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the PC convertible was relatively simple, with a low level of functionality
as compared to what is currently The invention relates to battery powered
comput-  available and the requirement of a user action limited er systems,
and more particularly, to circuits and  its use to circumstances where the
user remembered methods for reducing the power consumption of the   5   to
depress the switch. Another widely used example computer system.
was blanking the display after a period of keyboard in- Portable computer
systems are rapidly develop-  activity which saved power as well as
prolonged the ing the capabilities of conventional desktop or floor  life
of the display. Also, a hard disk unit was devel- mounted personal computer
systems. Hard disk units  oped which reduced the power used by the
controlling are being integrated into portable computers, be-  10
electronics by utilizing only certain portions of the cause of the large
amounts of information being proc-  track for servo information and turning
off the read essed and the large size of many applications pro-  channel
circuitry until just before a servo burst was grams. At least one floppy
disk unit is integrated in the  expected. Additionally, a programmable
value could vast majority of portable computers, even if a hard  be
provided to the hard disk unit so that after a given disk unit is
installed, to allow loading of information   15  inactivity interval
defined by this value, the hard disk and use of applications requiring key
disks and of di-  unit was allowed to spin down and all but some inter-
agnostic programs. Modems have been integrated     face circuitry was shut
down. into portable computers for some time, to allow com-   From EP-A-0
172 344 there is known a computer munications and information transfer
between the   power saving system according to the preamble of user and a
remote location, for example, the home of-  20  claim 1 below and from
which the present invention fice. The displays in the portable computer
systems  is characterised. In that known computer system, are becoming much
more elaborate and readable.     power supply control signals supplied from
the CPU The pixel count on the standard liquid crystal displays  to various
peripherals can be controlled in accor- (LCD's) utilised is increasing, as
Is the viewing angle.  dance with an operating system program. US-A-4 203
The use of backlighting allows use of LCD's in low   25  153 discloses a
microprocessor which addresses and light environments and improves the
contrast ratio of  monitors external sensors over address and data the
display. More complex circuitry Is being installed  lines and can strobe
battery power to the micropro- in the portable computers to support these
improved  cessorto disconnect a battery powersupply from the peripheral
devices and to support the increased    microprocessor upon completion of a
programmed speeds and capabilities of the microprocessors util-  30  task.
ized in the portable computer systems.                While these
alternatives did provide some relief, The various peripheral devices and
high speed  they were not complete solutions to satisfactorily re-
circuitry mentioned above consume large amounts of  solve the dilemma and
design tradeoffs still were power when operating. This has made it very
difficult  forced to occur. to provide all the possible functionality
available and   35  According to the present invention there is provid- yet
have an acceptable battery life when the portable  ed apparatus for
reducing power consumption of a computer system is battery powered, so that
it can be  battery powered computer system comprising at least used in
locations where alternating current is not  one addressable peripheral
device; address and data available. Using CMOS components helped reduce
bus means for enabling communication of Information the power consumption
of the circuitry, but even the   40  in said computer system; and means for
accessing use of CMOS components is insufficient at the clock  said at
least one peripheral device by presenting Its speeds and performance levels
of available circuitry.  address on said address and data bus means; char-
Therefore a dilemma arises whether to provide lesser  acterized by
functionality with longer battery life or greater func-  means for
monitoring said address and data tionality with lesser battery life or even
no battery op-  45  bus means, for detecting addressing of said at least
eration.                                           one peripheral device
and for producing a signal indi- Various alternatives were tried to resolve
the  cative thereof, problem. For example, the IBM Corporation PC Con-
means responsive to said signal for establish- vertible included a switch
which the user could press  ing a timing interval each time addressing of
said at to place the computer system in a standby mode in  50  least one
peripheral device is detected; and which the system clock to the CPU was
halted and va-     means responsive to the established timing in- rious
peripherals turned off, butthe system controller,  terval exceeding a
preset amount for reducing power which controlled the keyboard, system
clock, inter-  to said at least one peripheral device to cause said rupts,
speaker drive,and 1/0 control remained opera-  computer system to enter a
reduced power consump- tional to receive interrupts. Additionally the PC
Con-  55  tion state. vertible also entered the standby condition after
per-  A battery powered portable computer system ac- iods of activity based
on monitoring the timing of in-  cording to the present invention can thus
determine terrupts by a software dependent process. However,  when the
computer system is not in use by monitoring 2   
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activity and can shut down the sys-  puter system of Figure 1. tern after a
given inactivity period, thus entering a  Referring now to Figure 1, the
letter C generally standby mode. The entry is not dependent on an ac-
representsacomputersystem incorporating the pres- tion by the user but
occurs automatically.         ent Invention. An address and data bus 20 is
the pri- The system may monitor accesses to the hard   5   mary
communication pathway in the computer sys- disk unit, the floppy disk unit,
the keyboard, the serial  tem C. Attached to this address and data bus 20
are ports and the printer to determine if the system is ac-  numerous
units, including a central processing unit or tive. If so, a timer can be
restarted on each access. If  microprocessor 22, memory devices 24, a CMOS
the timer counts down to zero, then the system is con-  memory and clock
26, a direct memory access (DMA) sidered inactive and power can be removed
from   10  controller 28, a serial Interface 29, a modem 30, a and/or
reduced to the hard disk unit, the floppy disk  floppy disk controller 32,
a hard disk controller 34, a unit, the LCD, and miscellaneous circuitry and
the  parallel printer interface 36, a display controller and system clock
provided to the microprocessor and    adaptor 38, a keyboard interface 40,
and power con- otherportions of the circuitry Is stopped. Stopping the
trol logic circuitry 42. clock dramatically reduces the power consumed by
15  The microprocessor or CPU 22 is preferably a the circuitry because CMOS
devices, which are util-  CMOS version of the Intel Corporation 80286
micro- ized in the preferred embodiment, consume very little  processor.
The CMOS version of the processor is pre- power at zero frequency
operation.                 ferable because of Its lowerpowerconsumption
while To bring the computer system out of this standby  operating and
because it is a fully static device which mode, the user depresses a switch
which starts the   20  is capable of operating with a zero frequency clock
wake up operation. However, if the charge remaining  and yet not losing any
data. The memory devices 24 in the batteries is below a given level
referred to as  are composed of read-only memories (ROM's) and low battery
2, the system will not wake up or leave  random access memories (RAM's).
The RAM's in the standby operation. This prevents the data in the ma-
preferred embodiment are preferably pseudostatic chine from being lost when
the powering up process  25  devices which contain their own individual
refresh cir- consumes the remaining energy in the batteries.    cuitry so
that other portions of the computer C need The inactivity interval timer is
set at first value  not be activated to provide refresh signals to the when
the computer system is turned on with the in-  memories during low power
consumption modes. The terval value changeable by the user thereafter. The
CMOS memory 26 is preferably powered by its own Interval value is reduced
automatically when the bat-  30  separate battery 44 so that certain
critical or useful tery charge reaches a level referred to as low battery
system configuration information can be retained at 1 and is reduced to a
very small value when the bat-  all times and not be stored on disk units
or prompted tery charge reaches low battery 2. The Interval is also  for
each time the computer system C is turned on. set to a very short interval
when the user presses the  The serial Interface 29 is preferably an
asynchronous standby switch while the system is operating. The in-  35
interface and includes the customary universal asyn- activity interval is
not utilized when the computer sys-  chronous receiver transmitter (UART)
devices and tern is powered from an alternating current (AC)   appropriate
buffering and level shifting circuitry. The source, such as an AC
adaptor/battery charger or   modem 30 also contains the appropriate UART to
mating expansion unit.                             perform the
parallel/serial conversions necessary This invention allows the battery
powered oper-  40  and contains the necessary tone developing and re- ating
period of the computer system to be greatly ex-  ceiving circuitry and
telephone line interface circuitry tended, thus allowing the use of
advanced capabili-  to allow the modem 30 to communicate over conven- ties
and functions while having a satisfactory battery  tional telephone lines.
operated operating interval.                           The floppy disk
controller 32 Interfaces to a flop- A better understanding of the onvention
can be   45   pydisk46drive. The hard diskcontroller34 is coupled obtained
when the following detailed description of  to a hard disk unit 48. The
hard disk unit 48 in the pre- the preferred embodiment is considered in
conjunc-  ferred embodiment is of a design as indicated in the tion with
the following drawings, In which:        prior art section as being
appropriate for low power Figure 1 is a schematic block diagram of a com-
consumption applications. The display controller and puter system
incorporating the present invention;  50  adaptor 38 is coupled to a liquid
crystal display (LCD) Figures 2,3,4 and 5 are more detailed schematic  50.
The LCD 50 In the preferred embodiment includes logic diagrams of portions
of the computer sys-  a backlight. The display controller and adaptor 38
in- tem of Figure 1;                                cludes the capability
to blank the LCD 50 after a per- Figures 6A, 6B and 6C are flowchart
illustrations  iod of time has elapsed without a keystroke entry, to of
sequences for preparing the computer system   55   preserve the life of the
LCD 50 and to reduce power of Figure 1 for utilizing the present invention;
and  consumption. In the preferred embodiment the dis- Figures 7A, 7B and
7C are flowchart illustrations  play controller and adaptor 38 is designed
to be com- of a sequence for controlling portions of the com-  patible with
a standard referred to as the VGA stan- 3  
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controller and adaptor 38 is de-  If the computer system C is in standby
mode, indicat- signed to be optionally connected to an external high  ing
that it is in its low power consumption mode and quality color monitor and
therefore includes the nec-  is halted, the power LED 62 is flashed to
provide an essary circuitry, such as a RAMDAC or color palette  indication
to the user. The battery LED 64 is off when device, to allow the
utilization of the monitor. The key-   5   the battery is sufficiently
charged, begins flashing at board interface 40 connects the CPU 22 to a
key-  a first relatively slow rate of 1 Hz when the LOWBAT1 board 52, which
includes a dedicated microprocessor  condition exists and flashes at a
higher rate, for ex- for key scanning functions and communication with
ample a 2 Hz rate, when the LOWBAT2 condition ex- the keyboard interface 40
and has a line to receive a  ists. These various battery level warnings are
visual powerdown signal from the powercontrol logic circui-  10  indicators
tothe userastothe remaining energy in the try 42.
batteries. The power control logic circuitry 42 has a A power control logic
circuitry 42 performs the  series of outputs which are connected to several
field functions of monitoring the address and data bus 20  effect
transistors (FET's) 66, 68 and 70, which are and determining the Intervals
since the last access to  used, respectively, to control power to the modem
30, the serial port 29, the modem 30, the hard disk con-  15  the hard disk
48, and the LCD 50. troller 34, the printer Interface 36 or the keyboard
In-  The powercontrol logic circuitry has an outputre- terface 40 or
appropriate accesses to the floppy disk  ferred to as the SLEEP* signal,
which is provided to controller 32. The power control logic circuitry 42
an inverter72 to produce the SLEEP signal. The pres- monitors the state of
a line called ACPWR, which line  ence of an active or true SLEEP signal
indicates that indicates whether the powerwhich is being consumed   20  the
computer system C Is in sleep or standby mode. by the computer system C is
being supplied by an al-  The SLEEP signal is connected to the keyboard 52
to ternating current source or whether the computersys-  cause the keyboard
electronics and microprocessor tem C is operating off of Its internal
batteries 54. The  to go into a low power condition. Additionally, the
power control logic circuitry 42 monitors a line refer-  SLEEP signal is
provided to an FET 74 to remove red to as the SWN0* line, which is pulled
up to a high   25  power from various miscellaneous circuitry 76 in the
level by a resistor 56 and which is connected to  computer system C. It is
to be noted that power is not ground by a standby switch 58. The presence
of an  removed from many portions of the computer system asterisk after a
signal or line indicates that the signal  C, such as the CPU 22 and the
memories 24. The orline isan active ortrue lowsignal or line, ratherthan
SLEEP signal Is provided to the memory devices 24 the conventional active
or true high state. The stand-  30  to cause the RAM's to enter their
pseudostatic mode by switch 58 is a normally open switch which Is mo-  and
begin controlling their own refresh. mentarily closed by the user and is
used to place the  The SLEEP signal also Is Inverted and provided
computersystem C in standby modeorwake the com-   to the Input of a two
Input clock AND gate 78 used to puter system C up from standby mode.
