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HI ERARCHI CAL,,&E@ e BUS ASSEMBLY BACKGROUND OF THE |pldyirhébkARy4s
Field of nvention The present invention relates to

the field of conputer systens. More specifically, the present

I nvention relates to serial buses for connecting peripherals to the

systemunits of conputer systens, i ncl udi ng the associ at ed

controllers and interfaces. 2. Background I nformation

HI.ERARCHICAL SERIAL BUS ASSEMBLY

THE INVENTI

The present invention relates to the field of computer systems.
More specifically, the present invention relates to serial buses for
connecting peripherals to the system units of comphter systems,
including the associated controllers and intertaces. -

2. B Information

A number of interrelated considerations is making it
desirable to have a single, relatively fast, bi-directional, isochronous,
low-cost, and dynamically configurable serial bus for simultaneously
connecting isochronous as well as asynchronous peripherals to the
system unit of a deskiop computer system Iscchronous peripherals are
peripherals that generate real time natural ga:a su .on as voice, motion
video, and the like. These interrelated cons ce-atcn: ~c Luoe

nnection of the hone oSk! ymputer
It is expected that the merging of computing and

c'omm.unicatio_r': will be the basis of the next generation of productivity
applications on desktop computers. The movement of machine oriented
and human orien'fed data types from one location or environment to
another depends on ubiquitous and cheap connectivity. Unfortunately,
the computing and communication industries have evolved -
mdependently As a result, a wide range of desktop computer and
elephone mterconnects have to be supported.

Ease of Use



A nunber of interrelated considerations is naking it desirable to
have a single, relatively fast, bidirectional, isochronous,

| ow cOWO,9648W8dynani cal |y configurable serial bus for siPROTUSHEHE v
connecting isochronous as wel|l as asynchronous peripherals to the
systemunit of a desktop conputer systemisochronous peripherals are
peripherals that generate real tinme natural data such as voice, notion
video, and the like. These interrelated conscenice [err]

Connection of the Tel ephone to the Deski}op Conput er ot
I s expected that the nmerging of conputieg and comuni cation will be
the basis of the next _generation of productivity applications on
deskt op conputers. Thé?mla@hm’itﬂedfblllfudihirﬁ@OTHtngmgedESktOp compidensuman
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As a resul t and softhareangeharisnhgskdsoeiatedwittetheanew generatidre bt pystem
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and easier to reconfigure. However, from the enduser point of view, the

desktop computer's /O interfaces such as serial/parallel ports,
keyboard/mouse/joystick interfaces, still lack the attributes of plug and
play or too limiting in terms of the type of I/O devices that can be live

attached/detached. . L ‘

Port Expansion

The addition of external peripherals to desktop computers
continues to be constrained by port availability. The lack of a bi- '
directional, low-cost, low to mid speed peripheral bus has held back the
proliferation of peripherals like te_lephone/fa_x/modem adapters, |
answering machines, scanners, personal digital assistants (PDA),
keyboards, ‘mouses, etc. Existing interconnects are optimized for one or
‘two point produéts. As each new function or capability is added to the
desktop computer, typically a new interface has been defined to address
this need.

in other words, this desired serial bus is expected to

provide low cost simultaneous connectivity for the relatively low speed
10-100 kbps interactive_device_s such as keyboard, mouse, stylus, game

- peripherals, virtual reality peripherals, and monitors, as well as the

- moderate speed 500 - 5000 kbps isochronous devices such as ISDN,
PBX, POTS, and other audio devices. A multiplicity of both types_ of
devices are expected to be connected and active at the same time, and
yet the latter type of devices are provided with guaranteed latencies and
bandwidths. Furthermore, the devices are expected to be hot attached
and detached, with the serial interface being able to dynamically
reconfigure itself without interrupting operation of the desktop computer
system.
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-2- The lack of flexibility in reconfiguring desktop

conputers has been acknow edged as its Achilles heel to it's further
devel opnment ywa 913778 The combi nation of user friendly graphi capcirRise$ifQees
and the hargware and software nechani sms associated with the new
gener ation of system bus architectures have made desktop conputers

| ess confrontational and easier to reconfigure. However, fromthe
enduser point of view, the desktop conputers I/O interfaces such as
serial/parallel ports, keyboar d/ nouse/ joystick interfaces, still

| ack the attributes of plug and play-®r too limting in terns of the
type of /0O devices that can be live _ attached/ detached.

Port Expansi on The addition of external peripherals to
desktop conputers continues to be constrajned by port av |Iab| lity.
The -1 ack of a bi- d.leelarﬁasevqr%\/&egbaelogrwnaéaﬁgatogﬁaeayper. pher al

bus has hel d bac l(:o‘hbftiered to bepgéﬂalf&!séh'f@ﬂc@ﬁnmmgpﬂ?aﬁ;ﬂ'\aalg foesystem units

t el ephone/ f ax/ nodem ters r machi n er sonal
di gital assistant cpﬁ&ﬁer systems. k%?%gfﬁfe e&ﬁfﬁf@s c&%l,gnegéé tﬁlﬁ‘fge y
i nterconnects ar espeptflcmangé dfazoromenications betweeno s;ystem uymitsdang s. As each

new Tuncton o GanpRihIY PnRdPdxEMmAIbE of tnese pUESKHRRERIDUL o1

typl cally a new i'nt ace has dress this need.

Anu@_esmp_mmu_&) ADB is a proprietary bus of

Apple Computer inc. It is a minimalist serial bus that provides a simple
read/write protocol to up to 16 devices. Only basic functions are
required of the controller and interface hardware. Thus, the
implementation cost is expected to be low. However, ADB supports
data rates only up to 90 kbps, just enough to communicate with
asynchronous desktop devices such as keyboards and mouses. It is not
capable of simUltaneously supporting the moderate speed isochronous
devices discussed earlier. ' '

Access.bus (A.b): A.bis developed by the Access.bus
Industry Group. lt is based on the 12C technology of Philips Corporation

- and a software model of Digital Equipment Corporation (DEC). Abis-
also desngned primarily for asynchronous devices such as keyboards
and mouses. However A.b is generally considered to be more versatile
than ADB. A.b's protocol has well defined specifications for. dynamic

~ attach, arbitration, data packets, Cbnfiguration and software interface.
Moderate amount of functions are required of the controller and
ihten‘ace hardware. Thus, the implementation cost is only marginally

~ competitive for the desired desktop application. While addressing is
provided for up to 127 devices, the practical loading is limited by cable

- lengths and power distribution considerations. Revision 2.2 specifies
the bus for 100 kbps operation, but the technology has headroom to go
up to 400 kbps using the same separate clock and data wires.
However, at 400 kbps, A.b still falls short in meeting the requirements of
the moderate speed isochronous devices.



In other words, this desired serial bus is expected to provi de | ow
cost simultaneous connectivity for the relatively | ow speed 10- 100
kbps WQ/KZT8 ve devices such as keyboard, nouse, styl u®CTFEI1424S

peri pherals, virtual reality peripherals, and nonitors, as well as the
noder at e speed 500 - 500Q kbps isochronous devices such as | SDN, PBX,
'POTS, and other audio devices. A nmultiplicity of both types of

devi ces are expected to be connected and active at the sane tinme, and -

yet the latter type of devices are pr ¥|ded wi th guaranteed | atencies and
bandwi dt hs. Furthernore, the devices are expected to be hot attached

and detached, with the serlal interface being able to dynamcally

reconfi gure itsel f wilEREs ¥ Sorial Bys SpecifigationdakaikireWiRl:op conput er

I?C/::Sr} 6@95/ . FZITW@e%/ajﬁaﬁ%erformance serial bus. It is designed primarily gor
- arg disk and video penpherals which may require bus bandwrdth in
excess of 100 Mbps. It's- protocol supports both rsochronous and
asynchronous transfers overthe same set of 4 srgnal wires, ‘broken up
as differential pairs of clock and data signals. Thus, itis capable of
simultaneously meeting the requirements of low speed interactive as
well as moderate speed isochronous devices. However, elaborate
functions are required of the controller and interface hardware, _
rendering FireWire to be non-price competitive for th_e'desired desktop ' .
application. Moreover, the first generation of devices, based on |
FireWire's specification, are only just becoming "avai_leble in the .market. _

ng g;ggggm@;[ on I;[lghway !n]grfggg (Ql;ll) CHiis
developed by American Telephone & Telegraph Corporation (AT&T) for

terminals and digital switches. It is a full duplex time division
multiplexed serial interface for digitized voice transfer in a
communication system. The protocol consists of a number of fixed time
slots that can carry voice data and control information, The current -
specification supports data transfer rates up to 4,096 Mbps. The CHI
bus has 4 signal wires: Clock, Framlng, Receive Data, and Transmit
Data. Both, the Framing and the Clock signals are generated centrally
(i.e. PBX switch). Thus, it is also capable of Si_multaneously meeting the
requirements of low speed interactive as well as the moderate speed
isochronous devices. Similar to FireWire, elaborate functions are also
required of the controlier and interface hardware. As a result, CHiis

. also non-price competitive for the desired desktop application.

As will be disclosed in more detall below the present
invention provrdes the desired serial bus assembly, mcludlng its
associated controller, bridging connectors and interfaces, that .
advantageously overcomes the Ilmltatrons of the prior art senal buses in
a novel manner.
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There are several technol ogies that are comonly considered to be

serial buses for connecting peripherals to systemunits of conputer
systens. EaWMO %f13718ese buses is designed to handle a S PETIUSHF142¢hge
gf comuni cati ons between systemunits and peri pherals. Particul ar
xanpl es of these buses incl ude: Appl e[ err] Desktop
Bus (ADB): ADB is a proprietary bus of Appl e Conputer Inc. It is a
m ninmalist serial bus that provides a sinple read/ wite protocol to
up to 16 devices. Only basic functions are requi red of the
controller and interface hardware. Thus, tm®- | npl ementation cost is
expected to be | ow. However, ADB supports data .rates only up to 90
kbps, just enoug8UN eI NV EINTION asynchronous desktop devi ces
such as keyboards and nouses. It is not capabl e of sinultaneously

supporting the noderate speed isochronous devi ces discussed earlier.
Access. bus (A b): A b is ddhel pgsenbinventiopdoeludesgiycuitry and | ndustry G oup.

It is based on tgempldmb W8 YprVidBaith igPsusBORPOREr, @Mhumber of fircbids
AR Oty it e cilvly chimee T

desi gned pri mari FPNA

mouses. However adsgemblyglon@iedttigaljoreprdsemting datacamcontrol states each

T ach, arbi trat U dales sTaithcal SBHaP Bk PABFDRNE R el foridty |iBrce,

Moder at e anpunt 8fnurabet phisechranausand agynghroneus petipberals taithe system

' nter face ha][ dWaﬁﬁit oT'&Uébm%b%ris eﬁl‘i‘?%ﬁ?ééﬂhl %§te\}$]§1leﬁfﬁ- hé‘i@\'i&bﬂﬁhéé‘ted

competitive tor '}o gac%e %'threer usnr?gs lév?%o%? chIJ %vanlrteI gighal céblg. ecr:t%%g‘ Qlanlc\lss are
propagated between the serial bus elements in a differential manner.
These circuitry and :complémentary logic of the serial bus elements
jointly implement inference of data and contro! states from the states

and/or durations of the propagating electrical signals.

These data and control states inferable from the electrical
signals include a "connected" state, a "disconnected” state, a logic "0",
and a logic "1". For some embodiments that support communication
packet based transactions, the data control states inferable from the
electrical signals further include a "start of packet" demarcation, and an
"end of packet" demarcation. ' '

Each serial bus element, i.e. the bus controller, the bus

signal distributor, and the bus interface is provided with drivers for

~ outputting the electrical signals at the various representative voltages,
‘and/or for the various representative durations defining the various
‘inferable data and control states. Each serial bus element is further

- provided with drivers for outputting the differential and the reference
voltages. Lastly, each serial bus element is further provided with the
encoding and decoding Io'gic'for controlling the operation of the drivers,
and decoding the electrical signals received.
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provided for up to 127 devices, the practical loading is limted by cable
| engt hs and power distribution considerations. Revision 2.2 specifies

the b¥09@137100 kbps operation, but the technol ogy has MNS?WM@ go

up to 400 kbps using the sane separate clock and data wires.

