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SYSTEM FOR DISTRIBUTED POWER
MANAGEMENT IN PORTABLE COMPUTERS

TECHNICAL FIELD

This invention relates generally to computers. More
specifically, this invention relates to the management of
power in portable computers.

BACKGROUND ART

Reducing power consumption in portable computers
has gained a great deal of attention in the technical
community as a result of a set of conflicting user re-
quirements and technological constraints. On the one
hand, users would like to operate these portable ma-
chines for extended periods of time without access to ac
power. This means that such machines must carry their
own power sources, i.e., batteries of various types. On
the other hand, the total energy stored in such batteries
varies almost directly in proportion to their weight.
Carrying heavy batteries of course, detracts from the
portability of these machines.

Therefore, efforts in the industry have focused in
several related areas. First, designing components that
consume less power than corresponding components in
desktop ac-powered machines; second, detecting when
such components are not in use and turning them off or
placing them in a lower power consuming mode(s), thus
reducing their energy consumption over time; third,
using batteries that provide higher energy-to-weight
ratios; and last, monitoring the battery and providing
the user with alerts and related actions due to the non-
linear nature of battery power output as a function of
time.

The power management techniques which are cur-
rently practiced in the personal computer industry com-
monly address a combination of one or more of these
areas.

U.S. Pat. No. 373,440 to Harper et al. describes the
design elements of the POQET computer. The POQET
computer has been designed with several low power
components such as a low power display element, low
power Universal Asynchronous Receive Transmit
(UART) component, etc. Additionally, circuitry has
beeri designed that detects the occurrence of certain key
events in the system such as the occurrence of a key
press on the keyboard, system timer signal, access to a

' special memory location commonly known as the inter-
rupt vector, etc. The occurrence of any of these events
triggers a Non-Maskable Interrupt (NMI) to the proces-
sor which then executes a special block of power man-
agement code. This code then determines if a change in
the power state of the system is warranted. There are
several drawbacks to this approach. The scheme of
monitoring processor access to certain interrupt vector
locations and thereby deducing that the operating sys-
tem and/or applications are idle, do not apply to ad-
vanced processors such as the Intel 80286/386 operat-
ing in the so-called protected mode of operation. In
these processors, the location of the interrupt vectors is

~ not fixed. As a result, the address lines external to the

Central Processing Unit (CPU) cannot be monitored to

determine if a particular interrupt is vectored to a par-
ticular location. Nor can they be relied upon to work
correctly in multi-tasking environments such OS/2 or
the more recent Penpoint operating system developed
by GO. Corp. for pen-based computers. Such operating
systems generally do not issue software interrupts to

10
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indicate an idle state. Furthermore, in the advanced
processors cited above, the interrupt vectors themselves
are not guaranteed to be at any given memory address.
Thus, while the POQET design works well with real
mode DOS applications, it is inadequate for environ-
ments using multi-tasking operating systems executing
on processors such as Intel 80386.

U.S. Pat. No. 5,041,964 to Cole et al. describes the
power management hardware and software of a GRID
laptop computer. In this computer, a standby mode is
defined in which power to most parts of the computer
except dynamic memory is removed when one of a set
of pre-defined events occurs. Power is restored to the
system when the user so indicates (by a push button)
and there is sufficient battery power to enable proper
system functioning. As in the case of the POQET com-
puter, the solutions in this patent break down in a mul-
titasking environment where multiple applications may
be active at once as well and in advanced microproces-
sors, such as the Intel 80386 and compatibles wherein
the operating system can (and does) disables NMI inter-
rupts from occurring or re-vectors them to code frag-
ments that may have no knowledge of the nature of
NMI being presented to the computer.

In the European Patent Application No. 90311832.1,
Watts and Wallace describe an apparatus and a method
whereby the CPU clock is reduced whenever a real-
time monitor determines that CPU activity level is low.
The reduced clock rate results in lower power con-
sumption by the CPU. Such apparatus has been incor-
porated in highly integrated chip sets available from
several chip vendors. However, Watts does not teach
how to apply such techniques when multiple CPUs are
involved in the operation of a computer. In fact, apply-
ing the above methods to a single microprocessor, albeit
the main processor, without overt coordination among
the principal points of intelligence within the system,
may result in a net increase in power consumption.

