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57 ABSTRACT 
A portable computer system includes a housing, a lid 
supported on the housing for movement between open 
and closed positions, a keyboard supported on the hous 
ing below the lid, and a display provided on the lid. 
When the lid is opened, the keyboard is accessible and 
the display is visible, whereas when the lid is closed the 
keyboard and display are hidden and protected. The 
computer system includes a processor disposed within 
the housing and having a first operational mode in 
which it executes instructions and a second operational 
mode in which it is in a reduced power suspend state 
from which it can automatically exit in response to a 
predetermined condition. The system includes an ar 
rangement responsive to closing of the lid when the 
processor is in its first operational state for switching 
the processor to its second operational state. 

15 Claims, 10 Drawing Sheets 
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1. 

SYSTEM SUSPEND ON LID CLOSE AND SYSTEM 
RESUME ON LO OPEN 

FIELD OF THE INVENTION 

This invention relates to a portable computer having 
a lid movable between open and closed position and, 
more particularly, relates to the action taken when the 
lid is moved from the open position to the closed posi 
tion while the computer system is operating. 

BACKGROUND OF THE INVENTION 
Portable computers of the type commonly referred to 

as "laptop' computers and "notebook' computers are 
becoming very popular They typically include a hous 
ing with a lid which is movable between open and 
closed positions, a display which is mounted on the lid, 
and a keyboard which is mounted on the housing be 
neath the lid, the keyboard and display being exposed 
when the lid is in the open position and being hidden 
and protected when the lid is in the closed position 
These systems also include a battery which serves as a 
Source of power. If a user inadvertently closes the lid 
without remembering to turn off the power, the system 
can continue to operate and will run down the battery. 
One solution to this problem is to provide a lid switch 

which, in response to movement of the lid to the closed 
position, shuts off power to the system. However, this 
can be disadvantageous because, if the user unintention 
ally bumps the lid and causes it to close, the contents of 
the volatile semiconductor memory in the computer 
will be lost, and thus the user may lose important data 
or program information which he or she did not wish to 
lose. 
An alternative known approach is to respond to the 

close of the lid by producing an audible beep rather than 
shutting off power to the system. This permits the user 
to reopen the lid and continue operation without any 
loss of data or program information. Nevertheless, if the 
user does not hear the beep or forgets to open the lid 
following the beep, the battery may run down and cause 
the contents of the semiconductor memory to be lost. 
A recently-developed microprocessor has the capa 

bility to save the status of an operating computer sys 
tem, then shut off power to almost all of the system, and 
then enter a low power suspend state, and has the capa 
bility to exit the suspend state at a subsequent time, 
restore power to the system, restore the saved state of 
the system, and then resume operation from the point at 
which the system was interrupted. To date, systems 
using this microprocessor have effected entry to and 
exit from the suspend mode based on a manually opera 
ble push-button switch or on other internal criteria such 
as expiration of a timer. In these known computer sys 
tems, closing of the lid during system operation results 
only in generation of an audible beep, with the same 
disadvantages mentioned above. 
An object of the invention is therefore to provide an 

arrangement for causing a system to enter and subse 
quently exit suspend mode in response to closing and 
subsequent opening of a lid. 

SUMMARY OF THE INVENTION 

The objects and purposes of the invention are met 
according to one form of the invention by providing a 
computer system which includes a housing, a lid sup 
ported on the housing for movement between open and 
closed positions, a processor provided in the housing 
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2 
and having a first operational mode in which the pro 
cessor executes instructions and a second operational 
mode in which the processor is halted in a reduced 
power state from which the processor can automati 
cally exit in response to a predetermined condition. The 
system includes an arrangement responsive to move 
ment of the lid to its closed position when the processor 
is in its first operational mode for switching the proces 
sor to its second operational mode. 
According to another form of the invention, a com 

puter system includes a housing, a lid supported on the 
housing for movement between open and closed posi 
tions, a processor having a first operational mode in 
which the processor executes instructions and a second 
operational mode in which the processor is halted in a 
reduced power state from which the processor can 
automatically exit in response to a predetermined condi 
tion. This system includes an arrangement for permit 
ting an operator to select one of first and second events 
to occur when the lid is moved to its closed position, the 
first event being switching of the processor from the 
first operational mode to the second operational mode. 
BRIEF OESCRIPTION OF THE DRAWINGS 

A preferred embodiment of the present invention is 
described in detail hereinafter with reference to the 
accompanying drawings, in which: 
FIGS. 1a, 1b, 1c and 1d, which are collectively re 

ferred to herein as FIG. 1, show a block diagram of a 
computer system embodying the present invention; 
FIGS. 2 and 3 are flowcharts of selected program 

segments executed by an auxiliary processor of the 
system of FIG. 1; and 
FIGS. 4-8 are flowcharts of selected program seg 

ments executed by a main processor of the system of 
FIG. 1. 

DETAILED DESCRIPTION 

FIGS. 1a, 1b, 1c and 1d, which are collectively re 
ferred to herein as FIG. 1, show is a block diagram of a 
"notebook' type laptop computer system 10 which 
embodies features of the present invention. The com 
puter system 10 includes a main processor 11, a power 
control circuit 12, a signal processing circuit 13, a manu 
ally operable power control switch 16, a system control 
processor (SCP) 17, an internal keyboard 18, a video 
controller 19, a monochrome liquid crystal display 
(LCD) 21, a modem 22, a hard disk drive 23, a main 
memory 24 implemented with dynamic random access 
memory (DRAM) chips, a floppy disk drive 26, a read 
only memory (ROM) 27, and a flash RAM 28. 

