein sahbatteny capacity puitercprograms 3ud smaxt detieryde r@m tw id portable
battery guc enfdaiial city nonitoring
and nanagerrg%l?ﬁgﬁrrvg%ses Pgl? c%ﬁ]tghmpym rout |%§3H8§ig§ vol t age and
current sensors coupl ed to the mcrocontroller 174 to sense the

current, ,vol t age,c and i scharge, ra i,N_ . 334. From, st
334, “The 18 ConBENT! EROOTREs BRGR Rt £ it s batf S soppri ibhigi
t he obseRvethecapacitpiof said batterphd Hpecentge of full ban@p copatiey. agai nst a

predet erm ne di scharge curve in step 336. Preferably, the
predet ermi ned di scharge curve of step 336 is stored as a table in the RAM

102 of the portable conputer unit 80. Fromstep 336, the routine
CONVENTI ONAL_BATTERY_QUERY 330 conputes the remai ning capacity in step
338 before it exits in step 348. 20 From step 332, in the event that
the battery is not alkaline type battery, the routine 300 further
checks to see if the battery is a lithiumtype battery. If so, the routine
transitions fromstep - 340 to step 342 where it senses the current,

vol tage and di scharge rate of the battery. Next, the
CONVENTI ONAL_BATTERY_QUERY routine 330 conpares the voltage fall-off rate

of the battery against a predetermned lithiumbattery discharge curve
stored in the RAM 102 in step 25 344. Fromstep 344, the routine
CONVENTI ONAL BATTERY- QUERY 330 conputes the remai ni ngbattery

capacityforthe battery in step 346 before it exits in step 348. The routine
330

% e L M-o§8 %



of Figure 6 thus detects the appropriate battery type and applies the
appropriate process for determ ning remaining battery capacity.

Figure 7 describes the process for conputing data related to the

hi bernati on process and 30 for configuring intelligent or smart batteries
wi th the conputed hi bernation data. Smart batteries are described in a
publication entitled "Smart Battery Data Specification,” revision 1.0,
February 15, 1995, by Intel Architegfural Lab located in Portland,
Oregon and Duracell, Inc., located in Bet hel , Connecticut. In Figure
7, a-routine SI\/ARTHI BENERGY 280 perfornms various

- 16- COFPLR at | BINRMEG JUSEBNATION TIME| TN AcQOVMIPURER SYSEEM on ener gy
threshold required to properly operate the disk drive to save the

hi bernation file. Further, the routine SMART_ H BENERGY 280 al so sets up
the smart battery to instruct,ﬂ@m@'_ﬁﬂgjgﬁrrupt t he processor
whenever its battery capaC| y TalTs below a predetermn ned threshol d.
The routine of FAglhmamic emgngn bmmapp,aratas mopitorh and ehsurésctbatobattenme packs fi gure

Fgure 4 a et %%%W%ﬁﬁ AR e 10 s BopRCPg of e HIRERGERE J
in that st eiato theh%ﬁﬁdnsltdﬁvegummehﬁ@ ideterminesthemeniolyysize of tleepconiputeniand dddset s
P Hqure. ghe Souarabos paiso soreJbe clnsssisr SRR 1 rive e Oeestipion afey.
to the 1§ Wﬂﬁﬁﬁ@@ﬁﬁﬂﬂ?nﬁ@ 36 Save ikEhibErAdtion By orthe Gisk 344 storage

det er m nes whet her _or_not he batfery packs 191 and 193 are snart

batteries bievicsand the hibernatio: rm}mtreqlereé#o enesate thediskdatatorage device to completely
' save the hibernation file are determined. When the battery capacity drops within a range of the

previously computed hibernation energy, a warning message is geneiated at the user and the
hibernation file is saved. The computer is shut down after the hibernation file has been properly
10 saved. Thus, by determining the total memory size to be saved in the hibernation file, by
determining the time and the energy required to completely store the hibernation file into the disk
drive, and by sensing either the battery capacity or requesting that the smart battery sends an

“~

alarm to initiate the hibernation file saving process, the present invention ensures that sufficient
energy exists in the battery packs to properly save the hibernation file onto the hard disk drive

15 * before system shut down occurs due to low battery capacity without wasting energy by
determining the set point based on a maximum memory configuration.

