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LOW POWER MODE COMPUTER WITH SIMPLIFIED POWER

SUPPLY

1. . Field of the Present Invention

" The present invention relates generally to the field of microprocessor based
computers and more specifically to improving the reliability, flexibility, and power

consumption in network computers and other limited resource computers.
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2. History of Related Art

The increasing number of computing applications for which a local area network
provides a desirable solution has focused increased attention on maximizing network value
by carefully controlling the implementation of resources on each computer in the network.

In the past, local area networks were frequently designed by interconnecting two or more
pefsonal computers, possibly in combination with a large capacity, centralized'sexjver
machine. The wide spread availability and acceptance of disk based operating system
software tﬁat eliminated much of the design overhead associated with implementing a local
area network greatly contributéd to the proliferation of networks comprised of a two or more
essentially stand alone machines. Despite the ease with which such networks can be
implemented, these networks are not designed to maximize value to the end user because
these networks fail to distribute resources in an optimal faéhion. More specifically, networks
comprised simply of a collection of stand alone machines unnecessarily duplicate resources
that can be offered via the network and centralized in one or more nztwork servers. Attempts |
to address this concern by sil_any stripping resources from each network computer have
resulted in network machines that lack desirable flexibility and features. Examples of such
attempts include modifications or simplifications to the power supply of stand alone
machines and the elimination of local permanent storage such as disk baszd devices.
Unfortunately, the drawbacks resulting from such attempts to reduce the cost and eliminate
unnecessary repetitiveness from nstwork computers overwhelins the advantages achisved.

The simplification of a conventional power supply, for example, has typically resulted in a
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computer incapable of implementing a conventional low power mode while elimination of
disk based media from machines severely limits the software applications available to
operate on such machines. Accordingly, it is desirable to introduce various improvements
and features into computers, designed specifically for use in a network environment to’
achieve a machine that reduces cost and eliminates unnecessary redundancy in network

resources without suffering a noticeable decrease in reliability, flexibility, and .performance.
SUMMARY OF THE INVENTI{ON

The problems raised above are in large part addressed by a network computer
according to the present invention that facilitates local recovery of network machines, low
cos'; implementation of permanent local storage, improved reliability through a reduction in
the network computer’s susceptibility to EMI effects, as well as additional benefits discussed
in greater detail below. The invention combines the savings achieved by minimizing
network computer resources while offsetting the major drawbacks that occur in machines

from which resources have been simply removed.

Broadly speaking, a first application of the invention conteinplates a boot code storagz
device configured with computer instructions for executing a boot code validity check in
response to a boot event to facilitate local recovery of a computer such as a network computer.
In response to the boot event, such as powering up a computer in which the boot code storages

device is located, an image of a boot codz is copizd from a first storag2 medium to the boot cod >
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storage device if the validity check is negative. Remaining portions of the boot code including
a start up sequence are executed if the validity check is positive. In one embodiment, the boot
code validity check determines the presence or absence of a boot code jumper in a motherboard
to which the boot code storage device is connected. In the preferred embodiment, the boot code
storage device comprises a flash memory device, preferably including a plurality of sectors. In
the preferred embodiment, the boot code validity check is part of a boot block ;f the boot code
residing in a first sector of the flash memory device. The boot block and boot code reside in
contiguous memory of the boot code storage device in one implementation. The first storage
medium from which the boot code is copied, in one embodiment, is a compact flash card

configured with an image of the boot code.

The first application further contemplates a metﬁod of respdnd to a computer boot event
in which a boot code validity check is executed. An image of a boot code is then copied from
a first storage medium to a boot code storage devi_ce of the computer if the validity check is
negative. Remaining. portions of the boot code, preferably including a start up sequence, are
executed if the validity check is positive. The boot event may comprise a power up of the
computer or a LAN wake up event. The validity check preferably includes determining if a boot
code jumper is present on the computer’s motherboard. In the praferred embodiment, the boot
code validity check is executed as part of a boot block that forms a portion of the boot codz

residing in a first sector of the boot code storage dzvice, such as a flash azmory davic..



Sy

2t

The first application of the invention still further contemplates a method of restoring a

- network computer in which an operator or user configures the computer to fail a boot code

validity check, such as by inserting a jumper into a bdot code jumper block of the computer’s
motherboard. A boot event is then executed, such as by powering on the computer, to initiate
the validity check. In response to failing the validity check, an image of a boot code is copied
into a boot code storage device of the computer from a first storage medium. In ;n embodiment
in which the first storage medium is a compact flash card, the method permits local recovery of

a computer that does not have a hard drive or other disk based storage medium.

A second application of the invention contemplates a method of creating a boot code
image in which a computer is configured to fail a boot code creation bypass test prior to
executing t_he bypass test. When the bypass test is subsequently executed, an image of a boot
code stored in a boot code storage device is copied to a first storage medium in response to
failing the bypass test. Preferably, the computer is configured to fail the bypass test by inserting
at least one jumper in a motherboard of the computer. In this embodiment, the absence or
presence of the at least one bypass jumper_ determines the outcome of the bypass test. In one
embodiment, the boot code creation bypass test is executed in response to a boot event, such as
a system power on or reset. In the preferred embodiment, ths bypass test compris2s a portion
of a boot block portion of the boot code. In one embodiment, the boot cods is storsd to a
compact flash card in response to the failure of the bypass test. A flash mewory d'-;vic-;:

including a plurality of sectors is used as the boot codz storags device. In one embodiment, the



boot block and boot code creation bypass test reside in a first sector of the flash memory device
while the remaining portions of the boot code including a start up sequence reside in subsequent

sectors.

The second application of the invention further contemplates a boot code storage device
configured with instructions for executing a boot code creation bypass test in response to a boot
event. If the bypass test fails, the boot code executes a routine that copies an image of a boot
code from the boot code storage device to a first storagé medium, such as the compact flash card
indicated previously. If the bypass test passes, the boot code jumps around the boot block and
the copy routine and executes a start up sequence to bring the computer to a predetermined
initial state. In embodiments in which the boot code storage device is a flash memory device,
the flash memory device preferably includes a plurality of sectors, where the boot block resides

in the first sector.