Additionally,  disable the system clock. A crystal 80 is connected to the
power control logic circuitry 42 monitors the sta-  35  a clock generator
circuit 82 which producesa CLK sig- tus of two signals referred to as
LOWBAT1 and LOW-  nal which is provided to the power control logic circui-
BAT2, which are developed by the battery voltage  try 42 for its Internal
clocking functions and which is logic 60 which monitors the charge
remaining in the  provided tothe second inputof the clockAND gate 78.
batteries 54. If the charge Is below a first given level  The output of the
clock AND gate 78 is the system indicating that approximately only 10% of a
full  40  clock which is used by the CPU 22 and other portions charge
remains, this is the LOWBAT1 level and the  of the computersystem Cfor
clocking functions. Thus LOWBAT1 signal is set to reflect this state. If
the bat-  when the SLEEP signal is at a high state, the output teries
continue to be discharged, they eventually  of the AND gate 78 is at a low
state, thereby stopping reach a second lower energy level, which Is
referred  the system clock and causing the clocked CMOS cir- to as the
LOWBAT2 level and the LOWBAT2 signal is  45  cuitry located In the computer
system C to go into a set accordingly. The LOWBAT2 level is reached when
very low power state. Alternatively, if it is desired that approximately
only 5% of a full charge remains in the  the system clock be stopped at a
high level, the clock batteries 54. These level signals are provided to
Indi-  AND gate 78 can be replaced by an OR gate and the cate to the user
warning levels relating to the amount  SLEEP signal directly applied. For
details regarding of time available before depletion of the battery and
50  stopping the clocksignal to the CPU 22, referto Harris to indicate to
the computer system C the advisability  Corporation ADC 286 Hardware
Reference Manual, of operating at full power levels.                 p.
A-6, the contents of which are incorporated by ref- The powercontrol logic
circuitry42 has a number  erence herein. of outputs. Two outputs are used
to drive the power   The CLK signal developed bythe clockgenerator light
emitting diode (LED) 62 and the battery state  55  circuit 82 is tied to
the clocking Input of a D-type flip- LED 64. The power control logic
circuitry 42 drives  flop 100 (Fig. 2). The D inputto theflip-flop 100 is
pro- the power LED 62 in a continuous fashion If the com-  vided by the
output of a two Input NOR gate 102. The puter system C is turned on and not
In standby mode.  Inputs to the NORgate 102 are the SLEEP* signal de- 4 
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powercontrol logiccircuitry42 and the  LCD flip-flop 160. This dual
connection of the sleep SWNO* signal provided to the power control logic
cir-  flip-flop output 110 and the LCD flip-flop 116 output cuitry 42. The
NOR gate 102 is used to indicate and  is used in the preferred embodiment
because of con- receive the depressing of the standby switch 58 when
straints relating to the powering sequence of the LCD the system is in
standby mode to begin the wake up   5   50. Therefore when the output of
the sleep flip-flop procedure. When both signals are in a low state indi-
110 goes low, the output of NAND gate 118 goes high cating that the
computersystem C Is in standby mode  and therefore the signal present at
the D input of a D- and the user desires to wake up the computersystem
type flip-flop 120 goes high. This flip-flop 120 is C, the low signal
present at the D input is clocked to  clocked by the inverted CLK signal as
produced by an the Q or noninverting output of the flip-flop 100 on the  10
Inverter 122. When the next falling edge of the CLK next rising edge of the
CLK signal. The noninverted  signal is encountered, the SLEEP* signal,
which is output of flip-flop 100 Is provided to the D input of a  the
non-inverted output of flip-flop 120, goes high in- D-type flip-flop 104.
The clocking signal of the sec-  dicating that the computer system C is no
longer in ond D-type flip-flop 104 is also the CLK signal. The  standby
mode. The SLEEP* signal feeds back to inverted output of flip-flop 100 and
the non-inverted  15  NOR gate 102 to clear the pulse provided by NAND
output of flip-flop 104 are inputs to a two input NAND  gate 106. gate 106.
The output of the two input NAND gate 106,  The inverting output of
flip-flop 120 is connected whose active condition is a low pulse one CLK
signal  to the D input of a D-type flip-flop 124. The clocking cycle in
length afterthestandbyswitch 58 is released,  input to flip-flop 124 is
provided by the CLK signal, so is provided to one input of an AND gate 108,
whose  20  at the next rising edge of the CLK signal the nonin- output is
applied to the reset Input of a sleep D-type  verting output offlip-flop
124 goes low. This output of flip-flop 110.
the flip-flop 124 is tied to one input of a two input OR The sleep
flip-flop 110 is one bit in a register re-  gate 126, with the other input
of the OR gate 126 be- ferred to as the power control register 109. The
power  ing the CLK signal. Thus, when the noninverting out- control
register 109 contains the storage elements  25  put of flip-flop 124 is
low, the output of the OR gate which control and indicate which of the
peripheral de-  126 proceeds to follow the CLK signal and is referred vices
and the system are powered on. The power con-  to as the BCLK signal. This
is the blocked clock or trol register 109 is readable by the computer
system  stopped clock signal for use with the power control C and writeable
by the computer system C. The vari-  logic circuitry 42 so that when the
computer system ous additional storage elements comprising the pow-  30  C
is in standby mode even the portions of the power er control register 109
are a modem D-type flip-flop  control circuitry 42 which can be stopped are
stop- 112, a RAMDAC d-type flip-flop 113, a hard disk D-  ped. type
flip-flop 114, and an LCD D-type flip-flop 116. All  When the computer
system C is to enter standby of the flip-flops in the power control
register register  mode, the inverting output of the LCD flip-flop 116 is
109 have their D inputs coupled to the appropriate  35  in a high state
because In the preferred embodiment lines of the data bus 20 through
buffers (not shown)  it is desired that the LCD power be turned off prior
to and have their clocking inputs tried to a signal refer-  removing the
clock from the various portions of the red to as PWRCTLWR*. The PWRCTLWR*
signal is     computer system C. The noninverting output of the a signal
which indicates that a write operation has  sleep flip-flop 110 is set high
on a following access of been directed to the power control register 109
and is  40  the CPU 22 to the power control register 109, so that of a
phase such that the rising edge of the signal is  both inputs of the two
input NAND gate 118 are high available when the data isvalid atthe inputs
totheva-  so that a low signal Is presented to the input of flip- rious
flip-flops. The non-inverted outputs of the pow-  flop 120. Atthe
nextfalling edge of the CLKsignal the ercontrol registerflip-flops are
combined to form the  SLEEP* signal goes low, indicating that the computer
PWRCTL data lines and are connected to the system   45  system C is in the
standby mode and the inverting out- address and data bus 20 via appropriate
buffering de-  put of flip-flop 120 goes high, which output is then vices
(not shown).                               clocked through flip-flop 124 to
stop operation of the When the computersystem C is in standby mode,  clock
to the other portions of the power control logic which may be referred to
as being asleep, and the op-  circuitry 42 by means of OR gate 126. erator
presses the standby switch 58, a one CLK sig-  so  The non-inverted output
of the RAMDAC flip-flop nal length pulse is developed at the output of the
113 is supplied to one input of an OR gate 128. The NAND gate 106 when the
standby switch 58 is re-  second input to OR gate 128 is the ACPWR signal,
leased and is applied to the reset input of the sleep  which indicates that
AC power is applied. The output flip-flop 110. This pulse resets the
noninverting out-  of the ORgate 128 is a RAMDACON signal to indicate put
of the sleep flip-flop 110. The noninverting output  55  the power should
be turned on to the RAMDAC locat- of the sleep flip-flop 110 is connected
to one input of  ed in the display control adaptor38. As discussed, the a
two input NAND gate 118. The other input of NAND  RAMDAC is useful only
with an external monitor in gate 118 is connected to the Inverted output of
the  the preferred embodiment because the LCD display 
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and therefore there is no need to perform  dicative of an access to port
address 37A-37F, is con- the necessary color pallette lookups performed by
nected to the second input of the multiplexer 150. A the RAMDAC. Therefore
if the RAMDAC bit is set on  signal referred to as LPT3*, which goes low
when an orthe computer system C is being powered by the ex-  access is made
to the address 278-27F, is connected ternal AC supply, the RAMDAC is turned
on. Other-   5   to the third input to the multiplexer 150. The fourth in-
wise the RAMDAC is turned off to conserve power.  put to the multiplexer
150 is tied to a positive level. The non-inverting output of the modem
flip-flop  The output of the multiplexer 150 is a signal referred 112 is
supplied to the D input of a D-type flip-flop 130.  to as PTR, and goes
high to indicate that an access The clocking signal to this flip-flop is a
signal referred  is being made to the selected printer location. The toas
CLK13[err] which provides an approximate 13 mi-  10  PTR signal 150 Is
connected to one input of a four in- crosecond clocking signal to flip-flop
130. The output  put OR gate 152. Another of the inputs to this four in- of
flip-flop 130 is the MODEMON signal and is sup-  put OR gate 152 isthe
output of yet another four input plied to the D input of a second D-type
flip-flop 132  OR gate 154. The four inputs to four input OR gate and to
one input of a two input EQUAL gate 134. The  154 are the HDISK signal, the
MODEM signal, the MODEMON signal is supplied to an FET 66 to control  15
UART signal, and the KEYBD signal. These signals the power to modem 30. The
second flip-flop 132 is  represent, respectively, accesses to the addresses
of also clocked by the [err] signal and has its non-  1 F0-1F7, 2F8-2FF,
3F8-3FF, and 080 and 064. When inverting output connected to the second
input of the  anyone of these signals is present, this Indicates that EQUAL
gate 134. The output of the EQUAL gate 134  the CPU 22 or other device
controlling the bus may is supplied to one input of a two input NAND gate
136.  20  be accessing one of these specified addresses. Theoutputof NAND
gate 136 is referred to asthe MO-   A signal designated FLOPPY is supplied
to one DEMRSTsignal, the modem resetsignal. The second  inputof
aseriesofthree NOR gates 156,158 and 160. input of the NAND gate 136 is
connected to the RE-  The FLOPPY signal indicates an access request in SET*
signal, which Is the main reset signal present in  the address range
3F0-3F7, which the complete the computer system C. Assuming that the RESET*
25  range for access to the floppy disk controller 32 in the signal is
high, the MODEMRST signal is pulsed high  preferred embodiment. However,
because of certain for one 13 microsecond CLK signal cycle when the
features in other control sequences which are pres- modem flip-flop 112
output changes. Thus, there is a  ent in the computer system C that had to
be retained reset pulse after the modem 30 is turned on to allow  for
compatibility reasons, one address in the range the modem 30 to properly
initialize itself.  30  cannot be utilized for inactivity montoring because
The non-inverting outputof the hard disk flip-flop  this address is
accessed on a relatively frequent ba- 114 is the HDISKON signal and is
connected to an  sis to prevent other potential systems problems from FET
68 to control the power to the hard disk unit 48.  occurring and does not
necessarily indicate system The non-inverting outputof the sleepflip-flop
110  activity. Therefore the FLOPPY signal must be com- and the inverting
output of the LCD flip-flop 116 are  35  bined with other bits of the
address to determine that provided to the two inputs of a NOR gate 138. The
the specific undesired address is not being present- output of the NOR gate
138 is the LCDON signal   ed.The FLOPPY signal is first combined with the
zero which is connected to an FET 70 to control the supply  or least
significant address signal by NOR gate 160 of power to the LCD 50. The
coupling of the SLEEP  so that any access to an odd address produces a high
and LCD flip-flop output signals is to prevent the LCD   40  level signal
which ios applied to one input of the OR powerfrom being removed In
impropersequence and  gate 152. The ADD<2> signal representing the sec-
possibly damaging the LCD 50.                    ond least significant bit
of the address Is supplied to The computersystem C includes a parallel
printer  the an input of a NOR gate 158 along with the FLOP- interface 36.