Sheet Has Been Replaced
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191 and 193. If the battery packs 191 and 193 do not .exhibit their smart
battery signatures, the SMART _BATTERY_SETUP routine 360 sinply exits
in step 368. Alternatively, if the battery packs 191 and 193 are smart
batteries, the routine 360 initializes the smart battery in step 364. 15
From step 364, the SMART_BATTERY_SETUP gti ne 360 prograns the smart

battery packs 191 and 193 with a r I ni ng capacity alarm val ue such
that the battery packs 191 and 193 woul d interrupt the mcrocontroller
174 whenever thelbattery capacity 1s wthin a predeterm ned I range of
t he hi bernation énergy threshold in step 366. A‘iﬂg the smart 'battery has
been progra d, whenever the remaining @@ow in the gattery packs
191 and 193 fall Ingel ow the 20 set al arm val @E%E battery packs 191 and
193 send al arm wgr ni ng nessages to the meEpodomrol l er 134. Thus, the

remai ni ng capaci §y alarmfunction on the smart dgry notifi¢s t he
m crocontroller 174 of an inpengng power
conmput er 80 has time to Wransition

state. From step 366, the

transitions to s'ep 3P ta¥exit ¢ prcess [ gucd 33. 25 Tur ni ng
now to Figure 9,'the reutive to headl et he a arm denef@t ed by 'the smart
battery packs 19I\EHRH\IEB i 4&ho ptigurg 9, a

n@mlly install J;-dsgluri ng the
(=]

REMAI NI NG_CAPACI TY _ALAR ER
~boot -up phase of ythe p corm ev
REMAI NI NG_CAPACI TY_ALARM- te‘q Whenever it feceives an
interrupt fromthe battery pack Tor ‘ he capacity
of the battery phcks 191 30 an i ously set
remai ni ng capacity al arm val ue pfi ), the
REMAI NI NG CAPACI 'Y ALARM HANDLH
hi bernation bit In step 372. Ne | ocates the
appropriate hibefnation e 'Pnfileis
saved on the hibernation drive
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-17- hi ber nati on
saved, t he
signals the user that

routine actually shuts down the portable conputer

Figures 10 and 11 il ust

nmessages to users
to Figure a
di scl osed.

routine is cuted. In
the battery
t he routine
of the batt

batteries in step 392, t

batteries are |n|t|aI|zed Fron1st

capacity alarmto r

hi ber nati on nergy t hres

warning setup routine 390 ®xits in

1.5 i s uset m—step —

when
5§|er boot i ng UDay
cks 191 and 1t

Figure 10 exi T}
packs 191%=

file has

) been
REMAI NI NG_CAPACI TY_ALARM HANDLER routine 370 of Figure 9

S

uccessfully

a shutdown is inpending in step 378 before the

rate the proce
smart bat

20

I €S

ste 392, ro

t he

he routine

ing §
hof}

—896the

the SN%RT BAFFEL-
Jtlnqueiern1nes mhether or
If n
if the signa

are use

st
Lve

d.

ep 392. 10
ly,

80 in step 380.
for generating advance war ni ng
Turni ng
SMART BATTERY_W H WARNI NG_SETUP routine 390 is

T+ \AARNINS SETUP—

5

now

394 where t

battery with 15 .
the multiple valu
on contenpl ates that any

sets the remainin

Lnot
t

‘ure
ge

of

val ue greater than 1.0 nay-be—used— e—as—t+he— —bhasts +or gmneratlpg fhe
al arm nmegsage to warn tHe usel of the inpending [
hi ber nat i on. Tug, 11, the corres ordlnf)
routine §o display wa ning user upon receilpt fof la
hi bernation is dis dedo Igure 11 a : =
REMAI NI NG5 CAPACI TY AERRNIW&HH MARNING handl foutine 400 is $hgwss
Starting fromstep 402%<the routina bes the eptimatéd [t B3 to
. (23]
enpty fr¢mthe smart The ti to enpty s
i nformat#on of step 402 |i 'dhin t he
smart bagjtery packs. The bwn i nformati on &
allows for 25 a m xture 3 clggm stries and/or
charge states to be used inge ~
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As each smart battery aceurately reports its own characteristics, the

