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(57) ABSTRACT 
A real-time poWer conservation and thermal management 
apparatus and method for portable computers employs a 
monitor (40) to determine Whether a CPU may rest based 
upon a real-time sample of the CPU activity and temperature 
levels and to activate a hardWare selector(500, 510, 520, 
530) to carry out the monitor’s determination. If the monitor 
determines the CPU may rest, the hardWare selector reduces 
CPU clock time (280); if the CPU is to be active, the 
hardWare selector returns the CPU to its previous high speed 
clock level (330). Switching back into full operation from its 
rest state occurs Without a user having to request it and 
Without any delay in the operation of the computer While 
Waiting for the computer to return to a “ready” state. 
Furthermore, the monitor adjusts the performance level of 
the computer to manage poWer conservation and thermal 
management in response to the real-time sampling of CPU 
activity (10) and temperature (24). Such adjustments are 
accomplished Within the CPU cycles and do not affect the 
user’s perception of performance and do not affect any 
system application softWare executing on the computer. 
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REAL-TIME POWER CONSERVATION AND 
THERMAL MANAGEMENT FOR ELECTRONIC 

DEVICES 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] This invention relates to real-time computer ther 
mal management and poWer conservation, and more par 
ticularly to an apparatus and method for decreasing and 
increasing central processing unit (CPU) clock time based 
on temperature and real-time activity levels Within the CPU 
of a portable computer. 

[0003] 2. Description of the Related Art 

[0004] During the development stages of personal com 
puters, the transportable or portable computer has become 
very popular. Such portable computer uses a large poWer 
supply and really represents a small desktop personal com 
puter. Portable computers are smaller and lighter than a 
desktop personal computer and alloW a user to employ the 
same softWare that can be used on a desktop computer. 

[0005] The ?rst generation “portable” computers only 
operated from an A/C Wall poWer. As personal computer 
development continued, battery-poWered computers Were 
designed. Furthermore, real portability became possible 
With the development of neW display technology, better disk 
storage, and lighter components. Unfortunately, the softWare 
developed Was designed to run on desk top computers 
Without regard to battery-powered portable computers that 
only had limited amounts of poWer available for short 
periods of time. No special considerations Were made by the 
softWare, operating system (MS-DOS), Basic Input/Output 
System (BIOS), or the third party application softWare to 
conserve poWer usage for these portable computers. 

[0006] As more and more highly functional softWare pack 
ages Were developed, desktop computer users experienced 
increased performance from the introductions of higher 
computational CPUs, increased memory, and faster high 
performance disk drives. Unfortunately, portable computers 
continued to run only on A/C poWer or With large and heavy 
batteries. In trying to keep up With the performance require 
ments of the desk top computers, and the neW softWare, 
expensive components Were used to cut the poWer require 
ments. Even so, the heavy batteries still did not run very 
long. This meant users of portable computers has to settle for 
A/C operation or very short battery operation to have the 
performance that Was expected from the third party soft 
Ware. 

[0007] Portable computer designers stepped the perfor 
mance doWn to 8088- and 8086-type processors to reduce 
the poWer consumption. The supporting circuits and CPU 
took less poWer to run and therefore, lighter batteries could 
be used. Unfortunately, the neW softWare requiring 80286 
type instructions, that did not exist in the older sloWer 
8088/8086 CPUs, did not run. In an attempt to design a 
portable computer that could conserve poWer, thereby yield 
ing longer battery operation, smaller units, and less Weight, 
some portable computer designers proceeded to reduce 
poWer consumption of a portable computer While a user is 
not using the computer. For example, designers obtain a 
reduction in poWer usage by sloWing or stopping the disk 
drive after some predetermined period of inactivity; if the 
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disk drive is not being used, the disk drive is turned off, or 
simply placed into a standby mode. When the user is ready 
to use the disk, the operator must Wait until the disk drive 
spins up and the computer system is ready again for full 
performance before the operator may proceed With the 
operation. 

[0008] Other portable computer designers conserve poWer 
by turning the computer display off When the keyboard is not 
being used. HoWever, in normal operation the computer is 
using full poWer. In other Words, poWer conservation by this 
method is practical only When the user is not using the 
components of the system. It is very likely, hoWever, that the 
user Will turn the computer off When not in use. Neverthe 
less, substantial poWer conservation While the operator is 
using the computer for meaningful Work is needed. When 
the operator uses the computer, full operation of all com 
ponents is required. During the intervals While the operator 
is not using the computer, hoWever, the computer could be 
turned off or sloWed doWn to conserve poWer consumption. 
It is critical to maintaining performance to determine When 
to sloW the computer doWn or turn it off Without disrupting 
the user’s Work, upsetting the third party softWare, or 
confusing the operating system, until operation is needed. 

[0009] Furthermore, although a user can Wait for the disk 
to spin up as described above, application softWare packages 
cannot Wait for the CPU to “spin up” and get ready. The CPU 
must be ready When the application program needs to 
compute. SWitching to full operation must be completed 
quickly and Without the application program being affected. 
This immediate transition must be transparent to the user as 
Well as to the application currently active. Delays cause user 
operational problems in response time and softWare com 
patibility, as Well as general failure by the computer to 
accurately execute a required program. 

[0010] Other attempts at poWer conservation for portable 
computers include providing a “Shut DoWn” or “Standby 
Mode” of operation. The problem, again, is that the com 
puter is not usable by the operator during this period. The 
operator could just as Well turned off the poWer sWitch of the 
unit to save poWer. This type of poWer conservation only 
alloWs the portable computer to “shut doWn” and thereby 
save poWer if the operator forgets to turn off the poWer 
sWitch, or Walks aWay from the computer for the pro 
grammed length of time. The advantage of this type of 
poWer conservation over just turning the poWer sWitch 
off/on is a much quicker return to full operation. HoWever, 
this method of poWer conservation is still not real-time, 
intelligent poWer conservation While the computer is on and 
processing data Which does not disturb the operating system, 
BIOS, and any third party application programs currently 
running on the computer. 

[0011] Some attempt to meet this need Was made by VLSI 
vendors in providing circuits that either turned off the clocks 
to the CPU When the user Was not typing on the keyboard or 
Woke up the computer on demand When a keystroke 
occurred. Either of these approaches reduce poWer but the 
computer is dead (unusable) during this period. Background 
operations such as updating the system clock, communica 
tions, print spooling, and other like operations cannot be 
performed. Some existing portable computers employ these 
circuits. After a programmed period of no activity, the 
computer turns itself off. The operator must turn the machine 
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on again but does not have to reboot the operating system 
and application program. The advantage of this circuitry is 
like the existing “shut doWn” operations, a quick return to 
full operation Without restarting the computer. Nevertheless, 
this method only reduces poWer consumption When the user 
Walks aWay from the machine and does not actually extend 
the operational like of the battery charge. 

[0012] Thermal over-heating of CPUs and other related 
devices is another problem yet to be addressed by portable 
computer manufacturers. CPUs are designed to operate 
Within speci?c temperature ranges (varies depending on 
CPU type, manufacturer, quality, etc). CPU performance 
and speed degenerates When the limits of the operation 
temperature ranges are exceeded, especially the upper tem 
perature range. This problem is particularly acute With CPUs 
manufactured using CMOS technology Where temperatures 
above the upper temperature range result in reduced CPU 
performance and speed. Existing poWer saving techniques 
save poWer but do not measure and intelligently control 
CPU and/or related device temperature. 

SUMMARY OF THE INVENTION 

[0013] In vieW of the above problems associated With the 
related art, it is an object of the present invention to provide 
an apparatus and method for real-time conservation of 
poWer and thermal management for computer systems With 
out any real-time performance degradation, such conserva 
tion of poWer and thermal management remaining transpar 
ent to the user. 

[0014] Another object of the present invention is to pro 
vide an apparatus and method for predicting CPU activity 
and temperature levels and using the predictions for auto 
matic poWer conservation and temperature control. 

[0015] Yet another object of the present invention is to 
provide an apparatus and method Which alloWs user modi 
?cation of automatic activity and temperature level predic 
tions and using the modi?ed predictions for automatic poWer 
conservation and temperature control. 

[0016] A further object of the present invention is to 
provide an apparatus and method for real-time reduction and 
restoration of clock speeds thereby returning the CPU to full 
processing rate from a period of inactivity Which is trans 
parent to softWare programs. 

[0017] These objects are accomplished in a preferred 
embodiment of the present invention by an apparatus and 
method Which determine Whether a CPU may rest (including 
any PCI bus coupled to the CPU) based upon CPU activity 
and temperature levels and activates a hardWare selector 
based upon that determination. If the CPU may rest, or sleep, 
the hardWare selector applies oscillations at a sleep clock 
level; if the CPU is to be active, the hardWare selector 
applies oscillations at a high speed clock level. 