The second application of the invention further contemplates a method of restoring a
computer network. A first network computer is configured to fail a boot code creation bypass
test. The bypass test is then executed and, in response to failing the bypass test, an imagz of a
boot code is copied from a boot code storage device of the first network computer to a first
storage medium. A second network computer is then configured to fail a boot code validity
check and the validity check executed on the second computer. In respons: to failing the validity

check, an image of the boot code is then copied from the first storagz mzdium to a boot codz



storage device of the second network computer. The configuring of the first network computer '
comprises inserting at least one boot code creation jumper in a motherboard of the first network
computer, while the configuring of the second network computer comprises inserting at least one

boot code validity jumper in a motherboard of the second network computer.

A third application of the present invention contemplates a network computer. The
computer includes a motherboard powered by a power supply via a single power supply
plane, a clock generator, a processor, and a system memory attached to the motherboard; and
a network interface preferably integrated into the motherboard. The nétwork corﬁputer is
configured to assume a low power state in response to a low power event. The computer is
further configured to transition from the low power state to a full power state in response to a
wake up event. The wake up eveﬁt may comprise a LAN wake up in the form of a command
issued by a server computer coupled to the network computer via a network. In this way, the
power mode of the network computer is remotely manageable by the server computsr. In
one embodiment, the network computer lacks a disk based storage device, but includes local
permanent storage comprising a compact flash card. Preferably, the network computer’s
clock generator is configured to produce a clock signal for the processor when the nstwork
computer is in the full power modz, and further configured to produce no clock signal in the
low power mode. In one embodiment, the network computer further includss at least onz
peripheral device coupled to the processor via a paripheral bus, such as a PCl bus. [nthis

embodiment, the computer is preferably configured to transition each periphzcal davice on



the peripheral bus to a power management mode when the network computer enters low
power mode. A preferred embodiment of the invention includes a computer with a full
power mode power consumption of less than approximately 65 watts and a low power mode
maximum power consumption of less than approximately 15 watts. In one embodiment, the
low power event includes simply pushing an on/off button of the network computer.
Similarly the wake up event may include pushing the on/off button a second tin’ne. The wake
up event may be a LAN wake up event in which a wake up signal is received via the network
interface, or a “wake on ring” event in which the wake up sign_al is received via a modem.

connection to the computer.

Thé third application of the present invention further contemplates a computer network,
inclur;iing a network computer and a server computer. The network computer includes a
motherboard powered by a power supply via a single power supply plane, a clock generator, a
processor, and a system memory attached to the motherboard, and a network interface that is |
preferably integrated into the motherboard. The network computer is configured to assutne a
low power state in response to a low power event and further configured to transition from the
low power state to a full power state in response to a wake up event. The wake up event may
be a LAN wake up signal issued by a server computer coupled to the n2twork computr viaa
network medium. The server computer is interfaced to the network computer via the network
and preferably configured to issuz the wake up signal to the network computzr. Inons

embodiment, the network computer is characterized by the lack of a disk based storage devics,



and the inclusion of local permanent storage in the form of a compact flash card. In one
embodiment the local permanent storage of the server computer includes a disk based storage
device and may further include a compact flash carci. In the preferred embodiment, the network
medium coﬁlprises cable or twisted wires. Alternatively, thé network is wireless. Preferably,
the low power event invokes a routine that halts the network computer clock generator and
places peripheral devices attached to peripheral busses of the network comput;r into a power

* management mode. The wake up event preferably executes a reset of the peripheral busses and

the clock generator.

The third application of the present invention still further contemplates a method of
managing power consumption in a computer network in which a network computer including
a motherboard powered by a power supply via a single power plane is forced to assume a low
power mode in response to a low power even.t. A wake up event, such as a LAN wakeup
signal issued by a server computer of the network, or a modem signal from a modem device
of the network computer is then executed to transition the network computer from the low
power state to a full power state. The low power event may comprise simply pushing an
on/off button of the network computer. Preferably, the low power state of the network

computer comprises a state in which a clock genzrator of the natwork computzr is halezd.

A fourth application of the present invantion contemplates a network computer including,

a chassis, a power supply affixed to an interior surface of the chassis, a mothzrboard powsrad



10

by the power supply, the motherboard including a clock generator, a boot code storage device,
a processor, anda system memory and a network interface suitable for interfacing the network
computer to a server computer via a network. The network computer lacks a disk drive, but
includes local permanent storage such as a compact flash card. Preferably, the network
computer includes one or more peripheral devices connected to a peripheral bus of the computer.
In the preferred embodiment, the network interface includes one or more devices and associated
circuitry integrated into the motherboard and includes an RJ45 connector. In one embodiment,
the power supply powers the motherboard via a single power plane and the computer consumes
less than approximately 65 watts in a full power mode and less than approximately 15 watts in
a low power mode. Preferably, the boot code ston;age device comprises a flash memory device
configured with boot code processor instructions. In one embodiment, the network computer
includes disk drive facilities for receiving a disk drive unit such that a disk drive may be installed

in the network computer.

The fourth application of the invention further contemplates a method of testiﬁg a
network computer including connecting a disk based storage device to a network computer that
lacks a disk based storage device but includes local permanznt storage, such as a compact flash
card. A disk based operating system, such as 05/2®, Windows 98®, or Windows NT®, is then
loaded on the network computer via the disk based storage device. A test suite supported by the
disk based operating system on the network computer is then loaded and exzcutzd on the

network computer to verify its functionality. The disk based storage dzvice i5 then removed.
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In one embodiment, the method further includes similarly installing the disk based storage
device in each of a plurality of network computers comprising the network, whereby a single
such disk based storage device may be used to verify each of the plurality of network

computers.

