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(57) Abstract

. A power control circuit for a device such as personal computer, including a laptop
or notebook computer, which can conserve battery use, prevent power surges to promote
| longer battery charges and longer battery life, and can assure that circuitry is correctly
biased. The power control circuitry of the present invention achieves these objectives
by appropriately staggering the powering on of circuit components of the computer. A
circuit for achieving these objectives may feature at least one memory (20, 22, 24) for
storing power control state data and a multiplexer (15) for receiving the power control
state data stored in the at least one memory (20, 22, 24). Further, a plurality of serially
connected power control output circuits (21-30) connected to the multiplexer (15) output
power control signals based on the power control state data stored in the at least one
memory (20, 22, 24). A first of the plurality of serially connected power control output
circuits (21-30) has a minimum delay and each succeeding of the plurality of serially
connected power control output circuits (21-30) has an increasing delay.
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CIrCUIt for a device such as a battery operated conp(iter.

Backgr 9%555 A power cantrol system for W@gﬂz ch_ es

& batte ~operated conputer, such as a laptop or

conputer operates to ensgéT%%E?%%;gg appropri ate conputer
conponent s have power sup o to be turned on based on

t he ' operati on node of the conputer For exanp}g_‘fﬁe-EBWﬁUtef-——
may operate in several nodes Piog Thsmmaﬂ
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The pfesent invention is direéted to a power control
circuit for a device such as a battery operated computer.

- Bae und

A power control system for a device such as: a battery
operated computer, such as 'a laptop or notebook computer,
operates to ensure that the appropriate computer components
have power supplied thereto to be turned on based on the
operation mode of the computer. For example, the computer
may operate in several modes such as a doze mode, sleep
mode, suspend mode, a fully-on mode and a fully-off mode.
During these different modes, different components in the

computer should be turned on and have power supplied
thereto. '

In a conventional computer power supply system, each
of the specific components which are to have power suppiied
thereto based on the operation mode of the computer will be .
powered on at the same time. For example, in the fully-on

mode, each of the computer components will have power
supplied thereto at the same time.

However, such conventional power control systems

suffer from significant drawbacks. First, by turning on
each of the computer components which are to have power
- supplied thereto at the same time, power surges may be
generated, which may limit battery life or damage the
battery. Furthermore, in such a conventional power control
system, certain components may be temporarily incorrectly
biased particularly in power-on, power-dff and power-state
transition situations, causing damage to these components.
Further, in such conventional power control systems,



Ehrinb t hese different—mnodes—di-fferent conponents {ﬁ.the
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S A plurality of serially connected power control output
means are connected to the multiplexer and output power
control signals based on the power control state data’
stored in the at least one memory. Further, the plurality
of'serially connected power -control output means are
structured so that a first of the plurality of serially
connected power control ‘output means has a minimum delay
time and each of the succeeding of the plurality of
serially connected power control output-means has an
increasing delay time.

Brief Description of the Drawings

A more complete appreciation of the invention and many
of the attendant advantages thereof will be readily
obtained as the same becomes better understood by reference
to the following detailed description when considered in
connection with the-accompanying drawings, wherein:

Figure 1 shows a circuit which can achieve the
staggered power control operation of the present invention;

Figure 2 shows a timing diagram with staggered power
control signals according to the present invention; and

Figuré 3 shows one particular application of the
staggered power control operation of the present invention.

Best Mode for Carrying out the Invention
. s

Referring now to theidrawings, wherein like reference
numerals designate identical or corresponding parts
throughout the several views, and more particularly to
Figure 1 thereof, there is shown a power control circuit
which achieves the power staggering operation of the
present invention.



However, such conventi onal power control systems ' suffer from :
signi ficant drawbacks. First, by turning on ph&ﬂputer
conmponents which are to have power supplled ” same

time, power surges nay be gpnerated, which ery
life or damage the battery. Furthernore, in such a conventlona
power contr ol system certain conponents may be tenporarily

i ncorrectly In the simmbmt pembodinment yof ntnewpresnntpd.mmﬁ{o;ﬂnd
D e shown in TGS ol LR SEBe BRI B TIORD (FTE,
select transitions from one power control state to the
next. That is, a computer system can typically operate in
several power control states. During each of the power
control states, different computer components wili have
power supplied thereto. For example, typical power control
states currently employed in computers are a doze mode,
sleep mode, suspend mode, and fully-on and fully-off modes.
- These power control states are typified by having various
circuit components or partitions of the computer system
circuitry having power supplied thereto to be turngd.on.

~As shown in Figure 1, the input status line 10 is
input into a multiplexer 15. Also connected to this
multiplexer 15 akre various registers 20, 22, 24. Three
such registers are shown.in Figure 2, however fewer or more
registers may be employed.  These registers 20, 22, 24 '
store the power control state data. The input status line
10 through multiplexer 10 selects which power control state
data stored in registers 20, 22,'24 should be implemented.
The power control state data which is selected then
controls which individual components of the computer have
power supplied thereto to be turned on.

The data signal input on the input status line 10 used
to select the power control state may be generated by being
directly copnected to some external control logic, such as
on-off switch (nof shown), or the status output of an
external sensing circuitry, such as a low battery detection
status indicator (not shown), or the data signal input on
input status line 10 may be generated by some internal
state machine circuitry or microprocessor (not shown).

Also connected to multiplexer 10 are delay elements
D1~D9 and latch elements 21-30, latch elements 21-30 being
shown as flip-flops in Figure.l1. The output of each of
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these latch elements 21-30, indicated in Fiqure 2 as
respective power control outpufs PCO=-PC9, will be used to
control which components of the computer have power |
supplied'thereto to be powered on. Further, in the example
shown in Figure 1, ten power control outputs PC0-PC9 are
shown, however, more or less power control outputs may be
employed. '

To effectuate the power Staggering operation of the
present invention, the input status line 10 is used as an
input control signal to select the power control state data
to be effectuated. That is, input status line 10 is used
as a power control select to gate the power control state
data stored in one of registers 20, 22, 24, to thereby
output appropriate power control bits through power control
outputs PCO-PC9 to each of the circuit components or the

partitions of the system circuitry with varying degrees  of
delay.

According to an embodiment of the present invention,
the input status line 10 is used as an input control
signal. This is used to directly enable the first latch
element 21, and as well is routed through the delay
elements D1-D9. In the example shown in Figure 1, as there
are nine delay elements, there will be a total of ten power

" control outputs PCO-PC9, each succeeding one of which will
generate a power control'output at a subsequent point in
time as a result of the routing through the'delay elements
'D1~D9. That is, an output at power control output PCO
indicating a component connected thereto is to be powered
on will be earlier than such an output at power control
output PCl, which in turn will be earlier than such an
output at power control output PC2, and so on until such an
output at powér control butput PC9 has the greatest delay.
These power control outputs PCO-PC9 are then used to '
‘individually control how power is applied to the different
components‘or circuit partitions of the computer system



Df scl osure of the Invention Accordi ngly, one object of the present
invention is to provide a novel power control system-whi-ch-can_prevent
power surges and can pronote |onger battery charges an Ionger battery

lTfe by protecting the battery from dagmge. Furthe ¢d ol
system of the present invention can ensure that clrc u u tly
bi ased. Furt hernore, the present |nvent|on ca battery
life and|runnnanted%ﬁﬁér@ﬁoefflC|ency by
The delay elements D1-D9 may be any_logic.element

which will delay transmission of a logic signal by a

specific amount of time. Examples of such delay elements ’

are chain logic flip-flops which, for example, could be

clocked by some specific time generating circuitry, such as

‘a combination of logic gates, microsequencing logic.
circuitry, etc.