However, at 400 kbps, A b still falls short in neeting the requirenents of
t he m)derat e speed i sochronous devices. . WO 96/ 13778
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| EEE' s P1394 Serial Bus Specification (aka FireWre): FireWre is a
hi gh performance serial bus. It is de3gned primarily for hard di sk

~and video peripherals, which may require bus bandwidth in excess of
100 Mops. IBRIEFDESCRIPTIOMN-OFBRAWINGS ochr onous and asynchronous

transfers over the sane set of 4 signal wires, broken up

differential pairs of_clock and data si apabl e of

|'s. Thu
si mul t aneousl y neeti ng& Réem&nmeﬁwe ﬂSﬁF% 9 |Wﬁ3épgct ive as

- exemplary embodiments, but not limitations, illustrated in the
accompanying drawings in which like references denote snmllar
elements, and in which: .-
Figure 1 illustrates an exemplary computer system
incorporating the serial bus teachings of the present invention;
. Figures 2 illustrates one embodiment of the serial bus
assembly of Figure 1 in further detail; - - . q
Figure 3 illustrates a master/slave model of flow control
employed by the present invention for serially interfacing the
interconnected peripherals to the system unit and controliing transaction
flows; o : : '
| Figure 4 illustrates a frame based polling schedule of the
present invention implemented by some embodiments for poliing the
slave "devices", :
Figure 5 illustrates geographical and logical addressing of
the present invention implemented by some embodiments for
- addressing serial bus elements and functions of bus agents;
_ Figure 6 illustrates the essential elements of
communication packets of the present invention implemented by some
- embodiments for conducting transactions employing the master/slave
model of flow control;
Figure 7 illustrates one embodiment of the cables
physically connecting the serial bus elements under the present
-invention; -
Figures 8-9 illustrate one embodiment of the bus controller
of the present invention including its associated software;
Figures 10-11 illustrate one embodiment of the 1:n bus
signal distributor of the present invention including its port circuitry;
Figures 12-13 illustrate one embodiment of the bus
interface of the present invention including its connector circuitfy;'
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wel | as noderate speed i sochronous devices. However, el aborate
functions are required of the controller and interface hardware,. _
remderi ng FW@¥/13378 0 be non-price conpetitive for the desire®CIAIN95/d4245
Eppl i cation. Mreover, the first generation of devices, based on
ireWre's specification, are only just becom ng available in the market.

The Concentration Hi ghway Interface (CH): CH is devel oped by
Aneri can Tel ephone & Tel egraph Corporation (AT&T) for term nals and
digital switches. It is a full duplex tinme division mul ti pl exed
serial interface for digitized voice transféf“in a conmmuni cati on
system The protocol consists of a nunber of fixed tine sl ots that

can carry voice data and coffigwe iilosiratessene empogimeshef the data and

speci fication supggytrsl lafed dirtABSIr85entah8Ntith fferhbRPfrolPitfe eibbficell
bus has 4 signal wres: Cock, Fram ng, Receive Data, and Transmt

Data. -Both, the FP'9R™y and the O ock si gnal s are generated centrally
(i.e. PBX switch). Thus, it Figuralibillaspateseelettricahrépresentations wééte ng t he

requi renents of | wi cti Ve, ul t r Drtinn -
i sochr onous devi c?s“."?@?%ﬁ aérﬂ.cf{) idrl'ééc&'rﬁ%,c@ a%%}zgt@éﬁﬂgipgﬁge@%egﬁ’%%“'
required of the controller FKighrentGeillusizatessglacikical repsesentations of the "start
al so_non- price cogneadetY8nd 0&nd 't pHERLY WbrigREHORS BRBE! 1R prédent

As wi |l be disclosed I.n nore detail below, the present i nvention
provi des the desi{¥878@P} al bus assenbly, including its ~associ at ed

control ler, bridging connecFiyurearmillustratdsases emdotiment of theacrmmsatiagous! y
oo opes the T nut&litry Beotbielts thé 'stls &itroiieh é infpigFiRntiRg etectrica? MOVe!
o representations of the present invention; :

Figure 18 illustrates one embodiment of the port circuitry
provided to the bus signal distributor for implementing electrical
representations of the present invention;

Figure 19 illustrates one embodiment of the connecting
circuitry provided to the bus interface for implementing electrical |
representations of the present invention. |
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i ncludes circuitry and conpl ementary logic provided to a bus
controller, a nunber of 1 :n bus signal distributors, and a nunber of
bus interfaces of an hierarchical bus assenbly for- electrlcally
representing data and control states each ot her. The hierarchical
serial bus assenbly is used to serially,interface a nunber of

i sochronous and asynchronous peri pherals to the system unit of a
conputer syste el enents are interconnected ta each
ot her using =N B gnal cable. Electrical signals are

propagat ed bet ween the serial bus elenents in.a differential manner.
I B L g G
numbers, materials and conﬂguratlons are set forth in order to provide a
thorough understanding of the present invention. . However, it will be
apparent to one skilled in the art that the present invention may be
practiced without the specific details. In other instances, well known
systems are shown in diagrammatic or block diagram form in order not
~ to obscure the present invention. |

Referring now to Figure 1, a block diagram illustrating an
exemplary computer system incorporating the serial bus teachihgs of
the present invention is shown. Exemplary computer system. 10
comprises system unit 12 having serial bus controller 14 of the present
invention, 1:n bus signal distributors 18 of the present invention, each

| having n+1 ports 24, and peripherals 16 having bus interfaces 22 of the
present invention. Peripherals 16 are coupled to bus controller 14 of
system unit 12 through 1:n bus signal distributors 18 and cables 20.
Collectively, bus controller 14, bus signal distributors 18, bus interfaces
22, and cables 20 form a serial bus assembly 26 interconnecting bus
agents, i.e. system unit 12 and peripherals 16 to each other.

Cables 20 are preferably low cost two signal wires cables
. 48 and 50 (as illustrated in Fig. 7). However, cable 20 are capable of
supporting data transfer rates up to 5 Mbps. Furthermore, when such
low cost cables 20 are employed, electrical signals are preferably
propagated over the two signal wires 48 and 50 between the
interconnected devices 14, 18 and 22 in a differential manner. For
examples, a negative voltage differential represents a 1-bit and a
positive voltage differential represents a 0-bit. Electrical signals are
preferably also used to represent a number of control states. A
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and/or durations of the propagating electrical signals.

These data and control states inferable fromthe el ectrical signal s~
i nel ude a "WOWHMST®I" state, a "disconnected" state, a |ogic POT/US95/14245 and
a logic "1". For sone enbodi nments that support conmuni cation packet

based transactions; the data control states inferable fromthe

electrical signals further include a."start of packet" demarcation, and an
"end of packet" demarcation. Each serial bus el enent,
i.e. the bus controller, the bus signal distributor, and the bus
interface is provided with drivers for -9-out putting the el ectrical
signals at the various representative voltages, and/or for the

vari ous repr esenpatticuadimple mentatitaf ohelegtiidedlywapresenting datai aricecabirel dat a

and control statg teEW[Prt\)ée%é%rib%ﬁsipﬁgﬁm;%t%ﬂ%élUW her provided with

drivers for outputtlng eren he ref erence vol t ages.
Lastly, each serial bus elenent is further provided with the “encodi ng

and decoding | ogic for contgglebt fst BUCCORPIIREY 1) %&teﬁﬁ‘@nﬂﬁ@i@ﬁﬁtended to and
decoding the el e?éér'e%glnt g ggtlj Séa{eeg%eril %?%'ystem units of gg%%%@rgsystems whose
PCT/ US95/ 14245
- constitutions and functions are well known, and will not be otherwise
further described. Similarly, except for bus interfaces 22, peripherals 16
are intended to represent a broad category of desktop peripherals, such
as keyboards, mouses, monitors, speakers, microphone, telephones,
whose constitutions and functions are also well known, and will not be
otherwise further described either. Bus controller 14, bus signal
distributors 18 and bus interfaces 22 will be described in more detail

below with additionai references to the remaining figures.

Figure 2 illustrates one embodiment of the serial bus
assembly of Figure 1 in further detail. For this embodiment, serial bus
assembly 26' includes serial bus controller 14, standalone 1:n bus
signal distributor 18a, integrated 1:n bus signal distributor 18b, and bus
interfaces 22a - 22f. The serial bus assembly 26" interconnects bus
agents telephone 16a, compound keyboard 16b including keyboard,
pen and mouse functions, monitor circuitry 16¢ of monitor 28, speakers
16d-16e and microphone 16f to system unit 12. Together, the'system

_unit 12, the serial bus elements 14, 18a-18b and 22a-22f, and the
interconnected periphérals 16a-16f form an hierarchy of interconnected
- devices.

“Under the present invention, a bus interface 22a - 22f is
" always a termination point. Only a bus signal distributor, e.g. 18a, may
have one or more bus signal distributors, e.g. 18b, and/or one or more
bus interfaces, e.g. 16a, coupled upstream to it. For the purpose of this
disclosure, upstream means “towards the bus controller”. Thus, except
- for the degenerate case where the serial bus assembly 26 has only one
connecting peripheral 18, typically it is a bus signal distributor, such as
18a, that is connected upstream to the bus controller 14. |



- 6- BRI EF DESCRI PTI ON OF DRAW NGS The present

i nvention will be described by way of exenpl ary enbodi nents, but not
limtMAWHS778 | | ustrated in the acconpanyi ng dr awPREVSPHIRMY ch | i ke
ref erences denote simlar el ements, and in which:

Figure 1 illustrates an exenplary conmputer system I ncor porating the
serial bus teachings of the present invention; Fi gures
2 illustrates one enbodi ment of the serial bus assenbly of Figure 1
in further detail; Figure 3 illustrates a master/sl ave
nodel of flow control . enployed'ﬂ?'the present invention for serially
I nterfacing the I nt erconnected peripherals to the systemunit and '
controlling transaction - flows; Figure 4

illustrates a frame i@gebrafdrbl DEdEEIRONIR AT ifvidgftion, a conpeefisgt i nvention
i mpl ement ed b.ﬁ’psor‘e en‘g%gl rrentcigfor%%ol i Fg t he - shave‘ "devi ces";
Figure 5 i PR{iRhPIAlIBaY b5, lRRUPNays PRERNE ! Skt 88 d8igpngpe 16a, e
pr e_'selnt bi n\spleakers 1 69 16e% inedminrophome d6host asyrchrémous peripheradds,essi ng ,
seria us n . e Fi gure
o111 ust r a0S necJuBBHpY KEbbBRE 1B el mBARSE T6c. The isochronous.

peripherals may operate with a data transfer rate as high as 5 Mbps,

while the asynchronous peripherals may operate with a data transfer

rate as high as 100 kbps. Furthermore, a connecting peripheral 16a -

16f may be a multiple function peripheral, i.e. multiple functions

mapping to a single b_us'connection point serviced by a bus interface, ‘

e.g. 22b. Similarly, although not shown, the system unit 12 may support

multiple clients. |

Figure 3 illustrates a master/slave model of flow control
employed by the present invention for serially interfacing the
interconnected peripherals to the system unit and controlling transaction
flow. As illustrated, the bus controller 14, the signal bus distributors 18,
and the bus interfaces 22 cooperate to implement the master/siave
model of flow control. The bus controller 14 serves as the master, and

the signal bus distributors 18 as well as the bus intertaces 22 behave as
slave devices to the bus controlier 14. '

Under the master/slave model. in¢ Dus ccniroer 14
provides flow control for all data communicauon transacuons between
the bus agents at their respective operating speeds. The bus interfaces
22 engage in data communication transactions on behalf of the

-functions of the peripherals 16. However, the bus interfaces 22 accept

. or transmit data only if they have been authorized or instructed (aka
"polled") to do so by the bus controller 14. The bus signal distrib_utors 18
serve strictly as signal distributors. They are merely transparent
conduits when data communication transactions are conducted by the
bus controller 14 and the bus interfaces 22 on behalf of the bus agents.
Thus, the bus signal distributors 18 never actively participate in data
communication transactions, accept data or respond with data.
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comuni cati on packets of the present invention inplenented by sone
enbodi nents for conducting transactions enploying the master/sl ave

model of flwo%sastmol ;- Figure 7 illustrat PETURAYE/14245
enbodi ment of the cables ~ physically connecting the serial bus _
el enents under the present I nventi on; Fi gures
8-9 illustrate one enbodi nent of the bus controller of the present
invention including its associ ated softvvare; Fi gures
10-11 illustrate one enbodinent of the 1 n bus signal distributor
of the present invention including its porf Tt rcuit ry;

Figures 12-13 illustrate one enbodi nent of the bus I nterface of the
present invention including its connector circuitry; -~ WD 96/13778
PCT/ US95/ 14245

Figure 14 illustrates one The bcrs contr%l%er 14 S%Ftematlc%lly polis the funétions of

the in erconnected penpherals 16 through their bus interfaces 22 for
data communication transactions in accordance to a polling schedule

- which guarantees latencies and bandwidths to the isochronous
functions of the int’ercbnne‘cted-peripherals 16. Polling of the
isochronous functions of the interconnected peripherals 16 for data
communijcation transactions are- prioritized over for all other polling and
as frequent as they are necessary to meet the guaranty. Polling of the
asynchronous functions of the interconnected peripherals 16 through
their bus interfaces 22 for data communication transactions are

~ scheduled around the polling of the isochronous functions of the
interconnected peripherals 16 for data communication transactions.
Preferably, the polling schedule is dynamically adapted to the
interconnected peripherals 16 actually present.