[0018] The present invention examines the state of CPU 
activity and temperature, as Well as the activity of both the 
operator and any application softWare currently active. This 
sampling of activity and temperature is performed real-time, 
adjusting the performance level of the computer to manage 
poWer conservation, CPU temperature and computer poWer. 
These adjustments are accomplished Within the CPU cycles 
and do no affect the user’s perception of performance. 

May 24, 2001 

[0019] Thus, When the operator for the third party soft 
Ware of the operating system/BIOS is not using the com 
puter, the present invention Will effect a quick turn off or 
sloW doWn of the CPU until needed, thereby reducing the 
poWer consumption and CPU temperature, and Will 
promptly restore full CPU operation When needed Without 
affecting perceived performance. This sWitching back into 
full operation from the “sloW doWn” mode occurs Without 
the user having to request it and Without any delay in the 
operation of the computer While Waiting for the computer to 
return to a “ready” state. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] The novel features believed characteristic of the 
invention are set forth in the appended claims. The invention 
itself, hoWever, as Well as other features and advantages 
thereof, Will be best understood by reference to the detailed 
description With folloWs, read in conjunction With the 
accompanying draWings, Wherein: 

[0021] FIG. 1 is a ?oWchart depicting the self-tuning 
aspect of a preferred embodiment of the present invention. 

[0022] FIGS. 2a-2a' are ?oWcharts depicting the active 
poWer conservation monitor employed by the present inven 
tion. 

[0023] FIG. 3 is a simpli?ed schematic diagram repre 
senting the active poWer conservation associated hardWare 
employed by the present invention. 

[0024] FIG. 4 is a schematic of the sleep hardWare for one 
embodiment of the present invention. 

[0025] FIG. 5 is a schematic of the sleep hardWare for 
another embodiment of the invention. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0026] If the period of computer activity in any given 
system is examined, the CPU and associated components 
have a utiliZation percentage. If the user is inputting data 
from the keyboard, the time betWeen keystrokes is very long 
in terms of CPU cycles. Many things can be accomplished 
by the computer during this time, such as printing a report. 
Even during the printing of a report, time is still available for 
additional operations such as background updating of a 
clock/calendar display. Even so, there is almost alWays spare 
time When the CPU is not being used. If the computer is 
turned off or sloWed doWn during this spare time, then poWer 
consumption is obtained real-time. Such real-time poWer 
conservation extends battery operation life and loWers CPU 
temperature. 

[0027] According to one embodiment of the present inven 
tion, to conserve poWer and loWer CPU temperature under 
MS-DOS, as Well as other operating systems such as OS/2, 
XENIS, and those for Apple computers, requires a combi 
nation of hardWare and softWare. It should be noted that 
because the present invention Will Work in any system, While 
the implementation may vary slightly on a system-by 
system basis, the scope of the present invention should 
therefore not be limited to computer systems operating 
under MS/DOS. 

[0028] SloWing doWn or stopping computer system com 
ponents reduces poWer consumption and loWers CPU tem 



US 2001/0001880 A1 

perature, although the amount of power saved and CPU 
temperature reduction may vary. Therefore, according to the 
present invention, stopping the clock (Where possible as 
some CPUs cannot have their clocks stopped) reduces poWer 
consumption and CPU temperature more than just sloWing 
the clock. 

[0029] In general, the number of operations (or instruc 
tions) per second may be considered to be roughly propor 
tional to the processor clock: 

instructions/second instructions/cycle * cycles/ second 

[0030] Assuming for simplicity that the same instruction 
is repeatedly executed so that instructions/second is con 
stant, the relationship can be expressed as folloWs: 

[0031] Where Fq is instructions/second, K1 is constant 
equal to the instructions/cycle, and Clk equals cycles/sec 
ond. Thus, roughly speaking, the rate of execution increases 
With the frequency of the CPU clock. 

[0032] The amount of poWer being used at any given 
moment is also related to the frequency of the CPU clock 
and therefore to the rate of execution. In general this 
relationship can be expressed as folloWs: 

[0033] Where P is poWer in Watts, K2 is a constant in Watts, 
K3 is a constant and expresses the number of Watt-second/ 
cycle, and Clk equals the cycles/second of the CPU clock. 
Thus it can also be said that the amount of poWer being 
consumed at any given time increases as the CPU clock 
frequency increases. 

[0034] Assume that a given time period T is divided into 
N intervals such that the poWer P is constant during each 
interval. Then the amount of energy E expended during T is 
given by: 

E=P(1) delta T1+P(2) delta T2 . . . P(N) delta TN 

[0035] Further assume that the CPU clock “CLK” has only 
tWo states, either “ON” or “OFF”. For the purposes of this 
discussion, the “ON” state represents the CPU clock at its 
maximum frequency, While the “OFF” state represents the 
minimum clock rate at Which the CPU can operate (this may 
be Zero for CPUs that can have their clocks stopped). For the 
condition in Which the CPU clock is alWays “ON”, each P(i) 
in the previous equation is equal and the total energy is: 

. delta TN)= 

[0036] This represents the maximum poWer consumption 
of the computer in Which no poWer conservation measures 
are being used. If the CPU clock is “off” during a portion of 
the intervals, then there are tWo poWer levels possible for 
each interval. The P(on) represents the poWer being con 
sumed When the clock is in its “ON” state, While P(off) 
represents the poWer being used When the clock is “OFF”. 
If all of the time intervals in Which the clock is “ON” are [is] 
summed into the quantity “T(on)” and the “OFF” intervals 
are summed into “T(off)”, then it folloWs: 

[0037] NoW the energy being used during period T can be 
Written: 
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[0038] Under these conditions, the total energy consumed 
may be reduced by increasing the time intervals T(off). 
Thus, by controlling the periods of time the clock is in its 
“OFF” state, the amount of energy being used may be 
reduced. If the T(off) period is divided into a large number 
of intervals during the period T, then as the Width of each 
interval goes to Zero, energy consumption is at a maximum. 
Conversely, as the Width of the T(off) intervals increase, the 
energy consumed decreases. 

[0039] If the “OFF” intervals are arranged to coincide With 
periods during Which the CPU is normally inactive, then the 
user cannot perceive any reduction in performance and 
overall energy consumption is reduced from the E(max) 
state. In order to align the T(off) intervals With periods of 
CPU inactivity, the CPU activity and temperature levels are 
used to determine the Width of the T(off) intervals in a closed 
loop. FIG. 1 depicts such a closed loop. The activity level 
of the CPU is determined at Step 10. If this level is a 
decrease over an immediately previous determination (Step 
22), the present invention increases the T(off) interval (Step 
20) and returns to determine the activity level of the CPU 
again. If, on the other hand, this activity level is an increase 
over an immediately previous determination (Step 22), a 
determination is made as to Whether or not the temperature 
of the CPU is a concern (Step 24). If CPU temperature is not 
a concern, the present invention decreases the T(off) interval 
(Step 30) and proceeds to again determine the activity level 
of the CPU. If, on the other hand, CPU temperature is a 
concern, a determination is made as to Whether or not the 
CPU is processing critical I/ O, a critical function or a critical 
real-time event (Step 26). If critical I/O or critical function 
or a critical real-time event are being processed, the present 
invention decreases the T(off) interval (Step 30) and pro 
ceeds to again determine the activity level of the CPU. If no 
critical U0 is being processed, the present invention 
increases the T(off) interval (Step 20) and proceeds again to 
determine the activity level of the CPU. Thus the T(off) 
intervals are constantly being adjusted to match the system 
activity level and control the temperature level of the CPU. 

[0040] Management of CPU temperature (thermal man 
agement) is necessary because CPUs are designed to operate 
Within a speci?c temperature range. CPU performance and 
speed deteriorates When the speci?ed high operating tem 
perature of a CPU is exceeded (especially in CMOS process 
CPUs Where temperatures above the high operating tem 
perature translate into sloWer CPU speed). The heat output 
of a CPU is directly related to the poWer consumed by the 
CPU and heat it absorbs from devices and circuitry that 
immediately surround it. CPU poWer consumption increases 
With CPU clock speed and the number of instructions per 
second to be performed by the CPU. As a result, heat related 
problems are becoming more common as faster and increas 
ingly complex CPUs are introduced and incorporated into 
electronic devices. 