In the preferred embodiment, this paral-  PY signal, so that all addresses
having a least signif- lel printer Interface 36 can be addressed at any one
45   icant hexadecimal digit in the range 4-7 are selected. of three
selectable addresses which are generally re-  The output from NOR gate 158
Is supplied to one in- ferred to as LPT1, LPT2 and LPT3. The selection of
put of a two Input OR gate 162, whose output is con- which of the three
printer locations is defined by the  nected to the fourth input of the four
input OR gate state of two bits in a peripheral control register, the  152.
The second input to the OR gate 162 is provided two signals corresponding
to the two bits referred to  50  from a third NOR gate 156 whose inputs are
the as PCR<6> and PCR<5>. These two signals are pro-  ADD<1> signal or next
least significant bit of the ad- vided to the gating inputs of a 4:1
multiplexer 150,  dress and the FLOPPY signal, so that the output of which
has an inverted output (Fig. 4). Asignal referred  the NOR gate 156 goes
high only when an address to as the LPT1 * signal is applied to the zero
channel  having a least significant hexadecimal digit of 0, 1, 4 input of
the multiplexer 150 and is true when an ac-  55  or 5 is present. Thus, the
NORgates 156,158 and 160 cess is being made to the address of the LPT1
printer  produce a high level signal for addresses in the range which, in
the preferred embodiment, has an address  of 3F0-3F7, except when the
address is 3F2, which is 



of [err] A signal referred to as LPT2*, which is In-  the address accessed
by the above-given problem. 6    11                 EP 0 364 222 B1
12 The outputofthe four Input ORgate 152 indicates  214. The output of the
NAND gate 214 is connected that a proper address of the monitored devices
has  to the D inputof a D-type flp-flop 216whose clocking been presented on
the address bus 20. This signal is  input Is supplied by the BCLK signal.
The inverting provided to one input of each of two different two in-
output of the flip-flop 216 is connected to one input of put NAND gates 164
and 166. The second input of the   5   an AND gate 218 and the output of
the AND gate 218 NAND gate 164 is a signal referred to as I/ORD, which  is
connected to the inverted load input of the count- indicates that a valid
I/O address space or port read  down timer 220, which forms the loadable
portion of operation Is in progress. The second input to the other  the
timing elements of the activity monitor timer T. NAND gate 166 is a signal
referred to as the I/OWR  The timer 220 has an outputwhich indicates
whenthe signal  which Indicates that a valid I/O address space  io  timer
200 has reached a zero value. The outputofthe write operation Is in
progress. The use of these two  AND gate 218 is also connected to one input
of a four signals Is necessary In combination with the address-  Input NAND
gate 222 whose output is designated the Ing information to determine that
the monitored devic-  ACTIVE* signal and indicates that a device has been
es are actually being accessed. The outputs of the  active and the activity
monitor timer T has not count- NAND gates 164 and 166 are supplied to two
inputs  15  ed to zero. The NOTZERO signal provided by the of an AND gate
168whose output is the DEVACT* sig-  latch 210 Is connected to one Input of
the NAND gate nal, which is low when a monitored device is being ac-  222
and the ZERO signal output from the timer coun- cessed. The DEVACT* signal
is low only the length of  ter 220 is provided to yet another Input of the
NAND the I/ORD or I/OWR signals in the preferred embodi-  gate 222. The
fourth and final input of the NAND gate ment because the I/O control
signals are present for  20  222 is a signal described as IRQ15CLR, which
indi- shorter periods than the address information.    cates that the
interrupt request 15 has been cleared. The DEVACT* signal is applied to one
input of a  The inputs to the NAND gate 222 are true only when two input
NAND gate 200 (Fig. 3). The second Input  the activity monitor timer T is
enabled by the value of to the NAND gate 200 is a signal designated ACT-
the latch 210 not being zero, a device is not active as MONWR*, which
indicates that a write operation is  25  indicated by the output of AND
gate 218, the count- occurring to the activity monitor interval register.
The  down timer 220 is at zero count and the level 15 in- ACTMONWR* signal
is also supplied to the enabling  terrupt has been cleared. This is a
general condition input of a latch 202. The data input signals to the latch
that the computer system C has been inactive for a 202 are provided by
connection to the data bus 20, so  sufficient period of time as indicated
by the value thatthe latch 202 is a first registeror buffer contained  30
from which the activity monitor timer T counted down. in the activity
monitor timer T.                     The IRQ15CLR signal and the NOTZERO
signal The output of the NAND gate 200 Is connected to  are provided as two
Inputs to a three input AND gate the clock input of a D-type flip-flop 204.
The D Input  224. The third Input to AND gate 224 is a signal refer- is
connected to a high level signal so that whenever  red to as 5SEC which is
a pulse having a width of one the DEVACT* signal is deactivated to a high
state in-  35  BCLK signal cycle and occurs every five seconds. dicating
that an access to a monitored device has just  This pulse is produced by a
ripple counter 226 which completed, theflip-flop 204 is clocked. The
noninvert-  has the BCLK signal as one input to produce the nec- ed output
of the flip-flop 204 is connected to the D In-  essary pulse width, a
second signal input of the put of a second D-type flip-flop 206. The
clocking in-  CLK13pS signal to produce an Initial clock cycle putofthe
flip-flop 206 is supplied by the BCLK signal.  40  which is divided down to
a five second cycle and a re- The inverting output of the flip-flop 206 is
connected  setsignal provided by the output of the AND gate 21 8. to one
input of a two input AND gate 208, whose out-  The output of the AND gate
224 is provided to the en- put Is connected to the inverted chip enable
input of  able Input of the countdown timer 220 and is syn- a second latch
210. This use of two latches 202 and  chronized to the BCLK signal the
clocking input to the 210 allows the activity monitor timer T to be double
45  countdown time 220, so that the countdown timer 220 buffered.
Additionally, the register 210 Includes an  is advanced or decremented only
one count per five output which indicates that the value latched in the
second interval. The data outputs of the first latch 2u2 latch 210 is not
zero. The docking Input signal to the  are connected in parallel to the
data Inputs to the sec- second latch 210 is the BCLK signal.
ond latch 210, whose data outputs in turn are con- The output of AND gate
208 is also connected to  50  nected to the inverting data inputs of the
countdown one input of a two Input OR gate 212, whose other in-  timer 220.
The Inverted data outputs of the timer 220 put is the BCLK signal. The
output of OR gate 212 is  are provided to the data bus 20 over a line or
series fed backtothe reset input offlip-flop 204 sothateach  of lines
referred as to as the ACTMN data lines to pro- time the DEVACT. signal is
propagated through the  vide the activity monitor timer value to the CPU
22. two flip-flops 204 and 206, the first flip-flop 204 Is  55  In this way
the CPU 22 can determine the actual cleared.
countdown time remaining prior to entering a sleep or 



The inverting output of the second flip-flop 206 is  standby status. also
connected to one input of a two input NAND gate  The ACTIVE, signal is
connected to the second 7    13                 EP 0 364 222 B1
14 Input of NAND gate 214 and when the ACTIVE. signal  preferred embodiment
to allow the computer system goes low, this causes the output of NAND gate
214 to  C to know the states of various events and switches go high, so
that on the second BCLK signal rising  relating to power usage and to warn
the user at ap- edge after a monitored device has been accessed,  propriate
intervals. For example, the ACPWR. signal the countdown timer 220 is
reloaded and the process   5   is provided to the D input D-type of
flip-flop 260, is reinitiated and the ACTIVE* signal returns to a high
whose clocking signal is the BCLK signal. The non-in- state. This pulse
width of the ACTIVE. signal is suf-  verting output of the flip-flop 260 is
connected to the ficient for the level 15 Interrupt to be generated as  D
input of a D-type flip-flop 262 and to one input of a needed to start
execution of the interrupt routine  two inputXOR gate 264. The second input
to the XOR which determines if and when it is appropriate to go   10  gate
264 is provided by the noninverting output of the into standby mode. The
two latches 202 and 210 and  second flip-flop 262, which flip-flop Is
clocked by the the two flip-flops 206 and 216 are reset by a low level
BCLK signal. The output of the XOR gate 264 is thus of the RESET* signal.
a one BCLK signal cycle length pulse which occurs Thus, the combination of
flip-flops 204, 206 and  wheneverthe condition of the AC powerchanges and
216 and various logic gates 200, 208, 212, 214 and   15  is provided to the
NOR gate 258 to generate the 218 resetand retriggerthe countdown timer 220
each  IRQ15REQsignal. The state of the ACPWR* signal is time a monitored
device is activated. For example, a  stored and transmitted to the IRQDATA
lines by the clocking signal appears at filp-flop 204, which then
inverting output of the flip-flop 260. Thus, the NOR provides a high signal
to the D input of flip-flop 206,  gate 258 Is utilized to allow the
computer system C to whose inverting output in turn goes low at the next
ris-  20  note any change in the AC power status such as, for ing edge of
the BCLK signal. This low output on the  example, when the AC adaptor is
provided or re- inverting output of flip-flop 206 enables the second
moved. This allows the computer system C to note latch 210 to be reloaded
on the next rising edge of the  when it is entering battery-powered
operation and BCLK signal and the output of flip-flop 216 to go low  thus
the power conservation mode may be appropri- on that same BCLK signal edge.