In International Pat. Appln. No. PCT/US89/05576
to Bolan et al., a method whereby the power consumed
by a certain microprocessor can be controlled exter-
nally by a chip is described. This chip is designed to
consume very low power. As in the previous teachings,
such methods and apparatus are readily available from a
number of chip vendors. What is missing from the
Bolan device is a description of how these mechanisms
can be applied to the design of a distributed power
managed computing platform such as a pen based tablet
computer.

Other implementations, including the IBM laptop
computer (the PS/2 L40SX computer), have provided
for user specifiable time-outs for various power con-
suming devices. When no input/output (I/0) activity is
perceived for a time-out period on a given component,
that component is placed in a low power state. For
example; many implementations include a specifiable
time out value for the hard file. At the end of the time
out period, if no activity has occurred, the device is
turned off. However, it must be noted that extra power
is expended when the hard file is turned on again and
furthermore, the CPU has to wait (wasting energy)
while the spin-up is taking place. Studies have shown
that no single time out value is likely to result in optimal
power conservation. Thus, it is difficult if not impossi-
ble for users in general to provide appropriate timeout
values for devices in such a portable system.
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What is needed is a power management system which
can operate effectively in multi-tasking, multiple-CPU
systems and advanced processors at a reduced rate.

DISCLOSURE OF THE INVENTION

The present invention provides a system and method
for managing power in a portable, pen-based notebook
computer. The system and method provides a means for
minimizing power consumption by collecting and inter-
preting power related data at various processing ele-
ments while hiding many of the details from the end-
user.

Power management is carried out co-operatively at
several layers. These layers include a system planar
hardware level, battery controller level, service proces-
sor level, main processor firmware level, and operating
system level. At the system planar level, mechanisms
for low power operations are implemented. These
mechanisms include partitioning of peripherals and I/0
devices into power planes that can be independently
turned on and off, providing software switches that
control power to these planes and selection of devices
that are capable of low power standby modes of opera-
tion. In the battery controller level, mechanisms are
provided to turn power to the system on and off and to
collect data relating to the state of the battery to send
this information to the main processor. The battery
controller is also responsible for protecting the battery
from excessive drain or operation under low charge
conditions. At the service processor level, circuits are
provided to monitor the on/off button and to communi-
cate power management events and battery state infor-
mation to the main processor on the system planar. The
system firmware and operating system software levels
execute on the main processor on the system planar and
are responsible for policy decisions such as when power
planes can be shut down and what to do when a power
event takes place.

FEATURES AND ADVANTAGES

It is an advantage of the present invention to distrib-
ute the power management function among three pro-
cessors, thereby reducing the amount of processing time
the main CPU is required to dedicate to the power
management function. - '

It is a further advantage of the present invention not
having to monitor address patterns to obtain access to
certain interrupt vector locations. This enables the pres-
ent invention to operate in advanced processors which
have a protected mode of operation and do not follow
conventional addressing standards.

It is a further advantage of the present invention to
have multiple processors operating asynchronously
enabling one processor to enter a low power mode of
operation independent of the other processors.

It is a further advantage of the present invention to
have an established communication protocol to transfer
power management data between multiple processors
enabling each to efficiently determine which power
management functions to perform by taking the states of
the other processors into consideration.

It is a further advantage of the present invention to
separate the computer into independently controlled
power planes enabling it to selectively power only those
parts of the computer necessary to perform the present
functions and without affecting the overall usability of
the system.
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It is a further advantage of the present invention to
immediately enter a low power mode of operation
whenever there are no instructions to perform.

It is a further advantage of the present invention to
have a zero power state wherein the computer enters
such state only after storing all application data. Having
a zero power state rather than an off state enables the
user to turn off the machine in the middle of running an
application program without losing data. The computer
will save all the necessary application data and return
the computer to the same state upon turning the system
on. :

It is a further advantage of the present invention to
have the capability to save CPU state and application
data in a secondary storage medium whenever battery
power is low. This reduces the need for a backup bat-
tery and thereby reduces the weight of the computer.