In the preferred embodiment, the main processor 11 
is implemented with an Intel 386SL, which is a conven 
tional component commercially available from Intel 
Corporation of Santa Clara, Calif. This microprocessor 
has certain special features which are described in U.S. 
Ser. No. 07/752 342 filed Aug. 30, 1991, which is a 
continuation-in-part of U.S. Ser. No. 07/705 039 filed 
May 17, 1991. The disclosures of each of these prior 
applications are hereby incorporated herein by refer 
ence. Detailed information regarding the Intel 386SL is 
also available directly from Intel, and the entire internal 
architecture thereof is therefore not shown and de 
scribed in detail here. Those features of the processor 
which are pertinent to the present invention are briefly 
described here. 
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More specifically, the main processor 11 includes a 
clock generator 31 which generates respective clocks 
for various components of the system, including the 
processor 11 itself, and which is controlled by a speed 
control register 32. The processor 11 and some other 
system components are of a type which use more power 
when running at a higher clock speed than when run 
ning at a lower clock speed. Therefore, clocks can be 
set to a higher speed when rapid processing is required 
despite the fact that a larger amount of power is drawn 
from the system battery during a given time period, 
whereas when processing speed is not critical a lower 
clock speed can be used in order to reduce the amount 
of power being drawn from the battery. 
A refresh control circuit 33 controls the rate at which 

the data stored in the main memory 24 is refreshed. The 
slower the refresh rate, the lower the power consump 
tion by the main memory 24. The refresh rate can be set 
to a very low rate in which the memory 24 uses minimal 
power, but at this low rate it is not possible to read or 
write data to or from the memory 24. 
The processor 11 also includes a power management 

interrupt (PMI) generator 36, which generates a special 
PMI interrupt in response to several conditions, three of 
which are shown in FIG. 1. The first is the occurrence 
of a signal on a line 37 in response to manual actuation 
of the manual switch 16, the second is a signal EXT 
PMI on a line 38 from an external source, and the third 
is an interrupt which is internally generated by software 
running in the processor 11 and which is indicated dia 
grammatically at 39. 
When the PMI interrupt occurs as a result of any of 

these conditions, the hardware in the processor 11 auto 
matically saves the current internal state of the proces 
sor 11 in a special portion 40 of the memory 24. Then, 
the processor automatically begins execution of a spe 
cial interrupt routine, which is described later. Upon 
completion of the interrupt routine, a restore instruction 
automatically restores the state of the processor 11 from 
the portion 40 of the memory 24, and causes the proces 
sor 11 to resume operation from the point at which it 
was interrupted. 
The processor 11 has several conventional modes of 

operation, one of which is an "unprotected" mode in 
which the program running in the processor 11 has 
access to all operational capabilities of the processor 11, 
whereas the other modes are "protected" modes in 
which the program running in the processor 11 has 
different degrees of accessibility to the operational ca 
pabilities. The occurrence of a PMI interrupt automati 
cally forces the processor into the unprotected mode of 
operation, while the restore instruction will restore the 
processor to the mode of operation which it was in at 
the time the PMI interrupt occurred. Consequently, an 
application program which is running in one of the 
protected modes can be interrupted, the processor can 
carry out various functions in the unprotected mode 
without any of the limitations which would be present 
in one of the protected modes, and then the application 
program can be resumed from the point at which it was 
interrupted with its own protected mode back in effect. 
When an application program has been interrupted, 

the processor 11 has the capability to enter a suspend or 
rest mode, in which it causes the power control circuit 
12 to shut off power to most other components in the 
system, and then turns off its own clock in order to 
enter a very low power mode. The system can be in the 
suspend mode for a very short period of time, or for 
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4. 
several weeks (if the batteries are fully charged when 
suspend is entered). When a resume event occurs, the 
processor turns its clock back on, causes the power 
control circuit 12 to restore power to other compo 
nents, and then returns to the interrupted application 
program. 
A resume control circuit 41 is responsible for causing 

the processor 11 to resume from the suspend mode. The 
resume control circuit 41 is responsive to several condi 
tions, two of which are shown in FIG.1. The first is an 
output signal on line 42 from the signal processing cir 
cuit 13, which is described in more detail later. The 
other is a modem ring indicator signal MDMRI on a 
line 43 from the modem 22. When the system is in the 
suspend mode and a signal occurs on one of the lines 42 
and 43, the resume control circuit 41 produces a resume 
reset which internally resets the main processor 11 and 
which also sets a resume flag 44. The resume flag 44 
remains set in order to provide an indication to the 
software that the reset was the result of a resume event 
and not a standard system reset of the type which oc 
curs when power is first applied to the system. The reset 
causes the processor to begin executing a special soft 
ware routine in the flash RAM 28, as described in more 
detail later. 
The processer 11 also includes a bus control circuit 46 

to control abus 47, which includes address, control and 
data lines, and which couples the processor 11 to other 
major system components. 
The power control circuit 12 includes batteries 51, 

