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LOW POWER MODE COMPUTER \VITH SIMPLIFIED PO\VER 

SUPPLY 

1. . Field of the Present Invention 

· · The present invention rel~tes generally to the field of microprocessor based 

computers and mo.re 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 

personal computers, possibly in combination with a large capacity, centralized-server 

machine. The wide spread availability and acceptance of disk based operating system 

• software that eliminated much of the design overhead associated with implementing a local 

area network greatly contributed 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 fashion. 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 network servers. Attempts 

to address this concern by simply 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 p~rmanent storage such as disk bas~d devices. 

Unfortunately, the drawbacks resulting from such attempts to rnduce the cost and eliminate 

unnecessary repetitiveness from n.!twork computers overwhdm.:; th~ advantag:!s achievl!<l. 

The simplification of a conventionll pow~r supply, for exampl~. In.:; typically resulted in l 
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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 INVENTCON 

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 

cost implementation of permanent local storage, improved reliability through a reduction in 

the ne~work 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 cont;!mplates a boot cock storag>! 

device configured with computer instructions for executing a boot code valiuity 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 cod;! sturag;! 

device is located, an image of a boot cod~ is copi·.xl from a fir,:;t stor:tg.:: medium tll th~ boM 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 embodimen.t, 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 of 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 method of respond 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 device of the computer if the validity check is 

negative. Remaining portions of the boot code, preforably 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 pr~forred embodiment, th;! boot 

code validity check is executed as part of a boot block that forms a portion of the boot cod>:! 

residing in a first sector of the boot code storage d~vice, such a.:> a flash 111.!mory d·.!vic..!. 
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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 boot 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 an 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 the 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 detennines 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, th-.:: bypass test compris:!s a portion 

of a boot block portion of the boot code. In one embodiment, the boot code is stored to a 

compact flash card in response to the failure of th•.:; byp:i.:;s test. A fh:;h tn.!tnory d.:;vicc 

including a plurality of sectors is used as the boot cod-;! storage device. In one embodi m·.:;nt, the 
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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 t~st fails, the boot code executes a routine that copies an image of a boot 

code from the boot code storage device to a first storage 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 image 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,~ tu failing the validity 

check, an image of the boot code is then copied from the first storag-;! m:!di um to a boot cod;! 
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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 cornputer. 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 network computer 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 event 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 computer. In 

one embodiment, the network computer lacks a disk based storage device, but includes local 

permanent storage comprising a compact flash card. Preforably, the network computer's 

clock generator is configured to produce a clock signal for the processor when the network 

computer is in the full power mode, and further configured to produce no clock sign~! in the 

low power mode. In one embodiment, the network computer further includ·;!S at kast on~ 

peripheral device coupled to th;! proc;!ssor via a p~riph·;!ra( l>u5, such as a PC[ bu.:i. [n thi.; 

embodiment, the computer is preforably configured to transition each periph~ial d~vic>! on 
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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 ofless than approximately 65 watts and a low power mode 

maximum power consumption ofless 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 time. 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 signal is received via a modem. 

connection to the computer. 

The third application of the present invention further contemplates a computer network, 

including 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 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 The wake up event may 

be a LAN wake up signal issued by a server computer coupled to the O;!twork comput'..!r via a 

network medium. The server computl!r is interfaced to the network comput;:!r via the net\\.·ork 

and preferably configured to issue th·.! wak~ up signal to the n~twork comput·.!r. In on~ 

embodiment, the network computer i.5 charactcriz~d by the lack of a di;;k b:l.5;!.J stl1rage c.kvic~, 
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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 card. In the preferred embodiment, the network 

medium comprises cable or twisted wires. Alternatively, the 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 computer into a power 

· management ~ode. 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 event. 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. Preforably, the low power state of tlh~ network 

computer comprises a state in which a clock g·.!n';:rator of th~ n·.!twork comput;:r is halt·.!d. 