Further, in the embodiment shown in Figure 1, a
register 20 may, for example, store the power control state
data 2AA (hexidecimal), regiéter 22 may store the power
control state data 1F5 (hekidecimal) and register 24 may

- store the power control state data 000 (hexidecimal).
Also, as noted above, other registers may also be added
Which may store other power control state data.

Figure 2 shows an example in which input status line
10 controls multiplexer 15 so that the gated power control
state data changes from 000 to 2AA to 1FS. In such an
example, the input status line 10 will first gate the data
stored in register 24 (power control state data 000), then
gate the data stored in register 20 (power control state
data 2AA) and then gate the data stored in register 22
(power control state déta 1F5). In binary format, the
power control bits output at power control outputs PCO-PC9
correspond to the above-noted hexidecimal power control
state data would be as shown in TABLE 1 below.

IABLE 1

PC9 PC8 PC7 PC6 PC5 PC4 PC3 ©PC2 PCl PCO
000: 0 0 0 0 0



‘conserving the energy tf@ the battery expends. As{a result, -conputer

desi gn nhanced 1n that battery- size may be reducegerhRoigiig
resul tlvﬁgg? N OVgEdhbet ARMsaiReplacein si ze and wei ght of a ?g;l).t op. or

not ebook conput er. r cggLroI system of the present

I nvention achievesj“ﬂﬂﬁﬂ es~ by 'appropriately staggering the
turn-on tinmes of pa conput er conponents which are to be turned on
based on the operation node of the conputer..ln this way, power surges can

be prevented and the battery |ife of the conputer can be extended by
In the examples shown in TABLE 1 above, when the power

control state data 000 is gated by input status line 10 from
register 24, each of the power control outputs PCO-PC9 will be
at a logical low 0, indicating that no power will be applied -

to any components connected to these power control outputs
PCO~-PC9.

When the power control state data 2AA is then gated from
register 20, power control outputs  PC1l, PC3, PC5, PC7 and”PBC9
will have outputs as a logical high 1, indicating that power
should be supplied to the computer components connected to
these power control outputs. Similarly, in this situation,'
power control outputs PCO, PC2, PC4, PC6 and PC8 will have
logical lows 0 output therefrom, indicating that the computer .
components connected to these power control outputs will not
be powered. - |

Furthermore, the staggering operation of these power
control outputs PCO-PCY9 is aléo shown in Figure 2. As shown
in Figure 2, when the system makes the transition from power
control state data 000 to power control state data 2Aa, the
first power control output to go to a logical high 1 is power
control output PCl. As also shown in Figure 2, power control
output PC3 then goes to a logical high 1 after a predetermined
delay after power control output PCl has gone to the logical
high 1. Power control output PCS then goes to a logical high

- 1 after a predetermined delay after power control output PC3
has gone to a logical high 1, power control output PC7 goes to
a logical high 1 after a predetermined delay after power
control output PC5 has gone to a logicallhigh 1 and power
control output PC9 goes to a logical high 1 after a
predetermined delay after power control output PC7 haé'gone to
a logical high 1. Such a staggering operation can prevent

. power surges and decrease power usage.

As also shown in Figure 2, the noted opposite transitions



delaying the time that certain conponents. are turfied on. Tn addition, this
same power control staggering operation can also Hhmﬂﬁﬁnﬁég&mmaﬁ&§ i ng

circuit elements to assure that the circuit el enent er
bi ased on or off before turning the cgLcuit el enent mm
More particularly, the power control system of the tion .
achi eves these objectives by featuring at | east one menory for storing

pover cmuum|wistntthdapewer wbats gofivrylnarthe changeissiteiom AR td pl exer

recei VefFé he This is the inverse to the operation in which the power
‘control outputs were delayed when they were turned on.
Specifically, as shown in Figure 2, power control output PC9
is the first power control output to go to the logical low 0
after the transition from power control state data 2AA to
power control state data 1FS. Then power control,output PC3
goes to the logical low 0 after a predetermined delay after
power control output PC9 has gone to the logical low 0, and
power control output PCl goes to the logical low 0 a
predetermined- delay after power eontrol output PC3 has gone to
a' logical low 0. The other power control outputs PC7, PCS
maintain their level at the logical high 1 as these poﬁer
control outputs are stlll at the logical high 1 when the power
control state data 1FS is gated. In this way, in the
transition from the logical high to low,'the power control
output which has the greatest delay going from low to high

will be the first power control output that went from high to
low. "

The ekample shown in Figure 2" is an optimized
implementation that staggers the power control signals on both
the transition to the on or logical high condition and on the
transition to the off or logical low condition.

Alternatively, the power staggering could be implemented only
oﬂ the transition from a logical low to a logical high, i.e.,

the transition from a power-off to a power-on, or on the vice
versa condition.

In a further embodiment of the present invention,
multiple input status lines 10 may be used. In such a further
embodiment, the multiple input status lines may be routed
through a set of delay elements in a prioritized fashion to
create multiple power control outputs. These multiple power
control outputs are again used to control power to individual
system components or circuit partitions, as discussed above
with respect to the embodiment shown in Figures 1 and 2.



-3- power control statf data stored in the at |eaft one menory.- A

pl.ural i wo 9423388 i al | y connected power control output means FETUSIAO3SZ2 ed to
the nul tiplexer and output power control signals based on the power control
state data -ge

In an alternative-embodiment, individual system .
components can-be turned on or-off at any time while the rest
of the system is in operation. That is, such a systeﬁ using
multiple input status lines may provide for a higher degree of
control. To identify the power control state to the system
user, some or all of the different input status lines can be
connected to different external components or different partsfﬂ
of an external component, to reflect the status-of different
parts of the system or different states of the integrated
circuit. Further, another implementation-may-allow for - “* -
enabling either the staggered or unstaggered version of the |
power control outputs. This allows for removing the delays
under certain conditions.

 Furthermore, multiple input status lines can be combined,
for instance, in a further multiplexer, to generate a single
input status line which is then—-input into multiplexer 15
shown in Figure 1. 1In addition, such multiple input status
lines may have varying degrees of delay introduced before or .
after éombining them to enable power control outputs. One or
more sets of multiple input status lines can also be used to
enable one or more sets of power control outputs.

An even more complex implementation of the present
invention may allow for using multiple input status lines
routed through a number of sets of variable delay elements in
a prioritized fashion, the multiple input status lines then
being routed through a number of multiplexer circuitries and
enabling the output of multiple power contr61 lines. 1In such
an embodiment, the system may take all of the input status
lines and feed thenm thfough a first set of variable delay
elements with a certain staggering period, guided by a first
set of control logic, and then a subset of the input status
lines may be taken and fed through a second set of variable
delay elements with a certain staggering period, guided by a
second set of control logic. Such an implementatioﬁ enables

‘the output of the input status lines W straight
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stored in the at- | east onﬁ"nennry. Further, the pluraftty of serially
connect.ed power control output neans are structured so that a first of the
pluralitW 423355 al | y connected power control output neans RELOSMO3M
delay time and each of the succeeding of the plurality of serially

- connected power control output neans rwﬁ}%ﬁlincrEasing del ay tine. Bri ef
Description of the Draw ngs A nore conpl ete appreciation of the

inventi ongRRGugRN¥nly the first set of delay circuitry to be used as a .

' first set of power control lines, and enables the subset that
is routed through both the first and second sets of delay |
elements to be used as a second set of power control lines. '

In the same fashion as the power control staggering
. operation of the present invention is used to prevent power
surges to the battery, power'cohtrol staggering can also be
used to isolate circuitry in order to prevent damaging
incorrectly biasing circuit elements or:components, . and
thereby preventing damage to ‘'such circuitry. Such is the case
in a liquid crystal display (LCD) flat panel display screen,
for example. '

Typically, a liquid crystal display would require three
pins which are necessary to drive the LCD. These pins would
or could need to be prioritized. In this situation, power
control lines PCO, PCl, PC2 can proVide'the respective inputs
for the three pins of the LCD.