and has a connector 52 to which can be attached an AC 
to DC converter 53. The power control circuit 12 has a 
power output PMVCC on which it supplies power to 
the processor 11, main memory 24 and signal processing 
circuit 13, and has a power output SYSVCC on which 
it supplies power to other system components. The 
power control circuit 12 is controlled at 54 by the main 
processor 11. 
Turning to the System Control Processor 17, the SCP 

in the preferred embodiment is based on an Intel 
87C51GB microprocessor, but it will be recognized that 
there are other commercially available microprocessors 
which could also be used for the SCP. The SCP can 
generate a speaker control signal on a line 56 which is 
connected to a speaker 57, which can cause the speaker 
57 to produce an audible beep. The speaker 57 can 
respond in a similar manner to a signal produced by the 
main processor 11 on a line 58. The SCP receives from 
the main processor 11 a signal CPUSUREQ, which the 
main processor actuates just before it sends a command 
to the SCP. 
The SCP 17 includes a RAM 79 in which the SCP 

can store and retrieve information during system opera 
tion. The SCP also includes several input/output (I/O) 
registers 81, which are used to pass data between the 
main processor 11 and the SCP 17. 
The SCP17 is coupled to an external connector 61, to 

which can optionally be coupled a conventional mouse 
or external keyboard 62. The SCP is also coupled at 63 
to the internal keyboard 18, and is coupled at 64 to the 
video controller 19. The video controller 19 is coupled 
to a connector 65, to which can optionally be coupled a 
conventional external CRT display 66. The video con 
troller 19 is also coupled to the LCD 21. 
The SCP sends to the LCD 21 a signal LCDPWR, 

which turns on and off the power to the liquid crystal 
display in the unit 321. The display includes a backlight 
67 which illuminates the liquid crystal display. The 
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display unit is provided on a lid of the laptop computer 
which, in a conventional manner, can be moved be 
tween positions covering and exposing the keys of the 
internal keyboard 18, the liquid crystal display 21 being 
visible and hidden when the lid is respectively in the 
open and closed positions. The SCP 17 generates a 
signal BLON which turns on and off the backlight 67. A 
lid switch 68 is provided to indicate whether the lid is 
open or closed, and sends an appropriate signal on a line 
LDSW to the SCP 17. 
The SCP 17 also generates a signal MDMEN which 

causes the power control section of the modem 22 to 
selectively provide power to the modem or to shut off 
power to the modem (or at least place the modem in a 
low power consumption state). The SCP 17 receives 
from the modem 322 the previously-mentioned modem 
ring indicator signal MDMRI, which is actuated when 
an incoming telephone call reaches the modem through 
a telephone jack 69 to which the modem is coupled, the 
jack 69 being adapted to be optionally coupled to a 
standard telephone line 71. 
The hard disk drive 23 produces an output signal 

LED which is used in a conventional manner to control 
a conventional and not-illustrated light emitting diode 
in order to provide the computer user with a visual 
indication of the activity of the hard disk drive. This 
LED signal is connected to the SCP and to one input of 
a two-input AND gate 72, the hard disk not busy output 
HDNB of which is connected to one input of a two 
input OR gate 73 and indicates that the hard disk is not 
busy. The other input of the AND gate 72 is connected 
to an ENABLE output signal of the SCP 17, and thus 
the SCP can selectively enable and disable the gate 72. 
The SCP also produces an output signal at 74 which is 
connected to a second input of the OR gate 73, the 
output of the OR gate 73 being the previously-men 
tioned EXT PMI signal to the main processor 11. 
A register 77 is coupled to the bus 47 and produces an 

output on a line 78 which is coupled to an input of the 
signal processing circuit 13 and which is discussed in 
more detail later. 
The flash RAM 28 is a conventional semiconductor 

device which can be electrically modified, but is not 
volatile and will retain the information stored in it when 
power to it is turned off. The flash RAM contains the 
basic input/output system (BIOS) program. The ROM 
27 contains a program which is normally not used, but 
which can be used to control the system while the flash 
RAM 28 is reloaded in the event an unusual circum 
stance causes the contents of the flash RAM to be lost. 
The floppy disk drive 26 is conventional in all re 

spects, and not described in detail. 
The signal processing circuit 13 includes an R/C 

divider 86 tied to the LIDSW output from the lid 
switch 68, and an inverter 87 which has an input con 
nected to the signal LIDSW. The output 88 of the in 
verter is connected to one input of a two-input exclu 
sive-OR gate 89, and through a resistor 90 to an input of 
a further inverter 91. The output of inverter 91 is cou 
pled through a resistor 92 to the other input of the gate 
89, which is coupled to ground by a capacitor 93. The 
output of the gate 89 is connected to the trigger input of 
a monostable multivibrator or "one-shot' 96, the time 
period of which is controlled by an R/C network 97. 
When the lid switch 68 closes or opens, the change in 
the state of its output signal LIDSW is applied through 
inverter 87 on line 88 to one input of the gate 89, causing 
the output of gate 89 to change, and a short period of 
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time later is applied through resistor 90, inverter 91 and 
resistor 92 to the other input of the gate 89, causing the 
output of the gate 89 to return to its original state. Thus, 
every time the lid switch 68 opens or closes, the exclu 
sive OR gate 89 will produce a pulse equal in length to 
the propogation delay through the circuit branch con 
taining resistor 90, inverter 91, resistor 92 and capacitor 
93. This pulse will trigger the one-shot 96, so that it 
produces an output which is applied to one input of an 
OR gate 98, the other input of which is coupled to the 
output 37 from the manual switch 16. The output of the 
OR gate 98 is the line 42, which is connected to the 
resume control portion 41 of the main processor 11. 
The signal processing circuit 13 also includes a D 

type flip-flop. 101 having a clock input to which is cou 
pled the line 78 from the register 77. The inverted out 
put of the flip-flop is connected to the D input, so that 
the flip-flop changes state or "toggles' each time the 
signal on line 78 changes from a logic low to a logic 
high. The output of the flip-flop 101 is connected to a 
reset input of the one-shot 96. Consequently, by appro 
priately controlling the register 77, the main processor 
11 can set or reset the flip-flop 101, so that it enables or 
disables the one-shot 96 and thus permits or prevents 
the one-shot 96 from producing an output in response to 
a pulse from the gate 89. 