A fourth application of the present inv~ntion contemplates a n~twork comput~r including, 

a chassis, a power supply affixed to an int·.::rior surface of the chassis, a moth~rboard powei .xi 
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by the power supply, the motherboard including a clock generator, a boot code storage device, 

a processor, and a 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 embodi~ent,_ 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 storage 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 testing a 

network computer including connecting a disk. based storage device to a network. computer that 

lacks a disk based storage device but includes local permanent storage, such as a compact flash 

card. A disk. based operating system, such as OS/1'ID, Windows 98®, or Wirn.lows NT®, is then 

loaded on the network. computer via the disk. based storage device. A test suit·~ supported by the 

disk based operating system on the network. comput>!r i.:> th·!n load~d and ·;:X=!;;ut!d on the 

network computer to verify its functionality. The c.li.:;k based storage d-..:vic..:: is th·;:n 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 suitaJ:?le 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 pennanent 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. Preforably, the 

network interface is integrated into the motherboard and provides for an Ethernet connection to 

the network including an RJ45 connector. The network m~dium may compris·~ cabb, twist-xi 

wire, or the atmosphere in a wireless embodiment of the n.-:twork. The server computer may 

include additional local perman:;nt stor:tg·.! in th<-.! form of a Glllllpact fh.sh 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 including a cable port 

coupled to the network cable and an interface port coupled to the network interface. The 

housing defines at least one conduit adapted for receiving a light pipe. P·referably, 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 c9nnector 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 includes a 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 interface. The motherboard includ~s a printed circuit board, a connector affixed to th·.! 

printed circuit board, an LED attached to the printed circuit board, and a light pipe. The LED 

indicates status of the network int>!rfac~. Tbl! connector includ..!5 a hou.;ing 1nd a rec;!pt:t·:::I:! 

within the housing configured to receive a network cable terminus through a r:!ceptacle op~ning 
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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 the 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 connector, such as an 

RJ45 connector, includes a 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 

a chassis, a motherboard including an integrated network interface. The motherboard is attached 

to an interior of the chassis and powered by a power.supply within the chassis. The motherboard 

includes a processor and preferably includes_ at least one expansion slot. The interface preferably 

provides for an Ethernet connection and includ..::s a connector, an LED and a light pipe. The 

connector, such as an RJ45 connector, is affixed to the motherboard and includes a hou5ing 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. Th·.:! light pip:! is 

received within the light pipe conduit with a first end of the light pipe terminating at a light pip·::: 

opening in the receptacle foe~ of the housing anJ a second ~nd of the light pip·.! t.!nnimting 

proximal to the LED such that light produced by th·.! LED is observable at th;! fir.;t ern.l of the 

LED. 
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BRIEF DESCRIPTION OF THE DRA \VIN GS 

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

following detailed description and upon reference to the accompanying drawings in which: . 

Fig. I 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 a 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 

invention; 

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

Fig. 7; 

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

invention; 

Fig. 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 comput;!r according to a fourth 

application of the present invention; 

Fig. 14 is a depiction of a network according to tho;! prnscnt 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 th-~ 
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invention; 

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

Fig. 18 is a 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. 



., 

17 

While the invention is susceptible to various modifications and alternative forms, specific 

embodiments thereof are shown by way of example in the drawings and will herein be described 

in detail. 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. Taking advantage 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. I, a motherboard 102 and a computer 100 (shown in Fig. 6) 

incorporating motherboard 102 are prl.!sented according to a first application of th~ pr!.!:>cnt 

invention. Motherboard 102 includl!s a processor lOl, a core chip set 106, a clock gl!n·.!r~tor 

108, and a boot code storage device 110, all attached to and interconnected by a print~d circuit 

board 113 as will be familiar to those in the fidd of microprocessor bas~tl comput·.!r sy:>t-.!ms. 

Processor 10.J may be impleml!nt.!d with any of a vari·.!ty of RCSC or CISC mi·.!fl•pn.,;·.!;;s~·.-.> and 
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tlie 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 comprising 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 communicate information to and from various peripheral components 

of computer 100. The embodiment of core chip set 106 depicted in Fig. 1 indicates two devices, 

but it should be recognized 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 memory 112, a bus bridge for interfacing the 

host bus to one or more peripheral busses and peripheral devices connected to motherboard l 02 

via one or more expansion slots 1 U, as well as interrupt handling and bus arbitration facilities. 