The fourth application of the invention still further contemplates a computer network,
including at least one network computer comprised of a chassis, a power supply affixed to an
interior surface of the chassis, a motherboard powered by the power supply, and a network
interface preferably integrated into the motherboard and suitable for interfacing the network
computer to a server computer via a network medium. The network computer lacks a disk based
storage device, but includes local permanent storage such as a compact flash card. The network
further includes a server computer interfaced to the network computer via the network medium.
The server computer includes a chassis, a power supply attached to an interior of the server
computer chassis, a motherboard, and local permanent storage including a disk based storage _
device. In one embodiment, the network computer power supply powers the motherboard via
a single power plane and consumes less than approximately 65 watts of power. Preferably, the
network interface is integrated into the motherboard and provides for an Ethernet connection to
the network including an RJ43 connector. The network medium may comprise cable, twistzd
wire, or the atmosphere in a wireless embodiment of the network. The server computer may

include additional local permancnt storagz in the form of a compact flash card.
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A fifth application of the invention emphasizes a connector for use in a network interface
to reduce EMI effects in a high speed network. The connector includes, a connector housing,
preferably formed of a conductive material such as aluminum. The housing includes a
receptacle face that defines a receptacle opening. A receptacle of the connector is attached to
an interior surface of the housing and suitable for receiving a terminus of the network cable
through the receptacle opening. The connector has a connector circuit includi;lg a cable port
coupled to the network cable and an interface port coupled to the network interface. The
housing defines at least oné conduit adapted for receiving a light pipe. Preferably, the network
interface is integrated into the motherboard a provides. for an Ethernet connection. In one
embodiment, the connector circuit includes magnetic components. In the preferred embodiment,
the connector comprises an RJ45 connector. In an embodiment advantageous in physically
smaller computers such as network computers, a maximum dimension of the housing is less than
approximately one inch. In one embodiment, the connector further includesa light pipe received
within the light pipe conduit. In this embodiment, a first end of the light pipe terminates at the-

receptacle face of the housing adjacent to the receptacle opening.

The fifth application of the invention is directed to a motherboard with an integrated
network intarface. The motherboard includzs a printed circuit board, a connector affixed to the
printed circuit board, an LED attached to the printed circuit board, and a light pipe. The LED
indicates status of the network intzcfacs. The connzctor includes a housing and a receptacls

within the housing configured to receive a nstwork cable terminus througha receptacle op2ning
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in a receptacle face of the housing. The housing defines at least one conduit adapted to receive
a light pipe. The light pipe is received within tﬁe light pipe conduit such that a first end of the
light pipe terminates at a light pipe opening in the receptacle face of the housing and a second
end of the light pipe terminates proximal to the LED. In this configuration, light produced by
the LED proximal to the second end of the light pipe is observable at the first end of the LED.
The interface is preferably provides for an Ethernet connection and the conneétor, such as an
RJ45 connector, includes aA connector circuit that has magnetic components wherein the
separation of the LED and the magnetic components improves EMI susceptibility of the

connector.

The fifth application of the invention further contemplates a network computer including
achassis, a motherboard including an integrated network interface. The motherboard is attached
to an interior of the chassis 'fmd powered by a power supply within the chassis. Ths motherboard
includes a processor and preferably includes at least one expansion slot. The interface pre ferably
provides for an Ethernet connection and includes a connector, an LED and a light pipe. The
connector, such as an RJ45 connector, is affixed to the motherboard and includes a housing that
defines at least one conduit adapted to receive a light pipe. The LED is attached to the
motherboard and configured to indicate status of‘th-: network interface. The light pips is
received within the light pipe conduit with a first end of the light pipe terminating at a light pipz
opening in the receptacle face of the housing and a second end of the light pip= tzaminating
proximal to the LED such that light produced by thz LED is observable at the ficst end of the

LED.
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BRIEF DESCRIPTION OF THE DRAWINGS

Other objects and advantages of the invention will become apparent upon reading the

following detailed description and upon reference to the accompanying drawin.gs in which:
Fig. 1 is a motherboard according to a first application of the invention;
Fig. 2 is a diagram of a flash memory device according to the prior art;
Fig. 3 is 5, diagram of a flash memory according to the present invention;

Fig. 4 is a flow diagram of a method according to a first application of the present

invention;
Fig. 5 is a flow diagram of a method according to a first application of the invention;

Fig. 6 is a cut away view of a computer according to the first application of the present

invention;

Fig. 7 is a diagram of a motherboard according to a second application of the present

invention;
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Fig. 8 is a flow diagram of a method according to a second application of the present

invention;

Fig. 9 is a flow diagram of a method according to a second application of the
inventioﬁ;

Fig. 10 is a drawing a computer network including a network computer according to

Fig. 11 is drawing of a motherboard according to a third application of the present

invention;

Fi

uQ

. 12 is a flow diagram of a method according to a third application of the

invention;

Fig. 13 is a simplified block diagram of a network computer according to a fourth

application of the present invention;

Fig. 14 is a depiction of a network according to the present invention;

Fig. 15 is a flow diagram according to a fourth application of the invention;

Fig. 16 is a perspective view of a connector according to a fifth application of the
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invention;

Fig. 17 is a circuit diagram of a representative circuit of the connector of Fig. 16;

Fig. 18 isa simplified top view of a motherboard including a network interface according

to a fifth application of the invention; and

Fig. 19 is a simplified view of a computer including a network interface according to the

fifth application of the invention.
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While the inventioniis susceptible to various modifications and alternative forms, specific
. embodiments thereof are shown by way of example in fhe drawings and will herein be described
indetail. It should be understood, however, that the drawings and detailed description presented
herein are not intended to limit the invention to the particular embodiment disclosed, but on the
contrary, the intention is to cover all modifications, equivalents, and alternatives falling within

-

the spirit and scope of the present invention as defined by the appended claims.
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DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT

OF THE PRESENT INVENTION

Turning to the drawings, Figs. 1 through 6 depict a first application of the present
invention emphasizing restoring the boot code of a computer and minimizing the risk of
corrupting, deleting, or otherwise rendering inoperable the computer’s boot code. This first
application of the present invention is advantageous in a variety of computing environments
including the computing environment typically associated with a network computer. As used
throughout this disclosure, a network computer refers to a computer designed to be implemented
as a node on a computer network and characterized by its low initial and operating costs, which
are achieved by minimizing or reducing network computer facilities that may be adequately
provided via the computer network. Takingadvantage of centralized resources results in a lower
overall network cost thereby making network solutions feasible in a greater variety of

applications.

Referring now to Fig. 1, a motherboard 102 and a computer 100 (shown in Fig. 6)
incorporating motherboard 102 are presented according to a first application of the preseat
invention. Motherboard 102 includes a processor 104, a core chip set 106, a clock generator
108, and a boot code storage device 110, all attached to and interconnected by a printed circuit
board 113 as will be familiar to those in the ficld of microprocessor baszd computer systems.