FIG. 2 is a flowchart of a portion of a main loop from 
the operational program executed by the SCP 17. Only 
the portion of the loop which is pertinent to an under 
standing of the present invention is shown and de 
scribed in detail. In particular, this portion begins at 
block 111, where the SCP checks the LIDSW signal 
(FIG. 1) in order to determine the state of the lid switch 
68 and thus whether the lid is open. If the lid is open, 
then at block 112 the SCP checks an internal flag to 
determine whether the backlight is presently supposed 
to be on, and if so then the SCP turns on the backlight 
at block 113 and then continues with the main loop. On 
the other hand, if it is determined at block 112 that the 
backlight is not supposed to be on, then block 113 is 
skipped and the main loop continues. 

If it was determined at block 111 that the lid is closed, 
then control proceeds to block 121, where a check is 
made to determine what is to happen when the lid is 
closed. In particular, the user is allowed to configure 
the system set-up information to specify that a lid close 
is to (1) place the system in the suspend mode, (2) turn 
off the backlight without stopping the system from 
operating, or (3) produce an audible beep and turn off 
the backlight without stopping system operation. If it is 
determined at block 121 that the user wants the system 
to enter the suspend mode if the lid is closed, the control 
proceeds to block 122, where the SCP sets a suspend 
request bit in a PMI byte. The PMI byte is a byte (8bits) 
which is sent on request to the main processor in order 
to inform the main processor of the reason why the SCP 
generated a PMI interrupt. Then, also in block 122, the 
SCP produces a signal on output line 74 (FIG. 1) in 
order to produce an external PMI to the main proces 
sor, which is handled in a manner described later. Alter 
natively, instead of producing the external PMI inter 
rupt in block 122, the SCP could set a flag in block 122 
which causes an entirely different portion of the SCP 
program to actually generate the PMI interrupt upon 
noting that the flag has been set. 

If it is determined in block 121 that a lid close is not 
to cause the system to be placed in suspend mode, then 
control proceeds to block 123, where a check is made to 
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see if an audible beep is to be produced when the lid is 
closed. If so, then the beep is produced at block 124. In 
either case, control proceeds to block 125, where the 
SCP turns off the backlight and clear the backlight flag. 
From blocks 122 and 125, execution of the main loop 
continues. 
An event which can interrupt the SCP from the main 

routine shown in FIG. 2 occurs when the main proces 
sor sends a command to the SCP. The loading of this 
command into an SCP interface register 81 by the main 
processor automatically generates an interrupt to the 
SCP. The interrupt routine which handles the com 
mands is shown in the flowchart of FIG. 3. The con 
mand handler of FIG. 3 is capable of handling a number 
of commands, only two of which are pertinent to the 
present invention and are depicted in FIG. 3. In particu 
lar, execution begins at block 131, and at 132 the SCP 
examines the command from the main processor. The 
SCP then attempts to identify the particular command 
so that it can be handled. In particular, control can 
eventually proceed to block 133, where the SCP checks 
to see if the command is instructing it to identify why 
the SCP generated an external PMI interrupt to the 
main processor. If this is the command sent by the main 
processor, then control proceeds to block 134, where 
the SCP checks to see whether its ENABLE output is 
active and the LED signal from the hard drive 23 is 
simultaneous inactive, and if so proceeds to block 136, 
where it sets a bit in the PMI byte to identify this condi 
tion and then deactuates its ENABLE output. Then, or 
if it was determined at block 134 that the signals do not 
have the specified states, control proceeds to block 137, 
where the SCP passes the PMI byte to the main proces 
sor 11 through the registers 81. Control then proceeds 
to block 138, where the SCP exits the interrupt handler 
of FIG.3 and returns to the point in its main program at 
which it was interrupted. 

If it was determined at block 133 that the command is 
not a request to identify the source of an external PMI, 
then control proceeds to block 139 where the SCP 
checks to see if the command is instructing it to enable 
the hard disk drive LED signal, or in other words to 
actuate its ENABLE output. If so, the SCP proceeds to 
block 140, where it actuates its ENABLE output, and 
then continues to block 138, where a return is made to 
the calling routine. 

FIG. 4 is a flowchart of pertinent portions of the 
special interrupt handling routine executed by the main 
processor 11 when a PMI interrupt occurs. In particu 
lar, a PMI from any source causes the hardware of the 
processor 311 to automatically save its state in the por 
tion 40 of the main memory 24, as shown at 146 in FIG. 
4. Then, the processor automatically begins execution 
of the PMI handler routine (which is located at a prede 
termined point in the portion 40 of the memory 24). 
Regardless of the source of the PMI, the first thing the 
PMI handler does is to check the resume flag 44 (FIG. 
1) in the processor 11 in order to see whether the pro 
cessor 11 is in the process of resuming from a suspend 
state. If a resume is in progress, then at block 148 con 
trol is transferred to a resume handler, which will be 
discussed later. 