information provided to the conputer systemrelating to the expected
energy capacity and provides the computer systemwth accurate state.
of charge information along with an accurate prediction of the remaining
operating: time. 30 In accordagfg with the Intel-Duracell smart
battery data specification, the routines AT RATEO and the routine
AT _RATE TIME_TO_ EMPTYO may be used to determ ne the r emai ni ng
operating tinme given the AT RATE val ue.

- 18- , Once the estimated tine to enpty has been determned in
step 402, the routine 400 pr oceeds to gengkgpe an alarmto the user in

step 404. Further, step 404 displ ays Jj-he—astigut ed time to enpty val ue.
Such nmessages allow the user to prockcPOWEROGNC) osi ng down certain files
and savi ng inportant files if : Y From step 404,
the 5 REMAI NI NG CAPACI TY _ALARM W TH WARNY r routine 400 sets. the
remai ning capacity alarmto the pr] Y Pernati on energy value in

step 406. Next, the routi ne 40t p 408. After the routine of
Figure 11 conpl etes operation, the next tgne that the remaining
capacity alarmis actuated, the portabl ek system 80 executes the
REMAI NI NG_CAPACI TY_ALARM HANDLER rout i #€ 370 hown in Fi gure @ 28the 10
execution of the REMAI NI NG .CAPACH TYLCARMKIROMISR npout] SR t he
portabl e conputer 80 to conpl ete tRg CHEEKSUM i op PT e qss;éﬁ,g%t ntself
down, as previously di scussed.

256

1C RELEASE
FLASH ROM

268~ 260
LOCATE DRIVE WITH POST
HIBERNATION FILE 7 -
270 N + L
BOOT CPU
R ;
264
PREVIOUSLY SAVED L
" "VALUES FROM TRANSFER TO
HIBERNATION FILE D0S
272y 266
EXECUTEFROM | EXIT
RESTORED CPU e
PROGRAM COUNTER
266

FIG. 3



Thus, by determning the total nenory size to be saved in the hibernation
file, by determning the tine and the energy required to conpletely
store the hibernation file into the disk 15 drive, and by sensing either
the battery capacity or requesting that the snmart battery sends an
alarmto initiate the hibernation file éﬂzing process, the present
I nvention ensures that sufficient’ rgy exists in the battery packs

to properly save the hibernation file onto the hard disk drive bef ore
system shut down occurs due to |ow battery ¢a@8@ity, but without wasting
avai |l abl e capacity. Although t d enbodi nent is based on
remai ni ng avail abl e energy, an 20 i8] | me- based system coul d al so
be used, where the system hi bernates at vari abl e -tine before battery
enpty, where the time is sel ected based yn nenor y=282e. . The

f oregoi ng di scl osure and descr ifpt] gpﬁn on are illustrative and
expl anat ory t hereof, and \{ar %M the si ze, shape,

mat eri al s, conponents, circuit Jele M T connections and
contacts, as well as in the det.es ' ted circuitry and

construction and 25 nethod of operation]may be rra§§4without departing from
the spirit ofthe invention. L

-19- CLAI M5 . W3t DETERMINESVEMBRY 1 1. A net hod
for hibernating a conputer, saild NEEOEDTO/STORECHIB o hi bernation file, a 2
menory, a data storage devi ce gnANBREGISTER QONKENIS pattery having a battery
capacity, said nethod 3 conpri S Of. :