" In some embodiments, the bus controller 14, the bus signal
distnbutors 18 and the bus interfaces 22 further engage in connection
management transactions employing the same master/slave model for
flow control. -Similarly, the bus controller 14 provides flow control for
conducting the connection management transactions at the serial bus
elements' respective operating speeds. The bus signal distributors 18
and the bus interfaces 22 respond to the connection management
transactions, replying with control/status information as appropriate.

The bus controller 14, during operation, polls the bus signal distributors
18 and the bus interfaces 22 for such transactions. Polling of the bus
-signal distributors 18 and the bus interfaces 22 for connection

- management transactions are-also scheduled around poliing of the

_ isochronous functions of the interconnected peripherals 16 for data
communication transactions. Preferably, the expanded polling schedule
is also dynamically adapted to the serial bus elements actually present.

Figure 4 illustrate a frame based polling scheduling of the
present invention implemented by some embodiments for conducting



control states of the present invention inferable fromthe electrical

si gnal s; Figure 15 illustrates electrical

r epr eSNMMYGALITWs of the "connect ed" and the "di sc®¢TRNITY42481 at es
under the present invention; ' Figure-16 illustrates

el ectrical representations of the "start of packet" and "end of
packet" denmarcations under the present ~invention; : _
Figure 17 illustrates one enbodinent of the connecting circuitry
provided to the bus controller for enentlng el ectrical

representations of the present |nvenf Figure 18
illustrates one enbodi ment of the port C|rCU|tr provided to the bus

si gnal di sthe vanieus transammlwgam:mawslave m°dﬁ|é?;§rﬂ9§‘ént ations of

the pr esen&omrr'dlenAs ﬂlmstrated the polling schedule 36I ﬁWoerei&rredi ho'st S@ders one
enbodi nent _ of the connec

for i mpl entfAMe FOBRISES, ‘?,jaﬁ ' Humber °frsé‘b {ﬁq‘)%;% sg.g? '?f?gfeﬁﬂr@s%%f i nt erfa;e

i nvent i on. soft framad) A& i88dM®nous function 34a or 34b of an interconnected
PCT/ US95/ 1égﬁ;§heral 16 is polled as frequent as it is necessary in one or more soft

frames 32 of the super frame 30 to guarantee its latency and bandwidth.
 However, an asynchronous function 36a or 36b is polled only once in

one soft frame 32 of the super frame 30 for data communication

transaction. Similarly, an interconnected device 38a or 38b is also

polled only once in one soft frame 32 of the super frame 30 for . .

connection management transaction.

Preferably, all isochronous functions 34a - 34b are polled
- within a first percentage portion (P1) of a soft frame 32 to ensure the

latency and bandwidth guaranties are met. Isochronous functions that
cannot be accommodated within P1 are preferably rejected for
insufficient capacity. The upper delimiter (M1) of P1 is aiso referred to
as the isochronous watermark. Similarly, ali polling are preterably
performed within a second percentage portion (P2) of a soft frame 32 to
ensure reliability of operation. Multiple soft frames 32 are employed if
necessary to accommodate all asynchronous function and serial bus
element polling. The upper delimiter (M2) of P2 is also referred to as
the frame watermark. '

: Various manners in which such frame based polling
schedule may be dynamidally generated and updated, are described in
the copending application, serial-number 08/331,727, entitled Method
- And Apparatus For Dynamically Generating And Maintaining Frame
Based Polling Schedules That Guaranty Latencies And Bandwidths To
“Isochronous Functions, which is hereby fully incorporated by reference.
which is hereby fully incorporated by reference. '

Figure 5 illustrates geog'raphica'l and |ogi¢a| addressing of
the present invention implemented by some embodiments for
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- 8- DETAI LED DESCRI PTI ON In the follow ng description for
pur poses of explanation, specific nunbers, materials and
confi gur at i weseeasersset forth in order to provide a t horowyises/14245
under st andi ng of the present invention. However, it will be
apparent to one skilled in the art that the present I nvention may be
practiced w thout the specific details. In other instances, well known
systens are shown in diagrammatic or bl ock diagramformin order not

to obscure the present invention. Hi erarchi cal Serial Bus Assenbly
for Serially Interfacing |Isochronous -13nd Asynchronous Peripherals to
a SystemUnit of a Conputer System Referring now to

Figure 1, a bl Ochddﬂe%gfr@ﬁnhle' émlrb@tslélgmms and funakfmcbfams ageme! eForsystem

t th | 1z t
Shown. ~Exenpl ary S8Rl CEPIACUD Rk ae Sxernplapy peid ICEERAMSTFoNA,  ng
serial bus contr8li$ esed4 However, thebasiicontroller 14 is/ aibeieshas Host, ades si gnal
di stributors 18 R—:fé erBB 18" ﬁ[]BP' “M?é‘ﬁb?@xgé%??jpstngutors 133"1‘8?9&1%*!%@%& &s 24,

and peripherals % terface
i nvention. Peri phePaland flulge 'E'Eﬁl9?88“@@'@0§aco1‘ﬁfr'8P|M§rn91me<HT | syst em

g: Teclztzl flglr Ougguéogg%é?mlﬁgmﬁl lnﬁbbrﬁésdésslbzﬁérigllg{?rttﬂ;nﬁﬁmﬁeﬁe@@s Node(% er f aces
22, and cably’es 2 ?Bg%h&ieg‘ ihélﬁﬁgt g %/”pﬂ? Pi?tﬁé ﬁﬁé@ %’ ﬂﬁfg

FNO, FN1, etc.

As illustrated, the serial bus elements and functions of the
bus agents are assigned geographical as well as logical addresses
(GEO ADDR & LOG ADDR) of a geographical and a logical address
space. More specifically, the Hubs 14, 18a - 18b and the Nodes 22a -
22f are assigned GEO ADDRes, whereas the functions of the Nodes 16a
- 16f are assigned LOG ADDRes. Preferably,' the Hub identity as well as
the upstream port of the Hub may be inferred from the GEO ADDR of a
Hub 14, and 18a - 18b, and the connecting Hub as well as the
connecting port of the conhecting Hub may be inferred from the GEO |
ADDR of a Node 22a - 22f. In one embodiment, the LOG ADDRes are
assigned to the functions of the Nodes 16a - 16f in a chronological
manner. '

For examples, in the illustrated exemplary application,
Hub1 and Hub2 18a and 18b are assigned the GEO ADDRes of
"Hub1:Port0" and "Hub2:Port0" réspective!y, identifying the Hubs 18a
and 18b as "Hub1" and "Hub2" respectively, and in each case, the
‘upstream port being "Port0". Node1 and Node4 22b and 22e are
* assigned the GEO ADDRes of "Hub1:Port2" and "Hub2:Pon3"

respectively, identifying the connecting Hubs 18a and 18b as "Hub1"
and "Hub2" respectively, and the connecting ports of connecting Hubs
18a-and 18b as "Port2" and "Port3" respectively. The functions of
Node1 16b are assigned the LOG ADDRes of "LA1", "LA2" and "LA3",
whereas the function of Node4 16e is assigned the LOG ADDR of "LA6".



agents, i.e. systemunit 12 and peripherals 16 to each other.

Cabl e preferably | ow cost two signal wires cabl
(as |I§Y§8f’?%§%d in Fig. 7). However, cable 20 are capabﬁécwsgs'“u,

supporting data transfer rates up to 5 Mips. Furthernore, when such

8 and 50.

| ow cost cables 20 are enployed, electrical signals are preferably

propagat ed over the two signal wires 48 and 50 between the o

i nterconnected devices 14, 18 and 22 in a differential manner:. For
~exanpl es, a negative voltage differenyyal represents a 1-bit and a
positive voltage differential represents a 0-bit. Electrical signals are

pref eraply al so used g3 &R} bED ASBREs Sho RB'LSE ADBHEY arb Vo
. PCT/ US95/ 1dynsmlcally assigned appowet 0inaer taspt,canchupdated mfreeponse tezal |y

_ égf;ﬁse[‘);: Nide %‘té’crﬁfﬁgntceﬂhié’rhonnected VI ES oM atthcifieff 8F AliditiBnal Mor e

dewces by the bus controller 14 in cooperatlon with the bus signal

distributors 18 and the bus mterfaces 22. A paricular |mplementat|on of

such dynamic connection management is described in the copendmg

application, senal number 08/332,375, entitled Method And Apparatus

For Dynamically Detérmining And Managmg Connection Topology Of

An Hierarchical Serial Bus Assembly, which is hereby fully incorporated

by reference. : ‘

For these embodiments, the GEO ADDRes are used to
conduct connection management transactions among the serial bus
element, whereas the LOG ADDRes are used to conduct data
communication transactions among the functions of the bus agents The
separation of the two types of transactions into the two separate address
spaces facilitate dynamio connection management of the serial bus
‘elements, without having to interru'pt services to the functions of the bus
agents.

Figure 6 illustrates the essential elements of
communication packets of the present invention implemented by some
embodiments for conducting the various transactions employing the
master/siave model of flow control. For these efnbodiments, packet
identifiers 44 are employed to differentiate control packets from data
packets. Control packets are packets employed by the bus controller 14
to authorize or instruct the bus signal distributors 18 and the bus

_interfaces 22 to engage in transactions. Control packets may also
include packets employed by the bus signal distributors 18 and the bus
interfaces 22 to acknowledge authorizations or instructions from the bus
controller 14. Furthermore, addresses 46 are employed as appropriate
to identify the transaction parties. As will be aporeciated that under the
master/slave model of flow control, the bus controlier 14 as a transaction



Except for bus controller 14, systemunit 12 is intended to repr esent
a broad category of systemunits of conputer systens whose

constituti omeneeis7fginct’i ons are wel |l known, and will not be otPcaYus9SE4245
further described. Sinmlarly, except for bus interfaces 22, peripherals 16
are intended to represent a broad category of desktop peripherals, such

as keyboards, nmouses, nonitors, speakers, mcrophone, telephones,

whose constitutions and functions are also well known, and will not be

ot herwi se further described either. Bus controller 14, bus signal
distributors 18 and bus interfaces 22 will -b8-described in nore detai

below with additional references to.the remaining figures.

Figure 2 illustr paaicigart mapadiendsd irdérrédcase therefdredts addresassayrbey of
Figure 1 in fotBﬁ-fm%St ail. For this enbodi ment, serial bus assenbly
26' includes serral bius controller 14, standalone 1 :n bus si gnal
distributor 18a, integrated 1:n bus si gnal distributor 18b, -and bus"

interfaces 22a - 22f. The EF%fe’%bb %aﬁ§§6t’i6ﬂ Mo&65u¢ﬁ‘h§rfi?d?ﬁfb%tc§:rhfb$ler14
agents telephone 16

I ncl udy n
and -nouse functi ¥h nr{)g;,org arf'l%? FWt‘QBéotﬂ‘SQﬁS’rﬂdtfb'?‘cﬁ%X @E)ég%@e' @rred
16d-16e and m crmohmm ﬂ:ﬁékétddenﬁﬁamml Préiaraprg@thrgedgnapﬁmat éMogical

't or connect ed pERCIARSPS 5. 1B THAIS N of) ek sl EPoOres Khnnect ec

devi ces. accommodate thossembadiments thaitsuppoantarnectianbus i nterf ace
22a - 22f is |
S i betor alrf’égé‘?ﬂéntatrér%d&xﬁﬁg dHY PHIBMentBbth fp¥sSorsadtidkses.
A particular implementation of employing such
communication packets to conduct the various transactions is described
in the copending application, serial number 08/332,573, entitled Method
And Apparatus For Exchanging Data, Status And Commands Over An
Hierarchical Serial Bus Assembly Using Communication Packets, which
is hereby fully incorporated by reference. o

_ Figures 8-9 illustrate one embodiment of the bus controller

of the present invention. In this embodiment, the bus controller 14
includes a control state machine and circuitry 52, control/status registers
54, data buffers 56, and bus controller software services 58. The
control/status registers 54 are used to store the various control and
status data. For examples, the serial bus elements present, their |
interconnection topology, the functions of the various interconnected
peripherals, the geographical addresses assigned to the serial bus
elements, the logical addresses assigned to the functions of the
‘interconnected peripherais. The data buffers 56 are used to buffer the