Processor 104 may be implement:d with any of a varicty of RISC or CISC microprosessoss and
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the present invention is not intended to constrain the designer’s choice of implementation.
Moreover, although the embodiment of motherboard 106 indicates a single processor 104, the
invention contemplates multi-processor machines compris.ing two or more processors 104
coupled via a host bus (also referred to as a processor or local bus). Motherboard 102 further
includes a core chip 106. Core chip set 106 suitably provides various support facilities required
to enable processor 104 to commu_nicate information to and from various periphe;ral components
of computer 100. The embodiment of core chip set 106 depicted in Fig. 1 indicates two devices,
but it should be recogﬁ.ized that alternative implementations are possible, including
implementations in which essentially all core chip functions are integrated into a single device
or incorporated directly into processor 104 itself. Core chip set 106 typically includes a memory
controller for coupling processor 104 to a system mgmbry 112, a bus bridge for interfacing the
host bus to one or more peripheral busses and peripheral devices connected to motherboard 102
via one or more expansion slots 114, as well as interrupt handling and bus arbitration faéilities.
Processor 104 and core chip set 106 are clocked by a clock signal generated by a clock generator
108. Fig. 1 indicates a system memory 112 by one or more connectors 111 adapted to received
any of a variety of commercially available memory modules. (The modules themselves are
eliminated from Fig. 1 for the sake of clarity.) System memory 112, as will be appreciated by

those skilled in computer design, is most preferably implemented with DRAM memory modules

desirable for their combination of capacity, speed, reliability, and cost.

Motherboard 102 of computer 100 includes a boot cods storage device 110. Boot cods
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storage device provides an essentially permanent set of computer instructions executable by
processor 104 and designed to transition computer 100 and system memory 112 to a
predetermined state after a system boot or power on. Boot code storage deflice 110 is preferably
implemented as a non-volatile memory such as an EEPROM or a flash memory device. Whereas
computer instructions and data in system memory 112 are lost when power is lost or significantly
.interrupted, instructions stored in boot code memory device 110 remain intact u;lless a specific
sequence of electrical signals is applied to boot code storage device 110 to program or erase the
code contained therein. Ina presently preferred embodiment of computer 100, boot code storage
device 110 is a flash memory device. Tuming to Figs. 2 and 3, representations of flash memory
devices are presented according to the prior art and the present invention respectively. In both
the prior art of Fig. 2 and the present invention of Fig. 3, flash memory devices are typically
characterized by an internal organization in which the flash memory device array is dividsd into
a plurality of sectors. Accordingly, prior art flash memory device 010 includes sectors 012a,
012b, ... 012n while ﬂaﬁh mcfaory device 110 includes sectors 122a, 122b, ... 122a. Each
sector of a flash memory device includes a plurality of flash memory cells. Unlike dynamic
RAM de;/ices, in which cells are read, written with “1”, or written with “0” at essentially the
same speed or cycle time, flash memory devices are characterized by relatively long and often
asymmetrical write cycles (in which the time required to write 2 “17 or “program™ a cell differs
from the time required to write a “0” or “erase” the cell). Thus, flash memory devices are
ideally suited for applications in which computer instructions are written or modifid relatively

infrequently. Occasionally, howszver, it is desirabls or necessary to reprogeaw the contents of
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boot code storage device 110, such as when the boot code is revised to incorporate various
improvements or when the contents of boot code storage device 110 are erased or otherwise

corrupted.

Flash memory devices typically must be completely erased prior to reprogramming. To
facilitate the erase process, flash memories are designed such that an entire seetor is erased in
one erase cycle. This characteristic of flash memory devices is the source of a potentially
significant problem that can arise when the boot code is revised or updated. If power is lost
during boot code reprogramming, the computer will be unable to fully execute its boot program
upon restart thereby rendering the computer essentially non-functional. This problem is
addressed by storing a piece of code, referred to herein as the boot block, as part of the boot code
in the boot code storage device. The boot block typically contains code just sufficient to permit
the computer to reprogram its boot code storage device with the boot code. To prevent the boot
block itself from being erased or corrupted in conventionally designed machines, the boot bock
is typically stored in a high order sector of the boot block storage device. Referring to Fig. 2,
boot block storage device 010 according to the prior art includes first and second entry points,
024a and 024b, stored in sectors 022a and 022j respectively. During normal opzration,
execution of the boot code initiates from first entry point 02 fa in first sector 022 and procezds
from there. If the boot code becomes corruptzd such that ths computer is unable to execute its
boot code, conventional computers include facilitics to invarta high order addeess line to tinduss

entry into boot code storage dzvice 010 at second entry point 02 $b, where the boot block is
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executed to restore or update the boot code.

Computer 100 of the present invention is typically lacking in facilities to invert an
address line upon discovering a boot code error. While eliminating this ability reduces the
overall cost of computer 100, it renders the dual entry point boot code solution described in the
preceding discussion unworkable. The present invention proposes a solution teo this dilemma
by including a boot code validity test early in the Boot code routine and by simultaneously
providing facilities by which computer 100 can be locally configured to fail the boot code
validity test. If the validity test fails, the boot block is executed to reprogram the boot code
storage device. If, on the other hand, the validity test passes, the boot block is bypassed and the
remaining portions of the boot code, including the start up sequence for combuter -100, are
executed. In the embodiment depicted in Fig. 1, the ability to locally configure computer 100
to fail the validity test is achieved through the use of jumper block 118 and jumper 119. More
specifically, the boot code validity test incorpomtéd into the boot block o.f boot code storage
device 110 verifies the absence or presence of jumper 119 in jumper block 118 of motherboard
102. If the validity test detects the presence of jumper 119 in jumper block 118, the validity test
fails and the boot block is executed to reprogram boot code storage device 110. [f the validity
test detects the absence of jumper 119 in jumper block 118, the validity test passes and the codz
executes a jump around the boot block to the remaining portions of the boot code including the
start up sequance of computer £00, which may be stored in contiguous memory with the boot

block. In one embodiment, the validity t2st and the rest of the boeot block are stored in first
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sector 122a of boot code storage device 110, while the startup sequence and remaining portions
of the boot code are stored in second sector 122b and higﬁer. Assuming that the code
implementing the boot code validity test and the boot block rarely, if ever, require revision and
that the boot block is capable of being stored within a single sector 122 of boot code storage
device 110, the susceptibility of computer 100 to a catastrophic power off sequence during a
reprogramming of boot code storage device 110 is minimized because it wiﬁ be essentially
unnecessary to ever intentionally erase first sector 122a containing the boot block. By
prohibiting or making unnecessary changes to first sector 122a of boot code storage device 110,
computer 100 is substantially immunized from a situation in which the boot block itself is
altered or erased. Thus, the impact of a worst case scenario in which power is lost during boot
code reprogramming does not result in the loss of the boot block. Recovering or restoring

computer 100 is then accomplished by configuring computer 100 to fail the boot code validity

test, such as by inserting jumper 119 in jumper block 118, and rebooting computer 100.