On the next BCLK   25  ate. This operation is seen in more detail In the
flow- signal rising edge after that the countdown timer 220  chart
illustrations of the operating sequences of the is reloaded and thus the
countdown process recoin-  computer system C. mences.
Similar flip-flop circuits are present for utilizing The ACTIVE, signal Is
applied to one Input of a  the LOWBATI and LOWBAT2 signals. Thus two in-
two Input NAND gate 250 (Fig. 5). The output of this  so  puts to the
NORgate 258 indicate whe`ever the com- NAND gate 250 is connected to the D
input of a D-ty-  puter system C has changed the battery charge sta- pe
flip-flop 252. This flip-flop 252 is clocked by the  tus to or from LOWBAT1
or LOWBAT2. The actual BCLK signal. The non-inverting output of flip-flop
252  LOWBAT signals are latched by a first D-type flip-flop is the active
status bit of the interrupt request register  290 and 292 In the series and
the noninverted outputs and Is provided to the processor by means of the
IRQ-  35  are presented to the IRQDATAlines. Asecond D-type DATA<7-0> lines
and appropriate buffering. The non-  flip-flop 294 and 296 is closed by the
BCLK signal and inverting output of flip-flop 252 is also supplied to the
has the D input connected to the preceding flip-flop D input of a flip-flop
254, which flip-flop 254 is also  290 and 292 noninverting output. The
noninverting clocked by the BCLK signal. The inverting output of  outputs
of theflip-flops 290 and 292 and 294 and 296 the first flip-flop 252 is
connected to the second Input  40  are the Inputs to an XOR gate 297 and
298, whose of the NAND gate 250 and to the first input of a NOR  output is
connected to NOR gate 258 to produce the gate 256. By this connection, the
D input to the flip-  necessary signal to trigger a level 15 interrupt.
flop 252 remains high afterthe initial pulse is received  The 5SEC signal
Is combined with the latched on the ACTIVE* signal so that the state of the
activity  LOWBAT2 and LOWBAT1 signals by AND gate 266 status of the
computer system C can be determined  45  whose output is connected to NOR
gate 258, so that at any time. The output of the second flip-flop 254 Is
whenever the computer system C is in a LOWBAT2 provided to the second input
of the NOR gate 256,  condition, everyfivesecondsa level 15 Interrupt is
re- whose output is connected to one input of a six Input  ceived to allow
the user to be reminded that he is in NOR gate 258. The output of the two
Input NOR gate  LOWBAT2 condition and that there is very little ener- 256
is a pulse having a length of one BCLK signal cy-  6o  gy remaining in the
batteries 54. cle. In this manner only a short pulse is formed and  The
final input to NOR gate 258 is based on the provided to the NOR gate 258
when the inactivity  SLEEP signal and the SWNO* signal. The combina-
timeout is reached to cause the IRQ15REQ signal to  tion of the signals is
used to indicate that the user has be developed.
pressed the standby switch 58 while the computer As can be seen by the fact
that there are six in-  as  system C Is active and that the computer system
C is 



puts to the NOR gate 258, there are a plurally of dif-  to go to an
Inactive status or standby, based on the ferent ways In which the IRQ15REQ
signal can be  user demand. The SLEEP* signal is provided to the generated.
These additional ways are provided In the  D Input of a D-type flip-flop
268 with the SWNO. sig- 8    15                 EP 0 364 222 B1
16 nal provided to the C;Locking Input. In that way, if the  flop 282 is
the IRQ15CLR* signal and is provided as SLEEP. signal Is high indicating
that the computer  one input to a two InputAND gate 284. The remaining
system C is active, when the standby switch 58 is de-  inputto thisAND gate
284 is the RESET*.signal which pressed, a high state is produced at the
noninverting  is also provided to the reset inputs of the IRQ15EN output
transmitted to the noninverting output of the   5   and IRQ15CLR flip-flops
280 and 282 and to the flip- flip-flop 268, which is connected to the D
input of a  flops in the LOWBAT1, LOWBAT2 and ACPWR por- next D-type
flip-flop 270. The clocking signal to the  tions of the circuitry. The
output of the AND gate 284 second flip-flop 270 is provided by the BCLK
signal.  is a clear signal used to clear the IRQ15 flip-flop 278 The
noninverting output of flip-flop 270 Is provided to  and to clear the
active flip-flops 252 and 254 and the the IRQDATA lines and is considered
to be the stand-  10  standby switch flip-flops 268, 270 and 274. by switch
signal which is interpreted by the CPU 22.  This completes the detailed
description of the cir- The Inverted output of flip-flop 270 is provided to
one  cuitry utilized in the computer system C according to input of a NOR
gate 272. The non-inverting output is  the present invention to provide the
power conserva- also supplied to the D Input of a third D-type flip-flop
tion features of the present invention. This circuitry is 274, which is
clocked by the BCLK signal. The non-  15  used in conjunction with certain
operating sequences inverting output of flip-flop 274 is connected to the
provided In the read-only memory space of the com- second inputof the NOR
gate 272, so that in a manner  puter system C to perform the power
conservation similar to the circuitry relating to the ACTIVE* signal,
functions of the present invention. only a short pulse one BCLK signal
cycle In length is  When the power to the computer system C is ini-
presented to the NOR gate 258 to Indicate the user's  20  tially turned on,
the power on sequence 300 (Fig. 6A) desire to place the computer system C
in standby  is commenced. The first step of the power on se- mode.
quence 300 is step 302, where a determination is The output of the NOR gate
258 is connected to  made by reading the IRQDATAlines as to whetherthe one
input of a NAND gate 276, whose output is con-  computer system C is in a
LOWBAT2 condition. If the nected to the D Input of the IR15 D-type
flip-flop   25  computer system C is in a LOWBAT2 condition, con- 278. The
IR15 flip-flop 278 is clocked by the BCLK  trol proceeds to step 304 where
12 beeps are issued signal and has the inverting input coupled back to the
to warn the user of this state and control proceeds to second input of the
NAND gate 278. In this way,   step 305 where the computer system C is
halted. whenever a pulse Is received by the NOR gate 258,  Thus, when the
computer system C is in a LOWBAT2 the signal is detected by the IRQ1 5
flip-flop 278 and   3o  condition it cannot be used until it is removed
from latched in until the IRQ15 flip-flop 278 is reset. The  this
condition. This is done because it is presumed non-inverting output of the
IRQ15 flip-flop 278 Is the  that there is Insufficient energy in the
batteries 54 to IRQ15REQ signal which is supplied to the interrupt  allow
any significant activity of the computer system controller which is
interfaced to the CPU 22 and han-  C and so the possibility of losing data
Is not allowed. dies the processing of the interrupt request.  35    If the
computer system C is not In a LOWBAT2 There are two remaining flip-flops
utilized in the  condition, control transfers from step 302 to step 306
power conservation circuitry relating to the interrupt  where other
activity relating to powering up the sys- circuitry and these are the
IRQ15EN D-type flip-flop  tam is performed. Aftercompleting this necessary
ac- 280 and the IRQ15CLR D-type flip-flop 282. The    tivity, control
proceeds to step 308 where a determi- IRQ15EN flip-flop has its D input
coming from the   40  nation Is made as to whether the values contained in
data bus 20 and is docked by a signal referred to as  the CMOS RAM 26 are
valid. The CMOS RAM 26 is the IRQ1IWR. signal, which indicates thata write
op-  used to contain certain values relating to the config- eration is
occurring to the IRO15 register. The IRQ15  uration of the system C which
allows the computer register location provides the states of the signals
system C not to ask the user this information or have forming the IRQDATA
lines during a read operation   45  the information stored In a file
contained on a disk. If and allows data to be written to the IRQ15EN and
the CMOS Information is valid, control proceeds to IR01 5CLR flip-flops 280
and 282 during write opera-  step 310 where the computer system C
determines tions. The data present on the data bus is latched at  whether
power conservation should be activated. this time and the output of the
IRQ15EN flip-flop 280  There are two bits contained in a register in the
com- is provided to the IRQDATAlines and Is the IRQ15EN   50  puter system
C which are used to indicate the desired signal.
Initial state of the power conservation system. The Also clocked in by the
IRQ15WR. signal Is an-  three states that are available are the power
conser- other bit of the data bus 20, which is the IRQ15CLR  vation On
State, the power conservation Off State, signal. When a high state of this
signal Is clocked In,  and a power conservation Auto State. In the power 



the non-inverting output of the IRQ1 5CLR flip-flop  66  conservation On
State the power conservation tech- 282 is the IRQ15CLR signal, goes to a
high state and  niques of the present invention are utilized at all is fed
back to the IRQDATAlines forevaluation by the  times. In the power
conservation Off State, the power CPU 22. The inverting output of the
IRQ15CLR flip-  conservation techniques are not utilized. The prefer- 0
17                 EP 0 364222 B1                 18 red initial state is
the power conservation Auto State,  system inactivity time Is set to zero
because there is which is utilized so that the computer system C can  no
need to conserve power when powered from the determine which operating
system will be controlling  external source and a zero value in the latch
210 pre- the operations of the machine after booting opera-  vents the
ACTIVE* signal from being asserted. Con- tions are completed. Thus, power
conservation in the   5   trol proceeds from step 330 to step 328, where
other Auto State is enabled when certain operating systems  necessary power
up and self-test activities are per- are employed and is not operational
when certain  formed. Control then proceeds from step 328 to step other
operating systems are employed. This allows  331 where the computer system
C makes a second the greatest flexibility of operation.
determination as to whethera LOWBAT2 state exists. If the computer system C
determines In step 310  so  If so, control proceeds to step 332 where the
user is that the power conservation Is selected to be on, con-  again
prompted with 12 beeps as an audible indica- trol proceeds to step 312
where the power conserva-  tion that the LOWBAT2 condition exists. Control
then tion mode is enabled and the system Inactivity timer  proceeds to step
334 which Is the beginning of the or activity monitor timerT is set with a
value obtained  boot sequence in which the operating system is load- from
the CMOS 26. Control then proceeds to step   15  ed in from the storage
media. 314.                                                If the computer
system C is not In a LOWBAT2 If it was determined in step 310 that the
power  condition, control proceeds from step 331 to step 336 conservation
mode was not to be enabled on at all  where a test Is made to see if the
computer system C times, control proceeds to step 316 where a determi-  is
in a LOWBATI condition. if so, control proceeds to nation Is made
astowhether powerconservation fea-  20  step 338 where 6 beeps are issued,
thus allowing the tures are to be turned off. If so, control proceeds to
user to distinguish between the LOWBAT1 and LOW- step 318 where the power
conservation off flag is set  BAT2 conditions audibly. Control then
proceeds from for further use in later operations and then control  step
338 to step 334, which is also where control proceeds to step 314. If the
power conservation Off  would proceed from step 336 if the computer system
State was not selected In step 316, or if the CMOS   25  C was not In a
LOWBATI condition. The computer was determined to be not valid In step 308,
control  then proceeds to boot up and load the operating sys- proceeds to
step 320 where the computer system C  tem. sets the auto delay counter for
a sufficient Interval,  If the selected power conservation mode was au-
generally 70-85 seconds, so that the remaining por-  tomatic, a timer is
set in step 320 with the auto delay tions of the power up routine and
operating system   3o  Interrupt time and eventually an auto delay
Interrupt are executed and locked, and an Interrupt is devel-  occurs. If
the operating system in control of the ma- oped after that period of time.