In the case of any other PMI, control proceeds to 
block 149, where the processor sets up a special stack 
for use by the PMI handler, and unlocks configuration 
registers so that they can be altered, such as the control 
register 32 which can be used to change the speed of the 
clock. Then, the processor changes the register 32 in 
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order to force the CPU to run at its fastest clock speed, 
so that the PMI routine will execute as fast as possible. 
The processor then proceeds to deal with various possi 
ble sources of the PMI, one of which is of interest and 
is shown at blocks 151 and 152. In particular, block 151 
checks to see if the PMI was generated as a result of a 
signal on the line 38 from the SCP, and if so proceeds to 
block 152, where an external PMI handler routine is 
shown in FIG. 5 and is called. The external PMI han 
dler routine will be described later. 

After all possible sources of the PMI have been han 
died, control reaches block 153, where the main proces 
sorrestores to register 32 the clock speed which was in 
effect when the PMI occurred, based on the informa 
tion saved at block 146. Then, the main processor locks 
the configuration registers, enables PMI interrupts, and 
clears an internal condition which prevents a reset from 
occurring during execution of the PMI handler routine. 
Then, at 154, the processor executes a restore instruc 
tion which causes the hardware to restore to the CPU 
all of the state information which at block 146 was 
saved in memory portion 40, after which the CPU con 
tinues with execution of the program which was inter 
rupted. 

FIG. 5 is a flowchart of the external PMI handler 
routine called by block 152 in FIG. 4. In FIG. 5, execu 
tion begins at block 156, and at block 157 the main 
processor sends a command to the SCP asking it to 
identify the reason for the external PMI interrupt. The 
SCP returns the PMI byte (see blocks 133-134 and 
136-137 in FIG. 3). At block 158, the main processor 
checks the PMI byte to see if the SCP has initiated a 
request for suspend mode in response to closing of the 
lid. If so, then at block 159 the main processor checks to 
see if the hard disk drive is busy. If it is not, then at 
block 160 the main processor calls the suspend handler 
routine, which is described later. If the hard disk drive 
is busy, however, then implementation of the suspend 
mode must wait until the hard disk drive finishes what 
ever it is doing. The main processor therefore proceeds 
from block 159 to block 161, where it sends a command 
to the SCP which instructs the SCP to actuate its EN 
ABLE output (see blocks 139-140 in FIG. 3). From 
blocks 160 and 161, execution proceeds to block 162. 
Execution can also proceed directly to block 162 from 
block 158 if it is determined at block 158 that the exter 
nal PMI interrupt was not caused by closing of the lid. 
At block 162, the main processor checks the PMI 

byte from the SCP to see if the LED signal from the 
hard disk drive 23 produced the PMI interrupt through 
the gates 72 and 73. If so, then at block 163 the main 
processor checks to see whether it has been waiting for 
the hard disk drive to finish an operation so that it can 
enter suspend mode or so that it can enter another mode 
which is called standby and which is not pertinent to the 
subject matter of the present invention. If the system is 
to enter standby mode, then at block 164 the processor 
turns off the hard disk drive motor, and enters the 
standby mode. Otherwise, at block 166, the processor 
calls the suspend handler in order to enter the suspend 
mode. In either case, when the standby or suspend 
mode is eventually terminated, control proceeds to 
block 167, where a return is made to the routine of FIG. 
4. 

FIG. 6 is a flowchart of the suspend handler routine. 
Execution begins at block 168, and at block 169 the 
main processor saves the states of various peripherals 
such as the hard disk drive 23 and video controller 19. 
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The main processor also turns off power to certain 
peripherals. Then, the main processor sends a command 
to the SCP which instructs it to send its state to the main 
processor, and the main processor accepts and stores 
the contents of the RAM 79 and all registers of the SCP. 
Then, the main processor sets the refresh control circuit 
33 to carry out a refresh of the main memory 24 at a 
very slow rate, and instructs the power control circuit 
12 to turn off SYSVCC power, which is the power for 
most system components. Then, the main processor 
uses register 77 to toggle the flip-flop 101, which in turn 
enables the one-shot 96 so that a signal from lid switch 
68 due to opening or closing of the lid will initiate a 
resume. The main processor then executes a special 
instruction which stops its own clock and which places 
it in the suspend mode, where power consumption is 
very low. 
As previously mentioned, and with reference to FIG. 