* data of the data communication transactions between the bus agents.
The control state machine and circuitry 52 operates the hardware,
controlling data communication transactions and employing the above
described master/slave model of flow control, under the programming of
the bus controller software services 58. For some embodiments, the
control state machine and circuitry 52 further operates the hardware,
controlling connection management transactions, implementing the



have one or nore bus signal distributors, e.g. 18b, and/or one or nore

bus interfaces, e.g. 16a, coupled upstreamto it. For the purpose of this

~di scl P86837T8pst r eam neans "towards the bus control | er" PCTAISS5/1424% ept

“for the degenerate case where the serial bus assenbly 26 has only one
connecting peripheral 16, typically it is a bus signal distributor, such as

18a, that is connected upstreamto the bus controller 14. ' WO 96/ 13778
PCT/ US95/ 14245 : -10-
Furthernore, under the present inventjon, a connecting "peri pheral
may be an isochronous peripheral, suctPas tel ephone 16a, speakers
16d- 16e, and mi crophone 16f, or asynchronous peripherals, . such as
conpound KBastedfsiAvEs Maged ofbam mntncdd/vﬂ_frfrém%gaae@muglg schedulgeri pheral s

may oper atémpidying géabraptieasasd né@bg a6diisaihg suppihiityg while the
asynchr ° nOéjosmRl%rn'ié)aq%rnaplbgck@)ﬁa%%%rt?anesavgtitons,a a-rqg}o? irtrfre?enr%ceeéf data and '

control states from states of the propagation electrical signals. In

particular, the control and state machine circuitry 52 causes the bus -

controller 14 to cooperate with the bus sig_nal distributors 18 and the bus

interfaces 22, and perform the electrical representation of data and

control states of the present invention, which will be described in more

below. -

_ . The bus controller software services 58 program the
control state machine and circuitry 52 responsive to the operating
- system 60 and other software such as device and configuring software
62 and 64 of the system unit 12. In particular, the services include
connection management such as detection of serial bus elements
present, detection of their interconnection topology, detection of the
functions of the interconnected peripherals, and assignment of the
geographical and logical addresses. The services further include
transaction management such as generation and maintenance of the
polling schedule, polling of the serial bus elements and functions of the
bus agents, acknowledgment of certain responses of the serial bus
elements and functions of the bus agents, and exchange of data with
functions of the bus agents. '

For a more detailed descriptions of the bus controller
hardware and the bus controller software services 58, refer to the
“incorporated by reference copending applications, serial numbers
.08/332,375, 08/331,727 and 08/332,573. It should be noted that the
allocation of functions to the hardware and software services of the bus
controller 14 is implementation dependent. The present invention may
be practiced with any number of allocations, iangirig from minimal.
hardware usage to minimal employment of soﬂWare services.



rate as high as 100 kbps. Furthernore, a connecting peripheral 16a -

16f may be a multiple function peripheral, i.e. nultiple functions

mappi ng t o wosengym bus connection point serviced by a bus i nPeTSes214245
€.g. 22b. Simlarly, although not shown, the systemunit 12 may support

mul tiple clients. - Figure 3 illustrates a naster/sl ave
nodel. of flow control enpl oyed by the present invention for serially
i nterfacing the i nt erconnected peripherals to the systemunit and
controlling transaction . flow -As illustrated, the bus controller 14,
t he signal bus distributors 18, and-t/e bus interfaces 22 cooperate
to inplenent the naster/slave nodel of flow control. The bus

clzgnt roll Ielr 14 serves as t hFiguees @0-1Rhidstrate one embadigizat o tise Bustsigrait ﬁrs
as well as t Vi Q-t he
bus controller ES%témﬁ%aﬁsge%n%mﬁﬁdﬁe :Mst%g@g?rﬁiqcﬂ&gnﬁ%gﬂ ?he
DOS control | er 1bus signal distributae$ 8t having eentrol Clﬂwltmlﬁs dontrot tegisters 88i on
transactions betygpes. ports 24. Pt o3 lé‘%ﬁfﬁo%nﬁ 8 fhé@l?é’@@hbl’&lsﬂﬂﬁftéf' ng

speeds. The bus | terfaces e in conmu,

22
transactions on HerRStregm to the bus Con'f'rﬂﬁ%’gm)r% a@P‘hW@%?‘BBHE?‘&F@”I@"
However, the busi8.nPetkacey 28 u%@ﬂfwtconnect up & attbwlI%ﬂthu%aélgann' y if they

h b h K
e e s, 0 B Bl epan ol “hd BB 44 .
si gnal di stri butanesusethtoystare itsevei gontrairenehstatus informatiarosuh as whethetat a

communi cation t ra’Péﬁ‘-‘éd ggé aaélgs ﬁ\?&fb?él?% 2? c’B-‘rﬁBEEFed to it or n@l“%nﬁ%%tﬂb? ﬁ{%l‘lb Us

and the bus interfaces
signal di stributRAts24ds Heped QN(OTE| n9a¢qnttql,§at:wtryrﬁﬁiaparates the bus

- signal distributor 18' responsive to instructions from the bus controlier
14. In particular, the control circuitry 66 causes the bus signal distributor
18 to cooperate with the bus controller 14, and the bus interface 22 to
implement inference of data and control states from states and durations
of the propagating electrical signals.

In embodiments where the low cost two signal wire cables
20 are used to interconnect the serial bus elements, and electrical '
signals are preferably propagated in a differential manner, each port 24
comprises two differential amplifiers 70 and 72 for generating the
differential signals. Preferably, each port 24 further having two resistors
74 coupled to ground as shown, pulling the signals on the two wires to
ground, thereby allowing the absence or presence of a connected bus
interface 22 to be discernible. The appropriate values of resistors 74
may be determined empirically dependmg on individual '
1mplementa’uons

For a more detailed descriptions of the control circuitry 64
and its cooperative relationship with the bus controller 14, refer to the
incorporated by reference copending application, serial number
08/332,375.

Figures 12-13 illustrate one embodiment of the bus
interfaces of the present invention. For this embodiment, the bus



communi cation transactions, accept data or respond with data. WO
. 96/ 13778 .

PCT/ US¥E/56/4318 PCT/US95M4245

The bus controller 14 systematically polls the functions of t he

i nt er connect ed peripherals 16 through their bus interfaces 22 for

data communi cation transactions in accordance to a polling schedule
whi ch guarantees | atenci es and bandwi dths to the isochronous

functions of the interconnected peripherals 16. Polling of the

I sochronous functions of the |ntercoﬁﬂ§6ted peri pherals 16 for data
comuni cation transactions are prioritized over for all other polling and
as frequentntasfacad? eorsprieessontrgl ciccuitry 80t henyalistatusyregiiers 82, af t he

asynchr O”O‘é'énfulé?ﬁg'uﬁ’t@?fg% 64“%1& b6 FHPOB SR £F8 RE HeBBREF lFOl%ta*hboé'gh

their bus inter (] communi cat | on_ transactions-are

schedul ed 2ehEIRG d8pdreseive @ndt%nql EQs B8 armuesed i siagerthe

receive and send data for data communication transactions. The
control/status registers 68 are. used to store its own control and status
information such as its assigned geographical address, functions of its
"host" peripheral, and their assigned logical addresses. The control
circuitry 66 operates the bus interface 22 on behalf of the "host"
peripheral and the "host" peripheral's functions, responsive to
authorizations and instructions from the bus controller 14. In particular, ‘
the control circuitry 80 causes the bus interface 22 to cooperate with the
bus controller 14, and the bus interface 22 to implement _infere'.n_c'e of
data and control states from states of the propagation electrical signals.

In embodiments where the low cost two signal wire cables
20 are used to interconnect the serial bus elements, and electrical
signals are preferably propagated in a differential manner, the
connéctor_ interface 84 comprises two differential amplifiers 86 and 88
for generating the differential signals. Preferably, the connector
interface 84 further includes two resistors 90 coupled to Vcc as shown,
pulling the signals on the two wires to Vcc complementary to the port
circuitry of a connecting bus signal distributor 18. The appropriate
values of resistors 90 may also be determined empirically depending on
individual implementations. | |

For a more detailed description of the bus inie‘rface 22,
refer to the incorporated by reference copending applications, serial
- numbers 08/332,375, 08/331,727 and 08/332,573.

Electrically Representi And Control
Having now described the hierarchical serial bus

assembly 26 and the manner its element cooperate to serially interface -
the isochronous and asynchronous peripherals 16 to the system unit 12



]

i nt er connect ed peripherals 16 for data communi cation transactions..

Preferably, the

pol ling schedule is dynam cally adapted to the

i nter connecWeM9§iSTT®pheral s 16 actual ly present. PCT/US9S/14245
sone enbodi nents, the bus controller 14, the bus signal di stributors
18 and the bus interfaces 22 further engage in connection managemnent
transacti ons enpl oyi ng the sane naster/slave nodel for ' fl ow control
Simlarly, the bus controller 14 provides flow control for conducti ng
t he connecti on managenent transactions at th§ serial bus ~ elenents’
respecti ve operating speeds. The bus 5|gnar Tstributors 18 and the
bus interfaces 22 respond to the connecti on managenent - transacti ons,

replying with contths exemplasy icomputer Symea'sw,pqhemre'sanemvention oﬂ'he bus

controller 14, d

and the bus interfaces

signal distribut
managenent trans
i sochronous func
comruni cation tr

dld Qg%p?éé&hnn%%ée émfceﬁﬁol%t b)dtﬁé §éhﬂ

transacti ons.
8 Q@Séﬁ@%%omg Withnem H@(S‘:?SEQ ?@r connect i on’

actions are al so schedul ed around polling of the

neact | ons. 4 B SERPERS A8 Tt of o Qe B, o

i s al so dynam catoptralstptesiot thet presest inventios infecatdatironche @idgrigalesent .

Figure 4 illustrg

i nvention inpleng

connected" and the "disconnected" states, and the “start of packet" and
"end of packet" demarcations under the present invention respectwely.

As shown, the data and control states 700 inferable from
the propagating electrical signals include logical "1" and logical "0" 702
and 704 described earlier. Logic "1" 702 is electrically represented by a
positive voltage difference greater than a predetermined positive
voltage threshold, and Logic "0" 704 is electrically represented by a
negative voltage difference greater than a predetermined negative
voltage threshold. -Furthermore, the data and control states include a
"connected" state and a "disconnected" state 706 and 708. The
“connected" state 706 is represented by having the voltages of both
electrical signals simultaneously greater than a pregetermined single
ended voltage (Vse'O) for a predetermined aura:cn e'¢ a mne period of
16 bits (or clocks) in length, and the "disconrecies” sia' ~08 s
represented by having the voltages of botn e.ecti*.ca sg~as .
simultaneously lower than a predetermined singie enaea voltage (Vse0)
for a predetermined duration, e.g. a time period of 16 bits (or clocks) in
length, as illustrated in Figure 15. | | |

For some embodiments supporting communication packet
based transactions, the data and control states 700 further include a
“start of packet" demarcation 710 and an "end of packet" demarcation
712. The "start of packet" demarcation 710 is represented by having the
volltages of both electrical signals simultaneously lower than a
predetermined single ended voltage (Vse0) for a predetermined
duration, e.g. a time period of 3 bits (or clocks) in length, and the "end of

18
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WD 96/ 13778

PCT/ US95/ 14245 t he
vari oNO /BT hct i ons errpl oyi ng the naster/slave nodel ofP‘-W‘b?ﬁs’l“uS
control. As illustrated, the polling schedule 30, also referred to a super

frame, conprises of a nunber'of sub-schedul es 32, also referred to as

soft franes. An isochronous function 34a or 34b of an interconnected
peripheral 16 is polled as frequent as it is necessary in one or nore soft
frames 32 of the super frane 30 to guagantee its |atency and bandw dt h.
However, an asynchronous function 36a 36b is polled only once in

one soft frame 32 of the super, frame 30 for data comruni cati on

transact i oR2CkPtrideMARFatian /1 8 eBRRESted by dAviNg Hipavetagnsol ROt so
pol I'ed onl L‘Imllsﬂg@éﬂe §mhhaﬁé@u§y36w§f tﬁéleasmaétémﬁﬁed %“ihdléf .
a

t tl | V.,
" cochr onous RERGERBHE (V5R0F 5 Bkcetarmingg duration o g A IS HEBH e, Cent age
portion (Pl1)bibfora slotk) irvlengtigastibustratedentfigure 16. | at ency and bandwi dt h

guaranties are net. |sochronous functions that ~cannot be accommodat ed
within Pl are preferably rei ected for - insufficient capacity. The
upper deliniter (M) Figunes 1% f aad & illusteaterqne embodiment each of

the connecting circuitry provided to the bus controller, the bus signal
distributor, and the bus interface for implementing electrical
representations of the present invention respectively. The connection or
port circuitry of each serial bus element, i.e. the bus controller 14, the ‘
bus signal distributor 18, and the bus interface 22 is provided with
drivers 720 for outputting the electrical signals (V+ & V-) at the various
representative voltages, and/or for the various representative durations
defining the various inferable data and control states. Each serial bus
element is further provided with drivers 722 and 724 for outputting the
differential voltages. Lastly, each serial bus element is further provided
with encoding and decoding logic 726 and 728 for controlling the
operation of the drivers 720 and 722, and decoding the differential
signals received. '