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 11 l adapted to received 

any of a variety of commercially available memory modules. (The modules themselv~s are 

eliminated from Fig. 1 for the sake of clarity.) System ml!lllOi)' 112, as will be appreciat~tl by 

those skilled in computer design, is most preferably impl\!tn;!nted with DRAM memory moduks 

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

Motherboard 102 of computer 100 inclucfos a boot cod~ storagl! d;!vice l lO. E3ollt cod·..: 
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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 device 110 is preferably 

implemented as anon-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 unless a specific 

sequence of electrical signals is applied to boot code storage device 110 to program or erase the 

code contained therein. In a presently preferred embodiment of computer 100, boot code storage 

device 110 is a flash memory device. Turning 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 presei;i.t invention of Fig. 3, "flash memory devices are typically 

characterized by an internal organization in which the flash memory device array is divid;;:d into 

a plurality of sectors. Accordingly, prior art flash memory device 010 includes sectors Ol2a, 

012b, ... 012n while flash memory device 110 includes sectors 122a, 122b, ... l22n. Each 

sector of a flash memory device includes a plurality of flash memory cells. Unlike dynamic 

RAM devices, in which cells are read, written with "l ". or written with "O" at essentially the 

same speed or cycle time, flash memory d0vices are characteriz\:d by rdatively long and oft~n 

asymmetrical write cycles (in which th.:: tim~ required to write a "l" or "program" a cdl diff..!rs 

from the time required to write a "O" or "erase" the cell). Thus, flash memory devices are 

ideally suited for applications in which computer in3truction:; are written or moc.lifi.!<l r.!btivdy 

infrequently. Occasionally, huw·.!V·.!r, it is d·.!sir:tbk or n:!c·.!5:>:try to r:.!progr:un th-! Cl•llL!nt.5 llf 
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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. Reforring 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 0?2j respectively. During normal operation, 

execution of the boot code initiates from first entry point O! kl in first sector O'?'?:t and proceeds 

from there. If the boot code becomes corrupt~d such that th:;! computer is unable to execute its 

boot code, conventional computer:; include faciliti·.!5 to inv·.!rt a high ord;!r adJr~_:;.:; litl..! to inJll';·.! 

entry into boot code storage device 010 at second entry point 0:? lb, wh:;!re th.! 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 t-o 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 bl?ck is bypassed and the 

remaining portions of the boot code, including the start up sequence for computer 100, are 

executed. In the embodiment depicted in Fig. 1, the ability to locally configure compute.r 100 

to fail the validity test is achieved through the use ofjumpcrblock 118and_jumper119. More 

specifically, the boot code validity test incorporated into th~ boot block of 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. If the validity 

test detects the absence of jumper 119 in jumper block 113, th·.! validity test passes and th~ cod·.! 

executes a jump around the boot block to the remaining portions of the boot code including the 

stmt up sequ~nce of comput0r lOO, \Vhid1 may be stor~d in contiguous m~mory with th·.! boor 

block. In one embodiment, th;! validity t~st and the rest of th~ boot block are storl!d in first 
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sector ~22a of boot code storage device 110, while the startup sequence and remaining portions 

of the boot code are stored in second sector 122b and higher. Assuming that the code 

implementing the boot code validity test and the boot block rarely, if ever1 require revisi.on 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 will 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 insertingjumper 119 in jumper block 118, and rebooting computer 100. 

The boot block itselfincludes 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 d::!vice l lO (also 

referred to as "reflashing"). In on.:: embodim.::nt, such as an embodim~nt 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 :;uitabh.: storag·..! indium from which th~ bi.lot cotb imag·..! is 

copied may comprise a compact flash card l lG configurl!d with an imag;! of th..: hoot coc.1-..! tif 
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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 infoimation 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 110 may 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 

13-l. If the boot code validity check passes, the remaining portions of the boot cod;! including 

the startup sequence of computer 100 are executed in st~p DG. Th;! boot cod~ validity ch>:!ck 

includes testing a jumper block 118 of motherboard 102 for the presence of jumper 1 t9. By 

providing a computer 100 with the capability to e.x;:!Cllt;! 111cthod lJU of Fig. 4, th.; pr;!.5-:nt 

invention further provides for a m~thod 1 rn, d;!pict~d in th:! flow diagram ofFig. 5, of r;.!.>toring 
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a computer. Initially, a computer is configured to fail a boot code validity check in step 142 

through the use of a jumper as discussed previously or through other suitable means. A boot 

event such as a 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, such 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 in Fig. 10) 

that includes motherboard 202 according to the second application of the present invention. 