[0041] In any operating system, tWo key logic points exist: 
an IDLE, or “do nothing”, loop Within the operating system 
and an operating system request channel, usually available 
for services needed by the application softWare. By placing 
logic inline With these logic points, the type of activity 
request made by an application softWare can be evaluated, 
poWer conservation and thermal management can be acti 
vated and slice periods determined. A slice period is the 
number of T(on) vs. T(off) intervals over time, computed by 
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the CPU activity and thermal levels. An assumption may be 
made to determine CPU activity level: Software programs 
that need service usually need additional services and the 
period of time betWeen service requests can be used to 
determine the activity level of any application softWare 
running on the computer and to provide slice counts for 
poWer conservation according to the present invention. 
Another assumption that may be made is that each CPU has 
a temperature coef?cient unique to that CPU-CPU tempera 
ture rise time, CPU maximum operating temperature, CPU 
temperature fall time and intervention time required for 
thermal control. If this information is not provided by the 
CPU manufacturer, testing of the CPU being used (or 
another of the same make and type tested under similar 
conditions) is required to obtain accurate information. 

[0042] Once the CPU is interrupted during a poWer con 
servation and thermal management slice (T(off)), the CPU 
Will save the interrupted routine’s state prior to vectoring to 
the interrupt softWare. Off course, since the poWer conser 
vation and thermal management softWare Was operating 
during this slice, control Will be returned to the active poWer 
conservation and thermal management loop (monitor 40) 
Which simply monitors the CPU’s clock to determine an exit 
condition for the poWer conservation and thermal manage 
ment mode thereby exiting from T(off) to T(on) state. The 
interval of the next poWer conservation and thermal man 
agement state is adjusted by the activity level monitor, as 
discussed above in connection With FIG. 1 Some imple 
mentations can create an automatic exit from T(off) by the 
hardWare logic, thereby forcing the poWer conservation and 
thermal management loop to be exited automatically and 
executing an interval T(on). 

[0043] More speci?cally, looking noW at FIGS. 2a-2a', 
Which depict the active poWer conservation and thermal 
management monitor 40 of the present invention. The CPU 
installs monitor 40 either via a program stored in the CPU 
ROM or loads it from an external device storing the program 
in RAM. Once the CPU has loaded monitor 40, it continues 
to INIT 50 for system interrupt initialiZation, user con?gu 
rational setup, and system/application speci?c initialiZation. 
IDLE branch 60 (more speci?cally set out in FIG. 2b) is 
executed by a hardWare or softWare interrupt for an IDLE or 
“do nothing” function. This type of interrupt is caused by the 
CPU entering either an IDLE or a “do nothing” function. 
This type of interrupt is caused by the CPU entering either 
an IDLE or a “do nothing” loop (i.e., planned inactivity). 
The ACTIVITY branch 70 of the How chart, more fully 
described beloW in relation to FIG. 2d, is executed by a 
softWare or hardWare interrupt due to an operating system or 
I/O service request, by an application program or internal 
operating system function. An I/O service request made by 
a program may, for example, be a disk I/O, read, print, load, 
etc. Regardless of the branch selected, control is eventually 
returned to the CPU operating system at RETURN 80. The 
INIT branch 50 of this ?oWchart, shoWn in FIG. 2a, is 
executed only once if it is loaded via program into ROM or 
is executed every time during poWer up if it is loaded from 
an external device and stored in the RAM. Once this branch 
of active poWer and thermal management monitor 40 has 
been fully executed, Whenever control is yielded from the 
operating system to the poWer conservation and thermal 
management mode, either IDLE 60 or ACTIVITY 70 
branches are selected depending on the type of CPU activity: 
IDLE branch 60 for poWer conservation and thermal man 
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agement during planned inactivity and ACTIVITY branch 
70 for poWer conservation and thermal management during 
CPU activity. 

[0044] Looking more closely at INIT branch 50, after all 
system interrupt and variables are initialiZed, the routine 
continues at Step 90 to set the PoWer_level equal to 
DEFAULT_LEVEL. In operating systems Where the user 
has input control for the PoWer_level, the program at Step 
100 checks to see if a User_level has been selected. If the 
User_level is less than Zero or greater than the MAXIUM 
_LEVEL, the system used the DEFAULT_LEVEL. Other 
Wise, it continues onto Step 110 Where it modi?es the 
PoWer_level to equal the User_level. 

[0045] According to the preferred embodiment of the 
present invention, the system at Step 120 sets the variable 
Idle tick to Zero and the variable Activity_tick to Zero. Under 
an MS/DOS implementation. Idle_tick refers to the number 
of interrupts found in a “do nothing” loop. Activity_tick 
refers to the number of interrupts caused by an activity 
interrupt Which in turn determines the CPU activity level. 
Tick count represents a delta time for the next interrupt. 
Idle_tick is a constant delta time from one tick to another 
(interrupt) unless overWritten by a softWare interrupt. A 
softWare interrupt may reprogram delta time betWeen inter 
rupts. 

[0046] After setting the variables to Zero, the routine 
continues on to Setup 130 at Which time any application 
speci?c con?guration ?ne-tuning is handled in terms of 
system-speci?c details and the system is initialized. Next the 
routine arms the interrupt I/O (Step 140) With instructions to 
the hardWare indicating the hardWare can take control at the 
next interrupt. INIT branch 50 then exits to the operating 
system, or Whatever called the active poWer and thermal 
management monitor originally, at RETURN 80. 

[0047] Consider noW IDLE branch 60 of active poWer and 
thermal management monitor 40, more fully described at 
FIG. 2b. In response to a planned inactivity of the CPU, 
monitor 40 (not speci?cally shoWn in this Figure) checks to 
see if entry into IDLE branch 60 is permitted by ?rst 
determining Whether the activity interrupt is currently busy. 
If Busy_A equals BUSY_FLAG (Step 150), Which is a 
reentry ?ag, the CPU is busy and cannot noW be put to sleep. 
Therefore, monitor 40 immediately proceeds to RETURN I 
160 and exits the routine. RETURN I 160 is an indirect 
vector to the previous operating system IDLE vector inter 
rupt for normal processing stored before entering monitor 
40. (Le, this causes an interrupt return to the last chained 

vector.) 
[0048] If the Busy_A interrupt ?ag is not busy, then 
monitor 40 checks to see if the Busy_Idle interrupt ?ag, 
Busy_I, equals BUSY_FLAG (Step 170). If so, this indi 
cates the system is already in IDLE branch 60 of monitor 40 
and therefore the system should not interrupt itself. If 
Busy_I=BUSY_FLAG, the system exits the routine at 
RETURN_I indirect vector 160. 

[0049] If, hoWever, neither the Busy_A reentry ?ag or the 
Busy_I reentry ?ag have been set, the routine sets the 
Busy_I ?ag at Step 180 for reentry protection (Busy_I= 
BUSY_FLAG). At Step 190 Idle_tick is incremented by 
one. Idle_tick is the number of T(on) before a T(off) interval 
and is determined from IDLE interrupts, setup interrupts and 
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from CPU activity and temperature levels. Idle_tick incre 
ments by one to allow for smoothing of events, thereby 
letting a critical I/O activity control smoothing. 

[0050] At Step 200 monitor 40 checks to see if Idle_tick 
equals IDLE_MAXTICKS. IDLE_MAXTICKS is one of 
the constants initialized in Setup 130 of INIT branch 50, 
remains constant for a system, and is responsible for self 
tuning of the activity and thermal levels. If Idle_tick does 
not equal IDLE_MAXTICKS, the Busy_I ?ag is cleared at 
Step 210 and exits the loop proceeding to the RETURN I 
indirect vector 160. If, hoWever, Idle_tick equals 
IDLE_MAXTICKS, Idle_tick is set equal to IDLE_START 
_TICKS (Step 220). IDLE_START_TICKS is a constant 
Which may or may not be Zero (depending on Whether the 
particular CPU can have its clock stopped). This step 
determines the self-tuning of hoW often the rest of the sleep 
functions may be performed. By setting IDLE_START 
_TICKS equal to IDLE_MAXTICKS minus one, a continu 
ous T(off) interval is achieved. At Step 230, the PoWer_level 
is checked. If it is equal to Zero, the monitor clears the 
Busy_I ?ag (Step 210), exits the routine at RETURN I 160, 
and returns control to the operating system so it may 
continue What it Was originally doing before it entered active 
poWer monitor 40. 

[0051] If, hoWever, the PoWer_level does not equal Zero at 
Step 240, the routine determines Whether an interrupt mask 
is in place. An interrupt mask is set by the system/applica 
tion softWare, and determines Whether interrupts are avail 
able to monitor 40. If interrupts are NOT_AVAILABLE, the 
Busy_I reentry ?ag is cleared and control is returned to the 
operating system to continue What it Was doing before it 
entered monitor 40. Operating systems, as Well as applica 
tion softWare, can set T(on) interval to yield a continuous 
T(on) state by setting the interrupt mask equal to 
NOT_AVAILABLE. 
[0052] Assuming an interrupt is AVAILABLE, monitor 40 
proceeds to the SAVE POWER subroutine 250 Which is 
fully executed during one T(off) period established by the 
hardWare state. (For example, in the preferred embodiment 
of the present invention, the longest possible interval could 
be 18 ms, Which is the longest time betWeen tWo ticks or 
interrupts from the real-time clock.) During the SAVE 
POWER subroutine 250, the CPU clock is stepped doWn to 
a sleep clock level. 