This allows sufficient  chine at that time is one which allows access to
the time for the operating system to be installed in the  read-only memory
portions of the computer system C computer system C and begin controlling
operation of  containing the proper routine, then control proceeds the
computer system C. If the operating system does  35  to the auto delay
Interrupt sequence 340 (Fig. 6C). not allow access to the ROM memory
portion where  Control starts In sequence 340 by having the comput- the
auto delay interrupt routine is located, then a prop-  er system determine
whether IRQ1 5 has been en- er entry to that selected interrupt will not be
obtained  abled In step 342. If IRQ15 is enabled, this indicates and power
conservation will not be enabled. Also in  that the power conservation mode
is already active to step 320, the IRQ15 is cleared and disabled bywriting
40  cause interrupts and thus be recognized for action. if the proper
values to the IRQ1 5 register. Finally insstp  IRQ15 Is enabled, control
proceeds to step 344, 320, the system inactivity timer T is set to the
default  where control is returned to the interrupted se- value.
quence. If IRQ15 is not enabled In step 342, control Control then proceeds
from step 320 to step 314  proceeds to step 346, where a determination Is
made where the computer system C determines If the coin-  45  If the
desired power conservation mode Is off. If so, puter system is being
powered by the batteries 54. If  control proceeds to step 344 and returns.
if the power so, control proceeds to step 322 where a second  conservation
mode is not off, control proceeds from check is made to see if the CMOS 26
is valid. If so,  step 346 to step 348 where a determination is made
control proceeds to step 324 (Fig. 6B) where the sys-  to see if it is time
to enable power conservation. If not, tem inactivity timer T Is set with
the value contained  50  control proceeds to state 344.If It Is time,
control pro- in the CMOS 28. If the CMOS 26 is not valid, control  ceeds to
step 350 where IRQ15 is enabled and the proceeds to step 326 where the
system inactivity  IRQ15DATA lines or status value is saved for later timer
T is set with a default value. Control proceeds  use. Control then proceeds
to step 344 and operation 



from step 326 or from step 324 to step 328.      proceeds in the
interrupted sequence. If it was determined In step 314 that the system   55
Whenever the inactivity timer has timed out such was not powered by the
battery, that Is, was powered  that it is appropriate to enter standby mode
or when by the AC adaptor or from an external base unit, con-  one of the
various parameters related to power con- trol proceeds from step 314 to
step 330 where the  servation such as the powersource, the battery con- 10
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user request for standby status Is devel-  LOWBAT2 bit has changed. If it
has changed, control oped, a level 15 Interrupt or IRQ15 is requested and
proceeds to step 426 where the computer system C an IRQ15 interrupt
sequence 400 is performed. The  causes 12 beeps to be emitted to indicate
to the user preferred embodiment uses IRQ15 for this purpose  that the
system C has now entered a LOWBAT2 con- because it is generally not a
defined interrupt and   5   dition and the battery charge LED 64 is flashed
at a thus is relatively available with a minimum number of  2 Hz rate to
indicate the urgency of the situation. Also conflicts with application
software. The IRQ15 se-  in step 426, the system Inactivity time Is set at
a very quence 400 begins at stop 402 where the computer  short 20
consecutive second interval so that should system C reads the IRQ15 status
values from the   any of the monitored devices not be used for 20 sec-
IRQDATA lines and retrieves the old IRQ15 status  io  onds, the system will
automatically enter standby values from a saved location In memory. Control
pro-  mode, and once standby mode has been entered ceeds from step 402 to
step 404, where write opera-  from the LOWBAT2 condition, it is not
possible to re- tions are performed to the IRQ register so that the  cover
or restart the machine without plugging in an pending IRO15 Is cleared and
remains enabled. Con-  external power source. This very short time is used
trol then proceeds to stop 406, where a determination   15  because it is
presumed that there is very little energy is made as to whether the system
was previously AC  left In the batteries 54 and that if any significant use
powered. If so, control proceeds to step 407 where a  is made of the
various peripheral devices any infor- determination is made to determine If
the computer  mation existing in the memories may be lost. Control system C
is switching to battery powered operation.  proceeds from stop 426 to stop
422 and control is re- If it is powered by an external source, control pro-
20  turned to the Interrupted program. ceeds to stop 408 where a
determination Is made as   If the LOWBAT2 bit had not changed, control pro-
to whether the old and new IRQ15 status values are  ceeds from step 424 to
step 428, where the CPU 22 equal. if so, control proceeds to step 410 which
deter-  determines whether the standby switch 58 has been mines if the user
has cancelled the standby request,  depressed by the user. If so, 2 beeps
are emitted to by pushing the standby key a second time after the   25
acknowledge the switch depression and the system initial time which
initiated the execution of this se-  Inactivity time isset to 10 seconds.
The system is not quence. If not control proceeds to step 414 where the
immediately made inactive atthis time so thatvarious computer system
determines If the battery Is In the  operations which may be active can be
completed. LOWBAT2 condition. If the battery charge Is not in the  For
example, the user may start a file transfer pro- LOWBAT2 condition, step
414 transfers control to re-  3o  gram or start a save operation from his
applications turn step 412. However, if the LOWBAT2 condition  program and
be ready to leave the machine, so he exists, control proceeds to step 416
where 12 beeps  starts operation, depresses the standby button 58 are
issued to remind the user of the presence of the  and leaves. If the system
were to go into standby LOWBAT2 state. This path Is executed on 5 second
mode immediately, the data would not necessarily be intervals because the 5
second counter is one input  35  saved away onto the appropriate media, but
could be to the IRQ15 NOR gate 258 via AND gate 266 and is  lost if the
user remained away fora significant period not provided to the IRQDATA
lines for direct determi-  of time. Therefore, the system first waits until
all file nation by the computer system C.                  transfer
operations are completed and then enters a If the old and new IRQ15 status
values were dif-  standby mode. After step 430, control proceeds to ferent,
control proceeds from step 408 to step 418   40  step 422 and control is
returned to the interrupted where a determination Is made to see if the
state of  program. the LOWBATI condition has changed. If so, this gen-  If
the standby switch 58 has not been hit as de- erally indicates that a
LOWBATI condition has devel-  termined in step 428, control proceeds to
step 432, oped and control proceeds to step 420, where 6    where a
determination is made to see whether AC or beeps are emitted to Indicate
the presence of the   45  external power has been applied to the computer
sys- LOWBAT1 condition to the user, the battery charge  tem C to charge the
batteries. If so, It Is no longer nec- LED 64 is set to flash at a 1 Hz
rate and the system  essary for the system to be in power conservation
inactivity timer T is set at a value of 2 minutes. The  mode and to receive
the system inactivity Interrupts, system activity timer is set at this low
value from the  so In stp 434 thesystem inactivity time is set to zero.
generally 10 minutes used before low battery condi-  50  As mentioned in
the discussion of the register 210, tions exist to allow increased
conservation of the en-  the NOTZERO signal of latch 210 develops and is
one 



ergy remaining In the batteries. From step 420, con-  input to a four Input
NAND gate 222, so that when a trol proceeds to step 422, where control is
returned  zero value is written to the system inactivity latches to the
Interrupted sequence.                      202 and 210, the output of this
NAND gate 222 is If the state of the LOWBAT1 bit In the IRQ15 sta-  55
made high because the NOTZERO signal goes low. tus register has not
changed, control proceeds from  Thus, there are no activity monitoring
events provid- step 418 to step 424 (Fig. 7B). In step 424, the com-  ed to
the flip-flops 252 and 254 and the inactivity in- puter system C determines
whether the state of the  terrupts are not generated. However, the power
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the battery monitoring func-  clock to be restarted according to the
circuitry shown tions remain active. After step 434 Is completed, con-  in
Figs. 1 and 2. trol is returned to step 422 fora return tothe interrupt-
After the standby switch 58 has been hit and the ed sequence.
clock is successfully started, a series of no operation If AC power has not
been applied as determined   5   instructions Is still performed in-stp 458
to allow the in step 432, control proceeds to step 436 where it is  system
to fully come into operation with no truly crit- evaluated astowhetherAC
powerhas been removed.   ical instructions being performed. Afterthe system
is If AC power has been removed, this is an indication  thus safely
operating and the no operation instruc- that battery power operation has
commenced and in  tions are completed, in step 460 a determination is step
438 a check Is made to see whether the CMOS   10  made whether the computer
system C Is currently in 26 is valid. If so, In step440, thesystem
inactivity time  LOWBAT2 mode. If It is in this very low energy re- is set
from the CMOS value, while if the CMOS 26 is  maining condition of LOWBAT2,
control proceeds to not valid in step 442, the system inactivity time is
set  step 456 and the computer system Conce again puts to a default value.