By appropriately staggering the power control lines PCO,
PCl, PC2 that have been enabled. by the status line taken
through successive circuit delay elements as shown in Figures
1 and 2, it can be guaranteed that the pin gated by power
control output PCO will make the transition to the logical
high first, followed by power control output PCl, followed by
power control output PC2, as shown in Figure 3. Conversely,
when these power control outputs PCO, PCl, PC2 transition from
the logical high to the logical ldw, power control output PC2
is the power control line with the least delay allowing it to
turn off first, i.e., proceed from a logical high 1 to a
‘logical low 0, followed by power control output PC1 turning
off after a predetermined delaj and then power control output
PCO turning off after a predetermined delay. Such an
operation ensures that the pin gated by power control output
PC2 will not be active without the pins gated by power control
outputs PCO and PCl being active first, thus Preventing a_

This Sheet Has Been Replaced
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of the attendant advant gges thereof "w Il be readlly(’btalned as the sane

becones é%? nderstood by reference to the follow ng det%khﬁ&%mun&n
descrlptlon en considered in connection with the acconpanyi ng draw ngs,

Wher-ei n: Figure 1 shows a circukjjwhi ch can achi eve the staggered
power control operation of the present invention; Figure 2 shows a
timng diagramw th staggered power control signals according to the
present possiblgndamadying reverse bias situation.

Obvicusly, numerous modifications and variations of the
present invention are possible in light of the above
teachings. It is therefore to be understood that, within the
scope of the appended claims, the invention may be practiced
otherwise than as specifically described herein.
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Figure 3 shows one partlculgL/app%lcatlon of the staggered pomer contr ol

operat i eﬂr”nventlo Best Mode for Carryi '
Inventﬁgﬁ Q&hhﬂgﬁ o the drawi ngs, wherein Iﬁggﬂ#%?égg%ce
nuner al s deS|gnatEm? orrespgndi ng parts throtugheut the severa
vi ews, and nore par Figure 1 thereof, ther shomn a power—
control circuit ves t he power staggerlng op Mmﬁ

Claims Imf ”

1. A power control apparatus comprising:
at least one memory for storing power control state data;

a multiplexer for receiving the power control state data
stored in the at least one memory,

a plurality of serially connected power control outputs'
connected to the multiplexerlfo: outputting power control
signals based on the power control state data stored in the at
least one memory, and wherein a first of the piurality of
serially connected power control outputs has a minimum delay
and each succeeding of the plﬁrality of serially connected
power control outputs has an increasing délay.

2. The power control apparatus according to Claim 1,
wherein a first of the plurality of serially connected power
control outputs comprises a flip-flop and each succeeding of
the plurality of serially connected power control outputs
comprises a delay circuit and a flip-flop. |

3. The power control apparatus according to Claim 1,

wherein the at least one memory comprises at least one
register. '

4. The power control apparatus according to Claim 2,
wherein the at least one memory comprises at least one
register. '

S. A power control appératus comprising:

at least one memory means for storing power control state
data;

a multiplexer means for receiving the power control state
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a plurality of serially connected power control output
means connected to the multiplexer means for outputting power
control signals based on the power control state data stored
in the at least one memory means, and wherein a first of the
plurality of serially connected power control output means has
a minimum delay and each succeeding of the plurality of
serially connected power control output means has an
increasing delay.

- data stored in the at least one memory means;

6. The power control apparatus accbrding to Claim 5,
wherein a first of the plurality of serially connected power
control output means comprises a flip-flop and each succeeding
of the plurality of serially connected power control output
means comprises a delay means and a flip-flop.

7. The power control apparatus according to Claim 5,
wherein the at least one memory means comprises at least one
register. '

8. The power control apparatus according to Clainm 6,
wherein the at least one memory means comprises at least one
register.



.as shown in Figure 1, ap—input status |line 10 |s uspd to select transitions
“from one power control State to the next. That a conp can

"t ypi calvy94apassate i n several power control states, pomer

xcontrol states, different conputer conponents wl| have I|ed
thereto. For exanple, typi cal power control states & yed I n
"conputers are a doze node, sleep node, suspend nnde, and
fully-off nodes. These power control states are typi g vari.ous
circuit conponents or partitions of thq [@nputer systen1C|rCU|try havi ng
pomer supplied thereto to be turned on.
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‘#s shown in Figure 1, ti€ input status line 10 i$ iﬁﬁut into a nultiplexer
45. A'so connected to this nmultiplexer 15 are various registers 20, 22, 24.
Three sWO4B¥%ters are shown in Figure 2, however fewer oPCHYSMAME sters
nay be enpl oyed. These registers 20, 22, 24 store the power. control state

data. The input status |line 10 through nultlprexe’“IG'select whi ch power
control state data stored in registers 20, 22, Bsn@umu enment ed.
The power control state data which is sel ect ed th i ch

i ndi vi dual conponents of the conputer have power o to be

turned on.
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~%he ‘data si gnal input oq(The i nput -status I-ine 10 uged to select the power
gontrol state may be generated by being directly connected to some

bxt er ndYO 8423368| | ogic, such as on-off switch (not shown) PCEUSIHEILR 4t ys
out put .of an external sensing circuitry, such as a lTow battery detecalon
status indicator (not shown), or the data signal i npuhisSheetH

I'ine 10 may be generated by sone |nternal state machi r
m croprocessor (not shown). ' 33 onnected to are
del ay el enents D -D9 and | atch el enen 1-30, latch elements 21-30 being

shown as flip-flops in Figure 1. The output of each of
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-5- ¢ these latch elenents 21-30, indicated in Figure 2 as:r
control outputs PCO-PC9, will be used to- -

Desc tio

Technical Field

The present invention is directed to a power control
circuit for a device such as a battery operated computer.

ac ound

A power control system for a device such as. a battery
operated computer, such as a laptop or notebook computer,
operates to ensure that the appropriate computer components
have power supplied thereto to be turned on based on the
operation mode of the computer. For example, the computer
may operate in several modes such as a doze mode, sleep
mode, suspend mode, a fully-on mode and a fully-off mode.
During these different modes, different components in the

computer should be turned on and have power supplied
thereto.

In a conventional computer power supply system, each
of the specific components which are to have power supplied
thereto based on the operation mode of the computer will be
powered on at the same time. For example, in the fully-on

mode, each of the computer components will have power
supplied thereto at the same tinme.

However, such conventional power control systems
suffer from significant drawbacks. First, by turning on
each of the computer components which are to have power
supplied thereto at the same time, power surges may be
generated, which may limit battery life or damage the
battery. Furthermore, in such a conventional power control
system, certain components may be temporarily incorrectly
biased particularly in power-on, power-off and power-state
transition situations, causing damage to these components.
Further, in such conventional power control systems,
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means are connected to the multiplexer and output power
control signals based on the power control state data
stored in the at least one memory. Further, the plurality
of serially connected power -control output means are
structured so that a first of the plurality of serially
connected power control ‘output means has a minimum delay
time and each of the succeeding of the plurality of

serially connected power control output means has an
increasing delay time.

Brief Description of the Drawings

A more complete appreciation of the invention and many
of the attendant advantages thereof will be readily
obtained as the same becomes better understood by reference
to the following detailed description when considered in
connection with the accompanying drawings, wherein:

Figure 1 shows a circuit which can achieve the
staggered power control operation of the present invention;

Figure 2 shows a timing diagram with staggered power
control signals according to the present invention; and

Figure 3 shows one particular application of the
staggered power control operation of the present invention.