[0053] Once a critical I/O operation forces the T(on) 
intervals, the IDLE branch 60 interrupt tends to remain 
ready for additional critical I/O requests. As the CPU 
becomes busy With critical I/O, less T(off) intervals are 
available. Conversely, as critical I/O requests decrease, and 
the time intervals betWeen them increase, more T(off) inter 
vals are available. IDLE branch 60 is a self-tuning system 
based on feedback from CPU activity and temperature 
interrupts and tends to provide more T(off) intervals as the 
activity level sloWs and/or the CPU temperature becomes a 
concern. As soon as monitor 40 has completed SAVE 
POWER subroutine 250, shoWn in FIG. 2c and more fully 
described beloW, the Busy_I reentry ?ag is cleared (Step 
210) and control is returned at RETURN I 160 to Whatever 
operating system originally requested monitor 40. 

[0054] Consider noW FIG. 2c, Which is a ?oWchart depict 
ing the SAVE POWER subroutine 250. Monitor 40 deter 
mines What the I/ O hardWare high speed clock is at Step 260. 
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It sets the CURRENT_CLOCK_RATE equal to the relevant 
high speed clock and saves this value to be used for CPUs 
With multiple level high speed clocks. Thus, if a particular 
CPU has 12 MHZ and 6 MHZ high speed clocks, monitor 40 
must determine Which high speed clock the CPU is at before 
monitor 40 reduces poWer so it may reestablish the CPU at 
the proper high speed clock When the CPU aWakens. At Step 
270, the Save_clock_rate is set equal to the CURRENT 
_CLOCK_RATE determined. Save_clock_rate 270 is not 
used When there is only one high speed clock for the CPU. 
Monitor 40 noW continues to SLEEPCLOCK 280, Where a 
pulse is sent to the hardWare selector (shoWn in FIG. 3) to 
put the CPU clock to sleep (i.e., loWer or stop its clock 
frequency). The I/O port hardWare sleep clock is at much 
loWer oscillations than the CPU clock normally employed. 

[0055] At this point either of tWo events can happen. A 
system/application interrupt may occur or a real-time clock 
interrupt may occur. If a system/application interrupt 290 
occurs, monitor 40 proceeds to interrupt routine 300, pro 
cessing the interrupt as soon as possible, arming interrupt 
1/0 at Step 310, and returning to determine Whether there 
has been an interrupt (Step 320). Since in this case there has 
been an interrupt, the Save_clock_rate is used (Step 330) to 
determine Which high speed clock to return the CPU to and 
SAVE POWER subroutine 250 is exited at RETURN 340. If, 
hoWever, a system/application interrupt is not received, the 
SAVE POWER subroutine 250 Will continue to Wait until a 
real-time clock interrupt has occurred (Step 320). Once such 
an interrupt has occurred, SAVE POWER subroutine 250 
Will continue to Wait until a real-time clock interrupt has 
occurred (Step 320). Once such an interrupt has occurred, 
SAVEPOWER subroutine 250 Will execute interrupt loop 
320 several times. If hoWever, control is passed When the 
sleep clock rate Was Zero, in other Words, there Was no clock, 
the SAVE POWER subroutine 250 Will execute interrupt 
loop 320 once before returning the CPU clock to the 
Save_clock_rate 330 and exiting (Step(340)). 

[0056] Consider noW FIG. 2a' Which is a ?oWchart shoW 
ing ACTIVITY branch 70 triggered by an application/ 
system activity request via an operating system service 
request interrupt. ACTIVITY branch 70 begins With reentry 
protection. Monitor 40 determines at Step 350 Whether 
Busy_I has been set to BUSY_FLAG. If it has, this means 
the system is already in ACTIVITY branch 70 and cannot be 
interrupted. If Busy_I=BUSY_FLAG, monitor 40 exits to 
RETURN I 160, Which is an indirect vector to an old activity 
vector interrupt for normal processing, via an interrupt 
vector after the operating system performs the requested 
service. 

[0057] If hoWever, the Busy_I ?ag does not equal BUSY 
_FLAG, Which means ACTIVITY branch 70 is not being 
accessed, monitor 40 determines at Step 360 if the BUSY_A 
?ag has been set equal to BUSY_FLAG. If so, control Will 
be returned to the system at this point because ACTIVITY 
branch 70 is already being used and cannot be interrupted. 
If the Busy_A ?ag has not been set, in other Words, Busy_A 
does not equal BUSY_FLAG, monitor 40 sets Busy_A equal 
to BUSY_FLAG at Step 370 so as not to be interrupted 
during execution of ACTIVITY branch 70. At Step 380 the 
PoWer_level is determined. If PoWer_level equals Zero, 
monitor 40 exits ACTIVITY branch 70 after clearing the 
Busy_A reentry ?ag (Step 390). If hoWever, the PoWer_level 
does not equal Zero, the CURRENT_CLOCK_RATE of the 
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I/O hardware is next determined. As Was true With Step 270 
of FIG. 2C, Step 400 of FIG. 2a' uses the CURRENT 
_CLOCK_RATE if there are multiple level high speed 
clocks for a given CPU. OtherWise, CURRENT CLOCK 
_RATE always equals the CPU high speed clock. After the 
CURRENT_CLOCK_RATE is determined (step 400), at 
Step 410 Idle_tick is set equal to the constant START 
_TICKS established for the previously determined CUR 
RENT_CLOCK_RATE. T(off) intervals are established 
based on the current high speed clock that is active. 

[0058] Monitor 40 next determines that a request has been 
made. A request is an input by the application softWare 
running on the computer, for a particular type of service 
needed. At Step 420, monitor 40 determines Whether the 
request is a CRITICAL I/O. If the request is a CRITICAL 
I/O, it Will continuously force T(on) to lengthen until the 
T(on) is greater than the T(off), and monitor 40 Will exit 
ACTIVITY branch 70 after clearing the Busy_A reentry ?ag 
(Step 390). If, on the other hand, the request is not a 
CRITICAL I/ O, then the Activity_tick is incremented by one 
at Step 430. It is then determined at Step 440 Whether the 
Activity_tick noW equals ACTIVITY_MAXTICKS. Step 
440 alloWs a smoothing from a CRITICAL I/O, and makes 
the system ready from another CRITICAL I/O during 
Activity_tick T(on) intervals. Assuming Activity_tick does 
not equal ACTIVITY_MAXTICKS, ACTIVITY branch 70 
is exited after clearing the Busy_A reentry ?ag (Step 390). 
If, on the other hand, the Activity_tick equals constant 
ACTIVITY_MAXTICKS, at Step 450 Activity_tick is set to 
the constant LEVEL_MAXTICKS established for the par 
ticular PoWer_level determined at Step 380. 

[0059] NoW monitor 40 determines Whether an interrupt 
mask exists (Step 460). An interrupt mask is set by system/ 
application softWare. Setting it to NOT_AVAILABLE cre 
ates a continuous T(on) state. If the interrupt mask equals 
NOT_AVAILABLE, there are no interrupts available at this 
time and monitor 40 exits ACTIVITY branch 70 after 
clearing the Busy_A reentry ?ag (Step 390). If, hoWever, an 
interrupt is AVAILABLE, monitor 40 determines at Step 470 
Whether the request identi?ed at Step 420 Was for a SLOW 
I/O_INTERRUPT. SloW I/O requests may have a delay until 
the I/O device becomes “ready”. During the “make ready” 
operation, a continuous T(off) interval may be set up and 
executed to conserve poWer. Thus, if the request is not a 
SLOW I/O_INTERRUPT, ACTIVITY branch 70 is exited 
after clearing the Busy_A reentry ?ag (Step 390). If, hoW 
ever, the request is a SLOW I/O_INTERRUPT, and time yet 
exists before the I/O device becomes “ready”, monitor 40 
then determines at Step 480 Whether the I/O request is 
COMPLETE (i.e., is 1/0 device ready?). If the I/O device is 
not ready, monitor 40 forces T(off) to lengthen, thereby 
forcing the CPU to Wait, or sleep, until the SLOW I/O device 
is ready. At this point it has time to save poWer and 
ACTIVITY branch 70 enters SAVE POWER subroutine 250 
previously described in connection With to FIG. 2C. If, 
hoWever, the I/O request is COMPLETE, control is returned 
to the operating system subsequently to monitor 40 exiting 
ACTIVITY branch 70 after clearing Busy_A reentry ?ag 
(Step 390). 
[0060] Self-tuning is inherent Within the control system of 
continuous feedback loops. The softWare of the present 
invention can detect When CPU activity is loW and/or CPU 
temperature is high enough to be of concern and therefore 
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When the poWer conservation and thermal management 
aspect of the present invention may be activated. To detect 
When CPU temperature is high enough to be of concern, the 
poWer and thermal management softWare monitors a ther 
mistor on the PWB board adjacent the CPU (or mounted 
directly on or in the CPU if the CPU includes a thermistor). 
In one embodiment of the present invention, the softWare 
monitors the thermistor 18 times/sec through an A/D con 
verter. If no poWer is being conserved and the temperature 
of the thermistor is Within acceptable parameters, then 
monitoring continues at the same rate. If, hoWever, the 
temperature of the thermistor is rising, a semaphore is set to 
tell the system to start Watching CPU temperature for 
possible thermal management action. Each CPU has a 
temperature coef?cient unique to that speci?c CPU. Infor 
mation on hoW long it takes to raise the temperature and at 
What point intervention must occur to prevent performance 
degradation must be derived from information supplied With 
the CPU or through testing. 