Control proceeds from either step  Itself into standby mode. Therefore the
computer sys- 440 or442 to step 422 and tothe Interrupted program.  v5  tem
C does not awaken Itself when it Is In the LOW- If AC powerwas not removed,
this has completed  BAT2 condition. If the machine were attempted to be all
the possibilities which could cause a power con-  restarted in LOWBAT2, the
mere energy of powering servation interrupt except for the inactivity timer
and  on of the appropriate devices might drain the remain- control thus
proceeds from step 436 to step 444 (Fig.  Ing energy and any data which is
present in the mem- 7C). In step 444, 2 beeps are issued to Indicate that
20  ory 24 would be lost. the system Is about to go into standby mode, the
in-  Assuming then that the computer system C is not activity register is
cleared and the non-maskable in-  in the LOWBAT2 state, control proceeds to
step 462 terrupt Is disabled. Control then proceeds to step 446  where the
current IRQ15 status value is saved, the where the hard disk 48 Is placed
in standby mode by  time and date values contained in the memory 24 are
Issuing a proper command to the hard disk controller  25  updated from the
real time dock contained in the 34 to cause the hard disk 48 to enter this
state. This  CMOS 26 and the non-maskable Interrupt is enabled. state
allows the hard disk 48 to start spinning down  It is necessary to update
the time because dearly in a proper manner. Control then proceeds to step
448  some time has passed during the standby state and where the power Is
turned off to the LCD 50 and to  the system, for its proper operation,
needs to be in- the backlight. After turning the power off, control pro-
3o  formed of the proper time. While this Is understood to ceeds to step
450 for a delay of 1 second. This time  involve a discontinuity, this Is
considered preferable Is to allow the hard disk to spin down. After this
sec-  to other options. ond delay is completed, control proceeds to step
452,  Control then proceeds to step 464, where the where a command is
issued to the floppy disk control-  power to the modem 30 and hard disk 48
is turned on ler 32 to power off the floppy disk controller 32. The  35  to
allow their operation to commence. In step 466, the next step is step 454,
where the power Is turned off  floppy disk subsystem is reset to allow its
operation to the modem 30 and the hard disk 48, thereby com-  and the disk
changed line is set. The disk changed pleting the shutting off of power to
the major devices  line isa line which Indicates that the floppy diskwhich
in the computer system C which can be powered    was present In the floppy
disk unit 46 may have down. The next step is step 456, where the SLEEP bit
4o  changed and therefore It is necessary to redetermine in the power
control register is set, thus triggering a  directory Information and other
Information contained series of events where miscellaneous circuitry
Includ-  on the disk. This line must be set In this step because ing the
floppy disk unit 46 has its power removed and  it is quite possible that
during the standby state the the clock is stopped.
user has exchanged floppy disks, and because the In step 458 a large number
of no operation In-  45  system is In a standby state, the change would not
be structions are performed by the CPU 22. A series of  noticed. The
computer system C would try to access no operation instructions is Included
so that the sys-  the new floppy disk using the old floppy disk informa-
tem will definitely stop during this interval and will not  tion with
erroneous results. stop during a potential instruction In which data may
Control then proceeds from step 468 to step 468, need to be transferred for
some reason. It Is assumed   5o  where the power to the LCD 50 and its
backlight are that the system comes to a stop In the middle of this  turned
on. In step 470, the keyboard buffer is flushed 



step 458 when performing the no operation Instruc-  to remove any possible
keystrokes or stray key- tions. The system stops because the clock has been
strokes which may have developed during portions of stopped to the CPU 22
and so the CPU 22 cannot di-  the standby sequence or were developed due to
the rect any operations. The system is then In standby  55  various
powering on ofvarious items. Also in step 470, mode and at its lowest power
consumption mode until  the system inactivity time Is set to the last value
that it is attempted to be awakened by having the user hit  was present and
then control proceeds to step 472 the standby switch 58, which would then
allow the  and to the interrupted program, thus completing op- 12    23
EP 0 364 222 B1                 24 eration of the standby sequence.
ing means for reducing power consumed by the Thus, the computer system
according to the pres-   microprocessdr when said timing Interval ex- ent
invention monitors various powerconsumption re-    ceeds the preset amount.
lated events, Indicates certain changes to the user and enters an
inactivity state upon an appropriate   5   6. Apparatus according
toclaim4ordaim 5, where- period of time after monitored system devices have
in said means for detecting peripheral device ad- been used.
dressing comprises an analyzer that produces a The foregoing disclosure and
description of the    signal (DEVACT*) on detection of an address val-
invention are illustrative and explanatory thereof, and  ue for accessing
said at least one peripheral de- various changes in the size, shape,
materials, compo-  io  vice, presented on said address and data bus by
nents, circuit elements, wiring connections and con-   said microprocessor,
and the timing interval is es- tacts, as well as In the details of the
illustrated circul-  tablished or reestablished in response to said sig-
try and construction and method of operation may be    nal. made. 1S  7.
Apparatus according to claim 6, wherein said mi- croprocessor presents
address values and ad- Claims
dress qualifiers to said address and data bus to access a peripheral device
and wherein said sig- 1. Apparatus for reducing power consumption of a
nal (DEVACT*) is produced in response to detec- battery powered computer
system comprising at  20  tion of both an address value and an address
least one addressable peripheral device (30, 46,   qualifier. 48,52);
address and data bus means (20) for ena- bling communication of information
In said corn-  8. Apparatus according to any of claims I to 7, for puter
system; and means (22) for accessing said    reducing power consumption of
a plurality of ad- at least one peripheral device by presenting its  25
dressable peripheral devices, wherein said address on said address and data
bus means;        means (42) for monitoring the address and data
characterized by                                   bus means is arranged to
monitor addressing of means (42) for monitoring said address        a
number of said peripheral devices, and wherein and data bus means, for
detecting addressing of    said means (NSLEEP(52), 66(300), 68(48), said at
least one peripheral device and for pro-  30  74(46),70(50)) responsive to
the established tim- ducing a signal indicative thereof,                ing
interval exceeding a preset amount is ar- means (42) responsive to said
signal for     ranged to reduce power to at least some of said establishing
a timing Interval each time address-  peripheral devices. ing of said
atleastone peripheral device is detect- ed; and
as  9. Apparatus according to any of claims 1 to 8, means ("SLEEP"(52),
66(300), 68(48),          wherein said means for detecting peripheral de-
74(46),70(50)) responsive tothe established tim-   vice addressing
comprises decode logic (152, ing interval exceeding a preset amount for
reduc-  154, 164, 166,168). ing power to said at least one peripheral
device to cause said computer system to enter a reduced   40  10. Apparatus
according to any of claims 1 to 9, in- power consumption state.
cluding circuitryto selected portions (76) of which means (74) are coupled
to enable power con nec- 2. Apparatus according to claim 1, wherein a said
tion to said selected portions,and to disable said time interval is
established by a timer (220) com-  power connection when said timing
interval ex- mon to all the monitored peripheral devices and   45  ceeds a
preset amount. is reestablished consequent to each detected peripheral
device addressing.                   11. Apparatus according to any of
claims 1 to 10, wherein said means responsive to the establish- 3.
Apparatus according to claim 1 orclaim 2, where-    ed timing interval
exceeding said preset amount in said timing interval is established or
re-estab-  50  includes peripheral device powering off means. 



lished by resetting a countdown timer (220). 12. Apparatus according to
claim 11, further com- 4. Apparatus according to any of claims 1 to 3,
prising: means (58,102) for powering on said per- wherein said means (22)
for accessing said at      ipheral devices powered off by said means re-
least one peripheral device comprises a micro-  55  sponsive to the
established timing interval ex- processor.
ceeding said preset amount. 5. Apparatus according to claim 4, further
compris-  13. Apparatus according to claim 12, wherein said 13    eration
of the standby sequence.                      ing means for reducing power
consumed by the Thus, the computersystem according to the pres-
microprocessor when said timing interval ex- ent invention monitors various
power consumption re-   ceeds the preset amount. lated events, indicates
certain changes to the user and enters an inactivity state upon an
appropriate   5   6. Apparatus according toclaim 4 orclaim5, where- period
of time after monitored system devices have     in said means for detecting
peripheral device ad- been used.
dressing comprises an analyzer that produces a The foregoing disclosure and
description of the    signal (DEVACT*) on detection of an address val-
Invention are illustrative and explanatory thereof, and  ue for accessing
said at least one peripheral de- various changes in the size, shape,
materials, compo-  10  vice, presented on said address and data bus by
nents, circuit elements, wiring connections and con-  said microprocessor,
and the timing interval is es- tacts, as well as in the details of the
illustrated circui-  tablished or reestablished in response to said sig-
try and construction and method of operation may be    nal. made. 15  7.
Apparatus according to claim 6, wherein said mi- croprocessor presents
address values and ad- Claims
dress qualifiers to said address and data bus to access a peripheral device
and wherein said sig- 1. Apparatus for reducing power consumption of a
nal (DEVACT*) is produced in response to detec- battery powered computer
system comprising at  20  tion of both an address value and an address
least one addressable peripheral device (30, 46,   qualifier. 48,52);
address and data bus means (20) forena- bling communication of Information
In said com-  8. Apparatus according to any of claims 1 to 7, for puter
system; and means (22) for accessing said    reducing power consumption of
a plurality of ad- at least one peripheral device by presenting its  25
dressable peripheral devices, wherein said address on said address and data
bus means;        means (42) for monitoring the address and data
characterized by                                   bus means is arranged to
monitor addressing of means (42) for monitoring said address       a number
of said peripheral devices, and wherein and data bus means, for detecting
addressing of    said means ("SLEEP"(52), 66(300), 68(48), said at least
one peripheral device and for pro-  30  74(46),70(50)) responsive to the
established tim- ducing a signal indicative thereof;                Ing
Interval exceeding a preset amount is ar- means (42) responsive to said
signal for     ranged to reduce power to at least some of said establishing
a timing interval each time address-  peripheral devices. ing of said at
least one peripheral device is detect- ed; and
35  9. Apparatus according to any of claims 1 to 8, means ("SLEEP'(52),
66(300), 68(48),         wherein said means for detecting peripheral de-
74(46),70(50)) responsive to the established tim-  vice addressing
comprises decode logic (152, ing interval exceeding a preset amount for
reduc-    154, 164, 166,168). ing power to said at least one peripheral
device to cause said computer system to enter a reduced   40  10. Apparatus
according to any of claims 1 to 9, in- power consumption state.
cluding circuitryto selected portions (76) of which means (74) are coupled
to enable power connec- 2. Apparatus according to claim 1, wherein a said
tion to said selected portions,and to disable said time interval is
established by a timer (220) com-  power connection when said timing
interval ex- mon to all the monitored peripheral devices and   45  ceeds a
preset amount. is reestablished consequent to each detected peripheral
device addressing.                   11. Apparatus according to any of
claims 1 to 10, wherein said means responsive to the establish- 3.
Apparatus according to claim 1 orclaim 2, where-    ed timing interval
exceeding said preset amount in said timing interval is established or
re-estab-  50  includes peripheral device powering off means. lished by
resetting a countdown timer (220). 



12. Apparatus according to claim 11, further com- 4. Apparatus according to
any of claims 1 to 3,        prising: means (58,102) for powering on said
per- wherein said means (22) for accessing said at      ipheral devices
powered off by said means re- least one peripheral device comprises a
micro-  55  sponsive to the established timing interval ex- processor.
ceeding said preset amount. 5. Apparatusaccordingtoclaim4,furthercompris-
13. Apparatus according to claim 12, wherein said 13    means for powering
on includes a user activated    operating system to take control of
operations of switch (58).                                       the
computer system on initial powering on of said computer system
(300,302,306,308,310, 14. Apparatus according to claim 12 or claim 13, fur-
316,320) and for initially disabling said means re- ther comprising: means
for disabling said means   5  sponsive to the timing interval exceeding the
pre- for powering on said peripheral devices when the   setamount (320 -
IRQ15 DISABLE); means (320, remaining battery energy of the computer system
340) for interrupting operation of the computer is below a preset level.
system after the operating system has taken con- trol; and means
(340,342,346,348,350) operable 15. Apparatus according to any of claims 1
to 14, fur-  10  to enable said means responsive to the timing in- ther
comprising: means (step 420) for reducing     terval exceeding the preset
amount, when the the preset amount of said interval when the re-
controlling operating system allows response to maining battery energy of
the computersystem is    said interrupt. below a first given level
(LOWBATI). 15  24. A computer system according to any of claims 20 16.