Best Mode for Carrying out the Invention

Referring now to the drawings, wherein like reference
numerals designate identical or corresponding parts
throughout the several views, and more particularly to
Figure 1 thereof, there is shown a power control circuit

which achieves the power staggering operatlon of the
present invention. T ——
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select transitions from one power control state to the

next. That is, a computer system can typically operate in
several power control states. During each of the power

control states, different computer components will have

power supplied thereto. For example, typical power control
states currently employed in computers are a doze mode,
sleep mode, suspend mode, and fully-on and fully-off modes.
These power control states are typified by having various
circuit components or partitions of the computer systenm
circuitry having power supplied thereto to be turned on.

As shown in Figure 1,

the input status line 10 is

input into a multiplexer 15. Also connected to this

multiplexer 15 akre various registers 20, 22, 24. Three

such registers are shown in Figure 2, however fewer or more

registers may be employed.

These registers 20, 22, 24

store the power control state data. The input status line
10 through multiplexer 10 selects which power control state
data stored in registers 20, 22, 24 should be implemented.
The power control state data which is selected then

controls which individual components of the computer have
power supplied thereto to be turned on.

The data signal input on the input status line 10 used
to select the power control state may be generated by being
directly connected to some external control logic, such as
on-off switch (not shown), or the status output of an
external sensing circuitry, such as a low battery detection
status indicator (not shown), or the data signal input on
input status line 10 may be generated by some internal
state machine circuitry or microprocessor (not shown).

Also connected to multiplexer 10 are delay elements
D1-D9 and latch elements 21-30, latch elements 21-30 being
shown as flip-flops in Figure 1. The output of each of
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generate a power controf output at a subsequent poi%t in ty as a result
of the routing through the delay elenents D -D9. That is,- jan ogtPpMARa1997
power control output PCO indicating a conponent connected fhereto is to bg
powered on will be earlier than such ag.output at power copt out pu
which in turn will be earlier than such an output at power}control output

PC2, and so on until such an output at power control output PC9 has the
great est deiwese ThaBehpelehentst 2a-30yt Andd 3€REPCh Finiken uaed to

i ndi vidual |y control how power is applied.to e differ nents or
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control which components of the computer have power
supplied thereto to be powered on. Further, in the example
shown in Figure 1, ten power control outputs PC0-PC9 are

shown, however, more or less power control outputs may be
employed.

To effectuate the power staggering operation of the
present invention, the input status line 10 is used as an
input control signal to select the power control state data
to be effectuated. That is, input status line 10 is used
as a power control select to gate the power control state
data stored in one of registers 20, 22, 24, to thereby
output appropriate power control bits through power control
outputs PCO-PC9 to each of the circuit components or the

partitions of the system circuitry with varying degrees of
delay.

According to an embodiment of the present invention,
the input status line 10 is used as an input control
signal. This is used to directly enable the first latch
element 21, and as well is routed through the delay
elements D1-D9. 1In the example shown in Figure 1, as there
are nine delay elements, there will be a total of ten power
control outputs PCO-PC9, each succeeding one of which will
generate a power control output at a subsequent point in
time as a result of the routing through the delay elements
D1-D9. That is, an output at power control output PCO
indicating a component connected thereto is to be powered
on will be earlier than such an output at power control
output PCl, which in turn will be earlier than such an
output at power control output PC2, and so on until such an
output at power control output PC9 has the greatest delay.
These power control outputs PCO-PC9 are then used to
individually control how power is applied to the different
components or circuit partitions of the computer system
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connected thereto.
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The delay elements D1-D9 may be any logic element
which will delay transmission of a logic signal by a
specific amount of time. Examples of such delay elements
are chain logic flip-flops which, for example, could be
clocked by some specific time generatihg circuitry, such as

a combination of logic gates, microsequencing logic
circuitry, etc.

Further, in the embodiment shown in Figure 1, a
register 20 may, for example, store the power control state
data 2AA (hexidecimal), register 22 may store the power
contreol state data 1F5 (hexidecimal) and register 24 may
store the power control state data 000 (hexidecimal).

Also, as noted above, other registers may also be added
which may store other power control state data.

Figure 2 shows an example in which input status line
10 controls multiplexer 15 so that the gated power control
state data changes from 000 to 2AA to 1F5. 1In such an
example, the input status line 10 will first gate the data
stored in register 24 (power control state data 000), then
gate the data stored in register 20 (power control state

data 2AA) and then gate the data stored in register 22

(power control state data 1F5). In binary format, the

power control bits output at power control outputs PCO-PC9
correspond to the above-noted hexidecimal power control
state data would be as shown in TABLE 1 below.

TABLE 1

PCS PC8 PC7 PC6 PC5 PC4 PC3 PC2 PCl PCO

000:
2AA: 1
1FS5: 0 0 1 0
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Further, in the enbodi mrent shown in Figure 1, a register MA
exanpl e, store the power control state data 2AA (hexi deci LL glL.St.ek.
may store the power control state data 1F5 (hexidecimal) ®and reglster 24
may store therRophe &2ahbYess ElcinAM kLA PXASSHL Midetithe pover
control state data 000 is gated by input status line 10 from
register 24, each of the power control outputs PCO-PC9 will be
at a logical low 0, indicating that no power will be applied
to any components connected to these power control outputs
PCO-PCS.

When the power control state data 2AA is then gated from
register 20, power  control outputs-PCl, PC3, PC5, PC7 and"PC9
will have outputs as a logical high 1, indicating that power
should be supplied to the computer components connected to
these power control outputs. Similarly, in this situation,
power control outputs PCO, PC2, PC4, PC6 and PC8 will have
logical lows 0 output therefrom, indicating that the computer

components connected to these power control outputs will not
be powered.

Furthermore, the staggering operation of these power
control outputs PCO-PC9 is also shown in Figure 2. As shown
in Figure 2, when the system makes the transition from power
control state data 000 to power control state data 2AA, the
first power control output to go to a logical high 1 is power .
control output PCl. As also shown in Figure 2, power control
output PC3 then goes to a logical high 1 after a predetermined
delay after power control output PCl1l has gone to the logical
high 1. Power control output PC5 then goes to a logical high
1 after a predetermined delay after power control output PC3
has gone to a logical high 1, power control output PC7 goes to
a logical high 1 after a predetermined delay after power
control output PC5 has gone to a logical high 1 and power
control output PC9 goes to a logical high 1 after a
predetermined delay after power control output PC7 has gone to

a logical high 1. Such a staggering operation can prevent
power surges and decrease power usage.

As also shown in Figure 2, the noted opposite transitions
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- Specifically, as shown in Figure 2, power control output PC9
is the first power control output to go to the logical low 0
after the transition from power control state data 2AA to
power control state data 1F5. Then power control output PC3
goes to the logical low 0 after a predetermined delay after
power control output PC9 has gone to the logical low 0,
power control output PCl goes to the logical low 0 a
predetermined- delay after power control'output PC3 has gone to
a logical low 0. The other power control outputs PC7, PCS
maintain their level at the logical high 1 as these po&er
control outputs are Stlll at the logical high 1 when the power
control state data 1F5 is gated. 1In thls way, in the
transition from the logical high to low, the power control
output which has the greatest delay going from low to high

will be the first power control output that went from high to
low.

and

The example shown in Figure 2 is an optimized
implementation that staggers the power control signals on both
the transition to the on or logical high condition and on the
transition to the off or logical low condition.

Alternatively, the power staggering could be implemented only
on the transition from a logical low to a logical high, i.e.,

the transition from a power-off to a power-on, or on the vice
versa condition.