[0061] According to one embodiment of the invention, a 
counter is set in hardWare to give an ad hoc interrupt 
(counter is based on coef?cient of temperature rise). The 
thermal management system must knoW hoW long it takes 
CPU temperature to go doWn to minimiZe temperature 
effect. If the counter is counting doWn and receives an active 
poWer interrupt, the ad hoc interrupt is turned off because 
control has been regained through the active poWer and 
thermal management. The result is unperceived operational 
poWer savings. The ad hoc interrupt can be overridden or 
modi?ed by the active poWer interrupt Which checks the 
type gradient i.e., up or doWn, checks the count and can 
adjust the up count and doWn count ad hoc operation based 
on What the CPU is doing real time. If there are no real time 
interrupts, then the timer interval continually comes in and 
monitors the gradual rise in temperature and it Will adjust the 
ad hoc counter as it needs it up or doWn. The result is 
dynamic feedback from the active poWer and thermal man 
agement into the ad hoc timer, adjusting it to the dynamic 
adjustment based on What the temperature rise or fall is at 
any given time and hoW long it takes for that temperature to 
fall off or rise through the danger point. This is a different 
concept that just throWing a timer out ad hoc and letting it 
run. 

[0062] For example, assume that the CPU being used has 
a maximum safe operating temperature of 95 degrees C. 
(obtained from the CPU spec sheet or from actual testing). 
Assume also that a thermistor is located adjacent the CPU 
and that When the CPU case is at 95 degrees C., the 
temperature of the thermistor may be loWer since it is spaced 
a distance from the CPU (such as 57 degrees C.). A deter 
mination should be made as to hoW long it took the CPU to 
reach 95 degrees. If it took an hour, the system may decide 
to sample the thermistor every 45 minutes. Once the CPU is 
at 95 degrees, CPU temperature may need to be sampled 
every minute to make sure the temperature is going doWn, 
otherWise, the temperature might go up, i.e., to 96 degrees. 
If 5 minutes are required to raise CPU temperature from 95 
to 96 degrees, CPU temperature sampling must be at a 
period less than 5 minutes—i.e., every 3 or 1 minutes. If the 
temperature is not going doWn, then the length of the rest 
cycles should be increased. Continual evaluation of the 
thermal read constant is key to knoWing When CPU tem 
perature is becoming a problem, When thermal management 
intervention is appropriate and hoW much time can be 
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allowed for other things in the system. This decision must be 
made before the target temperature is reached. Once CPU 
temperature starts to lower, it is OK. to go back to the 
regular thermal constant number because 1) you have 
selected the right slice period, or 2) the active poWer portion 
of the active poWer and thermal management has taken over, 
so the sampling rate can be reduced. 

[0063] Examples of source code that can be stored in the 
CPU ROM or in an external RAM device, according to one 
embodiment of the invention, are listed in the COMPUTER 
PROGRAMS LISTING section under: 1) Interrupt 8 Timer 
interrupt service—listed on pages to ; 2) 
CPU Sleep Routine—listed on pages to ; 3) 
FILE=FORCE5.ASM—listed on pages to ; 

and 4) FILE=Thermal.EQU—listed on pages to 

[0064] UtiliZing the above listed source code, and assum 
ing that Interrupt 8 Timer interrupt service is the interrupt 
mask called at Step 240 of IDLE loop 60 or at Step 460 of 
ACTIVITY loop 70, the procedure for thermal management 
is set up “Do Thermal Management if needed” after Which 
the system must decide if there is time for thermal manage 
ment “Time for Thermal Management?”. If there is time for 
thermal management, the system calls the ?le “force_sleep” 
if there is time to sleep (Which also sleeps any PCI bus 
coupled to the CPU), or alternatively, could do a STI nop 
and a halt—Which is an alternate Way and does not get PCI 
devices and does not have a feedback loop from the poWer 
and temperature management systems. The “force_sleep” 
?le gets feedback from other poWer systems. Force_sleep 
does a jump to force5.asm, Which is the PCI multiple sleep 
program. Are there speakers busy in the system? Is there 
something else in the system going on from a poWer 
management point of vieW? Are DMAs running in the 
system? Sleeping may not be desirable during a sound cycle. 
It needs to knoW What is going on in the system to do an 
intelligent sleep. The thermal management cares about the 
CPU and cares about all the other devices out there because 
collectively they all generate heat. 

[0065] There are some equations in the program that are 
running—others that may or may not be running. “tk” is the 
number of interrupts per second that are sampled times the 
interval that is sampled over. “it” represents a thermal read 
constant and the thermal read constant in the present 
embodiment is 5. In the code, the thermal read constant is 
dynamically adjusted later depending on What the tempera 
ture is. Thus, this is the starting thermal read interval, but as 
the temperature rises, reading should be more often and the 
cooler it is, reading should be less often than 5 minutes— 
e.g., 10 minutes. The thermal read constant Will adjust. TP1 
or TP2 represents What percentage of the CPU cycles do We 
Want to sample at—for example, TP7 set at 50=the number 
of interrupts that have to occur over some period of time 
such that if We take that number that going to represent every 
so many clock cycles that go by before We sample and sleep 
the CPU. These equations are variable. Other equations can 
also be used. 

[0066] Thus, one concept of the present invention is that 
there are various levels of temperature that require testing in 
relationship to the hottest point to be managed. The sample 
period Will change based on temperature and active feed 
back. Active feedback may be required even though thermal 
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management has determined that the CPU temperature is too 
high and should be reduced (by sloWing or stopping the CPU 
clock). CPU clock speed may not be reduced because other 
system things are happening—the result is intelligent feed 
back. The poWer conservation and thermal management 
systems asks the CPU questions such as are you doing 
something noW that I cannot go do? If not, please sleep. If 
yes, don’t sleep and come back to me so that I can reset my 
count. The result is a graduated effect up and graduated 
effect doWn and the thermal read constant time period 
adjusts itself in response to CPU temperature. Performance 
taken aWay from the user during poWer conservation and 
thermal management control is balanced against critical I/O 
going on in the system. 

[0067] Active poWer and thermal management cooperates 
With standard CPU poWer management so that When stan 
dard poWer management gets a chance to take over the 
active feedback can start degrading even though the tem 
perature has not. Existing poWer/thermal management sys 
tems turn on and stay on until the temperature goes doWn. 
Unfortunately, this preempts things in the system. Such is 
not the case in the environment of the present invention. The 
same sleep manager Works in conjunction With poWer con 
servation and thermal management—the sleep manager has 
global control. As a example, While CPU temperature may 
be rising or have risen to a level of concern, the system may 
be processing critical I/O, such as a Wave ?le being played. 
With critical 1/0, the system of the present invention Will 
play the Wave ?le Without interruption even though the 
result may be a higher CPU temperature. CPUs do not 
typically overheat all at once. There is a temperature rise 
gradient. The system of the present invention takes advan 
tage of the temperature rise gradient to give a user things that 
affect the user time slices and take it aWay from him When 
its not affected. 

[0068] Thermal management can be also be achieved 
using a prediction mode. Prediction mode utiliZes no sensors 
or thermistors or even knoWledge as to actual CPU tem 
perature. Prediction mode uses a guess—i.e. that the system 
Will need the ad hoc interrupt once every 5 seconds or 50 
times/second (=constant) and then can take it up or doWn 
based on What the system is doing With the active poWer and 
thermal management. The prediction theory can also be 
combined With actual CPU temperature monitoring. 

[0069] Once the poWer conservation and thermal manage 
ment monitor is activated, a prompt return to full speed CPU 
clock operation Within the interval is achieved so as to not 
degrade the performance of the computer. To achieve this 
prompt return to full speed CPU clock operation, the pre 
ferred embodiment of the present invention employs some 
associated hardWare. 