Motherboard 202 includes a processor 10 I, a core chip set 106, a clock generator 108, a system 

memory 112 and one or more expansion slots 11.J. 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 device llO of Fig. 1, boot cod~ storag~ &~vie~ 210 of Fig. 7 i:; pc.:f..:rnbly impl~m~nt:!d 

as a flash memory device or other suitable non-volatile storage device and is configured with 

boot code instructions including a boot block pr.:!forably storl!<l in a fir.5t .5..:ctor (not <l~pict~<l) of 

.storage device 210 while and remaining portion:; 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 and 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 one entbodiment, the 

appropriate storage medium may comprise a compact fl.ash 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 computer 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 block 218. If the bypass test detects the presence of jumper 219 in jumper 

block 219, a copy of the boot 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, 

depicteq 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 23.J from the boot code storage device to th-;! appropriate storag~ m~dium sud1 

as compact flash card 116. Utilizing computer 200 and method !30 in conj Lni.ction 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 a 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 storage medium such as the compact flash card described Thereafter 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. I previously, is 

configured to fail a code validity test, in step 2-t-6, such as by inserting a jumper into a jumper 

block 118 of motherboard 102 of computer 201. The storage medium on which the boot code 

image was saved from boot code storage device 2 l 0 of first computer 200 is then made available 

to second computer 201. In embodiments in which the storage medium is a compact flash card, 

the appropriate flash card 116 is simply transforred from connector l l 7 of first computer 200 

and inserted into the corresponding connector of second computer 201. When the boot code 

validity check of second computer 201 is subsequently executed by th~ initiation of a boot 

sequence or similar event, the failure of the validity test results in the copying, in step H8, of 

the boot code from the storage medium to th~ boot code storage &~vie·:: l 10 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, such 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 ba5ed storage medium, or other suitable media 

Turning now to Figs. 11 through 15, third and fourth applications of the present 

invention are depicted emphasizing expanding the flexibility of network cornputers 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 3~2 is suitably attached to an interior surface of a chassis 313 and 

includes, like the previously discussed motherboards 102 and 202, a processor 10.J, core chip 

set 106, a clock generator 108, and a system memory indicated by reforence numeral 112. In 

one embodiment, motherboard 302 further includes a network 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 33:? and delivers powl!r signals to 

motherboard 302 via power harness 33 l. It will be appreciat·.!d that conventioml comput..!rs 

utilize power supplies such as the ATX type po\ver supply familiar in the microprocessor 

based computer industry. Th~se power supplil!s are <lesign:.!d tu d:.!liver puw-:!r to u plunlity 

of power planes of the computl.!r' s motherboard. A power harness of typical microprLi;:;essor 
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based computers may routinely include 16 or more wires to deliver ground, SV, 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 pennits 

each of the power planes to deliver power to its corresponding devices thereby waking up or 

powering up the entire system or any combination 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 ultim1tdy ov~rnll system cost. To 

combat the cost of conventionally powered computl!rs, the n,..::twork comput~rs cont~mpbt·xl 

herein such as network computer 300 preferably use a pow~r supply 350 that powers a 

motherboard such as motherboard JO? via a single pow..::r plall'..::. Con.5trnining pow..::r supply .33(1 

and motherboard 302 to a single power plane design low0rs syst~m cost, but n..::c·~.:>sit:Lt·..::.> a 
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different approach to achieving a low power mode. 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/offbutton 317 situated on the chassis of computer 300. In the preferred embodiment, 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 1~1, to which a network interface 320 and a 

peripheral device 113, such as a graphics interface, are coupled. In an 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 period without detection of 

system activity, motherboard JO:? is configured to s<!l;;:ctivdy pv\'··~r off d..!vicl!:; and compon..!nt_:; 

of computer 300 without disabling power to the singk powl!r pbn<.!. In various embodiments, 

power to the keyboard, video, and au.Jiu cowponcnts, if pr';!5·..:nt, 1.1f :..:umput:.!r JOO <tr:! tum..:.J off 

