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

·Background Art 

A power control system.~or a device such· as~ a battery 
operated computer, such as·a laptop or notebook computer, 
operates to ensur~ 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 
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may operate in several modes such as a doze mode, sleep 
mode, suspend mode, a fully-on mode ~d a .fu~ly-off mode. 
Durinq 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 compu~er components will have power 
supplied thereto at the same time. 

However, such conventional power control systems 
suffer from siqnificant drawbacks. First, by turninq on 
each of the computer components which are to have power 
supplied· thereto at the same time, power surqes may be 
qenerated, which may limit battery life or ·damaqe the 
battery. Furthermore, in such a conventiona·1 power control 
system, certain components may ·be temporarily incorrectly 
biased particularly in power-on, power-off and power-sta~e 
transition situations, causinq damaqe to these components. 
Further, in such conventional power control systems, 
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power control state data stored in the at least one memory.· 
A plurality of serially connected power control output 
means are connected to ~e multiplexer and output power 
control siqnals based on the power control stat~ 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 inyention and many 
of the attendant advantages thereof will be readily 
obtained as the same becomes better unders~ood by reference 
to the following detailed description when considered in 
connection with the-accompanying drawings, wherein: 

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

Figure·2 shows a timing diaqram with staggered power 
c~ntrol siqnals 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 QUt the invention 
0 

Referring now to the drawings, wherein like reference 
numerals designate identical or corresponding parts 
throughout the several views, and more particularly to 
Fiqure 1 thereof, th~re is shown a power control circuit 
which achieves the power staggering operation of the 
present invention. 
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In the simplest embodiment of the present invention, 
as shown in Figure 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 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 turn~d on. 

·As shown in Figure 1, the input ~tatus line 10 is 
input into a multiplexer 15. Also connected to this 
multiplexer 15 are various registers 20, 2~, 24. Three 
such registers are shown.in Fiqure 2, however fewer or more 
registers may be employed. These registers 20, 22, 24 
store ~he 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 detecti.on 
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 multipl~xer 10 are delay elements 
01-09 and latch elements·21-Jo, latch elements 21-30 being 
shown as flip-flops in Figure.1. The output of each of 



---------------
WOM/23355 PCTIUS94/03422 

these latch elements 21-30, indicated in Fiqure 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. FUither, in the example 
shown in Figure 1, ten power·control outputs·pco-Pc9 are 
shown, however, more or less _power control outputs may be 
employed. 

To effectuate the· power staqqerinq 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 qate the power control state 
data stored in one of reqisters 20, 22, 24, to thereby 
output appropriate power control bits throuqh power control 
outputs PCO-PC9 to each of the circuit components or the 
partitions of the system circuitry with varyinq deqrees·- of 
delay. 

Accordinq to an embodiment of the present invention, 
the input stat~s line 10 is used as an input control 
siqnal. This is used to directly enable the first latch 
element 21, and as well is routed throuqh the delay 
elements 01-09. In the example shown in Fiqure 1, as there 
are nine delay elements, there will be a total of .ten power 
controi outputs PCO-PC9, each succeedinq one of which will 
qenerate a power control output at a subsequent point in 
time as a result of the routinq throuqh the delay elements 
01-09. That is, an output at power control output PCO 
indicatinq_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 qreatest delay. 
These power control outp~ts 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. 

The delay elements Dl-09 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 l, a· 
register 20 may, for example, store ~he power control state 
data 2AA (hexidecimal), register 22 may store the power 
control state data lFS (hexidecimal) and register 24 may 
store the power control state data ooo (hexidecimal). 
Also, as noted .above, other registers may also ·be added 
which may store other power control state data. 

Figure 2 s·hows an example in which input status line 
10 controls multiplexer 15 so that the gated power control 
state data changes from 000 tq 2AA to lF5. In such an 
example, th~ 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 registe~ 22 
(power control state data 1F5). In binary format, the 
power control bits outpu~ 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 PCS PC? PC6 PCS PC4 PC3 PC2 PC1 PCO 
000: 

2AA: 

1F5: 

0 

1 

0 

0 

0 

1 

0 

1 

1 

0 

0 

1 

0 

·1 

1 

0 

0 

1 

0 

l. 

0 

0 

0 

1 

0 

1 

0 

0 

0 

1 
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In-the-examples shown in TABLE l above, when the power 
control state data ooo is qated by input status line 10 from 
reqister 24, each of the power control outputs PCO-PC9 will be 
at a loqical low O, indicatinq that no power will be applied 
to any components connected to these· power control outpu~s 
PCO-PC9. 