[0070] Looking noW at FIG. 3 Which shoWs a simpli?ed 
schematic diagram representing the associated hardWare 
employed by the present invention for active poWer conser 
vation and thermal management. When monitor 40 (not 
shoWn) determines the CPU is ready to sleep, it Writes to an 
I/O port (not shoWn) Which causes a pulse on the SLEEP 
line. The rising edge of this pulse on the SLEEP line causes 
?ip ?op 500 to clock a high to Q and a loW to Q_. This 
causes the AND/OR logic (AND gates 510, 520, OR gate 
530) to select the pulses travelling the SLEEP CLOCK line 
from SLEEP CLOCK oscillator 540 to be sent to and used 
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by the CPU CLOCK. SLEEP CLOCK oscillator 540 is a 
slower clock than the CPU clock used during normal CPU 
activity. The high coming from the Q of ?ip ?op 500 AN Ded 
(510) With the pulses coming from SLEEP CLOCK oscil 
lator 540 is ORed (530) With the result of the loW on the Q_ 
of ?ip ?op 500 AN Ded (520) With the pulse generated along 
the HIGH SPEED CLOCK line by the HIGH SPEED 
CLOCK oscillator 550 to yield the CPU CLOCK. When the 
I/O port designates SLEEP CLOCK, the CPU CLOCK is 
then equal to the SLEEP CLOCK oscillator 540 value. If, on 
the other hand, an interrupt occurs, an interrupt—value 
clears ?ip ?op 500, thereby forcing the AND/OR selector 
(comprising 510, 520 and 530) to choose the HIGH SPEED 
CLOCK value, and returns the CPU CLOCK value to the 
value coming from HIGH SPEED CLOCK oscillator 550. 
Therefore, during any poWer conservation and/or thermal 
management operation on the CPU, the detection of any 
interrupt Within the system Will restore the CPU operation at 
full clock rate prior to vectoring and processing the interrupt. 

[0071] It should be noted that the associated hardWare 
needed, external to each of the CPUs for any given system, 
may be different based on the operating system used, 
Whether the CPU can be stopped, etc. Nevertheless, the 
scope of the present invention should not be limited by 
possible system speci?c modi?cations needed to permit the 
present invention to actively conserve poWer and manage 
CPU temperature in the numerous available portable com 
puter systems. For eXample tWo actual implementations are 
shoWn in FIGS. 4 and 5, discussed beloW. 

[0072] Many VSLI designs today alloW for clock sWitch 
ing of the CPU speed. The logic to sWitch from a null clock 
or sloW clock to a fast clock logic is the same as that Which 
alloWs the user to change speeds by a keyboard command. 
The added logic of monitor 40 Working With such sWitching 
logic, causes an immediate return to a fast clock upon 
detection of any interrupt. This simple logic is the key to the 
necessary hardWare support to interrupt the CPU and 
thereby alloW the processing of the interrupt at full speed. 

[0073] The method to reduce poWer consumption under 
MS-DOS employs the MS-DOS IDLE loop trap to gain 
access to the “do nothing” loop. The IDLE loop provides 
special access to application softWare and operating system 
operations that are in a state of IDLE of loW activity. Careful 
examination is required to determine the activity level at any 
given point Within the system. Feedback loops are used from 
the interrupt 21H service request to determine the activity 
level. The prediction of activity level is determined by 
interrupt 21H requests, from Which the present invention 
thereby sets the slice periods for “sleeping” (sloWing doWn 
or stopping) the CPU. An additional feature alloWs the user 
to modify the slice depending on the activity level of 
interrupt 21H. The method to produce poWer conservation 
under WINDOWS employs real and protect modes to save 
the poWer interrupt Which is called by the operating system 
each time WINDOWS has nothing to do. 

[0074] Looking noW at FIG. 4, Which depicts a schematic 
of an actual sleep hardWare implementation for a system 
such as the Intel 80386 (CPU cannot have its clock stopped). 
Address enable bus 600 and address bus 610 provide CPU 
input to demultipleXer 620. The output of demultipleXer 620 
is sent along SLEEPCS- and provided as input to OR gates 
630, 640. The other inputs to OR gates 630, 640 are the I/O 
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Write control line and the 1/0 read control line, respectively. 
The outputs of these gates, in addition to NOR gate 650, are 
applied to D ?ip ?op 660 to decode the port. “INTR” is the 
interrupt input from the I/ O port (peripherals) into NOR gate 
650, Which causes the logic hardWare to sWitch back to the 
high speed clock. The output of ?ip ?op 660 is then fed, 
along With the output from OR gate 630, to tristate buffer 
670 to enable it to read back What is on the port. A1 of the 
above-identi?ed hardWare is used by the read/Write I/O port 
(peripherals) to select the poWer saving “Sleep” operation. 
The output “SLOW-” is equivalent to “SLEEP” in FIG. 2, 
and is inputted to ?ip ?op 680, discussed later. 

[0075] The output of SLEEP CLOCK oscillator 690 is 
divided into tWo sloWer clocks by D ?ip ?ops 700, 710. In 
the particular implementation shoWn in FIG. 4, 16 MHZ 
sleep clock oscillator 690 is divided into 4 MHZ and 8 MHZ 
clocks. Jumper J1 selects Which clock is to be the “SLEEP 
CLOCK”. 

[0076] In this particular implementation, high speed clock 
oscillator 720 is a 32 MHZ oscillator, although this particular 
speed is not a requirement of the present invention. The 32 
MHZ oscillator is put in series With a resistor (for the 
implementation shoWn, 33 ohms), Which is in series With 
tWo parallel capacitors (10 pF). The result of such oscilla 
tions is tied to the clocks of D ?ip ?ops 730, 740. 

[0077] D ?ip ?ops 680, 730, 740 are synchroniZing ?ip 
?ops; 680, 730 Were not shoWn in the simpli?ed sleep 
hardWare of FIG. 2. These ?ip ?ops are used to ensure the 
clock sWitch occurs only on clock edge. As can be seen in 
FIG. 4, as With ?ip ?op 500 of FIG. 2, the output of ?ip ?op 
740 either activates OR gate 750 or OR gate 760, depending 
upon Whether the CPU is to sleep (“FASTEN_”) or aWaken 
(“SLOWEN_”). 
[0078] OR gates 750, 760 and AND gate 770 are the 
functional equivalents to the AND/OR selector of FIG. 2. 
They are responsible for selecting either the “sloWclk” (sloW 
clock, also knoWn as SLEEP CLOCK) or high speed clock 
(designated as 32 MHZ on the incoming line). In this 
implementation, the SloW clock is either 4 MHZ or 8 NMZ, 
depending upon jumper J1, and the high speed clock is 32 
MHZ. The output of AND gate 770 (ATUCLK) establishes 
the rate of the CPU clock, and is the equivalent of CPU 
CLOCK of FIG. 2. (If the device includes a PCI bus, the 
output of AND gate 770 may also be coupled to the PCI bus 
if it is to utiliZe the clock signal.) 

[0079] Consider noW FIG. 5, Which depicts a schematic of 
another actual sleep hardWare implementation for a system 
such as the Intel 80286 (CPU can have its clock stopped). 
The Western Digital FE3600 VLSI is used for the speed 
sWitching With a special eXternal PAL 780 to control the 
interrupt gating Which Wakes up the CPU on any interrupt. 
The softWare poWer conservation according to the present 
invention monitors the interrupt acceptance, activating the 
neXt P(i)deltaTi interval after the interrupt. 

[0080] Any interrupt request to the CPU Will return the 
system to normal operation. An interrupt request (“INTRO”) 
to the CPU Will cause the PAL to issue a Wake Up signal on 
the RESCPU line to the FE3001 (not shoWn) Which in turn 
enables the CPU and the DMA clocks to bring the system 
back to its normal state. This is the equivalent of the 
“INterrupt_” of FIG. 2. Interrupt Request is synchroniZed to 
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avoid confusing the state machine so that Interrupt (INT 
DET) Will only be detected While the cycle is active. The 
rising edge of RESCPU Will Wake up the FE 3001 Which in 
turn releases the Whole system from the Sleep Mode. 

[0081] Implementation for the 386SX is different only in 
the external hardWare and softWare poWer conservation 
loop. The softWare loop Will set external hardWare to sWitch 
to the high speed clock on interrupt prior to vectoring the 
interrupt. Once return is made to the poWer conservation 
softWare, the high speed clock cycle Will be detected and the 
hardWare Will be reset for full clock operation. 

[0082] Implementation for OS/2 uses the “do nothing” 
loop programmed as a THREAD running in background 
operation With loW priority. Once the THREAD is activated, 
the CPU sleep, or loW speed clock, operation Will be 
activated until an interrupt occurs thereby placing the CPU 
back to the original clock rate. 