HIBERNATION FILE SIZE
- PC MEMORY SIZE
+ CHIP/REGISTER SPACE

& 288

RETRIEVE DISK PARAMETERS
ON R/W ACCESS SPEED
AND POWER CONSUMPTION

& 7290

COMPLETE TIME NECESSARY
TO SAVE HIBERNATION
FILE ON DISK

‘L 292

COMPLETE HIBERNATION
ENERGY REQUIRED TO
OPERATE DISK DRIVE TO
SAVE HIBERNATION FiLE

I 294

ADD SPARE ENERGY TO
HIBERNATION ENERGY

& 296

SET HIBERNATION TEST TIMER
FOR PERIODIC CHECKING

298

' FIG. 4



4 determ ning the size of said hibernation file; 5 —--—
determ ning a suitable hibernation energy level required to erate _said

data storage 6 device until said hibernation file has been sa eP‘aced
said determ ned size; 7 determ ni ng when said battery ,"l
drops to said determ ned hibernation energy level; 8 and 9

hi bernati ng said conmputer when said bat gﬁy 521408 |ty drops to sai d

determ ned 10 hi bernation energy | evghm : ) The net hod of
claim 1, wherein said hibernation fi IIﬂBERCHECIﬂ term m ng step further 2
conprises the steps of: 3 re g a nenory size fromsaid
portabl e conputer, 4 det er m ni nge@&—memory—capacrty] needed to store

chip and register content; and 5
nmenory capacity to arrive at said nmenor

adding said nenory size with said
\Z€. 0% 3 The met hod
a% wite spged 2304r aneter
and an energy consunption paranet g k g r||5| ng p of
retrieving said 3 wite speed and enqm;%% ! aﬂaEFé’rs from sald
data storage device. 1 4, e nmegpdd of claim3, further
conprising the step of conputing the ™S necessary to save said
hi bernation file on said data storage deV ¥e usi said wite speed 3
par anet er . 1 5. . The net hod oN i p 336further conprising the
step of conputing a hibernation I qf f£d to operate said data
storage device to save said hi berjngg g said time 3 and said
ener gy consunption paraneter.
309
WARNING
MESSAGE i

REMAINING ™\
CAPACITY AT 1.5
HIBERNATION
ENERGY

REMAINING
CAPACITY =~.
HIBERNATION
ENERGY

310

312
SET HIBERNATION BIT

t 314
LOCATE HIBERNATION
DRIVE

v 316

SAVE HIBERNATION FILE
ON HIBERNATION DRIVE

Y 318

SIGNAL USER OUT OF
BATTERY POWER

320

- FIG. 5



1 6. The nethod of claimb5, wherein said conmputing a hibernation
step further 2 conprises the step of padding said hibernation energy to
provi de for spare energy capacity.

- 20- 1 7. The nmethod of claim1, wherein said battery
capacity determning step further 2 conpﬁgfes the step of periodically
checking the capacity of said battery. 8. The net hod of
claim1l, wherein said battery is a snart battery and wherein said 2
battery capacity deternmining step further conprises the step of progranm ng
said battery to report 3 to said conputer when said battery capacity drops

to said hibernatior energy |evel. 1 9. The nmethod-of claiml
wherein said battery38@pgcity deternining step anal yzes 2 the capacity of
said battery as a per ONGEPrIONAL |1 battery capacity.

BATTERY QUERY

332

ALKALINE
BATTERY

340

LITHIUM
SENSE CURRENT, BATTERY
VOLTAGE AND
DISCHARGE RATE
& 342
336 SENSE CURRENT,
COMPARE CURRENT, VOLTAGE AND
. VOLTAGE AND DISCHARGE RATE
AGAINGT DPCHARGE |
CURVE 34
; S O
338 BATTERY AGAINST
COMPUTE REMAINING DISCHARGE CURVE
CAPACITY
J 346
COMPUTE REMAINING
CAPACITY FOR BATTERY
S




" hibernation file; 7 a hi ber,

1 10. Themet hod of claim®6, wherein said battery capacity
determ ning step determnes 2 renmaining battery capacity in anpere hours.