The boot block itself includes sufficient code to reprogram boot code storage device 110.
The reprogramming of storage device 110 is preferably accomplished by copying an image of
the boot code from a storage medium and programming the image into storage device 110 (also
referred toas “reﬂashing”) In onz embodimant, such as an embodiment in which computer 100
is implemented as a cost effective network computer in which no permanent storage in the form .
of a disk based device is present, a suitable storag: mediwn from which the boot codz magz i3

copied may comprise a compact flash card 116 configured with an image of th2 boot cod= of
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computer system 100. Compact flash cards, as their name implies, contain a flash memory
device in a package configuration suitable for insertion into a connector through which
appropriate data, address, and control information is communicated. In one embodiment of the
invention, motherboard 102 includes a connector 117 suitable for receiving and communicating
with a compact flash card 116. In other embodiments of computer 100, the storage medium
from which the boot code image is copied to boot code storage device 110ﬁmay include a
conventional disk based medium residing on computer 100 or on another computer interfaced
to computer 100 via a computer network. Regardless of the storage medium on which the boot
code image is saved, the boot block of the boot code contains instructions sufficient to execute

a reflash of boot code storage device 110 with the boot code image stored on storage medium

(such as compact flash card 116).

The first application of the present invention thus contemplates a method 130, depicted
in the flow diagram of Fig. 4, of responding to a computer boot event such as a power up
sequence. A boot code validity check is executed in step 132. If the boot code validity check
fails, the boot block copies an image of the boot code to boot code storage device 110 in step
134. If the boot code validity check passes, the remaining portions of the boot codz including
the startup sequence of computer 100 are executed in step 136. The boot code validity check
includes testing a jumper block 118 of motherboard 102 for the presence of jumper 119. By
providing a computer 100 with the capability to exscute inethod 130 of Fig. 4, the preseat

invention further provides for a method 1 40, depicted in ths flow diagram of Fig. 3, of restoring

=]
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a cémputer. Initially, a computer is configured to fail a boot code validity check in step 142
through the use of a jumper as discussed ipreviously or through other suitable means. A boot
event such as é. power on or restart is then executed in step 144 to initiate execution of a boot
block, which includes a boot code validity check. After the boot code validity check fails, an
image of the boot code is copied from a suitable storage means, sucil as a compact flash card,
to the boot code storage device in step 146. )

Turning now‘ to Figs. 7 through 10, a second application of the invention is presented.
This second application emphasizes the ability to create locally a boot code image on a suitable"
storage medium for subsequent use in recovering the computer as discussed in the preceding
paragraphs. Accordingly, Fig. 7 depicts a motherboard 202 and computer 200 (shown inFig. 10)
that includes motherboard 202 according to the second application of the present invention.
Motherboard 202 includes a processor 104, a core chip set 106, a clock generator 108, a system
memory 112 and one or more expansion slots 114 all essentially as presented previously with
respect to motherboard 102 of Fig. 1. Motherboard 202 further includes a boot code storage
device 210 configured with computer code to transition computer 200 and system memory 112
from an off state to a known initial condition in response to a boot event. Similar to boot code
storage davice 110 of Fig. 1, boot cods storage device 210 of Fig. 7 is preforably implemantad
as a flash memory device or other suitable non-volatile storage device and is configured with
boot code instructions including a boot block preferably stored in a fiest sector (not depicted) of

storage device 210 while and remaining portions of the boot cod> including a start up sequence
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are stored in remaining sectors of storage device 210.

The boot block is preferably stored in the base sector of storage device 210 aﬂd includes
a boot code image creation bypass test that is executed each time the boot block of storage
device 210 is executed. If the bypass test fails, the boot block copies an image of the boot code
from boot code storage device 210 to an appropriate storage medium. In 6ne embodiment, the
apbropriate storage medium may comprise a compact flash card 116 connected to and interfaced
with motherboard 202 via a connector 117. Other embodiments may store the boot code image
on a disk based medium located either on computer 200 or on another compﬁter interfaced to
computer 200 via a computer network. In the preferred embodiment, motherboard 202 includes
a jumper block 218 and the image creation bypass test determines whether a jumper 219 is
inserted in jumper bfock 218. Ifthe Bypass test detects the presence of jumper 219 in jumper
block 219, a copy of the bodt code stored in storage device 210 is transferred to the appropriate

storage medium.

In this manner, the second application of the invention contemplates a method 230,
depicted in the flow diagram of Fig. 8., of creating a boot code image. In a first step 232, a
computer 200 is locally configured to fail a boot- code creation bypass test. After the creation
bypass test is executed, such as during a restart of computer 200, a copy of the boot code is
transferred in step 234 from the boot codz storage device to the appropriate storage mediumn sush

as compact flash card 116. Utilizing computer 200 and method 230 in conjunction with method
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140, the present invention includes a method of restoring a network computer. Fig. ;10 presents
a simplified diagram of a computer network 203 including a first computer 200 and a second
computer 201. The method 240, presented in the flow diagram of Fig. 10 includes a first step
242 in which a computer such as computer 200 is configured to fail a boot code creation bypass
~ test, such as by inserting a jumper in an appropriate jumper block of motherboard 202 of
computer 200. After executing the bypass test, which is typically stored within :1 boot block of
boot code storage device 210 and executed during a restart of computer 200, computer 200
responds to the failure of the bypass test by copying, in step 244, an image of the boot code to
an appropriate sto.rage medium such as the compact flash card described. Thereaftgr a second
computer 201, which has been determined to have a defective or corrupted boot code and which
includes a motherboard 102 as shown and described with respect to Fig. 1 previously, is
configured to fail a code validity test, in stép 246, such as by inserting a jumper into a jumper
block 118 of motherboard 102 of computer 201. The storage mediun on which the boot code
" image was saved from boot code storage device 210 of first computer 200 is then imade available
to second computer 201. In embodiments in which the storage medium is a comnpact flash card,
the appropriate flash card 116 is simply transferred from connector 117 of first computer 200
and inserteci into the corresponding connector of second computer 201. When the boot code
validity 'check.of second computer 201 is subsequently executed by the initiation of a boot
sequence or similar event, the failure of the validity test results in the copying, in step 248, of

the boot code from the storage medium to the boot code storage dzvice 110 of computer 201.
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It will be appreciated that method 240 of the invention advantageously provides for restoring one
or more computers on a computer network, sqch as computer network 203 including first
computer 200 and second computer 201, with a single copy of the boot code stored on a
transportable storage medium. The storage medium may suitably comprise a compact flash card,

a disk based storage medium, or other suitable media.