1, the main processor 11 exits the suspend mode when 
the resume control circuit 41 receives a signal on line 42 
or 43 and produces a resume reset, the resume reset 
setting the resume flag 44. Any system reset, including 
the resume reset, causes the main processor 11 to exe 
cute a special reset handler routine which is stored at a 
predetermined location in the flash RAM 28 and which 
is shown in FIG. 7. Execution of this routine begins at 
block 171, and at block 172 the main processor uses the 
register 77 to toggle the flip flop 101 and thus disable 
the one-shot 96 so that, if the lid is opened or closed 
during normal operation, a further reset does not occur. 
The main processor then causes the power control cir 
cuit 12 to turn on SYSVCC power, and then configures 
itself and the SCP for normal operation based on set-up 
data specified by the user in a conventional manner. 
Then, at block 173, the processor checks the resume 
flag 44 in order to see whether it is set. If it is not set, 
then the reset was a regular reset rather than a resume 
reset, and at block 174 the processor starts the resident 
operating system. On the other hand, if the resume flag 
44 is set to indicate that a resume reset occurred, then at 
block 176 the processor uses software to produce a PMI 
interrupt in order to force entry to the PMI handler 
routine of FIG. 4. In FIG. 4, the resume flag is again 
checked at 147 and will be found to be set, so that con 
trol proceeds to block 148 where a branch is made to 
the resume handler routine. 
The resume handler routine is shown in FIG. 8. Exe 

cution of the resume handler routine begins at block 
181, and at block 182 the main processor sends a com 
mand to the SCP indicating that the state of the SCP is 
to be restored, and then sends to the SCP the contents 
of the SCP RAM and registers which were previously 
stored at block 169 of FIG. 6. Then, the main processor 
instructs the SCP to check the state of the lid switch 68 
and advise the main processor 11 of the state of the 
switch. Based on the information from the SCP, the 
main processor determines at block 183 whether the lid 
is closed. If it is found that the lid is closed, then the 
system is to be returned to suspend mode, and so at 
block 184 the system carries out steps similar to those 
shown at block 169 in FIG. 6 in order to return the 
system to suspend mode. 
On the other hand, if the lid is open, then the main 

processor 11 proceeds from block 183 to block 186 and 
continues with the process of resuming from suspend 
mode, in particular by supplying power to and restoring 
the state of the various peripheral devices of the system. 
Then, at block 187, the processor executes a return, 
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which effectively returns control to the point at which 
the suspend handler was called when the system was 
originally suspended, for example one of the blocks 160 
or 166 in FIG. 5. Control then proceeds from that point, 
and will ultimately return to blocks 153 and 154 of FIG. 
4, where the state of the processor will be restored so 
that the interrupted application program resumes opera 
tion from the point at which it was interrupted and as if 
it had not been interrupted. 

OPERATION 

The operation of the system in a typical situation will 
now be briefly described. Assume that the system is up 
and running and is executing an application program, 
and that the user has specified that closing of the lid is 
to place the system in suspend mode. If, while using the 
system, the user closes the lid, the main loop of the SCP 
program (FIG. 2) will determine at block 111 that the 
lid is now closed, will determine at block 121 that sys 
tem operation is to be suspended, and at block 122 will 
initiate an external PMI interrupt to serve as a request to 
the main processor that the suspend mode be entered. 
This interrupt will cause the application program to be 
interrupted and the PMI handler routine of FIG. 4 to be 
entered, and control will proceed through block 151 of 
FIG. 4 to block 152, where the external PMI handler 
routine of FIG. 5 is called. 
In FIG. 5, it will be determined at block 158 that the 

PMI was generated because the lid closed. Control will 
therefore proceed to block 159, where for purposes of 
this discussion it is assumed that the processor finds that 
the hard disk drive is busy and proceeds to block 161, 
where it sends to the SCP a command instructing the 
SCP to actuate its ENABLE output. The SCP services 
this command at blocks 139 and 140 of FIG. 3, and 
actuating the ENABLE output has the effect of en 
abling one input of AND gate 72. Meanwhile, the main 
processor exits the interrupt handler via blocks 162,167, 
153 and 154, and continues with execution of the inter 
rupted application program. 
When the hard disk drive 23 finishes what it is doing, 

it deactuates its LED output, which causes the AND 
gate 72 to produce an output signal indicating that the 
hard drive is not busy (HDNB), which passes through 
the OR gate 73 and causes the PMI generator 36 to 
generate a further PMI interrupt, which causes another 
entry to the routine of FIG. 4 and a call at block 152 to 
the routine of FIG. 5. In FIG. 5, it will be determined at 
block 158 that the lid did not just close, and so blocks 
159-161 will be skipped. At block 162, the main proces 
sor will recognize from the PMI byte that the SCP 
generated the PMI because the hard disk drive is no 
longer busy, and thus the suspend mode (which was not 
entered at blocks 159-160) can now be entered. There 
fore, the main processor will proceed through block 163 
to block 166, where the suspend handler of FIG. 6 is 
called. 
The suspend handler of FIG. 6 has already been de 

scribed, and concludes by placing the main processor 11 
in a low power mode in which its clock is turned off and 
program execution is halted. The processor remains in 
this mode until an event occurs which is intended to 
cause it to resume operation. In particular, if the lid is 
opened, the lid switch 68 will, through the signal pro 
cessing circuit 13, cause the resume control circuit 41 to 
produce a resume reset, which in turn causes the pro 
cessor 11 to begin executing the reset handler routine of 
FIG. 7. The processor will proceed through blocks 172 
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and 173 to block 176, where it generates a software PMI 
to effect reentry to the PMI handler routine of FIG. 4. 
It will be determined at block 147 that the resume flag 
44 (FIG. 1) is set, and so at block 148 the processor will 
branch to the resume handler of FIG. 8. In the resume 
handler of FIG. 8, execution will proceed through 
blocks 182, 183 and 186, and the return at 187 will re 
turn control to block 166 in FIG. 5, where execution 
will proceed to block 167 for a return to block 152 in 
FIG. 4, after which an exit from the PMI handler rou 
tine is made through blocks 153 and 154. Execution of 
the interrupted application program thus continues 
from the point at which it was interrupted. 