Apparatus according to claim 15, further com-     to 23, further comprising
means (210) operable to prising: means (step 426) forfurther reducing the
disable and to re-enable said means for estab- preset amount of said
interval when the remain-    lishing a timing interval. Ing battery energy
is below a second given level which is less than said first given level
(LOW-  20  25. A computer system according to any of claims 20 BAT2).
to 24, which is alternatively operable by a.c. pow- er. 17. Apparatus
according to any of claims 1 to 16, fur- ther comprising: means (202)
responsive to a sig- nal from the userfor modifying the preset amount  25
Revendications of said Interval. 1. Appareil pour r6duire la consommation
d'6nergle 18. Apparatus according to any of claims 1 to 17,     d'un
systeme d'ordinateur aliment6 par piles ou wherein said peripheral devices
include one or     batteries comportant au moins un dispositif p6ri- more
of the following: a floppy disk drive (46), a   30  ph6rique adressable
(30,46,48,52); des moyens keyboard (52), a modem (30), and a hard disk
formant bus (20) d'adresses et de donnees pour drive (48).
permettre la communication d'informations dons ledit systbme d'ordinateur;
et des moyens (22) 19. Apparatus according to any of claims 1 to 18,
pour acceder audit dispositif p6riph6rique au wherein said means for
detecting peripheral de-  35  nombre d'au moins un en pr6sentant son
adresse vice accessing and said means for establishing a   sur lesdits
moyens formant bus d'adresses et de timing interval are external to said
peripheral de-  donn6es; caract6ris6 par: vices.
des moyens (42) pour contrbler lesdits moyens formant bus d'adresses et de
donn6es, 20. A battery powered computer system comprising   40  pour
d6tecter l'adressage dudit dispositif peri- at least one addressable
peripheral device (30,    phdriqueau nombre d'au moins un et pour produl-
46,48, 52) and apparatus according to any of the   re un signal indicatif
de celul-ci; proceeding claims.                                      des
moyens (42) raagissant audit signal en 6tablissant un intervalle de
minutage A chaque 21. Acomputersystem according to claim 20, where-  45
fois que l'adressage dudit dispositif periph6rique in said timing interval
Is initially established on  au nombre d'au moins un est d6tect6; et
powering up said computer system.                        des moyens (
SLEEP"(52), 66(300), 68(48), 74(46), 70(50)) r6agissant au fait que I'mn-
22. A computer system according to CLaim20 ordaim            tervalle de
minutage 6tabli d6passe une valeur 21, further comprising: system dock
means (82)  co  pr6dhtermin6e en ridulsant l'nergle delivr6e au- for
providing a system clock to portions of the cir-  dit dispositif
piriph6rique au nombre d'au moins cultry forming the computer system; and
means      un afin de fairs passer ledit systmem d'ordinateur 



(78) for disabling the system dock to the circuitry  en 6tat de
consommation d 6nergie redulte. portions when said timing interval exceeds
a pre- set amount                                565  2. Apparell selon la
revendication 1, dans lequel le- dit Intervalle de temps est 6tabli par un
minuteur 23. A computer system according to any of claims 20    (220)
commun A tous les dispositifs periphori- to 22, further comprising: means
for allowing an   ques controles et estr&6tabli cons6cutivementA 14    27
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l'adressage de chaque dispositif piriphirique d6-  10. Apparell solon l'une
quelconque des revendica- tect6.
tions I a 9, comprenant des circuits dontdes par- ties selectionnees (76)
sont couplees A des 3. Appareil solon la revendication loula revendica-
moyens (74) afin de perrnettre la connexion tion 2, dana lequel ledit
intervalle de temps est   s  d'energle auxdites parties selectionnees, et
d'in- 6etabli ou reetabli on remettant a zero un minuteur
vallderladitsconnexion d'6nergie lorsque ledit in- de decomptb (220).
tbrvalle de minutage depasse une valeur prede- torminee. 4. Appareil selon
l'une quelconque des revendica- tions 1 A 3, dans lequel lesdits moyens
(22) pour  io  11. Apparell selon l'une quelconque des revendica- acceder
audit dispositif peripherique au nombre     tions 1 A 10, dans lequel
leadits moyens reagis- d'au moins un comportent un microprocesseur.
sant au fait qu l'intervalle de minutage etabli de- passe ladite valour
predtebrminee comportnt 5. Appareil selon la revendication 4, comportant de
des moyens coupant l'energie aux dispositifs pe- plus des moyens pour
reduire l'nergie consom-   15  ripheriques. mee parle microprocesseur
loreque ledit interval- le de minutage dipasse la valeur priditerminie.
12. Appareil solon la revendication 12, comportant de plus: des moyens (58,
102) pour alimentor en 6. Apparellselon la revendlcation 4 ou la revendica-
energie lesdits dispositifs peripheiiques dont tion 5, dans lequel lesdits
moyens pour dteoctor   20  I'alimentation en l'nergie a 6te supprimee par
l'adressage d'un dispositif peripherique compor-    lesdits moyens
riagissant au fait quo l'intrvalle tent un analyseur qui produit un signal
(DE-        de minutage itabli depasse ladit valour pridi- VACT*) lors de
la dteoction d'unevaleurd'adres-     torminee. so afin d'acceder audit
dispositif au nombre d'au moins un, prisenti sur ledit bus d'adresses et de
25   13. Apparell solon la revendication 12, dens lequel donneos par ledit
microprocesseur, et l'intnrvalle  lesdits moyens pour ritablir
l'alimentation en de minutage est teobil ou ri-6tabil en riponse au-
energle comportont un commutatbur actionne dit signal.
par l'utillsatour (58). 7. Appareil solon la revendication 6, dens loquel
le-  30   14. Appareil solon la revendication 12 ou la revendi- dit
microprooesseur presenbe  des velours           cation 13, comportent de
plus: des moyons pour d'adresses et des disignaeturs d'adresses audit
invalider lesdits moyens pour retablir l'alimenta- bus d'adresses et de
donnies af in d'acciderA un    tion en energie sur lesdits dispositifs
periphbri- dispositif peripherique et dans lequol ledit signal  ques
lorsque l'energie restantb dans les battories (DEVARCT*) est produit en
reponse A la deto-   35  du systeme d'ordinateur est inferieure A un ni-
tion tout A la fois d'une velour d'adresse et d'un  veau pridteormini.
designatbur d'adresse. 15. Apparell solon l'une quelconque des revendica-
8. Appareil solon l'une quelconque des revendica-       tions I A 14,
comportent de plus: des moyens tions 1 A 7, pour reduire la consommation
d'ener-  4o  (etape 420) pour reduire la valour pridiferminie gie d'une
pluraliti de dispositift peripheriques    dudit intervelle lorsque
l'energie restanto dans adressables, dans lequel lesdits moyens (42)
les batteries du systme d'ordinateur est inferieu- pour controler les
moyens formant bus d'adres-      re A un premier niveau donne (LOWBATI).
ses et de donnees sont configures de fagon A controler l'adressage d'un
certain nombre des-  45   16. Appareil solon la revendication 15,
comportant dits dispositifs peripheriques, et dans lequel les-  de plus:
des moyens (etape 428) pour reduire de- dits moyens ("SLEEP"(52), 66(300),
68(48),          vantage la velour predetorminee dudit Intorvelle 74(46),
70(50)) reagissant au fait quo l'intbrvalle  lorsque l'energie restante
dans les battories est de minutage etabli depasse une valour pridteor-
infirieure a un deuxieme niveau donne qui est in- minee sont configuris de
facon A reduire l'ener-  50  ferieur audit premler niveau donne (LOWBAT2).
gie dilivrie A au moins une partie deadits dispo- sitifs peripheriques.
17. Appareil selon l'une quelconque des revendica- 



tions I a 16, comportent de plus: des moyens 9. Appareil solon l'une
quelconque des revendica-       (202) reagissantAunsignaldel'utilisateuren
mo- tions I A 8, dans loquol lesdits moyens pour de-  55  diflant la velour
priditorminie dudit inbrvalle. tooter l'adressage des dispositifs
piriphiriques comportent une logique de decodage (152, 154,    18. Appareil
solon l'une quelconque des revendica- 164, 168, 168).
tions I a 17, dans lequel lesdits dispositifs peri- 15    29
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comportent un ou plusieurs des dispo-  25. Systbmed'ordinateurselon l'une
quelconque des sitifs suivants : une unite de disquetto (46), un
revendications 20 A 24, qul pout dgalementfonc- clavier (52), un modem (30)
et une unit6 de die-  tionner avec une alimentation en courant altorna- quo
dur (48).                                    tif. 5 19. Appareil solon 'une
quelconque des revendica- tions I A 18, dans lequel lesdits moyens pour de-
PatentansprOche tooter l'accs aux dispositifs peripheriques et les- dits
moyens pour etablir un intervalle de minute-  1. Vorrichtung zur
Verringerung des Energiever- go sont extornes auxdlts dispositifs
peripheii-  io  brauchs eines batteriebetriebenen Computbrsy- ques.
stems, das mindestens eine adressierbare, pen- phereVonichtung
(30,46,48,52);Adressen- und 20. Systime d'ordinatour alimente par
batteries,     Datbnbuseinrichtungen (20) zur Freigabe einer comportant au
molns un dispositif p6niph6rique    Kommunikatlon von Informationen in dom
Coin- adressable (30, 46, 48, 52) et un appareil solon   15  putersystom;
und Elnnichtungen (22) zum Zugriff l'une quelconque des revendications
pr6coden-     auf dle mindestens olne periphere Vornrichtung tbs.
durch Eingeben ihrer Adresse auf der Adressen- und Datbnbuseinrichtung;
aufweist, gokenn- 21. Systbme d'ordinateur solon la revendication 20,
zeichnet durch dans loquel ledit intervelle de minutage est initia-  20
die Elnrichtung (42) zur Oberwachung derAdres- loment etabli lors de la
mise sous tension dudit  seon- und Datenbuseinrichtung zur Ermittlung der
systbme dordinateur.                              Adressibrung der
mindestons einen peripheren Vorichtung und zur Erzeugung eines Signals, 22.