In a further embodiment of the present invention,

multiple input status lines 10 may be used. In such a further

embodiment, the multiple input status lines may be routed
through a set of delay elements in a prioritized fashion to
create multiple power control outputs. These multiple power
control outputs are again used to control power to individual
system components or circuit partitions, as discussed above
with respect to the embodiment shown in Figures 1 and 2.
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In an alternative-embodiment, individual systemL .
components can be turned on or-off at any time while the rest
of the system is in operation. That is, such a system using
multiple input status lines may provide for a higher degree of
control. To identify the power control state to the system
user, some or all of the different input status lines can be
connected to different external components or different parts !t
of an external component, to reflect the status-of different
parts of the system or different states of the integrated
circuit. Further, another implementation-may-allow for -~ -~ -
enabling either the staggered or unstaggered version of the f

power control outputs. This allows for removing the delays
under certain conditions.

Furthermore, multiple input status lines can be combined,
for instance, in a further multiplexer, to generate a single
input status line which is then-input into multiplexer 15
shown in Figure 1. 1In addition, such multiple input status
lines may have varying degrees of delay introduced before or .
after combining them to enable power control ocutputs. One or
more sets of multiple input status lines can also be used to
enable one or more sets of power control outputs.

An even more complex implementation of the present
invention may allow for using multiple input status lines
routed through a number of sets of variable delay elements in
a prioritized fashion, the multiple input status lines then
being routed through a number of multiplexer circuitries and
enabling the output of multiple power control lines. In such
an embodiment, the system may take all of the input status
lines and feed them through a first set of variable delay
elements with a certain staggering period, guided by a first
set of control logic, and then a2 subset of the input status
lines may be taken and fed through a second set of variable
delay elements with a certain staggering period, guided by a
second set of control logic. Such an implementation enables
the output of the input status lines that are fed straight
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the power- control outputs PCOPCO9 will be at a |ogical |
that no power will be applied 5

through only the first set of delay circuitry t6 be used as a .
first set of power control lines, and enables the subset that
is routed through both the first and second sets of delay
elements to be used as a second set of power control lines.

In the same fashion as the power control staggering
operation of the present invention is used to prevent power
surges to the battery, power control staggering can also be
used to isolate circuitry in order to prevent damaging
incorrectly biasing circuit elements or:components, -and
thereby preventing damage to ‘'such circuitry. Such is the case

in a liquid crystal display (LCD) flat panel display screen,
for example.

Typically, a liquid crystal display would require three
pins which are necessary to drive the LCD. These pins would
or could need fo be prioritized. 1In this situation, power
control lines PCO, PCl, PC2 can provide the respective inputs
for the three pins of the LCD.

By appropriately staggering the power control lines PCO,
PC1l, PC2 that have been enabled by the status line taken
through successive circuit delay elements as shown in Figures
1 and 2, it can be guaranteed that the pin gated by power
control output PCO will make the transition to the logical
high first, followed by power control output PCl, followed by
power control output PC2, as shown in Figure 3. cConversely,
when these power control outputs PCO, PCl1, PC2 transition from
the logical high to the logical low, power control output PC2
is the power control line with the least delay allowing it to
turn off first, i.e., proceed from a logical high 1 to a
logical low 0, followed by power control output PC1 turning
off after a predetermined delay and then power control output
PCO turning off after a predetermined delay. Such an
operation ensures that the pin gated by power control output
PC2 will not be active without the pins gated by power control
outputs PCO and PCl being active first, thus pPreventing a
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When t he power control state data 2AA is then gated fromregister 20, powe

‘control outputs PCl, PC3, PC5, PC7 and PC9 wi |l have out puf
high 1, indicating that power shoul d g supplied to the co
connected to these power control outputs. Simlarly, inth

it er conponent

power control outputs PCO PC2, PC4, PC6 and PC8 will have
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t hese power control outputs will not be powered.

Obviocusly, numerous modifications and variations of the
present invention are possible in light of the above
teachings. It is therefore to be understood that, within the
scope of the appended claims, the invention may be practiced

otherwise than as specifically described herein.

e
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Furthernore, the staggering operation ower control outputs o
PCO-PC9 is al so shown in Figure 2. AsHm” m ”Wf 2, when the systemprt
makes the transition from power controf st JHI) t 0: power -eont ol
state data 2AA, the first power contrgjjoutput tosgd to a:lggical high 1is
power control output PCl. As also shown in Figure 2, power cong/rygkARdsput
PC3 then goes to a logical high 1 after a predeterm ned delay after power| }
control chaimet PCl has gone to the logical high 1. Power conttot it put PC5)
then goes to a logical high 1 after a predeterm riéd del ay jafter power :

control output PC3 has gone to a |ogical high 1, power control output PC7
goes to 1. A power control apparatus comprising:

at least one memory for storing power control state data;

a multiplexer for receiving the power control state data
stored in the at least one memory;

a plurality of serially connected power control outputs
connected to the multiplexer for outputting power control
signals based on the power control state data stored in the at
least one memory, and wherein a first of the plurality of
serially connected power control outputs has a minimum delay
and each succeeding of the plﬁrality of serially connected
power control outputs has an increasing delay.

2. The power control apparatus according to Claim 1,
wherein a first of the plurality of serially connected power
control outputs comprises a flip-flop and each succeeding of
the plurality of serially connected power control outputs
comprises a delay circuit and a flip-flop.

3. The power control apparatus according to Claim 1,

wherein the at least ocne memory comprises at least one
register.

4. The power control apparatus according to Claim 2,
wherein the at least one memory comprises at least one
register.

5. A power control apparatus comprising:

at least one memory means for storing power control state
data;

a multiplexer means for receiving the power con;gg;_state
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has gone to a logical high 1 and p ut PC9 (
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to a logical high 1. Such a staggerlngigperétl n prevert power surg
and decrease power usage. As al'§0 shown in Fi gure 4, th@%ﬁ:ﬁ@d
opposite transitions

data stored in the at least one memory means;

a plurality of serially connected power control output
means connected to the multiplexer means for outputting power
control signals based on the power control state data stored
in the at least one memory means, and wherein a first of the
plurality of serially connected power control output means has
a minimum delay and each succeeding of the plurality of

serially connected power control output means has an
increasing delay.

6. The power control apparatus accbrding to Claim 5,
wherein a first of the plurality of serially connected power
control output means comprises a flip-flop‘and each succeeding
of the plurality of serially connected power control output
means comprises a deiay means and a flip-flop.

7. The power control apparatus according to Claim 5,

wherein the at least one memory means comprises at least one
register.

8. The power control apparatus according to Clainm 6,

wherein the at least one memory means comprises at least one
register.
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‘power control state dat@ 1F5. Then -power control ou{put PC3 goes to the
| ogical low O after a predeterm ned delay after power control output PC9
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to a logical low 0. The other power control outputs PC7, {BEDT RERMEA TRET

| evel at the logical high 1 as these power control outputis & yhﬁTns EEE.
 ogi cal high 1 when the power control state data 1F5 is gatled. In this v
inthe transition fromthe logical high to |ow, the powerl don®r/oMABIRDUL
whi ch has the greatest delay going fromlow to high will {bg the first powe
control output that went fromhigh to | ow

213
L0 15 |
' l} ') |
REGISTER |
2[AJA |
|
—r i
FOSTER ] wuLmLeer[ |
1EE |
—-24 |
REGISTER |
0[o[0 |
!
] |
10 |
INPUT | STATUS
UNE |
|

FIG. 15



o -
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mul trsple input status lines 10 may be used. In such a further enbodinent
the multiple input status lines may be routed through a_set of
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power to individual syst enm s, ,di squsgec

above w th respect to the %@%S’F‘Xﬁ'ﬁ%rﬁg nd'G ¥
ABSTRACT

\\A power control circuit for a device such as personal computer, including a laptop or
notebook computer, which can conserve battery use, prevent power surges to promote longer
battery charges and longer battery life, and can assure that circuitry is correctly biased. The
power control circuitry of the present invention achieves these objectives by appropriately
staggering the powering on of circuit components of the computer. A circuit for achieving
these objectives may feature at least one memory (20, 22, 24) for storing power control state
data and a multiplexer (15) for receiving the power control state data stored in the at least one
memory (20, 22, 24). Further, a plurality of serially connected power control output circuits
(21-30) connected to the multiplexer (15) output power control signals based on the power
control state data stored in the at least one memory (20, 22, 24). A first of the plurality of
serially connected power control output circuits (21-30) has a minimum delay and each
succeeding of the plurality of serially connected power control output circuits (21-30) has an

increasing delay.
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................... 'PORER CONTROL STAGGERING

Technical Field

The present invention is directed to a power control
circuit for a device such-as a battery operated computer.