In the foregoing example, the system exited suspend 
mode in response to a resume reset produced by open 
ing the lid. Events other than opening the lid can also 
produce a resume reset. For example, if the system is in 
the suspend mode and the modem 22 receives an incom 
ing telephone call, the modem ring indicator signal 
MDMRI on line 43 will cause the resume control cir 
cuit 41 to produce a resume reset. This resume reset will 
be handled in precisely the same manner as described in 
the foregoing example, except that when block 183 in 
FIG. 8 is reached, the system will find that the lid is still 
closed. Therefore, control will proceed to block 184, 
where the main processor 11 will return to the suspend 
mode in order to wait for another resume reset caused 
by subsequent opening of the lid. 

Also, there are events other than closing of the lid 
which can place the system into the suspend mode. For 
example, manual actuation of the switch 16 can place 
the system in suspend mode, while the lid remains in an 
open position. If the lid is then closed while the system 
is in suspend mode, the signal from the lid switch 68 will 
cause the signal processing circuit 13 to produce a pulse 
on line 42, which in turn will cause the resume control 
circuit 41 to produce a resume reset. In general, this 
resume reset will be handled in the manner described in 
the preceding paragraph for the modem ring. At block 
183, it will be determined that the lid is now closed, and 
therefore the resume sequence will be terminated and at 
block 184 the system will return to the suspend mode in 
order to wait for a further resume reset caused by subse 
quent raising of the lid. 
Although a particular preferred embodiment of the 

invention has been described in detail for illustrative 
purposes, it will be recognized that there are variations 
and modifications of the disclosed embodiment which 
lie within the scope of the present invention. 
The embodiments of the invention in which an exclu 

sive property or privilege is claimed are defined as 
follows: 

1. An apparatus comprising: a computer system 
which includes a housing, a lid supported on said hous 
ing for movement between open and closed positions, a 
processor provided in said housing and having a first 
operational mode in which said processor executes in 
structions and a second operational mode in which said 
processor is halted in a reduced power state from which 
said processor can automatically exit in response to a 
predetermined condition, first means responsive to 
movement of said lid to said closed position when said 
processor is in said first operational mode for switching 
said processor to said second operational mode, and 
second means responsive to movement of said lid away 
from said closed position for switching said processor 
from said second operational mode to said first opera 
tional mode, said processor thereafter continuing in said 
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12 
first operated mode from a point at which said first 
operational mode was discontinued for said switching 
to said second operational mode; wherein said first 
means further responses to movement of said lid to said 
closed position by enabling said second means to re 
spond to movement of said lid, and said second means 
responds to movement of said lid away from said closed 
position by disabling said second means from respond 
ing to movement of said lid. 

2. An apparatus comprising: a computer system 
which includes a housing; a lid supported on said hous 
ing or movement between open and closed positions, a 
processor provided in said housing and having a first 
operational mode in which said processor executes in 
structions and a second operational mode in which said 
processor is halted in a reduced power state from which 
said processor can automatically exit in response to a 
predetermined condition; means responsive to move 
ment of said lid to said closed position when said pro 
cessor is in said first operational mode for switching said 
processor to said second operational mode; means re 
sponsive to movement of said lid away from said closed 
position for switching said processor from said second 
operational mode to said first operational mode, said 
processor thereafter continuing in said first operational 
mode from a point at which said first operational mode 
was discontinued for said switching to said second oper 
ational mode; wherein said means for switching said 
processor from said second operational mode to said 
first operational mode includes switch means or produc 
ing a signal having first and second states respectively 
indicating that said lid is in said open and closed posi 
tions, said signal being applied to one input of an exclu 
sive OR gate, and delay means for applying to a second 
input of said exclusive OR gate an inverted and delayed 
version of said signal, said exclusive OR gate having an 
output connected to a trigger input of a monostable 
multivibrator, and said monostable multivibrator hav 
ing an output which is coupled to an input of said pro 
cessor, said processor being responsive to an output 
signal from said monostable multivibrator for effecting 
said switching from said second operational mode to 
said first operational mode. 

3. An apparatus of claim 2, wherein said switch means 
includes a switch coupled to said lid and having an 
output, a first resistor connected between said output of 
said switch and a source of power, a first capacitor 
coupled between said output of said switch and ground, 
and a first inverter having an input coupled to said 
output of said switch and having an output, said output 
of said first inverter being said signal having said first 
and second states, and wherein said delay means in 
cludes a second resistor having first and second ends 
respectively connected to said output of said first in 
verter and an input of a second inverter, a third resistor 
having first and second ends respectively connected to 
an output of said second inverter and said second input 
of said exclusive OR gate, and a second capacitor con 
nected between said second input of said exclusive OR 
gate and ground. 

4. An apparatus of claim 3, including a flip-flop hav 
ing a clockinput and arranged to alternate between first 
and second states in response to the application of suc 
cessive clock pulses thereto, and having an output cou 
pled to a reset input of said monostable multivibrator, 
and including means for permitting said processor to 
selectively apply clock pulses to said clock input of said 
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flip-flop in order to selectively enable and disable said 
monostable multivibrator. 