The foregoing and other objects, features and advan-
tages of the invention will be apparent from the follow-
ing more particular description of the preferred embodi-
ments of the invention, as illustrated in the accompany-
ing drawings.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is an illustration of the layering of the power
management elements of the present invention;

FIG. 2 is a block diagram of the System Planar Hard-
ware Layer;

FIGS. 3(a) and 3(b) are block diagrams of the Core
Chip Set Register Files;

FIGS. 4(@) and 4(b) is a schematic block diagram of
the On/Off switch logic;

FIG. 5 is a state diagram of the main processor and
system planar;

FIG. 6 is a flowchart of the main processor firmware
logic for the Power Management Interrupt Handler;

FIG. 7 is a flowchart of the main processor firmware
logic for transitioning between the full power state and
the low power state;

FIG. 8(a) is a flowchart of the main processor firm-
ware logic for entering the zero power state from the
full power state;

FIG. 8(b) is a flowchart of the main processor firm-
ware logic for entering the zero power state from the
full power state;

FIG. 9(a) is a flowchart of the main processor firm-
ware logic for entering the standby power state from
the full power state; :

FIG. 9(b) is a flowchart of the main processor firm-
ware logic for managing the RESUME PM event and
entering the full power state from the standby power
state;

FIG. 10 is an interface block diagram illustrating the
service processor interface signals;

FIG. 11 is a state diagram of the service processor
firmware;

FIG. 12 is a flowchart of the service processor main
loop processing;

FIG. 13 is a block diagram of the battery controller;

FIG. 14 is a block diagram for the start up circuitry
and low power linear regulators of the battery control-
ler;

FIG. 15 is a block diagram of the battery controller
power converter assembly;

FIG. 16 is a block diagram for the power control
logic of the battery controller;

FIG. 17 is a block diagram for the battery monitor of
the battery controller;
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FIG. 18 is a flowchart of the main loop executed by
the battery controller firmware;

FIG. 19 is the data transmission protocol between the
battery controller and the service processor;

FIG. 20 is a state diagram of the battery microcon-
troller; and

FIG. 21 is a flowchart of the on/off button logic.

BEST MODE FOR CARRYING OUT THE
INVENTION

The preferred embodiment of the present invention
for use in a portable, pen-based notebook computer is
disclosed herein. In the preferred embodiment, the com-
puter is logically compatible with an IBM PC/AT stan-
dard computer and has an Intel 386SX or an AMD
AM386SXL main processor. It is equipped with an
integrated LCD panel and digitizer and packaged to
resemble a notebook with a writing surface.

The power management function is carried out co-
operatively at several levels or layers as illustrated in
FIG. 1. The most external layer, the applications layer
112, represents any software which is installed by the
user and executed on the notebook computer. The func-
tional layers of the power management system are con-
tained within this broader applications processing layer
112. Specifically, there are five functional levels:

(1) System Planar 102

(2) Battery Controller 104

(3) Service Processor 106

(4) Main Processor Firmware 108

(5) Operating System 110
These five functional levels work in conjunction with
each other to maintain the computer in one of four
operational states. These are: full power or normal, low
power or idle, standby or sleep, and zero power. The
present state of the system determines what functions
are performed at each of the five layers.

These four states are briefly described with reference
to FIG. 5. Each state and transition shall be fully de-
scribed in section II. The full power or normal state is
the fully operational and active state. As shown in FIG.
5, every change in state must involve the normal state.
In the low power or idle state the system is operational
but only necessary functions are being powered. The
computer appears to be ON in this state. In the standby
or sleep state, the system appears to be OFF to the user,
however, there are certain system components which
are powered and the system will immediately resume its
normal operation if requested to do so. If not, the sys-
tem will automatically transition to the zero power state
after a given period of time. This is the lowest power
state and the computer appears to be OFF.

A brief description of the functions performed at each
of the function levels is given below.