Thus, a method and apparatus for serial bus elements to
electrically represent data and contro! states to each other has been
described. '

While the present invention has been described in terms of the
above embodiments, those skilled in the art will recognize that the
.invention is not limited to the embodiments described. In particular,

. beside the low cost two wires cable embodiments, the present invention
may also be distributively practiced over cables with two or more pairs of
wires. The method and apparatus of the present invention can be
practiced with modification and alteration within the spirit and scope of
the appended claims. The description is thus to be regarded as
illustrative instead of limiting on the present invention.



as the isochronous watermark. Simlarl y, all polling are preferably
performed within a second percentage portion (P2) of a soft frame 32 to
ensure rel iwbidsitpyrsof operation. Miltiple soft frames 32 are PODIUSYSZOI24S

necessary to accommobdate all asynchron i al bus
el enent polling. The upper deliniter NHIGSHEETIHASBEEN rlef erred to as
the frame waternark. VarR&RIAGRhner s [f n whi ch such

frame based polling schedul e may be dynam cal Ty generated and
updated, are described in t he copendi ng applicatio i

08/ 331, 727, entitled Method And Appaidtus For Dynam(.ﬁgls{“;é Qo%d
And Mai nt ai ni ng Frane Based Pol | i ng Schedul es That es
And Bandw dt hs TLAIMS |[|sochronous Functions, which is her mni ﬂ”i '
i ncor porated by reference. which-is hereby fully inco

r ef er ence. Figure 5 illustrates geographical and

| ogi cal addr essiMaatois claimed isne present invention inplenented by sonme
enbodi nents for = WO 96/ 13778 :

PCT/ US95/ 14245 o~ _ SN . . _
1. An apparatus for incorporation into a serial bus element of a

serial bus assembly, having a bus controller, zero or more bus signal
distributors, and one or more bus interfaces, to allow the serial bus
element and another similarly equipped interconnected serial bus
element to electrically represent data and control states to- each other,
‘said apparatus comprising:

" first driver means for driving a first pair of electrical signals in
selected ones of voltage states for selected ones of time durations in a
differential manner over a first 'pair of signal wires disposed in a first
cable mterconnectmg the incorporating serial bus element to the
interconnected serial bus element; o

- encoding means coupled to the first driver means for controlling
the first driver means thereby encoding data and control states in the
first pair of electrical signals;

second driver means for receiving a second pair of electrical
signals in selected ones of the voltage states for selected ones of the
time durations also in a differential manner over the first pair of signal
wires, and in r'esponse outputting difference signals; and

decoding means coupled to the second driver means for
receiving and decoding the difference signals. '

2. The apparatus as set 'fort'h in Claim 1, wherein said encoding
means encodes a logical one by causing said first driver means to drive
‘the first b_ai_r of electrical signals with a positive difference greafer than a
predetermined positive v:oltage threshold. ' "

3. The apparatus as set forth in Claim 1, wherein said encoding
means encodes a Iogical zero by causing said first driver means to drive
the first pair of electrical signals with a negative difference that is more
negative than a predetermined negative voltage threshold.

|G L



-13- addressing the serial bus elenents and functions of bus agents. "
For ease of explanation, the sane exenplary serial bus assenbly of

Fi gur ¥09/1377® s ysed. However, the bus controller 14 REHUNdEISas Host ,

- also referred to-as HubO. The bus 'signal distributors 18a-18b are

| abel ed as Hubl and® Hub2.: The per i pheral s 16a - 16f including their
correspondi ng bus interfaces 22a-- 22f are jointly |abeled as NodeO
“through Node6. The functions of per| pheral s 16a - T6f are Iabeted as -

| lustrated, the serial bus el enents

FNO, FN1, etc. S

and functions of the bus agents gre a55|gned geogr aphi cal "as well as
| ogi cal addresses (GEO ADDR & LOG ADDR) of a geographical. and a

| ogi cal address space. More specifically, the Hubs 14, 18a - 1 8b and

tﬁe mgges 32a - The appa’itafiusaaesesfbrﬁnwdmﬁ@ Anm?emmv%mmou funchl gns of
| dgnt It ;Saé%ﬁ e%%odes § 'Cﬁ{ﬁeqﬁ@ %g%{’ggg?%%g f'l—é} é ﬁﬁ?l}héa?% rr gd from
t he GEO ADORvefthe first pair efiglectricad sipneds simuginecusty greatenthddcai ng Hub as

well as th be inferred
from the ngede*efmm“ﬁﬁ%'e”gn%%%&°§é%é UsEorRd pReteinfiRY *F e L oo

ADDRes ar edUration.assigned to the functions of the Nodes 16a - 16f in a
-chronologlcal manner .

5. . The apparatus as set forth in Clalm 1 wherem sand encodmg

means encodes a "disconnected” state by causing said first driver

means to drive the first pair of electrical signals simultanéously smaller .
than a predetermined single ended voltage (VseO) for a predetermined

duration.

6. The apparatus as set forth in Claimr 1 wherem said encodmg
means encodes a start of packet demarcation by causmg said first driver
means to drive the first pair of el_ectncal signals sn_m_ul_taneously smaller
than a predetermined single ended voltage (VseO)' for a predetermined
duration.

7. - The apparatus as set forth in Claim 1, whe're_in,' said encoding
means encodes an end of packet demarcation by,&:ausing said first
driver means to drive the first pai'r of electrical:si'g'na'ls simultaneously
smaller than a predetermined single ended voltag_’e' (VseO)_fqr a
predetermined duration. |

8. The apparatus as set forth in Claim 1, wherein, =
said encoding means encodes a_ "con'nect_ed" state by causing
. said first driver means to drive the first pair of electrical signals
simultaneously greater than a predetermlned single ended voltage
(VseO) for a first predetermined duration; and _

. said encoding means encodes a “dlsconnec_ted'_' state by causing
said first driver means to drive the first pair of electrical s'ig'n'als
simultaneously smaller than the predetermined sihgle ended voltage
(Vse0) for the first predetermined duration. . o '

* . C L M - *



For exanples, in the illustrated exenplary application, Hubl and Hub2

1 8a and 1 8b are assigned the GEO ADDRes of "Hubl : PortO' and

"Hub2: Port Ciwo ss31399d | vel y, identifying the Hubs 18a and ptilusas/142ibl
and "Hub2" respectively, and in each case, the _.upstream port being
"Port O'. Nodel and Node4 22b and 224 % - t he _GEO ADDRes_of
"Hubl : Port2" and "Hub2: Port3" - F'é’%%é%(é%&% Ei%gle‘tlfyl ng the

connecting Hubs 18a and 18b as "Hubll Hubh?2" respec’!‘his Rep]aced
t he connecting ports of connecting Hubs 18a and 18b as uu“l
"Port3" respectively. The functions of -23Nodel 16b are ass]ji

ADDRes of "LA1", "LA2" and "LA3", . Wwhereas the functlon of Node4 1 6e

i s assigned the LOG ADDR of "LAG6". WO 96/ 13778

PCT/ US95/ 14245 | . . 14
Preferably, the %EO ABBﬁe%Dpﬁ{au{sl‘%s Egﬁomegagp@,.wheremdynam cally
assi gned at power on eaid eseadingmieanslaneadéna stanpohpacket demarcdtioneby

detachment of i nggnGAGNEHRY Skt rivkr Fredts ot AR MR YirsPhat M idAAda signals
' simultaneously smaller than the predetermined single ended voltage
(Vse0) for a second predetermined duration, the second predetermined
duration being shorter than the first predetermined duration; and
' said encoding means encodes an end of packet demarcation by
causing said first driver means to drive the first pair of electrical signals
simultaneously smaller than the predetermined single ended voltage
(VseO0) for a third predetermined duration, the third predetermined
duration being shorter than the second predetérmined duration.

10. In a computer system comprising a serial bus assembly for
interconnecting peripherals to a system unit, wherein the serial bus
assembly includes a bus controller, zero or more bus signal distributors,
and one or more bus interfaces coupled to each other by cables, a -
method for the serial bus elements to electrically: represent data and
control states to each other, said method comprising the steps of:

a) driving a first pair of electrical signals in selected ones of
voltage states for selected ones of time durations in a differential
manner over a first pair of signal wires disposed in a first cable
interconnecting a first and second serial bus element by the first serial
bus element; ' ' .

b) cOntroIling the electrical signal driving performed in step (a) to
encoding data and control states in the first pair of electrical signals by
‘the first serial bus element;

c) receiving the first pair of electrical signals, and in response,
outputting difference signals by the second serial bus element; and

d) decoding the difference signals by the second serial bus
element.

11. 'The method as set forth in Claim 10, wherein step .(a) comprises
driving the first pair of electrical signals with a positive ditference greater

RO



devices, by the bus controller 14 in cooperation with the bus signal
distributors 18 and the bus interfaces 22. A particular inplenmentation of
such dweoessrig7a8onnecti on managenent i s described in the cBOEUSHIIH245

application, serial [332, 375 entitled Methed-Ard—-Apparatus—
For Dynam cal | y Det erjm '@QH:: ;y Connectlon O

H erarchical Serial s ‘As AgED i's hereby ful ﬁd‘i%‘i Dk

by reference. : Eor_these enbodi nent &1

used to conduct connection manageient transacti P

bus el ement, whereas the LOG A s are used to conduct data

communi cation transactions anong the functions of the bus agents The
separ at i on thantshpradetennyiped pafsitiveavoeltaged thmeshaid oy the fir\'sbseéaleblm e address

spaces f ac'élé?h%hftcﬂ)‘%}?r%énfﬁ ”&@E&f 8&? %I?ﬁg%ﬁﬁrﬁmﬁﬁq H’ﬂ? fous

el enent s Servi ces |ons of the bus
agents. electrical 5’9"5“5 with ama@ﬁte/eadn terenae that és m%eé'@géqt’?éha'élaenent s of

conmuni cat igredereHmied Abghliee ROREGE thiednol bpthe frdtassrial bds wlement
enbodi nent 38f or_conducting,the va{l ous transactions enploying the

mast er / sl avB ABIRSEMEA PEER! 28 YBIU®: For these embodi. ments, packet
identifiers 44 are enployed to differentiate control packets from data

F At hor i 28 or TREFHASd %Lsese@%“ﬁ‘ﬁ%%. {FBnBroih e 2) SOl

i nt er f aces drvingthenfiesy Painot elaptical ﬁtﬂrﬁ‘@ s sigiilianeoysi@reaterdiiag ao

i ncl ude pagiratste?AMEY Sl ehBiedbisitagleqVRle0)lf6r 4 ifipstt predefdimingd t he bus
duration by the first serial bus element to represent a “connected” state, ‘
and driving the first pair of electrical signals simultaneously smaller than
the predetermined single ended voltage (Vse0) for the first
predetermined duration by the f:rst senal bus element to represent a
“disconnected" state.

13. Thelmethod as set forth in Claim 12, wherein, step (a) comprises
driving the first pair of electrical signals simultaneously smaller than the
_predetermined single ended voltage (Vse0) for a second predetermined
“duration by the first serial bus element to represent a start of packet
demarcation, the second predetermined duration being shorter than the
first predetermined duration, and driving the first pair of electrical signals
simultaneously smaller than the predetermined single ended voltage
(Vse0) for a third predetermined duration by the first serial bus element
to represent an end of packet demarcation, the third prede.tei'mined
duration being shorter than the second predetermined duration.