Bac ound

A power control system for a device such as. a battery
operated computer, such as a laptop or notebook computer,
operates to ensure that the appropriate computer components

have power supplied thereto to be turned on based on the

operation mode of the computer. For example, the computer

may operate in several modes such as a doze mode, sleep
mode, suspend mode, a fully-on mode and a fully-off mode.
During these different modes, different components in the

computer should be turned on and have power supplied
thereto.

In a conventional computer power supply system, each
of the specific components which are to have power supplied

thereto based on the operation mode of the computer will be

powered on at the same time. For example, in the fully-on

mode, each of the computer components will have power
supplied thereto at the same time.

'However, such conventional power control systems
suffer from significant drawbacks. First, by turning on
each of the computer components which are to have power
supplied thereto at the same time, power surges may be
generated, which may limit battery life or damage the
battery. Furthermore, in such a conventional power control
system, certain components may be temporarily incorrectly
biased particularly in power-on, power-off and power-state
transition situations, causing damage to these components.
Further, in such conventional power control systems,
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parts of the systentor different states of the integrated circuit.

Fart her, another~ inplenentation nmay allow for enabling either the

st aggered or unstaggered version of the power control outputs. This allows
for renoving the delays under certain conditions. Furt her nore,

nul tiple input status |ines can be conBffied, for instance, in a further

nultiplexer to generate a single input status line which is then input
into nmul ti

status |ine ﬁ§§r3a$é °2€§:ﬁgd§§§ g% 8FE§§¥$1HOHP i dqg%$lﬂgs el NPUL-

ore or after
conbi ni ng tpewerosepalbﬁ.edptvxere&onpmloromqom a@téladr tlme required

for them being turned on.

Disclosure of -‘the Invention

Accordingly, one object of the present invention is to
provide a novel power control system which can prevent
power surges and can promote longer battery charges and

. longer. battery life by protecting the' battery' from*damage.
Further, the power control éystem of the present invention
can ensure that circuitry is correctly biased.

Furthermore, the present invention can also increase
battery life and increase operating efficiency by
conserving the energy that the battery expends. As a
result, computer design can be enhanced in that battery4

'size may be reduced, théreby resulting in an overall

reduction in size and weight of a laptop or notebook
computer.

The power control system .of the present invention: .
achieves these objectives by appropriately staggering the
turn-on times of particular computer components which are
to be turned on based on the -operation mode of the
computer. In this way, power surges can be prevented and
the battery life of the computer can be extended by
delaying the time that certain components are turned on.
In addition, this same power control staggering operation
can also be used for isolating circuit elements to assure
that the circuit elements are appropriately biased on or
off before turning the circuit elements on or off.

More particularly, thé power control é&stem_éf the
present invention achieves these objectives by featuring at
least one memor? for storing power control state data,
which memory may be a register. A ﬁultiplexer receives the



more_sets of multiple input status lines can also be used to enable one or
more sets of power cdéntrol outputs. An even nore conpl ex

i mpl ementati on of the present invention may allow for using nultiple input
status lines routed through-a nunber of__sets of variable delay elenents in
a prioritized fashion, the nultiple input” status Iines then being routed

t hrough a nunber of nultiplexer circuitries and enabling the output of

I tipl ' | GOt oyt e
g}lltl pl e powgbweeNdoptrddiNetatd é&@d feesd&%&%emt | ER8lat *Tﬂsaét‘%‘at@ g@ﬁo%

of the input status |ines an rough a first se
vari abl e del 8yPLuraddiiys of weriakly £onnecked rPavercFPBEroduoHEPIsy a

first means are connected to the multiplexer and output power
control signals based on the powér control state data
stored in the at least one memory.l Further, the plurality
of serially connected power -control outpﬁt means are
structured so that a first of the plurality of' serially
connected power control ‘output means has a minimum delay
time and each of the succeeding of the plurality of

serially connected power control output means has an
increasing delay time. '

Brief Description of the Drawings

A more complete appreciation of the invention and many
of the attendant advantages thereof will be readily
obtained as the same becomes better understood by reference
to the following detailed description when considered in
connection with the accompanying drawings, wherein:

Figure 1 shows a circuit which can achieve the
staggered power control operation of the present invention;

Figure 2 shows a timing diagram with staggered power
control signals according to the present invention; and

Figure 3 shows one particular application of the
staggered power control operation of the present invention.

Best Mode for Carrying out the Invention

Referring now to the drawings, wherein like reference
nunerals designate identical or corresponding parts
throughout the several views, and more particularly to
Figure 1 thereof, there is shown a power control circuit

which achieves the power staggering operation of the
present invention.



seti@ﬁ control logic, and then a subset of the input status |ines may bé
taken and fed through a second set of variable delay elenents with a

certain -staggering period, guided by a second set of control "l ogic. Such
an inplenentation enables the output qI the input status lines that are
fed straight AT

In the simplest embodiment of the present invention, -
as shown in Fiqure 1, an input status line 10 is used to

select transitions from one power control state to the

next. That is, a computer system can typically operate in

several power control states. During each of the power

control states, different computer components will have

power supplied thereto. For example, typical power control

states currently employed in computers are a doze mode,
sleep mode, suspend mode, and fully-on and fuily-off modes.
These power control states are.typified by-having various
circuit components or partitions of the computer system
circuitry having power supplied thereto to be turned on.

As shown in Figure 1, the input status line 10 is

input into a multiplexer 15. Also connected to this

multiplexer 15 are various registers 20, 22, 24. Three
such registers are shown in Figure 2, however fewer or more

registers may be employed. These registers 20, 22, 24

store the power control state data. The input status line

10 through multiplexer 10 selects which power control state
data stored in registers 20, 22, 24 should be implemented.
The power control state data which is selected then
controls which individual components of the computer have
power supplied thereto to be turned on.

The data signal input on the input status line 10 used
to select the power control state may be generated by being
directly connected to some external control logic, such as
on-off switch (not shown), or the status output of an
external sensing circuitry, such as a low battery detection
status indicator (not shown), or the data signal input on
input status line 10 may be generated by some internal
state machine circuitry or microprocessor (not shown).

Also connected to multiplexer 10 are delay elements
D1-D9 and latch elements 21-30, latch elements 21-30 being
shown as flip-flops in Figure 1. The output of each of



-10-% > .through only the first set of delay circuitry to be used as a first
set of -power control 'lines, and enables the subset that is routed through
both the first and second sets of delay elenments to be used as a second set
of power control |ines. In the sanme fashion as the power contro

st aggering operation of the present inveBtion is used to prevent power

surges to the battery, power control staggering can also be used to isolate
ciircuitry in order_to grevent.dan%gin% e . i s .
these latch elements -30, indicated in Figure 2 as

respective power control outputs PCO-PC9, will be used to
control which components of the computer have power
supplied thereto to be powered on. !Further, in the example
shown in Figure 1, ten power control outpgts.PCO-Pcs are

shown, however, more or less power control outputs may be
employed. '

To effectuate the power staggering operation of the
present invention, the input status line 10 is used as an
input control signal to select the power control state data
to be effectuated. That is, input status line 10 is used
as a power control select to gate the power control state
data stored in one of registers 20, 22, 24, to thereby
output appropriate power control bits through power control
outputs PCO-PC9 to each of the circuit components or the

partitions of the system circuitry with varying degrees of
delay.