Turning now to Figs. 11 through 15, fhird and fourth applications of the present
invention are depicted emphasizing expanding the flexibility of network computers by
introducing a low power mode and local permanent storage to network computers lacking in
facilities utilized by conventional computers to implement these desirable functions. Fig. 11
depicts a motherboard 302 of a network computer 300 (show in Fig. 14) according to the
invention. Motherboard 302 is suitably attached to an interior surface ofachassis 313 and |
includes, like the previously discussed motherboards 102 and 202, a processor 104, core chip
set 106, a clock generator 108, and a system memory indicated by reference numeral 112. In _
one embodiment, motherboard 302 further includes a networkl interface 320 discussed in
greater detail below. Motherboard 302 is powered by a power supply 350, which receives
conventional 120 V AC signal as its input via power cord 332 and delivers power signals to
motherboard 302 via ﬁo»ver harness 334, It will be appreciat:d that conventional computers
utilize power supplies such as the ATX type power supply familiar in the microprocessor
based computer industry. These power supplies are designed to deliver power to a plucality

of power planes of the computer’s motherboard. A power harness of typical microprocessor
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based computers may routinely include 16 or more wires to deliver ground, 5V, 12V, and
3.3V signals. Conventional power supplies may supply multiple “copies” of a given voltage
for powering multiple power planes of the computer. Multiple power planes enable simple
implementation of low power modes in conventional computer systems. Subsystems and
peripheral devices which are desired to be powered down in a low power mode of a
conventional computer are connected to one or more power planes that are cutoff in low
power mode. Devices that are desired to be operational or functional in low power mode are
connected to one or more power planes that are left powered during low power mode. When
an event requiring a wake up of a conventional computer is detected by a device that
remained functional in low power mode, the device can initiate a system reset, which permits
each of the power planes to deliver power to its corresponding devices thereby waking up or
powering up the entire system or any conﬁbinatioﬁ of subsystems restricted only by the

number of power planes available.

Despite the flexibility and ease of implementation offered by conventionally designed,
multiple plane motherboards and power supplies, these advantages are achieved only at the cost
of a significantly increased motherboard, power supply, and uitimatzly overall system cost. To
combat the cost of conventionally powered computers, the nztwork computsrs contzmplatsd
herein such as network computer 300 preferably use a powar supply 350 that powers a
motherboard such as motherboard 302 via a single power planz. Constraining powsar supply 330

and motherboard 302 to a single power plane design lowers systam cost, but nzcessitats a
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different approach to achieving a low power lx_node. Because computer 300 includes only a
single power plane, low power mode cannot be achieved by simply cutting off power to the
power plane. To achieve the desirable benefits associated with low power operation, computer
300 incorporates a software driven power down sequence that is activated in response to a low
power event. In one embodiment, a low power sequence is initiated by pushing a power or
on/off button 317 situated on the chassis of computer 300. In the preferred embo&iment, the low
power sequence includes routines to transition peripheral devices residing on peripheral busses
of computer 300 to a power management mode and to kill the signal generated by clock

generation 108,

Fig. 13 depicts a block diagram of one embodiment of computer 300 including processor
104 and a memory controller 105 coupled to a host bus 109. A bus bridge 107 provides a path
between host bridge 109 and peripheral bus 111, to which a nzstwork interface 320 and a
peripheral device 113, such as a graphics interface, are coupled. [nan exemplary embodiment,
peripheral bus 111 comprises any of a variety of industry standard peripheral busses including
the PCI bus, the ISA bus, or the EISA bus. Upon detecting a low power event, such as the
pushing of on/off button 317 or the passage of a prescribed time pzariod without detection of
system activity, motherboard 302 is configured to s;lcctivcl y power offdevices and components
of computer 300 without disabling power to the single power plane. In various embodiments,
power to the keyboard, video, and audio cotnponents, if presesng, of computer 300 acz turneid oft

Peripheral devices on peripheral bus 111 such as peripheral device L3 instructad to etz powst
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management mode. After all desired peripheral devices have been turned off, the low power
sequence may disable clock generator 108 thereby killing the clock signal required to drive
processor 104 and core chip set 106. Without a clock signal these devices will enter an powered
off state in which they draw little if any current thereby greatly reducing the power consumed
by computer 300 in low power mode. In one embodiment, power to system memory 112 is also
disabled in low power mode resulting in the loss of information stored in syste;m memory 112.
In another embodiment, computer 300 maintains the contents of system memory 112 by
continually refreshing system memory 112. It will be appreciated that embodiment of computer
300 in which data and instructions in system memory 112 are retained during low power mode

will require significantly less time to recover than embodiments in which system memory 112

is permitted to dissipate.

Network interface 320, as shown in Figs. 11 and 13 is coupled to processor 304 via
peripheral bus 111. Ina prefer'red embodiment, netwdrk int=rface 320 is integrated uiito
motherboard 302 and is preferably configured to provide an Ethernet connection suitable for
coupling computer 300 to a network medium. Preferably, network interface 320 includes a
connector, such as an industry standard RJ45 connector (discuss:2d i.n grzater detail below) for
receiving a cable (not shown) from anothzr computer 301 (shown in Fig. 14) of compuier
network 303. Ina wireless embodiment of network 303, interface 320 may include facilities for
receiving and sending radio frequency signals to neighboring cowputses within network 305,

Power to natwork interface 320 is praferably maintained evan in low power inode to enable a
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wake up event from another computer in the computer network. In one embodiment, interface
320 recognizes' a local area network (LAN) wake up event and responds by waking up or
powering up the various components of computer 300. In one suitable embodiment, network
interface 320 remains powered in low power mode and is further configured to detect a so called
“magic packet” over the computer network. Typically, this magic packet comprises
identiﬁcaﬁon information unique to computer system 300. Upon detecting th{s magic packet

or other LAN wake up event from another network computer, interface 320 is configured to issue

an interrupt that results in rebooting computer 300.