Peripheral devices on peripheral lm.; l l I such as pt!riph;!ral d..:vi..:;! l lJ instruct;!d to =..:nL:r pt1\v·..:r 



31 

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 system 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 30-1 via 

peripheral bus U l. In a preferred embodiment, network int~rfo.ce 320 is integrated irito 

motherboard 302 and is preferably configured to provide an Ethernet connection suitable for 

coupling computer 300 to a network medium. Preforably, network interface 320 includes a 

connector, such as an industry standard RJ-1-5 connector (discuss·.!d in gr=~ater detail below) fL)f 

receiving a cable (not shown) from anoth·.!r comput;!r 30 l (.>hown in Fig. 14) of comput<.!r 

network 303. In a wireless embodiment of network 303, interfac~ J?O may include faciliti\!:5 for 

receiving and sending radio frl!C}Ui!ncy signal;; to n.!ighboring '.;L1111put.!G within n..::twork. }Ii)_ 

Power to n-etwork interface 3!0 i.> pr>!f.!rably maintained c\'.!11 in low pllWl!r mod-~ to en:1bl·.: :1 
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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 

identification information unique to computer system 300. Upon detecting this 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 plane 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 JOO including n~twork interface 3!0 

remain powered to enable detection of a LAN wak;! up event, sud1 as th.! presence of a 1m.gi·~ 

packet or other similar such identification information by which a computer network informs 

a network computer JOO that it is b;!ing ar.;c~.>.>;!tl. In uth;!r cmbc.dim.!nt.>, cumput<.!r ;;y.>t>!m }(;(1 

may be further configured to wake up from a IO\\" power mod:! in r.!.>pons~ to ext.!rnal ev;!nt_; 
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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. 

Si~ilarly, 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/offbutton does not actually tenninate the supply of power 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 ofless 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 reforence indicators d 1, cl'!, and dJ 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 storage medium almost 

universally associated with conventional computer systems. Whil·.! th<.! l!I i mi 1nti~1n of disk basd 

permanent local storage from computer JOO provides a trem~ndom co:>t and po\ver savings, it 
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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. Such 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 flash ~~~d 116 includes circuits for carrying 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 based medium. 

Without availability of commercially distributed test and verification software for diskless 

computers, significant development effort and cost is required to write code 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 d:~vice such as a hard disk or 

floppy disk drive that would support commercially <li.5tribut;!d disk ba:;~d op..:rating :;y.>t;!m such 

as OS/2, Windows 98, and Windows NT operating systems. Rcforring again bridly to the block 

diagram of comput~r JOO pre.5~nt-.!d in Fig. 13, a di.;!..: d;!vict! 3!! i.:> shuwn a.; b..:in_s ·:;onn;!ct:..:d 

to computer 300 where the dashed lin..:: kading to disk 3!! indic:1t·..:.; th:tt, in a pr;!forred 
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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 network computers such as 

network computer 300. In a first step 342, a disk based storage medium 322 is connected to 

computer 300, suitably through 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 load~d and executed in step 3-16. After completing 

the verification of computer 300, disk based storage device 322 may be removed from computer 

300, attached to a next network computer and used to verify functionality of the next computer. 

Thus, a plurality 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 useless 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 network303 maybe comprised ofa 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 plan\! power supply configuration discussed above. 