When the power control state data 2AA is th~ qated from 
reqister 20, power· CQntrol outputs- PCl, PC3, PCS, PC7 and;,-PC9 
will have outputs as a loqicai hiqh 1, indicatinq that power 
should be supplied to the computer components-connected to 
these power control outputs. Similarly, in this situation, 
pow~r control outputs PCO, PC2, PC4,· PC6 and PCS will have 
loqical lows o output therefrom, indicatinq that the· computer 
components c~nnected to these power control outputs will not 
be powered.· 

Furthermore, the staggering operation of these power 
control outputs PCO-PC9 is also ~hown in Figure 2. As shewn 
in Figure 2, when the system makes the transition from power 
control state data 000 to power control state data 2AA, th~ 
first power control output to qo to a logical hiqh l is power . 
control output PCl. As also shown in Figure 2, power control 
output PC3 then goes to a logical high 1 after a pre~etermined 
delay after power control output-Pel has qone to the loqical 
hiqh l. Power control output PCS then goes to a loqical high 
l 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 PCS has gone to a logical hiqh l and power 
control output PC9 goes to a loqical high l 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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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 turne_d on. 
Specifically, as shown in Figure 2, power control output PC9 
is the first power control output· to go to the logical low o 
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 o after a predetermined delay after 
power control output PC9 has gone to the logical low o, and 
power control output PCl goes to the logical low 9 a . 
predetermined·· delay after power control output PC3 has gone to 
a· logical low O. The other power control outputs PC7, PCS 
mai~tain their level at the logical high 1 as these power 
control outputs are still a-t 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 ~ower 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 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 t~ 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 multi~le 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 aiternative·.·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 usinq 
multiple input status lines may provide for a hiqher deqree 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 comP.onent, to ·reflect the status·· of. different 
parts of the syste~ or different·states of the inteqrated 
circuit. Further, another implementation-may-al·low. for· _ .. ;.: :. · ·-
enablinq either the stagqered"1>r unstaqgered version of the 
power control outputs. This allows for·removing the delays 
under certain c9nditions • 

. FUrthermore, multiple input status lines can be combined, 
for instance, in a further multiplexer, t~ generate a single 
input status· line which is then·-input into multiplexer 15 · · 
shown in Figure 1. In addition·, such multiple input status r 

lines may have varying deqrees 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 throuqh a number of multiplexer circuitries and 
enabling the output of multiple power control lines. In such 
an embodiment, the system m~y take all of the input status 
lines and feed them throuqh a first set of variable delay 
elements with a certain staggering period, guided by a first 
set of control logic, and the~ a subset of the input status 
lines may be taken and fed throuqh.a second set of variable 
delay elements with a certain·staggerinq period,· guided by a 
second set of control logic. such an implementation enables 
the output of the input status lines ~at a~e fed_straight 

\ 
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throuqh only the first set of delay circ:UitrY 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 staqqerinq 
. operation of the present invention is used to prevent :power 
surges to the.battery, power control staqqerinq can also be 
used to isolate circuitry in order to prevent damaqinq 
i~correctly. biasinq circuit- elements or·~components;, . and· 
thereby preventing damaqe to·such circuitry. Such is the case 
in a liquid crystal display (LCD) flat panel display screen, 
for example. 

Typically, a liquid crystal di$play 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 staqqering 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 loqical 
h_igh first, followed by power control output PC1, 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 hiqh 1 to a 
logical low o, followed by power control output .PC1 turning 
off after a pred~termined delay and th~n power control output 
PCO turninq 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 beinq active first, thus preventing ~-- _ 
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possibly damaqinq reverse bias situation. 

Obviously, numerous modifications and variations of the 
present invention are possible in liqht of the above 
teachinqs. It is therefore to be understood that, wit;hin the 
scope of the appended claims, the invention may be practiced 
otherwise than as specifically described herein. 

----------~---·· Re2\aced 
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Claims· 11/lllf 1111~ II~/ I/I/I /I /II/ 

s * 

1. A power control apparatus comprislnq: 

at least one memory for storinq power control state data; 

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

a plurality of serially connected power control outputs 
connected to the multiplexer ~o~ outputtinq power control 
siqnals .. based on the power contro.l 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 succeedinq of the plurality of serially connected 
power control outputs has an increasinq delay. 

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

3. The power control apparatus accordinq to Claim 1, 
wherei_n the at least one memory comprises at least one 
reqister. 

• 

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

5. A power contr.ol apparatus comprisinq: 

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

a multiplexer means for receiving the power control state 
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data stored in the at least one memory means; 
I If If If 1111~ llf I Ill/I II /II/ 

s * 

a plurality of serially co:inected power control output 
means connected to the multiplexer means for outputtinq power 
control siqnals 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 succeedinq of the plurality of 
serially connected power control output means has an 
increasinq delay. 

6. The power control apparatus according to Claim s, 
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 accordinq 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. 