Thus, the implementation of .computer system 300 contemplates a method 330 depicted
in the flow diagram of Fig. 12 for implementing low power mode in a network computer that
includes only a single power f)lane in the computer’s motherboard while retaining the ability to
respond to a LAN wake up event. Method 330 simply includes a first step 332 in which network
computer 300 enters a low power mode in response to an. appropriate event such as the pushing
of a button or the passage of a predefined time limit without detecting activity. The low power
mode contemplated herein is achieved without disabling power to the single power plane in
motherboard 302. Selected resources within computer 300 including network interface 320
remain powered to enabl.e detection of a LAN wake up event, such as the presence of a magis
packet or other similar such identification information by which a computer network informs
a network computer 300 that it is being accessed. In other embodiments, computer system 300

may be further configured to wake up from a low power mod= in responss to extarnal evaits
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other than LAN initiated wake up signals. In one embodiment, for example, a modem (not
shown) that is coupled to computer 300 is configured to issue an interrupt in response to an
incoming signal if computer 300 is in low power mode when the incoming signal is detected.
Similarly, an embodiment is possible in which the pressing of on/off switch 317 when computer
300 is in low power mode results in a wake up of computer 300. In this embodiment, it will be
appreciated that the on/off button does not actually terminate the supply of powe:r to system 300

but, instead, selectively turns of power to various components and devices within computer

300.

Utilizing the single power plane power supply 350, and other cost saving reductions
described in greater detail below, network computer 300 is preferably able to operate with a
maximum operating power in full power mode of less than approximately 65 W, a low power
mode maximum not exceeding approximately 15 W. In additional the physical dimensions of
network computer 300, represented by reference indicators d1, d2, and d3 in Fig. 14, in a
presently preferred embodiment include a maximum dimension of less than approximately 14

inches.

Figs. 11 and 13 further indicates a characteristic of network computer 300, namely, the
lack of a permanent local storage device such as the disk based storags medium alinost
universally associated with conventional computer systems. Whilz the climination ofdisk based

permanent local storage from computer 300 provides a tremendous cost and power savings, it



34

is nevertheless frequently desirable to include some form of permanent local storage in a
“diskless” computer. Accordingly, one embodiment of network computer 300 implements local
permanent storage, despite the lack of a disk based storage medium, through the use of compact
flash cards discussed earlier. Sgch a flash card 116 is shown in Fig. 11 as suitable for being
received in a connector 117 and interfaced with processor 104 and system memory 112. In this
embodiment, it will be appreciated that ﬂaéh card 116 includes circuits for carryi;lg out the erase

and programming functions. Compact flash cards 116 provide a mechanism for achieving low

cost permanent local storage to computers in which disk devices have been eliminated.

An unfortunate difficulty associated with the elimination of disk devices from computers
such as computer 300 is the scarcity of hardware verification software developed for and
supported by operating systems that do not required the presence of a disk Eased medium.
Without availability of commercially distribﬁted test and verification software for diskless
computers, significant development effort and cost is required to write cods that will verify _
functionality of the various components of computer 300. To maintain the lowest possible cost
in the design and manufacturing of network computers, the invention contemplates a network
computer 300 configured with the capability to received a disk device such as a hard disk or
floppy disk drive that would support commereially distributed disk baszd op srating system such
as OS/2, Windows 98, and Windows NT operating systems. Referring again brizfly to the block
diagram of computer 300 presented in Fig, 13, a disk device 322 is shown as being conaccted

to computer 300 where the dashed line leading to disk 322 indicates thut, in a preferred
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embodiment, disk 322 is temporarily installed. In this manner, the invention contemplates a
method 340, depicted in the flow diagram of Fig. 15, of testing netv;/ork computers such as
network computer 300. In a first step 342, a disk based storage medium 322 is connected to
computer 300, suitably thr;)ugh an appropriate peripheral bus 111. A disk based operating
system is then loaded in step 344 and a commercially distributed test suite supported by the
installed disk based operating system is then loaded and executed in step 346. At:ter completing
the verification of computer 300, disk based storage device 322 may be removed from computer
. 300, attached to a next net‘;vork computer and used to verify functionality of the next computer.
Thus, a plﬁrality of network computers can be verified with a single or few disk based devices
by temporarily installing the disk device in each of the computers under consideration. This
method substantially eliminates the need and cost associated with developing test software
compatible with operating systems designed for uselesé on.diskless machines. In another
variation, computer 300 may be modified to include disk device 322 as well as compact flash
card 116. Using this approach, computer network 303 may be comprised of a diskless network
computer 300 and a modified computer 301 that includes a disk device 322. In other

embodiments, computer 301 of network 303 may include a more conventional computer

including, for example, the multiple plane power supply configuration discussed above.

Turning now to Figs. 16 through 19, an application of the present invention is presented
that addresses EMI concerns causzd by the proximity of LED leads to inagnetic compoin:nts of

connectors designed for use in high sp2ed networks. Fig. 16 depicts a connector M1 dzsignad
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for use in coupling a network cable to an interface card. Connector 401 includes a housing 405
having a receptacle face 402. In the preferred embodiment, housing 405 is comprised of a
conductive material such as aluminum to shield circuitry contained within housing 405. In
embodiments of connector 401 for use in network computers and other smaller profile
computers, a maximum dimension of housing 405 i; preferably less than approximately 0.8
inches. Housing 405 includes a receptacle face 402 that defines a receptacl; opening 404
configured to received a cable terminus 428 (shown in Fig. 18). Within housing 405, a
receptacle (not I'explicitly shown) suitable for coupling to cable terminus 428 is attached to an
interior surface of housing 405. Further included in connector 401 is a connector circuit, a
suitable example of which is depicted in the circuit diagram of Fig. 17. Connector circuit 408,
as contemplaZed in the invention, includes a cable port 410, an interface port 412, and magnetic
components 414. Connector 401 and circuit 408 are representative of an RJ435 industry standard
connector for providing an Ethernet connection commonly encountered in a wide range of
computer network ﬁnplementations. Fig. 18 depicts connector 401 integrated into a network
interface 420 of a motherboard 403. Because it is frequently desirable to provids a simplz and
effective means of indicating network status, connectors according to the prior art commonly
incorporate one or more light emitting diodes (LEDs) within the connector. Theses LEDs are
typically coupled to network interface to indicate network activity or other characteristics of the

network. Unfortunately, in high speed networks where information is transferred at rates

approaching and exceeding 100 megabits/second, the proximity of the LED l:zad wirss to
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magnetic components of the connector’s circuit can result in intolerably high EMI effects that

can reduce the reliability or functionality of the computer network.