At the System Planar Level 102, mechanisms for low
power operations are implemented. These mechanisms
include partitioning of peripherals and I/0 devices into
power planes that can be independently turned on and
off, providing software switches that control power to
these planes, and selecting devices that are capable of
low power standby modes of operation. An example of
this methodology is the selection of a Solid State File
(SSF) as the storage media. The SSF consumes signifi-
cantly less power while in operation (active read/write)
than comparable conventional rotating magnetic media
files. It also consumes lower power in non-operational
modes such as the standby or sleep mode.
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At the Battery Controller Level 104, mechanisms are
implemented to control the system power, collect status
data on the state of the battery, and transmit this infor-
mation to the main processor. Also, functions which are
responsible for protecting the battery from excessive
drain or operation under low charge conditions operate
at the Battery Controller Level 104.

At the Service Processor Level 106, circuits are pro-
vided to monitor the on/off button and to communicate
power management events and battery state informa-
tion to the main processor on the system planar level
102.

The System Firmware Level 108 and the Operating
System Level 110 contain software which executes on
the main processor which is part of the system planar
level 102 and are responsible for policy decisions such
as when power planes can be shut down and what to do
when a power related event takes place.

The structure and operation of the preferred embodi-
ment of the present invention will be described in terms
of these layers.

I. SYSTEM PLANAR LAYER

FIG. 2 is a block diagram of the system planar level
200. In the preferred embodiment, the system planar
level 200 is divided into ten power planes for the pur-
poses of managing power consumption. They are:

(1) Core Plane 202 ’

(2) 12 Volt Plane 204

(3) Miscellaneous Plane 206

(4) Main Processor Plane 208

(5) VGA Support Plane 210

(6) Solid State Support Plane 212

(7) Serial/Parallel Plane 214

(8) Speaker Plane 216

(9) SCSI Plane 2 18

(10) Keyboard Plane 220

A brief description of each power plane and the con-
ditions under which it receives power is given below
with reference to FIG. 2.

1. Core Plane 202

The core plane 202 is comprised of three vendor
chips 256, 258 and 260 (described in detail below) which
enables the invention to be compatible with an IBM
PC/AT. These chips comprise what is defined as the
core chip set and perform many power control func-
tions. Core Plane 202 is also comprised of power
switching circuitry 222, up to 16M of dynamic RAM
(DRAM) memory 262, a service processor 264, power
management control logic (PMCIN 268 and PMCOUT
270), and on/off button glue logic 266. The core plane
202 remains powered during all power states of the
system except the off state. Removal of power from this
plane cannot be accomplished directly by the main
processor 252. Instead, the main processor 252 requests
the battery controller (not shown), via service proces-
sor 264, to remove power to the entire system planar
200. :
2. 12 Volt Plane 204