14. A bus controller for incorporation into a serial bus assembly
: having'zero or more bus signal distributors, and one or more bus
interfaces, to allow one or more peripherals to be coupled to a system
unit through the serial bus assembly, the bus controller comprising:
first driver means for driving a first pair of electrical signals in
selected ones of voltage states for selected ones of time durations in a
differential manner over a first pair of signal wires disposed in a first

-
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I nterfaces 22 to acknow edge authorizations or instructions fromthe bus

controller 14. Furthernore, addresses 46 are enployed as appropriate

to.identifywownssfgnsaction parties. As will be appreciated tpetusosianes he
ster/slave nodel of flow control, the bus controller 14 as
96/ 13778

PCT/ US95/ 14245 THIS SHEET HAS BEEN » L 15Thls Sheet Has Been Replaced
partici pant. nay often be inferred, Hnd t HRFE RAGED | s JLdress mi4mmmuu ulJll
omtted. Prefera [y, transaction flow, such

controller 14 to a function, froma-Bbrst function to a second

function, may be inferred fromthe packet identifiers 44. Preferably,

ei t her geographlcﬁale nﬁeic@ah@a{mg the bu§‘i‘.‘dfn%%ﬂéﬁto46lthér§smhi§ ebelgpéd or
"LAz", may be s s that support

fi
connecti on B, Qﬁﬁln@ﬁv'woa’n%%%tsi"gﬂorbﬁﬂ”iptﬂ’ﬁpgb%[n?%%??\e'types of

addr esses. encoding means coupled to the first driver means for controlling
' the first dnver means thereby encoding data and control states in the

first pair of electrical signals; '

second driver means. for receiving a second pair of electrical
signals in selected ones of the vo'Iiage’ states for selected ones of the
time durations also in a differential manner over the first pair of signal
wires from the interconnected bus signal distributor or bus nnterface and
in response, outputting difference signals; and

decoding means coupled to the second dnver means for
receiving and decoding the dlfference sngnals

15.  The bus controller as set forth in Clair;x 14, wherein

~ said encoding means encodes a logical one by causing said first
driver means to drive the first pair of electrical signals with a poéitive
difference greater than a predetermined positive voltage threshold; and

- said encoding means encodes a logical zero by causing said first
driver means to drive the first pair of electrical signals with a negative
difference that |s more negative than a predetermmed negative voltage
threshold.

16.  The bus controller as set forth in Claim 14, wherein,

said encoding means encodes a “connected” state by causmg
said first driver means to drive the first pair of electrical signals
simultaneously greater than a predetermmed single ended voltage
{VseO0) for a first predetermined duration; and :

said encoding means encodés a "disconnected" state by causing
said first driver means to drive the first pair of electrical signals
simultaneously smaller than the predetermined'single ended voltage
(Vse0) for the first predetermined duration.

17.  The bus controller as set forth in Claim 16, wherein,

R
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A particular inplenmentation of enploying such comuni cati on packets
to conduct the various transactions is described I n the copendi ng
appl | 0 9&1877%eri al nunber 08/ 332,573, entitled Method PCTUSISAER4Bppar at us
For Exchanging Data, Status And apds Over An Hi erarchi cal Seri al
Bus Assenbly Using

_ ek el S, which I s hereby Tult
i ncor por at ed by ref r'&mSeBHEET BN Fi gure‘hnsShéétHdstbiﬁ{r c@yd—;ne'

enbodi ment “of the blls conREBH =3 of t he presentilmm this
embodi ment, the bus ‘esRtroller 14 i ncl udes a co 'w hi ne
and circuitry 52, control/status reglgﬁers at a , and
bus controller software services 58. The control/status registers 54

are used to st osaidtencoging meansoencasdessastart of packeitdemateationtay exanpl es,
the seri a'céﬂﬁn@'sﬁl@f'ﬁs% dﬁVéﬁﬁfEansttBQiﬁve the first Béi?ro‘f%!glﬁﬁéél@% A@gol ogy, the

f unct £t t hi cal
adr csses SU{RAsHUEly shel€E e i recetormipgiRingle sridadl Yolgal  addr besee

gsfs :c gned t{/se® fbuacecond predetermined duraticen, ctbersecbad predetenmindds. The data
uffers 56 mruni cation .
transacti On@’a@oh \/\St/;l;éél\?l6 %HBH%F Sﬁ%& Qﬁt first pregétﬁ.?mﬂ'{ecogﬁgraglﬁh Fﬁ@e machi ne and
circuitry 52 opsaidtencadirg mamae@qodes an engnfrpacket glemarsationbyni cat i on
transactl%&saﬁggsraoh&vumeﬁ H\%a'i‘{é%edr%ve the fi8F én'r*é?@lé&ﬁéeﬂﬁ/ g¥e nodel of

fl ow contrql e programin er software
servi ces 5¥M qﬁ@l"eQHﬁé/ ﬂ'gm?rﬂ te meéietermmegcsﬁr@glmergfe&{ ¥olag&i ne and
circui try (ae0yrfohathiogpredetermivedduratiancthe third prdetéhinedg connection

management y{ LaRRAGkAS WhorlePRh S TRG sggow%redetermmed duration.

18. A bus signal distributor for mcorporatlon into a serial bus
assembly having a bus controller one or more bus signal dls‘mbutors
and one or more bus mterfaces to allow one or more peripherals to be
coupled to a system unit through the serial bus assembly, the bus signal
distributor compnsmg .

first driver means for dnvnng a flrst pair of electncal signals in
selected ones of voltage states for selected ones of time durations in a
differential manner over a first pair ot signal wires disposed in a first
cable interconnecting the bus signal distributor to either a similarly
equipped bus controlier, or another similaﬂy eqUipped bus signal
distributor or a similarly equipped bus interface; |

encoding means coupled to the first driver means for controlling
the first driver means thereby encoding data and control states in the
first pair of electrical signals;

second driver means for receiving a second pair of electncal
signals in selected ones of the voltage states for selected ones of the
.time durations also in a differential manner over the first pair of signal
wires from the interconnected bus controller or bus signal distributor or
bus interface, and.in responsé outputting difference signals; and

decoding means coupled to the second driver means for
receiving and decoding the difference S|gnals

19. The bus'signal distributor as set forth in Claim 18, wherein

N AR




VO 96/ 13778 :
PCTI US95/ 14245 - 16-
mast er / sl avWORs#8¥780f fl ow control with frane based pol ling sPREM§HY14245

enpl oyi ng geogr aphi cal and l ogi cal ac e SUpPPor |9
communi cati on packet based transacti: JHISBHFEGT Hr‘\SfEiﬁEéh:e of data and
control states fromstates of the prdpagatifiP - &CER rica sShedt Has Been Replaced

particular, the control and state naching ‘Cifcuitry 5 causes

controller 14 to cooperate with the bus signal distributors 18 '
interfaces 22, and performthe electrical presentation of data and

control states of the present invention, which will be described in nore.

bel ow. said encvumgomamsmnaadesra fgicalone bycausing Sa?dmfsigr am
the contr C&nv’ﬂr%éar‘i@@bﬁ@e ﬁﬂadﬂFét 1;1%‘:’:' of Meé@ncé?é@ﬁﬂl%‘ Wkh 5% d;S it

operating ég%stem 60 and ot her evi ce an uring

sof t war e SIRNCEOIEALET a§ﬁ9@ﬁﬁ]ﬁfr{"n9§ Positiyaveitags shrespald; @@Sw ces
i ncl ude said encoding means encodes a logical zero by causing said first

driver means to drive the first pair of electrical signals with a negative
difference that is more negative than a predetermined negatlve voltage
threshold.

20. The bus signal distributor as set forth in Claim 18, wherein,

said encoding means encodes a "connected" state by causing
said first driver means to drive the first pair of electrical signals
simultaneously greater than a predetermined single ended voltage
(Vse0) for a first predetermined duration; and

said encoding means encodes a "disconnected" state by causing
said first driver means to drive the first pair of electrical signals .
simultaneously smaller than the predetermined single ended voltage
{Vse0) for the first predetermmed duration.

21.  The bus signal distributor as set' forth in Claim 20, wherein,
said encoding means encodes a start of packet demarcation by
causing said first driver means to drive the first pair of electrical signals
simultaneously smaller than the predetermined single ended voltage'
(VseQ) for a second predetermined duration, the second predetermined
duration being shorter than the first predetermined duration; and
said encoding means encodes an end of packet demarcation by
causing said first driver means to drive the first pair of electrical signals
sifnultaneously smaller than the predetermined single ended voltage
" (Vse0) for a third predetermined duration, the third predetermined
duration being shorter than the second predetermined duration.

22. A bus interface for incorporation into a serial bus assembly
having a bus controller, zero or more bus signal distributors, and one or
more bus interfaces, to allow one or more peripherals to be coupled to a

* c L M S *



connecti on managenent such as detection of serial bus elenents

present, detection of their interconnection topol ogy, detection of the
f unct i WOH6H38778he i nt er connect ed peri pheral s, and assi gnnRET/USIS/HpS
geogr aphi cal and | ogi ca _sel Vi ces fur—t—he{—|—nc—|—ﬁele———
transacti on managenent - UﬂhS@iEﬁEﬂ%@BEEﬂ nd nai nte

pol ling schedul e, polljfjg of R&PLAGEDal bus el ements plaged 1o
bus agents, acknow edg sponses of the I
el ements and functions of the bus ageré and exchange

functions of the bus agents. For a rmre det ail ed

descriptions of the bus controller har dware and the bus controller
sof tware séystepintghroughethe setialdus assembly otheobus dergce ef er ence
copendi ng aymhpkghhons, serial nunbers 08/ 332 375, 08/331,727 and

08/332,573. It shotl.d be note ocation of functions to
the hardwar e ancf"§5¢"f"6ﬁir'@e§@§ 'E:@%‘"BQ E‘tﬁ'\"ét Bak O? electngquﬁlg%ql BdR 14 is

i npl enent atsetectdd perdativoltige gatesedot seletat Ones ohlime duratibaspmact i ced with
i hi RSFbEqu‘fﬁe oEF 887 pyaF B rBfnlt BTSN Whes gispostiblppafirdt vsaoe to
PCT/ US95/ 1 interconnecting the bus interface to a similarly equipped bus
signal distributor;
encoding means coupled to the first driver means for controllmg
the first driver means thereby encoding data and control states in the
first pair of electrical signals; - '
' second driver means for receiving a second pair of electncal
signals in selected ones of the voltage states for selected ones of the
time durations also in a differential manner over the first pair of signal
wires from the interconnected bus signal distributor, and in response
outputting difference signals; and
decoding means coupled to the second driver means for
receiving and decoding the difference signals.

23. The bus interface as set forth in Claim 22, wherein

said encoding means encodes a logical one by causing said first
driver means to drive the first pair of electrical s:gnats with a positive
difference greater than a predetermined pos:!'ve vStage *~reshold; and

said encoding means encodes a logica. ze'¢ by ca.s:ng said first
driver means to drive the first pair of electnical signats witn a negative
difference that is more negative than a predetermined negative voltage
threshold. '

. 24.  The bus interface as set forth in Claim 22, wherein,
said encoding means encodes a "connected" state by causing
said first driver means to drive the first pair of electrical signals
simultaneously greater than a predetermined single ended voltage
(Vse0) for a first predetermined duration; and ' _
said encoding means encodes a "disconnected" state :by causing
said first driver means to drive the first pair of electrical signals

W




-17- Figures 10-11 illustrate one enbodi nent of the

bus si gnal distributor of the present invention. The illustrated
enbodi ment We 9e1377§ bus signal distributor 18 havi ng P&HYSH14245
circuitry 66, control registers 68, and 8 ports 24. Port 0 24 is used
to connect the bus signal distributor 18" upstreamto the bus
controller 14 or another bus signal distributor 18. Ports 1 - 7 are
used to connect up to a total of 7 bus si gnal _ di stributors 18 and/or
bus interfaces 22 to itself. The control glsters 68 are used to
store its own control and status informati such as whet her a port

24 has a bus interface 22 connected to it or not, and whet hg thﬁ
port 24 is turnsimaiaossusiyisenaliaitthan the Rradeteymied pigla eaded vofiage

signal distri bm(%eéﬁforrtﬁéﬁﬁﬁspl’é@eié?rrmﬁééUU?étld?ﬂS fromthe bus controller
14. In particular e control circuitry 66 causes the bus signal

di stri but or 18 to cooperate with the bus controller 14, - and the bus
interface 22 to25  Thepusimtetfacefagrssidertbin Caien addwbereinol states from

states and durations eng&,%@hﬁe?mgm%b?% &Eﬂcéfa:ﬁc'klet Ebﬂﬁ%élbon Py

I n enbodi nents where 5[%% used
to interconnect causing:said|firsudriedraneans 10 grve dhe dirstipain of electricg| §GRRS ar e

preferably prom?r?\fuﬁﬁnéau ydrh l%ﬁﬂhh%he@@ﬂéfernms é edded voltage
conprises two di erentla nE grs 70 nera|n qt}\gﬁpl
differential sidNeQ) fpasera ‘F)P"e lﬂﬁ‘f 9@“9 Rbe%l B8fst or s
duration being shorter than the first predetermlned duration; and
said encoding means encodes an end of packet demarcation by
causing said first driver means to drive the first pair of electrical signals
simultaneously smaller than the predetermined single ended voitage
(VseO) for a third predetermined duration, the third predetermined
duration being shorter than the second predetermined duration.