The application of the invention disclosed in Figs. 16 through 19 addresses the EMI
issues associated with the use of RJ45 and other magnetic connectors with LEDs in high speed
networks by proposing a mechanism to displace the LEDs from the proximity of the magnetics
of connector circuit 408 and from connector 401 entirely. Returning to Fig. 16, housing 403 of
connector 401 is shown as including at least one conduit 406 (two of which, first conduit 406a
and second conduit 406b are depicted). Each conduit 406 extends through housing 405 and
terminates on receptacle face 402 of housing 405 and is suitably configured to receive a light
pipe. Fig. 18 discloses a top view of a motherboard 403 including an integrated network
interface 420. Network interface 420 includes connector 401 attached to motherboard 402 along
with a status LED 422 that is configurad to indicate status of network interface 4 20. Status LED
422 is physically displaced from connector 401 and the magnetic circuitry 41 incorporated |
therein. Network interface 420 further includes a light pipe 424 that is received within a conduit
406 of connector 401 such that a first end of light pipe 424 terminates at receptacle face 402 of
connector 401 proximal to receptacle opening 404, A second end of light pipe 424 terminatzs
in the proximity of LED 422. With this configuration, light emitting from LED $22 will travel
the length of light pipe 424 and teriinate at receptacle face 402 of housing 4035 whare the
interface status will be readily apparent to an observer. Fig. 19 discloszss a computer systen 00

that includes connector 401 attached to a motharboard 403 complete with status indizator
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conduits 406 as discussed above.

It will be apparent to those skilled in the art having the benefit of this disclosure that the
present invention contemplates various improvements to computers such as network computers.
It is understood that the form of the invenﬁon shown and described in the detailed description
and the drawings are to be taken merely as presently preferred examples. It is intended that the
following claims be interpreted broadly to embrace all the variations of the preferred

embodiments disclosed.
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WHAT IS CLAIMED IS:

R R O

1. A network computer, comprising
a mother board powered by a power supply via a single power supply plane;

a clock generator, a processor, and a system memory attached to the mother board:

td

and
a network interface coupled to said processor via a peripheral bus;

wherein the network computer is configured to assume a low power state in response to
a low power event and furthe; configured to transition from the low power state to a full
power state in response to a wake up event, wherein the wake up event may comprise a
wake up command issued by a server computer coupled to the netwbrk computer via a
network whereby a power mode of the network computer is manageable by the server

computer.

2. The computer of claim 1, wherein the nstwork computer lacks a disk based storage device,

but includes local permanent storage comprising a compact flash card.

3. The computer of claim 1, wherein the clock generator is configured to produce a clock signal

for the processor when the network computer is in the full powsr statz, and further configursd

This Sheet Has Been Rep
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4. The computer of claim 1, wherein the network computer further includes at least one
peripheral device coupled to the processor via a peripheral bus, wherein each of the peripheral
device on the peripheral bus is in a power management mode when the network computer is in

the low power state.
5. The computer of claim 4, wherein the peripheral bus comprises a PCI bus.

6. The computer of claim 1, wherein a power consumption of the network computer is less than
approximately 25 watts in the low power state and less than approximately 250 watts in the full

power state.

7. The computer of claim 1, wherein the low power event comprises pushing an on/off button

on a front panel of the network computer.

8. The computer of claim 1, wherein the wake up event may comprise pushing an on/off button

of the computer.

9. The computer of claim 1, wherein the wake up event may comprise a LAN wake up event.

10. A computer network, comprising: This Sheet Has Been Repla
een ced

(I
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a network computer including a mother board powered by a power supply via a single
power supply plane, a clock generator, a processor, and a system memory attached to the
mother board; and a network interface coupied to the processor via a peripheral bus,
wherein the network computer is configured to assume a low power state in response to
a low power event and further configured to transition from the low power state to a full
power state in response to a wake up event, wherein the wake up event may comprise a
wake up signal issued by a server computef coupled to the network computer via a
network medium whereby the power mode of the network computer is manageable by

the server computer; and

the server computer interfaced to the network computer via the network, wherein the

server computer is configured to issue the wake up signal to the network computer.

11. The network of claim 10, wherein the network computer lacks a disk based storage davice, -
but includes local permanent storage comprising a compact flash card, and further wherein local

permanent storage of the server computer includes a disk based storage device.

12. The network of claim 11, wherzin the local permanent storag= of ths s2rver computer fucthar

includes a compact flash card.

13. The network of claim 10, wherein the network interface provides an Etharnet connection

This Sheet Has Been Replaced
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'14. The network of claim 10, wherein the network is wireless whereby the network medium

comprises atmosphere.

15. The network of claim 10, wherein the low power event invokes a routine that halts a clock

-

generator of the network computer.

16. The network of claim 10, wherein the wake up event invokes a routine that resets the clock

generator.
17. A method of managing power consumption in a computer network, comprising;

forcing a network computer including a mother board powered by a power supply via a

single power plane to assume a low power mode by executing a low power évent; and

executing a wake up event to transition the network computer from the low power state
to a full powver state, wherein the wake up event may comprise a wake up signal issued

by a server computer interfaced to the network via a network medium.

18. The method of claim 17, wherein the low power event comprisss pushing an on/off button

of the network computer.

19. The method of claim 17, wherein the wake up event comprises sending a wake up signal to

This Sheet Has Been Replaced
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;hc network computer via a modem of the network com.puter. | | ,""'c, " mj l ".4" I lll " ,m

20. The method of claim 17, wherein the low power state of the network computer comprises

a state in which a clock generator of the network computer is halted.
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