According to an embodiment of the present invention,
the input status line 10 is used as an input control
signal. This is used to directly enable the first latch
element 21, and as well is routed through the delay
elements D1-D9. In the example shown in Fiqgure 1, as there
are nine delay elements, there will be a total of ten power
control outputs PCO-PC9, each succeeding one of which will
generate a power control output at a subsequent point in
time as a result of the routing through the delay elements
D1-D9. That is, an output at power control output PCO
indicating a component connected thereto is to be powered
on will be earlier than such an output at power control
output PCl, which in turn will be earlier than such an
output at power control output PC2, and so on until such an
output at power control ocutput PC9 has the greatest delay.
These power control outputs PCO-PC9 are then used to
individually control how power is applied to the different
components or circuit partitions of the computer system



I ncorrectly biasing circuit el enents or conponents, and thereby preventing
damage to such circui'try. Such is the case in a liquid crystal.display
(LCD) flat panel display screen, for exanple. Typically, a liquid
crystal display would require three pins which are necessary to drive the
LCD. These pins would or could need to P& prioritized. In this situation,

power control lines PCO PCl, PC2 can provide the respective inputs for the
three pInS(goéﬁgéééglthereté.

The delay elements D1-D9 may be any logic element
which will delay transmission of a logic signal by a
specific amount of time. Examples of such delay elements
are chain logic flip-flops which, for example, could be
clocked by some specific time generating circuitry, such as

a combination of logic gates, microsequencing logic
circuitry, etc.

Further, in the embodiﬁent shown in Figqure 1, a
register 20 may, for exanple, store the power cdntrol state
data 2AA (hexidecimal), register 22 may store the power
control state data 1F5 (hexidecimal) and register 24 may
store the power control state data 000 (hexidecimal).

Also, as noted above, other registers may also be added.
which may store other power control state data.

Figure 2 shows an example in which input status line
10 controls multiplexer 15 so that the gated power control
state data changes from 000 to 2AA to 1F5. In such an
example, the input status line 10 will first gate the data
stored in register 24 (power control state data 000), then -
gate the data stored in register 20 (power control state
data 2AA) and then gate the data stored in register 22
(power control state data 1F5). In binary format, the
power control bits output at power control outputs PCO-PC9
correspond to the above-noted hexidecimal power control
state data would be as shown in TABLE 1 below.

TABLE 1

PC9 PC8 PC7 PC6 PCS5 PC4 PC3 PC2 PCl PCO

000: 0 0 0 0 0 0 0
2AA:
1F5: o 1l 1 1 1 0



By appropriately staggering the power control |ines PCO  PCl, PC2 that
have been enabl ed by the status line taken through successive circuit
dél ay el ements as shown in Figures. 1 and 2, it can be guaranteed that the
pin gated by power control output PCO w make the transition to the

| ogical high first, followed by power ntrol out put PCl, followed by
power control output PC2, as shown in Flgure 3. Conversely, when these
power control outputs PCO PCl, PC2 transition from the logical high to
the | ogical |ow, power control output PC2 is the power control line with
the | east del afd %mﬁﬁ@mp%esoshpynnlaf ffABLES 11 3bave, jthrrckhe rBaver

| ogi cal f’ﬂ:c?h][ﬂtﬁ?I Os.eatéoagﬁal ob@wlg %Jdo WA U0 Wtfa et I fhe 06 PEEoRCl
turning fgqlgtégrzg,pégcgtg% tﬂe powe coﬂ%rg¥3 ég$¥s%&86-8£9ogggftbe
at a logical low 0, indicating that no’ power will be applied

" to any components connected to these power control outputs
PCO-PC9.

When the power control state data 2AA is then gated from
register 20, power control outputs- PCl, PC3, PCS, PC7 and PC9
will have outputs as a logical high 1, indicating that power
should be supplied to the computer components connected to
these power control outputs. Similarly, in this situation,
power control outputs PCO, PC2, PC4, PC6 and PC8 will have
logical lows 0 output therefrom, indicating that the computer

components connected to these power control outputs will not
be powered.

Furthermore, the staggering operation of these power
control outputs PCO-PC9 is also shown in Figure 2. As shown
in Figure 2, when the system makes the transition from power
control state data 000 to power control state data 2AA, the
first power control output to go to a logical high 1 is power
control output PCl. As also shown in Figure 2, power control
output PC3 then goes to a logical high 1 after a predetermined
delay after power control output PCl has gone to the logical
high 1. Power control outﬁut PC5 then goes to a logical high
1 after a predetermined delay after power control output PC3
has gone to a logical high 1, power control output PC7 goes to
a logical high 1 after a predetermined delay after power
control output PC5 has gone to a logical high 1 and power
control output PC9 goes to a logical high 1 after a
predetermined delay after power control output PC7 has gone to

a logical high 1. Such a staggering operation can prevent
power surges and decrease power usage.

As also shown in Figure 2, the noted opposite transitions



PCO turning of f after a predeterm ned del ay. Such an operation ensures
that the pin gated by power control output PC2 will not be active w thout

the pins gated by power control outputs PCO and PCl being active first,
t hus preventing a ' :

occur when the power state control data changes from 2AA to
1F5. This is the inverse to the operation in which the power
control outputs were delayed when they were turned on.
Specifically, as shown in Figure 2, power control output PC9
is the first power control output to go to the logical low 0

after the transition from power control state data 2AA to

power control state data 1F5. Then power control output PC3

goes to the logical low 0 after a predetermined delay after
power control output PC9 has gone to the logical low 0, and
power control output PCl goes- to the- logical low 0 a i lnd

predetermined delay after powei control output PC3 has gone to

a logical low 0. The other power control outputs PC7, PC5

maintain their level at the logical high 1 as these power

control outputs are still at the logical high 1 when the power

control state data 1F5 is gated. In this way, in the

transition from the logical high to low, the power control
output which has the greatest delay going from low to high

will be the first power control output that went from high to
low.

The example shown in Figqure 2 is an optimized
implementation that staggers the power control signals on both
the transition to the on or logical high condition and on the -
transition to the off or 1ogical low condition.

Alternatively, the power staggering could be implemented only
on the transition from a logical low to a logical high, i.e.,

the transition from a power-off to a power-on, or on the vice
versa condition.

In a further embodiment of the present invention,
multiple input status lines 10 may be used. In such a further
embodiment, the multiple input status lines may be routed
through a set of delay elements in a prioritized fashion to
create multiple power control outputs. These multiple power
control outputs are again used to control power to individual
system components or circuit partitions, as discussed above
with respect to the embodiment shown in Figures 1 and 2.



possi'bl.y damagi ng reverse bias situation.
modi fi-cations and variiations of the present invention are possible in |ight
of the above teachings. It is therefore to be understood that, within the

scope of the appended clains, the invenig on may be practiced otherw se than
as specifically described herein. '

Qoyi ously, numerous

In an alternative embodiment, individual system
components can be turned on or off at any time while the rest
of the system is in operation. That is, such a system using
multiple input status lines may provide for a higher degree of
control. To identify the power control state to the system
user, some or all of the different input status lines can be
connected to different external components or different parts
of an external component, to reflect the status of different
parts of the system or different states of the integrated
circuit. Further, another implementation-may-allow- for - =~~~
enabling either the staggered or unstaggered version of the

power control outputs. This allows for removing the delays
under certain conditions.