5. An apparatus comprising: a computer system 
which includes a housing, a lid supported on said hous 
ing for movement between open and closed positions, a 
main processor provided in said housing and having a 
first operational mode in which said main processor 
executes instructions and a second operational mode in 
which said main processor is halted in a reduced power 
state from which said main processor can automatically 
exit in response to a predetermined condition, and 
means responsive to movement of said lid to said closed 
position when said main processor is in said first opera 
tional mode for switching said main processor to said 
second operational mode, wherein said means respon 
sive to movement of said lid includes a further proces 
sor which is responsive to the position of said lid and 
which notifies said main processor when said lid is 
moved to said closed position. 

6. An apparatus of claim 5, including means respon 
sive to movement of said lid away from said closed 
position for switching said main processor from said 
second operational mode to said first operational mode, 
said main processor thereafter continuing in said first 
operational mode from a point at which said first opera 
tional mode was discontinued for said switching to said 
second operational mode. 

7. An apparatus of claim 6, including means respon 
sive to a condition other than the position of said lid for 
initiating a switch rom said second operational mode to 
said firs operational mode, and further means respon 
sive to said lid being in said closed position for terminat 
ing a switch from said second operational mode to said 
first operational mode and for returning said main pro 
cessor to said second operational mode. 

8. An apparatus of claim 6, wherein said computer 
system includes a plurality of peripherals operationally 
coupled to said processor, and means for permitting said 
main processor to selectively switch each said periph 
eral between a normal operational state and a reduced 
power step, wherein as said main processor is switched 
from said first operational mode to said second opera 
tional mode said min processor saves an internal state of 
each said peripheral and switches each said peripheral 
from said normal operational state to said reduced 
power state, and wherein said main processor is 
switched from said second operational mode to said first 
operational mode said main processor switches each 
said peripheral from said reduced power steate to said 
normal operational state and restores to said peripherals 
said saved internal stares thereof. 

9. An apparatus of claim 6, wherein said first opera 
tional mode includes an unprotected mode in which 
said main processor has a predetermined set of opera 
tional capabilities and a protected operational mode in 
which said main processor can perform a first subset of 
said operational capabilities and is inhibited from per 
forming a second subset of said operational capabilities 
different from said first subset, means responsive to 
closing of said lid for forcing said main processor to said 
unprotected mode and for causing said main processor 
to execute a predetermined program which effects said 
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switching of said main processor to said second opera 
tional mode, and including means responsive to opening 
of said lid for shifting said main processor from said 
second operational mode to said unprotected mode and 
or causing said main processor to then execute a pro 
gram which concludes by instructing said main proces 
sor to operate in one of said protected mode and said 
unprotected mode in which said main processor was 
operating at the time the lid was closed. 

10. An apparatus of claim 6, wherein said means re 
sponsive to movement of said lid to said closed position 
includes means for causing said main processor to save 
state information from said further processor and to 
thereafter place said further processor in a reduced 
power mode in which said further processor is halted; 
and wherein said means responsive to movement of said 
lid away from said closed position includes means for 
restoring said further processor to a normal operational 
mode and for the after restoring stow said further pro 
cessor said state information saved therefrom. 

11. An apparatus of claim 10, wherein said means 
responsive to movement of said lid away from said 
closed position is responsive to a further condition for 
switching said processor to said first operational mode, 
and includes means responsive to restoration to said 
further processor of said state information for request 
ing that said further processor indicate whether said lid 
is presently in said closed position and then, if said fur 
ther processor indicates said lid is closed, for obtaining 
and storing state information from said further proces 
sor, placing said further processor back in said reduced 
power mode and then switching said main processor 
back to said second operational mode. 

12. An apparatus of claim 5, wherein said computer 
system includes a keyboard supported on said housing 
and a display supported on said lid, said keyboard and 
display being exposed when said lid is in said open posi 
tion and being covered when said lid is in said closed 
position. 

13. An apparatus comprising: a computer system 
which includes a housing, a lid supported on said hous 
ing for movement between open and closed positions, a 
processor having a first operational mode in which said 
processor executes instructions and a second opera 
tional mode in which said processor is halted in a re 
duced power state from which said processor can auto 
matically exit in response to a predetermined condition, 
means for permitting an operator to select one of first 
and second events to occur when said lid is moved to 
said closed position, said first event being switching of 
said processor from said first operational mode to said 
second operational mode. 

14. An apparatus of claim 13, wherein said computer 
system includes a display which is exposed and hidden 
when said lid is respectively open and closed, and in 
cluding a backlight for illuminating said display, said 
second event being turning off of said back light. 

15. An apparatus of claim 13, wherein said computer 
system includes means for generating an audible sound, 
said second event being generation of said audible 
sound. 

s 
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DATED April 12, 1994 
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it is certified that error appears in the above-ide:tified patent and that said Letters Patent is hereby 
corrected as shown beiow: 

Column 12, line 4; change "responses" to 
---responds---. 

Column 13, line 30; change "rom" to ---from---. 
Column 13, line 31; change "firs" to ---first---. 
Column 13, line 41; change "step" to ---state---. 
Column 13, line 43; change "min" to ---main---. 
Column 13 line 49; change "steate" to ---state---. 
Column 13 line 51; change "stares" to ---states---. 
Column 14, line 5; change "or" to ---for---. 
Column 14, line 19; change "the after" to 

---thereafter---. 

Column 14, line 19; change "stow" to ---to---. 
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