Systeme d'ordinatur solon la revendicathon 20    das daffOr kennzolchnend
ist; ou la revendication 21, comportent de plus: un  25  eine Elnrichtung
(42), die auf des Signal zur Bil- moyen formant horloge (82) du systeme
pour        dung eines Zoitabstimmungaintervalls zu jedem realiser un
cadencement du systfme pour des       Zeitpunkt, zu dam sine Adressierung
der minde- parties des circuits formant le systbme d'ordina-  stens oenen
peripheren Vorrlchtung ermittelt tour; et un moyon (78) pour invalider le
cadence-  wird, anspricht; und ment du systbme pour les parties de circuits
lore  so  esne Einrichtung ("SLEEP'(52), 86(300), 68(48), quo ledit
intrvalle de minutage depasse une va-   74(46), 70(50)), die auf des
gebildebt Zeitabstim- leur pr6d6terminee.
mungsintervall, des oenen vorgegebenen Betrag zur Veningerung der Energie
zu der mindestens 23. Systbme d'ordinabeurselon l'une quelconque des
einen peripheren Vorrichtung Gbersteigt, an- revendications 20 A 22,
comportant de plus: des  35  spricht, um zu bowirken, dag des Computbrsy-
moyens pour permettre a un systbme d'exploita-    stem in einen Zustand
oines verringerten Ener- tion de prendre la commando des operations du
gieverbrauchs eintritt. systbme d'ordinatour lors de la mise sous tension
initiale dudit systbme d'ordinateur(300, 302,306,  2. Vorrichtung nach
Anspruch 1, wobei das Zeitin- 308, 310, 316, 320) et pour invalider
initialement  40  tervall durch einen Zeitgober (220) gebildet Ist, lesdits
moyens reagissant au fait quo l'intrvalle  des fOr alle der Oberwachtbn
peripheren Vorrich- de minutage depasse la valeur pr6d6tormin6e      tungen
gemeinsam ist und das erneut konse- (320 - IRQ15 DISABLE); des moyens (320,
340)      quent mit jeder ermittelten Adressierung elner pour interrompre
Is fonctionnement du systeme     peripheren Elnrichtung elngerichtet wird.
d'ordinateur aprbs quo 1e systbme d'exploitation   45 a pris la commando ;
et des moyens (340, 342,  3. Vorrichtung nach Anspruch 1 odor Anspruch 2,
348, 348, 350) pouvant servir a valider lesdits   wobel das Zeltintervall
durch Ruckstellen sines moyons reagissant au falt qu l'intervalle de mi-
Herabzahl-Zeitgebers (220) oingestellt oder wie- nutage depasse la valeur
predeterminee lorsque    dersingestellt wird. Ie systbme d'exploitation de
commando autorise  co la reponse A ladito interruption.             4.
Vorrichtung nach einem der AnsprOche 1 bis 3, 



wobel die Einrichtung (22) zum Zugreifen auf die 24. Systbme
d'ordinateurselon 'unequelconque des     mindestens eine periphere
Vorrichtung oinen Mi- revendications 20 A 23, comportant de plus des
krocomputbr umfakt moyens (210) pouvant servir a Invalider et A re-  cc
valider lesdits moyens pour 6tablir un Intervalle  5. Vorrichtung nach
Anspruch 4, des weitrhin eine de minutage.
Einrichtung zur Verrlngerung der Energie auf- welst, die durch den
Mikroprozessor verbraucht 16    31                  EP0364222B1
32 'Pl!n  111111  M         1 wird, wenn das Zeitintervall die vorgegobene
weist eine Elnrichtung (58, 102) zum energiema- Grfae Obersteigt.
1Bgen Einschalten der peripheren Vorrichtungen, die durch die Elnrichtung
in Abhangigkeitdes sin- 6. Vorrichtung nach Anspruch 4 oder Anspruch 5,
gerichteten Zeltintervalls, das die vorgegebene wobei die Einrichtung zur
Ermittlung einer ped-   5  GrfBe Oberstegt, abgeschalst sind. pheren
Vorrichtungsadresslerung elnen Analy- slerer aufwelst der ein Signal
(DEVACT.) bei Er-  13. Vorrichtung nach Anspruch 12, wobei die Einrich-
mittlungen elnes Adressenwerts zum Zugang zu      tung zum energlemriligen
Einschalten eonen mindestens elner peripheren Vorrichtung auf-       durch
den Benutzer aktivierten Schalter (58) um- weist, das an dem Adressen- und
Datenbus   io     fait. durch den Mikroprozessor dargestelit wird und das
Zeltintorvall in AbhAnglgkeit dieses Signals  14. Vorrichtung nachAnspruch
12 oderAnspruch 13, elngesetllt oder wiederoingestellt wird.          die
weitorhin aufwelst: eine Einrichtung zum Sperren der Einrichtung zum
energiemaligen 7. Vorrichtung nach Anspruch 6, wobei der Mlkro-  15
Einschalten der peripheren Vorrichtungen, wenn prozessor die Adressenwerte
und Adressenqua-      die verblelbende Batterleenergie des Computer-
lifikationen zu dom Adressen- und Datenbus        systems unter elnem
vorgegebenen Niveau liegt. richtet, um auf esne periphere Vorrichtung zuzu-
greifen, und wobei des Signal (DVACT*) In Ab-  15. Vorrichtung nach sinem
derAnsprOche 1 bis 14, hangigkilt der Ermittlung sowohl eines Adres-  20
die welterhin aufweist: eine Elnrichtung (Verfah- senwerts als auch einer
Adressenbezeichnung       rensschritt 420) zum Verringern der vorgegebe-
erzeugt wird.                                      nen Gr8Be des
Intorvalls, wenn die verblelbende Battbrieenergie des Computersystems
unterhalb 8. Vorrichtung nach einemderAnspruche I bis 7zur      eines
ersten vorgegebenen Niveaus (LOWBAT1) Verringerung des Energieverbrauchs
einer ViWl-  25  liegt. zahl von adressibrbaren, peripheren Vorrichtun-
gen, wobei die Einrichtung (42) zur Oberwa-    16. Vorrichtung nach
Anspruch 15, die weitorhin auf- chung der Adressen- und Datbnbuselnrichtung
weist: oine Einrichtung (Verfahrensschritt 426) so angeordnet ist, um sine
Adressisrung einer     zur weiteren Verringerung der vorgegebenen Anzahl
der peripheren Vonfichtungen zu Oberwa-  3o  Grobe des Intbrvalls, wenn die
verbleibende Bat- chen, wobei die Einrichtung (OSLEEP"(52),
terieenergle unterhalb eines zweiten vorgogebe- 66(300), 68(48), 74(46),
70(50)), die auf des ein-  nen Niveaus liegt, das geringer als das erste
vor- gerichtbbe Zeitintervall anspricht, das einen vor-  gegebene Niveau
(LOWBAT2) ist gegebenen Betrag Oberschreltst, so angeordnet ist, um die
Energie zu wenigetens einigen der pe-  35  17. Vorrichtung nach einem
derAnsprfiche I bis 16, ripheren Vonlchtungen zu verringern.
die weiterhin aufweist: eine Einrichtung (202), die auf sin Signal von dem
Benutzer zur Modifl- 9. Vonfichtung nach einem der AnsprOche I bis 8,
zierung der vorgegebenen Gr8Bse des Intervalls wobel die Einrichtung zur
Ermittlung der periphe-  anspricht. ron Vorrichtungsadressierung eine
Decodier-  40 Logik (152, 154, 164, 166, 168) aufweist       18.
Vorrichtung nach einem der Ansprflche 1 bis 17, wobel die peripheren
Vorrichtungen eine oder 10. Vonichtung nach elnem der AnsprOche 1 bis 9,
mehrere der nachfolgenden Einrichtungen urn- die einen Schaltkreis
urnfalPt, um Bereiche (76)  fassen: einen Floppy-Disk-Antrieb (46), ein Ta-
auszuwahlen, wobel die Einrichtungen (74) so   45  stenfeld (52), ein Modem
(30) und einen Festplat- verbunden sind, um die Energieverbindung zu
ten-Antrieb (48). den ausgewahIten Bereichen freizugeben und um die
Energieverbindung zu sperren, wenn das  19. Vorrichtung nach einem
derAnsprOche 1 bis 18, Zeitintbrvall einen vorgagebenen Betrag Ober-
wobei die Einrichtung zur Enmittiung des pen- stsigt.
50       pheren Vonrichtungszugriffs und die Einrichtung 



zur Elnrichtung eines Zeitintervalls extern zu den 11. Vonrichtung nach
sinem der Ansprflche 1 bis 10,   peripheren Vorrichtungen vorhanden sind.
wobel die Einrichtung, die auf das eingerichtbte Zeitintervall, das die
voreingestelits Grdi~e Gber-  20. Battbriebetrlebenes Computersystem, das
min- stsigt, anspricht, sine Energieabschaltbinrich-  55  destens sine
adressierbare, periphere Vonich- tung fOr die periphere Einrichtung umfaSt
tung (30,46,48,52) und sin Vorrichtung nach el- nem dervorhergehenden
Anspruche aufweist 12. Vorrichtung nach Anspruch 11,daswelbtrhin auf- 17
33                 EP 0 364 222 B1                 34    1111111 In 11 ff t
D 111 21. Computersystem nach Anspruch 20, wobei das Zeitintervall
anfinglich belm energiernfiIgen Hochfahren des Computersystems elngedichtet
wird. 5 22. Computersystem nach Anspruch 20 oder An- spruch 21, das
weiterhin aufweist: sine System- taktgebereinrichtung (82) zur Bildung
sines Sy- stemtakts zu Bereichen des Schaltkrelses hin, die das
Computersystem bilden; und eine Eln-  10 richtung (78) zur Sperrung des
Systemtaktge- bers zu den Schaltkreisberelchen hin, wenn das
Zeitgeberintervall sine vorgegebene GrWie uber- schreitt. 15 23.
Computersystem nach einem der AnsprOche 20 bWs 22, das weiterhin aufwelst:
sine Elnrichtung zur Ermoglichung eines Betriebesystems, um die Steuerung
von Operatlonsvorgangen des Corn- putersystems beim anfanglichen
energlemgii-  20 gen Hochfahren des Computersystems (300,
302,306,308,310,316,320) zu erm8glichen und zum anfanglichen Sperren der
Einrichtungen, die auf die Zeltintervallurberschreitung der vorgege- benen
Gr6fle (320 - IRQ15 DISABLE) anspre-  25 chen; eine Einrichtung
(320,340)fOreien Unter- brechungsvorgang des Computersystems, nach- dem das
Betriebssystem den Kontrolizustand eingenommen hat; und Einrichtungen (340,
342, 346, 348, 350), die so betrelbbar ist, um die Ein-  30 richtungen,
diefOrdbe Oberschreitung des Zeitin- tervalls verantwortlich sind,
freizugeben, wenn das Steuerbetrlebssystem emn Ansprechen auf die
Unterbrechung zulIt 35 24. Computersystern nach einem der Ansprulche 20 bis
23, das welterhin sine Elnrichtung (210) auf- weist, die so betreibbar ist,
um die Einrichtung zur Einrichtung sines Zeitintervalls zu sperren und
wleder freizugeben.                   40 25. Computersystem nach einem der
AnsprOche 20 bis 24, das alternativ mit elner a.c.-Energle be- treibbar
ist. 45 50 55    