Furthermore, multiple input status lines can be combined,
for instance, in a further multiplexer, to generate a single
input status line which is then input into multiplexer 15
shown in Figure 1. In addition, such multiple input status
lines may have varying degrees of delay introduced before or
after combining them to enable power control outputs. One or
more sets of multiple input status lines can also be used to

enable one or more sets of power control outputs.

An even more complex implementation of the present
invention may allow for using multiple input status lines
routed through a number of sets of variable delay elements in
a prioritized fashion, the multiple input status lines then
being routed through a number of multiplexer circuitries and
enabling the output of multiple power contrél lines. 1In such
an embodiment, the system may take all of the input status
lines and feed them through a first set of variable delay
elements with a certain staggering period, guided by a first
set of control logic, and then a subset of the input status
lines may be taken and fed through a second set of variable
delay elements with a certain staggering period, guided by a
second set of control logic. Such an implementation enables
the output of the input status lines that are fed straight



-12- - Clains .1. A power control apparatus conpri sing: at
| east one menory* for storing power control state data; :

-10~-

through only the first set of delay circuitry to be used as a .
first set of power control lines, and enables the subset that
is routed through both the first and second sets of delay
elements to be used as a second set of power control lines.

In the same fashion.as the power control staggering
operation of the-present invention is used to prevent power
surges to the battery, power control staggering can also be
used to isolate circuitry in order to prevent damaging
incorrectly. biasing circuit. elements or components, -and-

thereby preventing damage to such circuitry. Such is the case

in a liquid crystal display (LCD) flat panel display screen,
for exanple.

Typically, a liquid crystal display would require three
pins which are necessary to drive the LCD.

or could need to be prioritized.

These pins would
In this situation, power

control lines PCO, PCl, PC2 can provide the respective inputs
for the three pins of the LCD.

By appropriately staggering the power control lines PCO,
PC1l, PC2 that have been enabled by the status line taken
through successive circuit delay elements as shown in Figures
1 and 2, it can be guaranteed that the pin gated by power
control output PCO will make the transition to the logical

high first, followed by power control output PCl, followed by

power control output PC2, as shown in Figure 3. Conversely,

when these power control outputs PCO, PCl, PC2 transition from
the logical high to the logical low, power control output PC2
is the power control line with the least delay allowing it to
turn off first, i.e., proceed from a logical high 1 to a
logical low 0, followed by power control output PCl turning
off after a predetermined delay and then power control output
PCO turning off after a predetermined delay. Such an
operation ensures that the pin gated by power control output
PC2 will not be active without the pins gated by power control
outputs PCO and PCl being active first, thus preventing a



a nultlplexer for rece|V|ng t he power control state data stored in the at
| east ‘one nmenorys a plurality.af serially connected power contro
out puts connected to the nultiplexer for outputting power control.signals
based on the power control state data sibted in the at | east one nenory,
and wherein a first of the plurality of serially connected power control
outputs has a mni mum del ay and each succeeding of the plurality of

serial |l ypegﬁhbéweéamngcgmwsenhm situationncr easi ng del ay. .

Obvicusly, numerous modifications and variatigns of the
present invention are possible in light of the above
teachings. It is therefore to be understood that, within the
scope of the appended claims, the invention may be practiced
otherwise than as specifically described herein.



2. The power control apparatus according to Claim1, wherein a first of the

plurality of serially connected power control ourpuf5~cnanL§§;TEéLLip_f1op
?Wnect ed po trol

and each succeeding of the plurality of serially
outputs conprises a delay circuit and_gstJip-flop

’ MM” . ower
control apparatus according to Claim1, wherein ﬁ” ﬁw nory
conprises at |east one register. Lo g e

Claims -
1. A power control apparatus comprising:

at least one memory for storing power control state data;

a multiplexer for receiving the power control state data
stored in the at least one memory;

a plurality of serially connected power control outputs
connected to the multiplexer for outputting power control
signals based on the power control state data stored in the at
least one memory, and wherein a first of the plurality of
serially connected power control outputs has a minimum delay
and each succeeding of the plﬁrality of serially connected
power control outputs has an increasing delay.

2. The power control apparatus according to Claim 1,
wherein a first of the plurality of serially connected power
control outputs comprises a flip-flop and each succeeding of
the plurality of serially connected power control outputs
comprises a delay circuit and a flip-flop.

3. The power control apparatus according to Claim 1,

wherein the at least one memory comprises at least one
register.

4. The power control apparatus according to Claim 2,

wherein the at least one memory comprises at least one
register.

S. A power control apparatus comprising:

at least one memory means for storing power control state
data;

a multiplexer means for receiving the power control state



4. The .power control apparatus according to Claim2, wherein the at | east
one nenory conprtses ‘at | east one register. 5. A power control
apparatus conpri sing:

at | east one nenory ne 1i wer
control state data; -13- aﬂm ﬂﬂ|||1||1”||||£"|m
* c L M N *

data stored in the at least one memory means;

a plurality of serially connected power contrql output
means connected to the multiplexer means for outputting power
control signals based on the power control state data stored
in the at least one memory means, and wherein a first of the
plurality of serially connected power control output means has
a minimum delay and each succeeding of the plurality of

serially connected power control output means has an
increasing delay.

6. The power control apparatus accbrding to Claim 5,
wherein a first of the plurality of serially connected power
control output means comprises a flip-flop and each succeeding
of the plurality of serially connected power control output
means comprises a delay means and a flip-flop.

7. The power control apparatus according to Claim 5,

wherein the at least one memory means comprises at least one
register.

8. The power control apparatus according to Claim 6,

wherein the at least one memory means comprises at least one
register.



a multiplexer neans for receiving the power control state
- 13- data stored in’'the at | east one merory neans;

~14-
POWER CONTROL STAGGERING

ABSTRACT

A power control circuit for a device such as personal computer, inciuding a laptop or
notebook computer, which can conserve battery use, prevent power surges to promote longer
battery charges and longer battery life, and can assure that circuitry is correctly biased. The
powér control circuitry of the present invention achieves these objectives by appropriately
staggering the powering on of circuit oomponents. of the computer. A circuit for achieving
these objectives may feature at least one memory (20, 22, 24) for storing power control state
data and a multiplexer (15) for receiving the power control state daté. stored in the at least one
memory (20, 22, 24). Further, a plurality of serially connected power control output circuits
(21-30) connected to the multiplexer (15) output power control signals based on the power
control state data stored in the at least one memory (20, 22, 24). A first of the plurality of
serially connected power control output circuits (21-30) has a minimum delay and each
succeeding of the plurality of serially connected power control output circuits (21-30) has an

increasing delay.

Figure 1A and Figure 1B



a plyrality of serially connected-power control output means connected to
t.he mul tipl exer.nears for outputting power control signals based on the
power control- state data stored in the at | east one nenory nmeans, and
wherein a first of the plurality of serially connected power control
out put means has a m ni nrum del ay and each succeeding of the plurality of
serially connected power control output nmeans has an increasing del ay.

6. The power control apparatus according to Claimb5, wherein a first of the
plurality of serially connected power
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-cont fol. out put neans conprises a-flip-flop and each succeedi ng of the
plkuratity of serially connected power control output means conprises a

del ay means and a flip-flop. 7. The power control apparatus
according to Claimb5, wherein the at | east one nenory neans conprises at
| east one register. 8. The power control apparatus according to

Claim6, wherein the at |east one nenory neans conprises at | east one
regi ster.
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