I
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74 coupled to ground as shown, pulling the signals on the two wires to

ground, thereby allow ng the absence or presence of a connect
interface WOHIIFE di scerni bl e. The appropriate val ues of regﬁglt'%@uﬁs

‘may be determ ned enpirically depending on individual
1 npl ement ati ons. For a nore detail ed descriptions of

the control circuitry 64 and it$ /dpperative relationship with the
bus controller 14, refer to the i ncorporated by reference copendi ng
application, serial nunber 08/ 332, 375. : Fi gures
12-13 illustrate one enbodi nent of the bus I nterfaces of the present
I nvention. For this enbodi nent, the bus WO 96/ 13778
PCT/ US95/ 14245 - 18-
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interface 22 conprises control circuitry 80, control/status registers 82, a
connector interface 84 and two FIFGs 76 - 78, a Receive FIFO 76 and a

Send FI FO 7{o dgaspigve and Send FIFGCs 76 - 78 are used to st ageCI/tisos/14245
receive and send data for data conmunication transactions. The

lcontrol /status registers 68 are used to store its own control and status

I nformati on such as its assigned geogrgghkial address, functions of its
"host" peripheral, and their assigned gial addresses. The control
circuitry 66 operates the bus interface 22 on behalf of the "host"

peri pheral and the "host" peripheral's functions, responsive to

aut hori zati ons and i n®¥TUCITONS TTOMINHe DUS gontrol1er 14. Tn particul ar,
the control circuitry 80 &uses the bus $nterPace 22 to cooperate with the
bus controller 14, and thégbus i nterfacaN22 (0 i npl ement inference of

data and control states f%pn1states of tN ppagation el ectrical signals.

I n enbodi nents where the |@w cost two sig | rg& cabl esg 20 are used
to interconnect the seriaFbus el enents, cWE%&ricalsv- signals are
preferably propagated in a differenti : , t onnect or
interface 84 conprises two differenti 'nP+‘ier 88< and {8 or
generating the differential signals. il y/ | a;gfnector
interface 84 further includes two resfistors 90 col Ig{ o \Jcc as shown,
pulling the signals on the two wires o Vcc conpl 4 watlo the port
circuitry of a connecting bus signal istributor 1 ﬁ’ §|cprop'ri ate
val ues of resistors 90 may al so be defernmined. enpirl egl'XEgdependi ng on
i ndi vi dual inplenentations. A g&rge detail ed
description of the bus interface 22, Ein-u'
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refer to the I ncor porated by reference copendi ng applications, serial
nunbers 08/ 332, 375, 08/331, 727 and 08/ 332, 573.

El.ectri cal ko fggp@penting Data And Control States o PCT/US95/14245
‘Havi ng now descri bed the hierarchical serial bus assenbly 26 and the
manner its el enment cooperate to serially interface t he i sochronous
and asynchronous peripherals 16 to th93/$]y§t emunit 12 WO 96/ 13778
PCT/ US95/ 14245 -19- of

the exenplary conputer system 10, the present invention of
electrically representing data and control states by the serial bus

el ements to each other will now be descri bed. Fi gure
14 illustrates one enbodi nent of the data and
12
System Unit
Bus Controller 14
(Master) D
4
Autty CTRL/Status,
Instr -| Data (Peripheral only)
A J
Bus Signal Distr & INTF
18822 (Slave) —
o heral only)
Peripherals (Peripheral only
1g~\/ . — ,

FIG. 3
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control states of the pr esent
signals. Figures 15 and 16 illustrate electrical

"connect edWOA$I3T8e " di sconnect ed" st ates,

i nvention inferable fromthe electrical

repr esent at |
and the "start ofi’gg{@ﬁgm%d

"end of packet" demarcations under the present invention respectively.
As shown, the data and control. states 700 inferable from t he

propagating el ectri

cal

signals includg A¥i cal
and 704 described earlier.

"1" and | ogical "0" 702
Logic "1" 702 is electrically represented by a

positive voltage difference greater than a predeterm ned positive
voltage threshold, and Logic "O'" 704 is electrically represented by a
negative voltage difference greater than a predeterm ned negative
e, the data and control states include a

vol tage t hreshol d. Fur]

"connect ed" state and
"connect ed" state 706

el ectrical signals

Si

ended vol tage (VseO

16 bits (or clocks)
represented by havi

than a predeterm ned $

duration, e.g. a ti

illustrated in Figure
supporting comruni cat i

control states 700
710 and an "end of
demarcation 710 is

(=]
13

r

onnect ed"

state 706 and 708 The

esented by having the voltages of both

usly great
edet erm ne

on

& predeterm ned & ngle -

e ga %= od of

[ , and the jAdi gonnected 08 ijs :
ng t ages of T e g si mulft aneously | ower
ngl e- ended vol tfade @©Vs¢O for] a predeterm ned
me|peri odf of 16 bi (ore cllocks) in | engt h, as
15. d For sone enpodi ments
bn pac acq“t.zr actions, [the data and
fufyher i > SH of packet" demarcation
pa;<et". W 112. The "st&t of packet"”
repf esent 106y | rS
. gy g T -3
<l.|.
L0
o lUys <
\{ Lz o _
_ or )
< | 2Z /3 l \d
o~ O .
& s Y
& . 1T
*
o ®
&
o Z NS
SgdEo |
| 8"’ ‘\!ﬁ T -
- S -—
& < T
| S o
| 2F \N§ =&
3 8z _l__L_
N
{ : 4 =L \g
™

FIG. 4

SUBSTITUTE SHEET (RULE 26)



vol tages of both electrical signals sinmultaneously |lower than a
predeterm ned single ended voltage (VseO for a predeterm ned

dyration, eqv@oe/fs7v8 e period of 3 bits (or clocks) in |engthPCINEISHI4S end
-of WD 96/ 13778

PCT/ US95/ 14245 -20-
packet" demarcation 712 is represent eg)og?lhavi ng the vol tages of both

el ectrical signals si-nultaneously | ower an a predeterm ned single
ended vol.tage (VseO for a predeterm ned duration, e.g. a tine period of
1 bit (or 1 clock) in length, as illustrated in Figure 16.

Figures 17, 18 and 19 illustrate one enbodi nent each of t he
connecting circuitry provided to the bus controller, the bus_signal
distributor, and the bus interface for inplenmgnting electric
representations of the present invention respegtively. The cgge(jtion or

port circuitry of each serial bus elenent, i. ..g'he bus cont ler 14, the
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bus signal distributor 18, and the bus interface 22 is provided with
drivers 720 for outputting the electrical signals (V+ & V-) at the various
repr esent amo/e6narhs ages, and/or for the various representati PETHSI424ns
.defining the various inferable data and control states. Each serial bus
element is further provided with drivers 722 and 724 for outputting the
differential voltages. Lastly, each s%gyfg bus elenent is further provided
wi t h- encodi ng and decoding logic 726 and 728 for controlling the

operation of the drivers 720 and 722, and decoding the differential

signal s received. Thus, a nethod and apparatus for serial bus
‘el enents to electrically represent data and control states to each

ot her has been descri bed. _ Wil e the present invention
‘has been described in terns of the above enbodi ments, those skilléed
inthe art will recognize that the invention is not limted to the
enbodi nents described. In particular, beside the |l ow cost two wres

nl 40 be distributively

cabl e enbodi nents, the present invention /
ElB|wires. The method and.

practiced over cables with two or nore pairs«%
apparatus of the present invention can be > ced with nodification
and alteration within the spirit and scope of t e appended cl ai ns.

The description is thus tq_be_Lgﬁarded as f ol NSt ead of
limting on the present ifventiof. // 0
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REPLACEMENT SHEET -21-

CLAI V5 What is clained is: 1. An apparatus for incorporation into a
first and wosgaen@ serial bus elenent of a serial bus assenPFY/USSENS a
‘plurality of serial bus elenments, to allow the two serial bus elenents to
electrically represent data and control states to each other, sai d

appar atus conpri si ng: _ first drbyq means for incorporation into the
first serial bus elenment for driving "a first pair of electrical signals in
sel ected ones of voltage states for selected ones of tine durations in a
differential manner over a first pair of signal wres disposed in a first
cabl e interconnecting the first and second serial bus el enents;

52
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i L’ - Control/Status Nodes
t Registers [+
]
54
62 60 64

Device Operating | | Configuring
Software [+ System Software
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encodi ng neans for incorporation into the first serial bus el enent and
coupled to the first driver neans for controlling the first driver neans

t her eby enc&ﬁis,ggs.p,@ta and control states in the first pair ofpegrosisnuzsl
signal s; second driver neans for incorporation into the second
'serial bus elenents for-receiving the first pair of electrical signals, and
in.response, outputting difference sigeglg; and decodi ng neans for
incorporation into the second serial b 1 | enents and -coupl éd to the second
driver neans for receiving and decoding the difference signals. 2. The
apparatus as set forth in Claim1l, wherein said encodi ng neans encodes a

| ogi cal one by causing said first driver nmeans to drive the first pair of

el ectrical signhals with a positive difference greater than a predeterm ned
positive voltage threshol d. 3. The apparatus as set forth in Caiml,
wherein said encodi ng neans encodes a | ogical zero by causing said first
driver nmeans to drive the first pair of electrical signals with a negative
difference that is nore negative than a predeterm ned negative vol tage

t hreshol d.
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WO 96/ 13778 - :

PCT/ US95/ 14245 -22- 4.
The appar atvgseeas7met forth in Caim 1, wherein, said encodi nBCT/USIS/14¢Sans
‘encodes a "connected"” state by causing said first driver neans to

drive the first pair of electrical signals sinultaneously greater than a

predet erm ned. si ngl e ended vol tage (Vi for a predeterm ned

duration. 5. The apparatus as set forth in Caiml. wherein, said
encodi ng means encodes a "di sconnected” state by causing said first
driver means to drive the first pair of electrical signals

si mul taneously smal | er than a predeterm ned single ended voltage
(VseO) for a predeterm ned durati on. 6. The apparatus as
set forth in Caim 1, wherein, said encoding means encodes a start
of packet demarcation by causing said first driver means to drive the
first pair of electrical signals simultaneously smaller than a

predet erm ned single end® voltage (VseO for a predetermn ned
durati on. V- '
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;
7. The apparatus as set forth in Caim1, wherein, said encoding

means encodes an end of packet denarcation by causing said first

driver meanwgses/dnrave the first pair of electrical signals S|mm$9mm y
smal l er than a predeterm ned single ended voltage (VseO for a

predeterm ned duration. 8. The apparatus as set forth in Cdaim1l
wher ei n, said encoding pgﬁ ncodes a "connected" state by
causi ng said first driver neans ive the first pair of electrical
signal s si mul t aneously greater than a predeterm ned single ended

vol t age (VseO): for a flrst predetern1ned duration; and

sai d- encodi ng neans encodes a "di sconnected" state by causing sai d

first driver means to drive the first pair of electrical signals
si mul taneously snal ler than the predeterm ned single ended voltage
(VseO) for the first predeterm ned duration.