1 11. An apparatus for hibernating a conputer, said conputer
having a hibernation file, 2 a nenory, a data storage device and a battery,
said menory having a nenory size, said ery 3 having a battery capacity,
sai d apparatus conprising: 4 %ahtcessor coupled to said nenory,
said data storage device and said battery; 5 a nmenory anal yzer
coupled to said hibernation file for detern1"z@0the size of said 6

eI gy anal yzer coupled to said
menory anal yzer and said processor, BE!‘EUEﬂﬁ QErnati on energy anal yzer

determ ning a hi bernation energy Ieve rgquired to operate said data 9
storage device until the hibernating pross is cpr@B2ted; 10 a
battery capacity nonitor coupl et T ajd said processor, said
battery capacity 11 nonitor assg MEMU ¢n said battery capacity
drops bel ow sai d hi bernation en a file saver
coupled to said hibernation fillGs ¢ device, said battery
capacity 14 nonitor and said processor, {r writing the content
of said hibernation file to sai d_data 4‘ e when said battery
capacity nonitor output is assertqgtTEgNﬂNEMEMgRy 2. The apparat us of
claim 11, wherein said conputer] hNEEBEDTOSFOREDHIP S pport 2 conmponents with
regi sters, wherein said menory pANDREGISTER CONEENTSoRpri ses:

¢ 286

HIBERNATION FiLE SIZE
= PC MEMORY SIZE
+ CHIP/REGISTER SPACE

& 288

RETRIVE DISK PARAMETERS
ON R/W ACCESS SPEED
AND POWER CONSUMPTION

¢ 290

COMPLETE TIME NECESSARY
TO SAVE HIBERNATION
FILE ON DISK

¢ 292

COMPLETE HIBERNATION
- _ENERGY REQUIRED TO

OPERATE DISK DRIVE TO

SAVE HIBERNATION FILE

& 7~ 294

ADD SPARE ENERGY TO
HIBERNATION ENERGY

& 350
SET UP SMART BATTERY

298

FIG. 7



-21- 3 . a systemnenory size anal yzer coupled to said processor
and said nenory to determne 4 the nenory size of said systemnenory; 5
a register content size analyzer coupled to said support conponents, said
regi ster content 6 sizer analyzer determning a menory capacity to store

the content of said registers; and 7 an adder coupled to said
system nenory size analyzer and to_said Bﬁﬂgl ster content size 8 anal yzer.
1 13. The appar at us of 368 11, wherein said data storage

device has a wite speed 2 paranet : gy consunption paraneter,
further conprising a paraneter extAact osg]ggpcoup ed to said processor and to
said data storage device, said para w€tor retrieving said 4 wite
speed and energy consunption paraneters f§gom said data storage devi ce. 1
14. The apparatus of claim 13, gtsérther Qprising a tine anal yzer coupl ed
to said 2 paraneter extractor, sdai '

required to save said hibernation .I\ﬂ’Alﬁ'

said wite speed paraneter. 1 e afparatus of claim 14,
wherein said hi bernation energy anal s g sai d hi bernation
energy level as a function of said ti meNgQ#, energy cdnsunption paraneters.
1 16. The appar at us335 claim further gonprising a
hi ber nati on ener gy padder. 2\ :
INITIALIZE SMART
BATTERY
366~ !
SET REMAINING
CAPACITY ALARM TO
HIBERNATION ENERGY
368

FIG. 8

370~

REMAINING CAPACITY
ALARM HANDLER

372N !
SET HIBERNATION BIT

374~ !
LOCATE HIBERNATION
DRIVE

376~ !

SAVE HIBERNATION FILE
ON HIBERNATION DRIVE

378~ !

SIGNAL USER OUT OF
BATTERY POWER

380\ +
( SHUT DOWN )

FIG. 9




2 coupled to said hibernation energy anal yzer, said hibernation energy

padder providing a spare 3 energy capacity to said conputer. 1.
17. The apparatus of claim 11, wherein said battery energy nonitor
periodically 2 checks the capacity of said battery. 1 18. The

apparatus ofclaim 11, wherein said battery is a smart battery and wherein
said 2 battery capacity nonitor progra éald smart battery to report to
said conputer when said battery 3 39scity drops to said hibernation energy

| evel . 1 .19. The ap g ) 11, wherein said battery
capacity nonitor analyzes the 2 %w\i&w&)attery as a percentage of
full battery capacity.

-22- 1 20. - The apparatus of clg m 11, wherein said battery
capacity nonitor analyzes the 2 :r,gegai ni capacity of said battery in

anpere hours.