[0083] Although interrupts have been employed to Wake 
up the CPU in the preferred embodiment of the present 
invention, it should be realiZed that any periodic activity 
Within the system, or applied tp the system, could also be 
used for the same function. 

[0084] While several implementations of the preferred 
embodiment of the invention has been shoWn and described, 
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various modi?cations and alternate embodiments Will occur 
to those skilled in the art. Accordingly, it is intended that the 
invention be limited only in terms of the appended claims. 

COMPUTER PROGRAMS LISTING 

[0085] 1) Interrupt 8 Timer interrupt service—pages 27 to 
32. Interrupt 8 Timer interrupt service is loaded onto the 
CPU ROM or an external RAM and is an interrupt mask that 
may be called at Step 240 of IDLE loop 60 or at Step 460 
of ACTIVITY loop 70. 

[0086] 2) CPU Sleep Routine—page 33. CPU Sleep Rou 
tine is loaded onto the CPU ROM or an external RAM and 
is a ?le that may be called at Step 250 of IDLE loop 60 or 
ACTIVITY loop 70. 

[0087] 3) FILE=FORCE5.ASM—pages 34 to 38. FILE= 
FORCES.ASM is a PCI multiple sleep program that is 
loaded onto the CPU ROM or an external RAM and is a ?le 
that may be called at Step 250 of IDLE loop 60 or ACTIV 
ITY loop 70. 

[0088] 4) FILE=Thermal.EQU—listed on page 39. FILE= 
Thermal.EQU is loaded onto the CPU ROM or an external 
RAM and is a ?le that may be called at STEP 240 of IDLE 
loop 60 or at Step 460 of ACTIVITY loop 70. 

.ASM 

Vaughn Watts 3/01/92 

Interrupt 8 Timer interrupt service routine. 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

> 

ip citimer dW O 
segitimer dW O 

INCLUDE ..\equ\BA.EQU 
INCLUDE ..\squ\Thermal.equ 
INCLUDE ..\asm\BADATA.ASM 

Note the follWing tWo labels and relationship to each other can 
not change. They are in fact a dWord for vectoring to 
the default TIMER code at intercept interrupt. 

; ipc vector/dos idle loop on interrupt 
; segment vector/dos idle loop on inter 

; TIMERINT intercepts and handles the timer tick interrupt 8h 
a 

Note that this routine is executed once per timer tick, but the 
updating of time is only done once per minute. This should make 
it virtually non-noticable as far as poWer consumption goes. 

Also, the UPDATEiINiPROGRESS bits are stored in here 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

;baionibattery: 
;DoLoWPoWerTimes: 

; Do the LoW PoWer Times 

a 

a 

BATTERYiTEST 

Read AC Port Operations 

je baionibattery 
inc Word ptr cs:CurrentSystemChargeTime 
jmp short DoLoWPoWerTimes 
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-continued 

; BATTERYiTEST 

; test al, LOWiBATI‘ERYiBIT ; Find out if lOW Battery? 
; jz BatteryiIsiLoWiPort ; yep 
; jmp BatteryiHighiEXit 

timeriinterrupt proc far 
pushf ; protect the interrupted ?ags 
pusha 
push ds 
push es ; [5.10.C7] 
push cs 
pop ds ; [5.10.c7] 

; Is APM State ON? ; [5.10.C] 
APMiSTATEiCMOS ; Byte to hold APM Write Flag 
out CMOS AD,al ; Output it to CMOS 
in al,CMOSiDT ; and store it 

; Check Command Register 

cmp al,80h 
jne CheckAPMCommand1 
mov byte ptr APMCommand- ; Debug locations 

Current,al 
;[6.02b]mov poWerileveLO ; Take it Way — pure Zero 

mov al,8fh ; Completed command 
WriteAPMCommand: 

out CMOSiDT,al ; NeW command 
jmp short APMCommandComplete 

EnablePoWerManagement: 
mov byte ptr APMCommand- ; Debug locations 

Current,al 
mov al,OOh ; command completed 
jmp short WriteAPMCommand 

CheckAPMCommand1: 
cmp al,81h 
je EnablePoWerManagement 
cmp al,88h 
je APMCommandComplete ; Waiting on Clear 
cmp al,8fh 
je APMCommandComplete ; Skip PoWer Saving APM 
mov ah,al 
Xor al,al 
out CMOSiDT,al ; Clear it 
mov al,ah ; bump count 
Xor ah,ah 
add apmitickicount,ax ; done 

APMCommandComplete: 
a 

; Compute Interval 

ComputeInterval: 
cmp WORD PTR [DCiSecond],O 
dec WORD PTR [DCiSecond].O 
j ne ComputeMinuteInterval 
mov WORD PTR [DCiSecond],SECONDiRELOAD 

ComputeMinuteInterval: 
dec WORD PTR [DCiMinute] ; one more tick passed, one 

; tick closer to full minute 
cmp WORD PTR [DCiMinute],O ; reached minute yet ‘.77 
je NotTimerEXit ; yep, then update 
jmp timerieXit ; nope, keep Waiting 

NotTimerEXit: 

a 

; Do Thermal Management if needed 
a 

dec ThermalMinute 
cmp ThermalMinute,O 
jne SkipThermalThisPass 
mov ThermalMinute,1 ; Error Condition on Read 
cmp LilyKBBusy,O 
jne SkipThermalThisPass ; Look again in 1 minute 
cmp TempLilyBusy,O 
jne SkipThermalThisPass ; Look again in 1 minute 
Call TcmpLilyBattery 
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-continued 

mov BATempDebug,al 
cmp al,Oflh ; Valid Temp 
je UsePreviousTemp ; Nop 
mov ThermalMinute,THERMAL— ; Yes, Reset Scan Value 

READ 
JsePreviousTemp: 

; Set Override for TimerTick Return since We need slice on Temp; 

mov al,TempLily ; Get Value to use 

cmp al,TLEVELO ; Time to Kill Slice? 
jl TOThermalSlice ; Yep! 
cmp al,TLEVEL7 ; At Max? 
jg T7ThermalSlice ; Yep, Jump on it! 
cmp al,TLEVEL1 
jl T1ThermalSlice 
cmp al,TLEVEL2 
jl T2ThermalSlice 
cmp al,TLEVEL3 
jl T3ThermalSlice 
cmp al,TLEVEL4 
jl T4ThermalSlice 
cmp al,TLEVEL5 
jl T5ThermalSlice 

T6ThermalSlice: 
mov ThermalSlice,TSLICE6 
jmp short ResetThermalSlice 

SkipThermalThisPass: jmp OldNotTimerEXit 
T5ThermalSlice: 

mov ThermalSlice,TSLICE5 
jmp short ResetThermalSlice 

T4ThermalSlice: 
mov ThermalSlice,TSLICE4 
jmp short ResetThermalSlice 

T3ThermalSlice: 
mov ThermalSlice,TSLICE3 ; LoW to Mid range 
jmp short ResetThermalSlice ; Done 

T2ThermalSlice: 
mov ThermalSlice,TSLICE2 ; LoW to Mid range 
jmp short ResetThermalSlice ; Done 

T1ThermalSlice: 
mov ThermalSlice,TSLICE1 ; LoW to Mid range 
jmp short ResetThermalSlice ; Done 

T7ThermalSlice: 
mov ThermalSlice,TSLICE7 
jmp short ResetThermalSlice ; Done 

TOThermalSlice: 
mov ThermalSlice,TSLICEO 

ResetThermalSlice: 
mov TimeThermalSlice,1 ; Will eXecute on this slice 

a 

a Fall Thru for the rest of the story 

OldNotTimerEXit: 

a 

a 

a 

a 

Setup for neW number of ticks 

mov WORD PTR [DCiMinute],MINUTEiRELOAD 

Need to test for Thermal Reading needed 

We must noW update any change in Operational Status 
Set up Base DS to BIOS RAM AREA 

, 

' One minute passed, so update current system parameters: Do the PoWer On Times 

CLI 
inc SystemRunTime ; bump up the number of min run 

Read AC Port Operations 

BATTERYiTEST 
j ne RunningOnAc 
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-continued 

inc SystemTime ; Time on Battery [5.10.c3] 
jmp RuningCurrentSystemBattery 

RunningOnAc: 
a 

a Calculate last usage on AC power 
mov cX,SystemRunTime ; Total run time this session 

mov OldState,ch ; [5.10.1] 
jmp CurrentACAll 

CurrentAcAll: 

a 

a 

a 

We are currently on AC; Was the Last Interrupt on AC? 

mov cX,SystemRunTime 
and ch,SESSIONiSTATUS 

; ch = Flags for Current Session 

cmp ch,SESSIONiSTATUS ; if equal last on battery 
jne StillOnAC ; Still on AC, We are okay. 
APMiEVENT POWERiSTATUSiCHANGE ; On Bat/ Tell APM 

We must noW recalculate out parameters: Session Change 

mov cX,SystemRunTime ; We are on AC, reset 
mov cl,0 ; Zero Out the Current Value 
and ch,NOT SESSIONiSTATUS ; Mask for AC oper 
mov SystemRunTime,cX ; Reset Session Status 

StillOnAC: ; Need to reset/update LoW Bat 
mov BYTE PTR [BatteryiIsiLoW], 0 ; No batt lOW 
mov BatteryLoWRunTime,0 ; Number of minutes LoW 
jmp EXitBatteryInterrupt ; Update CMOS and EXit 

a 

a Battery Operation CODE STARTS HERE 

RuningCurrentSystemBattery: 
a 

a 

a 

Calculate last usage on Battery poWer 

mov cX,SystemRunTime ; Total run time this sesstion 

mov OldState,ch ; [5.10.1] 
jmp CurrentBatteryAll 

CurrentBatteryAll: 

Have We noticed LoW Battery yet? 