The 12 volt plane 204 carries a specific voltage (i.e.,
12 volts) used in support of power switch circuits 222
located the core plane 202. These circuits 222 control
power to all the power planes except the core plane 202,
12 volt plane 204, and to the miscellaneous plane 206.
Furthermore, it is possible for the firmware in the main
processor to actuate these power switch circuits by
programming certain registers located in the core plane
202. These will be fully described below. The 12 voit
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plane is powered as long as the core plane is powered.
Similar to the core plane 202, the 12 volt plane 204 is not
directly controllable by the main processor firmware or
operating system software.
3. Miscellaneous Plane 206
The Miscellaneous Plane 206 includes the AT address
and data bus transceivers 278, and the BIOS memory
272. The BIOS memory 272 contains the firmware
needed to support multiple operating systems and cer-
tain power management functions. The Miscellaneous
plane 206 receives power only in the full power state
and the low power (idle) state of the system.
4. Main Processor Plane 208
The Main Processor plane 208 powers the Intel
386SX (or AM386SXL) processor chip 252. This plane
is powered down by the core chip set (256, 258, 260)
whenever the system enters the standby (sleep) state or
the zero power state.
5. VGA Support Plane 210
The VGA Support plane 210 includes a VGA con-
troller 274 with LCD control and display memory
VRAM 276. The VGA controller 274 is a low-power
vendor chip WD90C20. It provides the driver for an
LCD flat panel which is industry standard VGA com-
patible. This plane remains powered in all states except
the zero power state of the system. However, the VGA
controller 274 itself is placed in a low powered mode
when the system enters the standby state. In this mode,
the display memory 276 is slow-refreshed to preserve
the contents of the screen, although the screen (i.e., the
LCD panel and backlights, both not shown) has been
powered down. This scheme allows the system to re-
store the visual state of the screen without reloading the
display memory 276 when the system enters the full
power state from the standby state.
6. Solid State Support Plane 212
The Solid State Support Plane 212 powers the solid
state file (SSF). It is powered down when the system
enters the staridby state or the zero power state. It re-
ceives power when the system is in the full power state
and in the idle state.
7. Serial/Parallel Plane 214
The Serial/Parallel Plane 214 supplies power to the
serial and parallel port control logic portion of the
WD76C30 chip 256. This part of the chip, which is
located in the core plane 202, is separately powered
from the remaining parts of the chip. The Serial/Paral-
- lel Plane 214 receives power in the full power state or in
the idle power state if and when an application requests
the use of the underlying devices (not shown). It is
turned off by the operating system after the application
has indicated that it no longer needs use of the devices.
8. Speaker Plane 216
The Speaker Plane 216 includes the audio amplifier of
the system speaker. This plane receives power in the full
power state only if and when an application requests use
of the speaker. It is turned off by the operating system
after the application has indicated that it no longer
needs the use of the speaker.
9. Small Computer System Interface (SCSI) Plane 218
. The SCSI Plane 218 provides power to the SCSI
controller and associated logic. This plane receives
power in the full power state only if and when an appli-
cation requests use of a device (not shown) attached to
the SCSI plane. It is turned off by the operating system
after the application has indicated that it no longer
needs use of the attached device.
10. Keyboard Plane 220
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The Keyboard Plane 220 controls power to an (op-
tional) keyboard. This plane is powered in the full
power state and in the idle power state of the system. It
is powered down in the standby power state and in the
Zero power state.

Core Plane Detailed Description

The core plane 202 is comprised of the core chip set
256, 258, 260 which performs numerous power control
functions. The core plane 202 is also comprised of the
on/off glue logic 266 which monitors the condition of
such systems as the battery and on/off switch to deter-
mine if an event has occurred which may require the
state of the system to change. An event of this nature is
defined as a power management (PM) event. The core
chip set and the glue logic portions of the core plane 202
perform critical functions in the power management
system, and are described below.

Core Chip Set Description

The compatibility with an IBM PC/AT and many
power control functions are accomplished by what is
defined as the core chip set. The three vendor chips 256,
258, 260 which comprise the core chip set are fully
described in “Western Digital 1991 Devices Data-
book,” Western Digital Corp., 1991. The core chip set is
comprised of registers which are programmed to con-
trol the ten power planes of system planar 200. Each of
the chips of the core chip set have been specifically
designed for low power consumption. The vendor chips
are described below, followed by a description of the
register files contained therein.

1. WD76C10LP 260

This CPU and core logic controller chip incorporates
a memory controller, main processor control, AT bus
logic including DMA signals and power management
control. Power management control implements a reg-
ister file that can be accessed from the main processor
for altering the clock spéed of the main processor, for
shutting down the main processor and/or other power
planes in the system, and for resuming the execution of
the main processor upon the occurrence of one or more
external events.

2. WD76C21 258

This chip implements a floppy disk controller, real-
time clock and IDE hard file control signals.
3. WD76C30 256

This chip implements standard AT style serial and
parallel ports, programmable interrupt controllers and
clock generators.

Core Chip Set Register Files

In the preferred embodiment, access to all power
control functions and related data is achieved through a
set of 1/0 buffers defined as register files. These register
files are implemented in the core plane and illustrated in
FIGS. 3(a) and 3(b). The following is a description of
each of these registers and their associated functions:
1. Power Down Control Register (PDCR) 302

Two bits in the PDCR register 302 are of interest to
power management. The first bit controls the power to
the main processor plane 208. The other bit controls
when there is a full power down sequence. This se-
quence will turn off the miscellaneous plane 206, the
main processor plane 208, and optionally the VGA
support plane 210.

2. CPU Clock Control Register (CCCR) 304