Turning now to Figs. 16 through 19, an application of the present invention is presenti!d 

that addresses EMI concerns cau;;;!d by th.: pro.\'.imity of LED 1-.;:H.I..; tu 1nagn.;ti~ CL11npL1 n;11~.> of 

connectors designed for use in high sp;~d networks. fig. 16 tl·;pi:;t.:; a connector rn I d .;.;ign·;d 
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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 is preferably less than approximately 0.8 

inches. Housing 405 includes a receptacle face 402 that defines a receptacle opening 40.J 

configured to received a cable terminus 428 (shown in Fig. 18). Within housing 405, a 

receptacle (not 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 contemplated in the invention, includes a cable port 410, an interface port 412, and magnetic 

components 414. Connector40l and circuit 408 are representative ofan RJ45 industry standard 

connector for providing an Ethernet connection commonly encountered in a wide range of 

computer network implementations. Fig. 18 depicts connector 40l integrated into a network 

interface 420 of a motherboard 403. Because it is frequently desirable to provide a simple and 

effective means of indicating network status, connectors according to the.prior art commonly 

incorporate one or more light emitting diodes (LEDs) within the connl.!ctor. Thc.::>e LEDs arc 

typically coupled to network interface to indicatl! network activity or other charact;!ristics of the 

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

approaching and exceeding 100 megabiBh.!cond, the proximity of tll;! LED l.::ad wires 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 ofRJ45 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 405 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-W2 along 

with a status LED 422 that is configured to indicate status of network interface ,f?O .. Status LED 

422 is physically displaced from connector 401 and the magnetic circuitry-Hi incorporated 

therein. Network interface 420 further includes a light pipe 4H that is received within a conduit 

406 of connector 401 such that a first end oflight pipe 42.l terminates at receptacle face -t.02 of 

connector 401 proximal to receptacle opening 40 t A second end of light pipe 4! l ter_minat~s 

in the proximity of LED 422. With this configuration, light emitting from LED i ! ! \Viii tiavd 

the length of light pipe 424 and terminate at receptacle face 402 of housing 40.3 wh;!re the 

interface status will be readily appar;:.:nt tu an ob:;l!rver. Fig. 19 cli5clo:;-:!s a comput;:r sy 3t>!tll WO 

that includes connector .tOl attached to a moth·.::rboarJ HlJ compktl! with ..>tatu.; in<li·.::itor 
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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 invention 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: 

1. A network computer, comprising: 
11111111111111 11111 11111111111 :,. 

* C L M S * 

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 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 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 command issued by a server computer coupled to the network computer via a 

network whereby a power mode of the network computer is manageable by the server 

computer. 

2. The computer of claim l, wherdn tlh~ n·~twork computer lacks a disk ba3ed storag·.! &~vie~. 

but includes local permanent stomgl.! comprising a compact flash car<!. 

3. The computer of claim l, wherl:!in th;; clock: g0nerator is configur0d tu produc~ a clo-;;k 3i;1nl 

for the processor when the network: comput;!r is in the full po\.v~r stat!, and further contigur·~J 
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to produce no clock signal in the low power state. 11111111111111 11111 1111111 1111 
* C L M S * 

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 computerofclaim l, wherein the wake up event may comprise pushing an on/off button 

of the computer. 

9. The computer of claim I, wher~in the wake up l!Vl:!nt may comprise a LAN \';ak;:! up t!Vl!nt. 

10. A computer network, comprising: 
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11111111111111 11111 1111111 1111 
* C L M S * 

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 coupled 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 computer 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 storag~ d~vice, 

but includes local pennanent 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 l l, wher·.!in th~ local pennanent storng'! of th~ s~rver comput·.!r furth·:!r 

includes a compact flash card. 

13. The network of claim 10, wherdn the network interface provid~5 an Eth~rnet cunn~ction 
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and the network medium comprises cable. 111111111111111111111111 11111/ ' 
C L M S * 

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 networ~ 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 event; and 

executing a wake up event to transition the network computer from the low power state 

to a full po\ver state, wherein the wake up event may comprise a wake up signal issued 

by a server computer interfaced to the network via a net\vork tn>!dium. 

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

of the network computer. 

19. The method of claim 17, wherein the wake up event comprises sending a wak~ up signal to 
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the network computer via a modem or"the network computer. 11111111111111 11111 1111111 1111 
* C L M S * 

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. 