We are currently on Battery; Was the Last Interrupt on Battery? 

mov cX,SystemRunTime 
and ch,SESSIONiSTATUS 

; ch = Flags for Current Session 

cmp ch,SESSIONiSTATUS ; if equal last on battery 
je EXitBatteryInterrupt ; Still on Battery, We are okay. 
APMiEVENT POWERiSTATUSiCHANGE ; On AC/ Tell APM 

We must noW recalculate out parameters: Session Change 

mov cX,SystemRunTime ; We are on AC, reset 
mov cl,0 ; Zero Out the Current Value 
mov SystemTime,0 ; Time on Battery [5.10.c3] 
or ch,SESSIONiSTATUS ; Turn on Battery Operation 
and ch,NOT AUTOFULLDOWNCOUNT ; [5.10.23a] 
mov SystemRunTime,cX ; Reset Session Status 

EXitBatteryInterrupt: 

; Save States 

mov SystemRunTime,cX 
timerieXit: 

pop es 

pop ds 
popa 

Time for Thermal Management? 

cmp cs:ThermalSlice,TSLICEO 
je BAEXitNoW ; Heat okay 
dec cs:TimeThermalSlice 
jne BAEcitNoW ; Not out time 
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-continued 

; Setup return for our slice 

popf 
pushf 
push cs ; My cs 
push offset TherrnalSuspend ; My eXit 
jrnp short BATransfer 

BAEXitNoW: 
popf 

BATransfer: 
jrnp cs:dWord ptr ipcitirner ; do other chained tirner routines 

TherrnalSlice db TSLICEO 
TirneTherrnalSlice db 0 
BATernpdebug db OAAh 
TherrnalSuspend: 

pushf 
push ds 
push cs 
pop ds 
pusha 
rnov cX,1 

BAOutsideHeatLoop: 
call forceisleep 

sti 
nop hlt 

loop BAOutsideHeatLoop 
rnov al,TherrnalSlice 
rnov TirneTherrnalSlice,al 
popa 
pop ds 
popf 
iret 

tirneriinterrupt endp 
a 

; CPU SLEEP ROUTINE. Maskable interrupts are disabled, caller must enable 

; CX = number of force sleeps to eXecute 

INCLUDE ..\equ\SPEED.EQU 
INCLUDE ..\equ\TIGER.EQU 
INCLUDE ..\equ\PORTS.EQU 
a 

a 

.************************************************************************ 
a 

.************************************************************************ 
a 

INCLUDE ..\asrn\DEBUGON.ASM 
INCLUDE ..\asrn\DEBUGOFF.ASM 
a 

; 
forceisleep proc near 

; Here We are taking out turn of the cpu on this clock cycle 

JMP FORCELSLEEPS 
forceisleep endp 
INCLUDE ..\asrn\force5.asrn 

;FILE=FORCES.ASM (LILYP ONLY) 

busyiforce db 0 
forcefsleepS proc near 

test byte ptr cs:busyiforce,BUSYiFLAG 
jnZ Busy5 

; Here We are taking out turn of the cpu on this clock cycle 

CheckBellActionS: 
cli 

APMLSTATELCMOS 
out CMOSiAD,al 
in al,CMOSiDT 
and al,80h ; command bit on? 
crnp al,80h 
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-continued 

je BellInUseS ; yes, speaker busy 
in al,PORTi61 ; Save Port 61 
jrnp $+2 ; Need 5 ns delay (290 ns overkill) 
and al,LOWiBITSi61 ;; Mask off lOW order bits 
crnp al,O 
je bellfisfoffS ; Bell free, sleep 

BellInUseS: 

;[6.02b] 
and byte ptr cs:busyiforce,NOTiBUSYiFLAG 
, 

; bell in use, eXit 

a 

sti 
Busy5: 

ret 

bellfisfoffS: 

; Can We do it because there maybe DMA running 

in al,o8h 
rnov ah,al 
in al,OdOh 
or ah,al 
crnp al,O 
jne BellInUseS ; DMA Active 
or byte ptr cs:busyiforce,BUSYiFLAG 
cli 
push CX ; Save loop counter 
rnov cl,O2h ; PCI Bus clock divider to set 
call PCICONFIG ; Set it; cX = old value to reset 

rnov al,2ah 
out Of2h,al 
in al,Of3h ; Get value 
push aX ; Save the mother load 

and al,O1111111b 
or al,OOOOO1OOB 
out Of3h,al ; stop clock 
jrnp $+2 
jrnp $+2 
pop aX 

out Of3h,al 
;;; let it ?oat back to original rnov cl,O5h 

rnov cl,O5h 
;;; set it to 50 or 33 hZ rnov cl,O1h 

call PCICONFIG ; Reset PCI bus to old value 
pop CX ; Reset counter for loop count 

;; Hlt 
STI 

nop 
inc cs:sleepitickicount 
loop CheckBellActionS ; Give it another shot if requested 
and byte ptr cs:busyiforce,NOTiBUSYiFLAG 
ret 

forcefsleepS endp 
include ..\asrn\pciconf.asrn 

;FILE=FORCE5.ASM (LILYP ONLY) 

bueyiforce db 0 
forcefsleepS proc near 

test byte ptr cs :busyiforce,BUSYiFLAG 
jnZ Busy5 

; Here We are taking our turn of the cpu on this clock cycle 

CheckBellActionS: 
cli 
APMiSTATEiCMOS 
out CMOSiAD,al 
in al,CMOSiDT 
and al,80h ; command bit on? 
crnp al,80h 
je BellInUseS ; yes, speaker busy 
in al,PORTi61 ; Save Port 61 
jrnp $+2 ; Need 5 ns delay (290 ns overkill) 
and al,LOWiBITSi61 ;; Mask off lOW order bits 
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-continued 

crnp al,O 
je bellfisfoffS ; Bell free, sleep 

BellInUseS: 

;[6.02b] 
and byte ptr cs :busyiforce,NOTiBUSYiFLAG 

; 
; bell in use, eXit 

a 

sti 
Busy5; 

ret 

bellfisfoffS; 
or byte ptr cs :busyiforce,BUSYiFLAG 
cli 
push CX ; Save loop counter 
rnov cl,O2h ; PCI Bus clock divider to set 
call PCICONFIG ; Set it; CX = old value to reset 

rnov al,2ah 
out Of2h,al 
in al,Of3h ; Get value 
push aX ; Save the mother load 
and al,01111111b 
or al,OOOOO1OOB 
out of3h,al ; stop clock 
jrnp $+2 
jrnp $+2 
pop aX 

out Of3h,al 
;;; let it ?oat back to original rnov cl,O5h 

call PCICONFIG ; Reset PCI bus to old value 
pop CX ; Reset counter for loop count 

;; Hit 
STI 

nop 
inc cs:sleepitickicount 
loop CheckBellActionS ; Give it another shot if requested 
and byte ptr cs :busyiforce,NOTiBUSYiFLAG 
ret 

forcefsleepS endp 
include ..\asrn\pciconf.asrn 

;FILE=pciconf.asrn 
a 

; Initialize PCI for Gary 

; CX = Value to Write 

; CX = Value read 

PCIiCONFIGiADDRESS EQU OCF8H 
PCIiCONFIGiDATA EQU OCFCH 
PCIiCONFIGiDATAZ EQU OCFEH 
pcicontig proc near 
386C 

push eaX 
push ebX 
push dX 
rnov aX,8000h ; BASE Addressing rnode 

; Put the Register for PCI access in BX 

rnov bX,44h ; Done — PCI Bus clock register 

; Access the PCI Register Set 

push eaX 
shl eaX,10h 

rnov dX,PCIiCONFIGiADDRESS 
out dX,eaX ; Register Wanted to be selected 
rnov dX,PCIiCONFIGiDATA 
in eaX,dX ; Read the register set Wanted 
shr eaX,10h 

pop eaX 
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