SMART BATTERY
SIGNATURE

394~

INITIALIZE SMART
BATTERY

396~ !

SET REMAINING
CAPACITY ALARM TO

RING AT 1.5 X
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398~ |
EXIT

FIG. 10
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402~ V
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FIG. 11



. - o V02413~7 1Pp s
1 . 21, A conputer system conprising: an expansi on base

unit; and 3 . a portable conmputer coupfed Re”mgt},,emﬁag@ﬁﬂ rer

unit, said pertabl e cofrputer having 4 a hi ber hailschibh®, . ﬁ»ﬁ@np A ata
storage device ‘and a battery, said menory hav| ng ClalfREP! V. Egtg spe?P ----
battery having a battery capacity, said portapl@ree .2 L’ﬂ)l’s} "rrfg __
a processor coupled to said nenory, said datad ﬁ%ﬁ%d’ VI g ng Q Peged ..
battery; 7 a nenory anghyzer coupl ed to sé“lﬁ“ rbé‘? Pagedon..

file for determning the size of said tion file;
a hi bernation energy anal yzer coupled to said &t aﬁﬂ‘féﬁ.ld 10
processor ,TI¥REd: hDYNAMED HOBERNATTCON, TEMR: T 72 IOCOMBFIERNSYHIRYM a hi ber nati on

energy level 11 required to operate said data storage device until
t he hi bernating process is conpleted; 12 a battery capacity

noni tor coupled to said bat t,gg mwﬁmﬁ!@ai d battery 13
capacity nonitor asserting anm output wien sal attery capamty drops bel ow
said 14 Anidgmamiathibemasion time dpparsius menitotssand ensures that battery packs fnca
saver coupl ed to sai d hibernation fil g%ﬁ '
battery 1 §OmpY 8‘515 %‘?‘H’Bﬁ %%aghggla%' r%c@gé%r, £I§ﬁ¥l | e sg(\glﬂeiﬁg
writing tlhgoqRehadidiskidrivel 'hb ivestion! dederminés the memory isize of thezamputdnand akdsr age
devi ce vvhen said battery, .capacit nitor out S.as
22. The the,storage spage 8 ?eéiﬁ& wﬁ?@a %@.ﬂ&’%’iﬁﬁ%feg“m?éﬁt8¥mﬁas
oneI or es : S8 B9E, NG lm@ﬂﬁéwﬁfbmm%mwﬁk@nﬁéﬁrldmmfagel .
ana yzer urther conprises a system nemry size anal yzer couple
to~sai d pidevicsandthel @mm@mﬁﬂ ediaks’ st%tf}we?ﬁb iéﬁ
system MEDY b %fbm psGitin £ Fhnl® offhkd
nts, sal regls er content a

support corrpone s er anal yzZer determ nin
menory cammdn.;s!yt compubed: hibbrpaticanenergy, ofwasmgjmm;yeslsmmmet the user and

adder CouRLed i SIS u LR 1 USHRA i acARPARKE B 1t Bl B bkl

content si
10 saved. Thus, by determining the total memory size to be saved in the hibernation file, by

determining the time and the energy required to completely store the hibernation file into the disk
tlriize, and by sensing either the battery capacity or requesting that the smart battery sends an
alarm to initiate the hibernation file saving process, the present invention ensures that sufficient
energy exists in the battery packs to properly save the hibernation file onto the hard disk drive
15  before system shut down occurs due to low battery capacity without wasting energy by

determining the set point based on a maximum memory configuration.
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1 ‘ 23. The conputer systemof claim 21, wherein said battery energy
moni t ok 2 ‘periodically checks the capacity of said battery.

-23-- 1 24. The conputer system of claim 21, wherein said
battery is a smart battery and 2 wherein said battery capacity nonitor
prograns said smart battery to report tslgai d portable 3 conputer when
said battery capacity drops to said hib at l-@ogner gy | evel . 1

25. The conputer system of claim said battery capacity
nonitor analyzes 2 the capacity of Jy as a percentage of full
battery capacity.
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