Vcc
90
2z, 86
V- } OE
o T - - - L o
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v—q \Dout

FIG. 13 z
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-23- 9. The apparatus as set forth in Caim8, wherein, sai d
.encodi ng neans encodes a start of packet denmarcation by causing said first
dri ver nmeargobgsimgve the first pair of electrical signals siREIVUSIHEME| y
‘'smal'l er than the predeternined single ended voltage (VseO: for a second
predet erm ned duration, the second predeterm ned duration being shorter
than the first predeterm ned durationg Eg sai d encodi ng neans
encodes an end of packet demarcation Eb? using said first driver means to
drive the first pair of electrical signals sinultaneously snmaller than the
predet erm ned single ended voltage (VseO for a third predeterm ned

duration, the third predetermni ned duration being shorter, than the second
pr edet er mi ned durfati on 10l In a conputer |systemc npkising a serial bus
assenbly having 4 plur@lilty of serial bus el gments, meffhod for the serial
bus elenents to glectricglly|represent data and contrpl ktates to each
ot her, said nethqd conpri|sindg the steps of: a) drimMing a first pair
of electrical signals {h|sel dcted ones of volfage stafes||for selected ones
of tine durationg in alfijfferlential manner over a first pair of signal
wires disposed in a fif[ptl cable interconnectijng a first pnd a second seri al
bus el enent by the firs$t |serilal bus el enent;
al—
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]
b) controlling the electrical signal driving perforned in step (a) to
encode data and control states in the first pair of electrical signals by

tlhe first swoeod13brss el enent; Cc) receiving the first pRCTUSHS/14245

el ectrical signals, and in response, outputting difference signals, by the
second serial bus elenent; and d) decoding the difference signals by
the second serial bus el enent. : 1%2/1§he net hod as set forth in Caim

10, wherein step (a) conprises driving the first pair of electrical signals
with a positive difference greater
REPLACEMENT SHEET - 24-
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than a predeterm ned positive voltage threshold by the first serial bus
element to represent a |ogical one value, and driving the first pair

el ectrical éﬁé4l§77ﬁnth a negative difference that is nore ne ’V%"Sflﬁ%ﬂﬁ a
predet erm ned negative voltage threshold by the first serial bus elenent to
represent a |logical zero value. 12. The nethod as set forth in Caiml1l,
wherein; step (a) conprises driving thg3yilgst pair of electrical signals
simul taneously greater than a predeterm ned single ended voltage (VseO for
a first predetermned duration by the first serial bus elenent to represent
a "connected" state, and driving the first pair of electrical signals

si.mul taneously smaller than the predeterm ned single ended vol tage (VseO
for the first predeterm ned duration by the first serial bus element to
represent a "disconnected" state. 13. The method as set forth in Claim
12, wherein, step (a) conprises driving the first pair of electrical
signals sinultaneously smaller tfan the predeternined single ended voltage
(VseO) for a second predeterm negdduration by the first seri & bus el enent
to represent a start of packet d rcation, the segonth predeuar mened
duration being shorter than the grst predet erm n at| on dr| Vi ng
the first pair of electrical signals S|nultaneous IIer than t he
predet erm ned single endeg, volta (VseO for ath rd pr edet gr m hed
duration by the first sertgl bus jel enent to r res nt [an end of acket
demarcation, the third pr@dﬁ{erm ned durati on shorter
bredeternlned dur ati on.
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14. A bus controller for incorporation into a serial bus assenbl y having
.at | east one other serial bus elenent, the bus controller ri

first driveossmams for driving a fi rst pair of electrical g&yp?ﬁ'ﬁz"s
'sél ected ones of voltage states for selected ones of tine duratlons in a
differential manner over a first pair of signal wires disposed in a first
cabl e interconnecting the bus controljseyig0 a first of the at |east one
ot her serial bus el enent;

- 25- encodi ng nmeans coupled to the first driver neans for
controlling the first driver nmeans thereby encoding data and control
states in the first pair of electrical signals;
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sdcond driver means for receiving a second pair of electrical signals in
sel ected ones of the voltage states for selected ones of the tine durations
al,so in a dvdberEmsial manner over the first pair of signal RCFESWIBMR ¢ he
first of the at | east one other bus elenent, and in response, outputting

di fference signals; and decodi ng neans coupled to the second driver
means for receiving and decoding the #§ff%&rence signals. 15. The bus
controller as set forth in Caim 14, erein sai d encodi ng neans

encodes a | ogical one by causing said first driver nmeans to drive the first
pair of electrical signals with a positive difference greater than a
predeterm ned positive voltage threshol d; and sai d encodi ng neans
encodes a |l ogical zero by causing said first driver neans to drive the
first pair of electrical signals with a negative difference that is nore
negative than a predeterm ned negative vol tage threshol d. 16. The bus
controller as set forth in Caim14, wherein. sai d encodi ng neans
encodes a "connected" state by causing said first driver nmeans to drive the
first pair of electrical signals
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e(VseQ for

si nul t aneously greater than a predeterm ned single ended
a.first predeternined duration; and sai d encodi ng
" di sconnected" state by causing said first driver neans t
pair of electrical signals sinultaneously smaller than t

ACRMENS SHEET

s S

singl e ended voltage (VseO for the first predeterm ned
The bus controller as set forth in (aim16, wherein, .
- 26- sai d encodi ng neans encodes a start of packet demarcation by
causing said first driver means to drive the first pair of electrical

signals sinultaneously snaller than the pretieterm ned single ended vol tage

CLAIMS

What is claimed is:

1. An apparatus for incorporation into a first and a second serial bus element of
a serial bus assembly having a plurality of serial bus elements, to allow the two
serial bus elements to electrically represent data and control states to each other,
said apparatus comprising:

first driver means for incorporation into the first serial bus element for driving
a first pair of electrical signals in selected ones of voltage states for selected ones
of time durations in a differential manner over a first pair of signal wires disposed in
a first cable interconnecting the first and second serial bus elements;

encoding means for incorporation into the first serial bus element and
coupled to the first driver means for controlling the first driver means thereby
encoding data and control states in the first pair of electrical signals;

second driver means for incorporation into the second serial bus elements
for receiving the first pair of electrical signals, and in response, outputting
difference signals; and

decoding means for incorporation into the second serial bus elements and

]
I3

coupled to the second driver means for receiving and decoding the difference

signals.

2. The apparatus as set forth in Claim 1, wherein said encoding
means encodes a logical one by causing said first driver means to drive
the first pair of electrical signals with a positive difference greater than a
predetermined positive voltage threshold.

3. The apparatus as set forth in Claim 1, wherein said encoding
means encodes a logical zero by causing said first driver means to drive
the first pair of electrical signals with a negative difference that is more
negative than a predetermined negative voltage threshold.

_—
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(VseO for a second predeterm ned duration, the second predeterm ned.
‘duration being shorter than the first predeterm ned durati
sai d encodi ng nmeans encodes an end of packet denmarcation b
first driver neans to drive the first pair of electrical si
si mul taneously smaller than the predeterm ned single ended
for a third predeterm ned duration, the third predeterm ned duration being

shorter than the second predeterm ned duration. 18. A bus signal
distributor for incorporation into a serial bus assenbly having at | east
one ot her bus elenent, the bus signal distf2Iutor conprising: first

driver nmeans for driving a first pair of electrical signals in selected
ones of voltage states for selected ones of tine durations in a

differential manper oyer a first pai f. si,gnal, wi.res disposed in a first
cabl e i nterconnegti ng*ﬁﬁ@ﬂﬂﬂaysg?ﬁaget fbf@t'?%ﬁ%%fg'f"’&%@f‘r rst of the at
| east one ot her bus ekaiteencoding meansescatiesga stahef packetaibmnarcationfhiyr st

and contr ol st at BTG Seid by ek el oo FEANSL pAFEFBleckASgiGT 7

and control staté |'ectrica d
driver means for simutandoushassedienthamthe predsterstined Aingle fules! voltags ect ed

ones of the volt AgG ARl 2Ssd MndSlcdietérthiRes Hupatid)hé IsEBoAd préd@smierd | N
a differential nney over the first ﬁgelr, of mgl%al .V\néiﬁs f.rom 'It_‘ae first of
the at |east onedBtHN BRIBgeY tthan the first Rredaterained SR ng"di f f er ence
signals; and deeaitl egcodiag meanpbacodes ahensieafopatket idemaration bior
receiving and causing said first driver means to drive the first pair of electrical signals

simultaneously smaller than the predetermined single ended voltage

(Vse0) for a third predetermined duration, the third predetermined

duration being shorter than the second predetermined duration.

™~ 10. In a computer system comprising a serial bus assembly having a plurality of
serial bus elements, a method for the serial bus elements to electrically represent
data and control states to each other, said method comprising the steps of: _

a) driving a first pair of electrical signals in selected ones of voltage states for
selected ones of time durations in a differential manner over a first pair of signal
wires disposed in a first cable interconnecting a first and a second serial bus

element by the first serial bus element;

b) controlling the electrical signal driving performed in step (a) to encode
data and control states in the first pair of electrical signals by the first serial bus
element;

c) receiving the first pair of electrical signals, and in response, outputting
difference signals, by the second serial bus element; and

d) decoding the difference signals by the second serial bus element.

11.  The method as set forth in Claim 10, wherein step (a) comprises
driving the first pair of electrical signals with a positive difference greater

TN W




decoding the difference signals. 19. The bus signal distributor as
set forth in Caim 18, wherein —
- 27 - sai d encodi ng nmeans encodes a | ogi cal one bl RERIFICEMENT SHEET
first driver nmeans to drive the first pair of electrical sign Is W tgh,a

positive difference greater than a predeterm ned positive vol 14APR!998

t hreshol-d; and sai d encodi ng means encodes a | ogical zZéFs—by—catsing——
said first driver nmeans to drive the first pair of electrical signhals with
a negative difference that is nore

-24-

than a predetermined positive voitage threshold by the first serial bus
element to represent a logical one value, and driving the first pair of
electrical signals with a negative difference that is more negative than a
predetermined negative voltage threshold by the first serial bus element
to represent a logical zero value.

12. The method as set forth in Claim 11, wherein, step (a) comprises
driving the first pair of electrical signals simultaneously greater than a
predetermined single ended voltage (Vse0) for a first predetermined
duration by the first-serial bus element to represent a "connected"” state,
and driving the first pair of electrical signals simultaneously smaller than
the predetermined single ended voltage (Vse0) for the first
predetermined duration by the first serial bus element to represent a
"disconnected" state.

13. The method as set forth in Claim 12, wherein, step (a) comprises
driving the first pair of electrical signals simultaneously smalier than the
predetermined single ended voltage (Vse0) for a second predetermined
duration by the first serial bus element to represent a start of packet
demarcation, the second predetermined duration being shorter than the
first predetermined duration, and driving the first pair of electrical signals
simultaneously smaller than the predetermined single ended voltage
(Vse0) for a third predetermined duration by the first serial bus element
to represent an end of packet demarcation, the third predetermined
duration being shorter than the second predetermined duration.

14. A bus controlier for incorporation into a serial bus assembly having at least
one other serial bus element, the bus controller comprising:

first driver means for driving a first pair of electrical signals in selected ones
of voltage states for selected ones of time durations in a differential manner over a
first pair of signal wires disposed in a first cable interconnecting the bus controller

to a first of the at least one other serial bus element;

-_—
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negative than a predeterm ned negative vol tage threshol d. The bus

isignal distributor as set forth in Caim 18, wherein,

nmeans encodes a "connected" state by causing said first dr EW&QEET
drive the first pair of electrical signals sinultaneously gr ate(] K?R 98 .
predeterm ned single ended voltage (VseO for a first predgt éd

duration; and sai d encodi ng nmeans encodes a "di sconnected" state by
causing said first driver nmeans to drive the first pair of electrical
signals sinultaneously snmaller than the predeterm ned single ended voltage
(VseQfor the first predeterm ned durati o5- 21. The bus si gnal
distributor as set forth in claim?20, wherein ncqgln nmeans

encodes a start of pa@q@tg d@ﬁme@rml%to@eE%Q"\r?g"@anamf’@f gfifteans to
dri the fi f t | | th
L 1 ) o Y A i

duration, the predeterm ned duration being shorter than the first

pr edet er mi ned duratlon and sai d encodi ng neans encodes an end of
packet derrarcat i on lsycomlm'megnmndfdrlre@tlvlm f veeondenaif<of eleciical gignaleins  r st

pair of electf nal t an | ler t d
singl e ended y e?%i’é‘?ﬁ% )th? olt aQePFﬂ \[;?ég%?gf’?ﬁsh r}in%u'lragtciﬂéaggﬁ% %‘I’sg]"ﬂg
predet erm ned Chfﬁé'i'%\h@‘ﬂ nPPnBEovd ?‘r"st ﬁabla(ff sighI WikssaPein et o? tHe &taéhst one
duration. 2P. us Interface for 1 ncorporation into a serial bus
assenbl y havi hopthér busasiémente and in response, outputting difference signals; and

' decoding means coupled to the second driver means for receiving and

decoding the difference signals.

15.  The bus controller as set forth in Claim 14, wherein

said encoding means encodes a logical one by causing said first
driver means to drive the first pair of electrical signals with a positive
difference greater than a predetermined positive voltage threshold; and

said encoding means encodes a logical zero by causing said first
driver means to drive the first pair of electrical signals with a negative
difference that is more negative than a predetermined negative voltage
threshold.

16.  The bus controller as set forth in Claim 14, wherein,

said encoding means encodes a "connected" state by causing
said first driver means to drive the first pair of electrical signals
simultaneously greater than a predetermined single ended voltage
(VseO) for a first predetermined duration; and

said encoding means encodes a "disconnected” state by causing
said first driver means to drive the first pair of electrical signals
simultaneously smaller than the predetermiined single ended voltage
(Vse0) for the first predetermined duration.

i7. The bus controller as set forth in Claim 16, wherein,

-
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other serial bus elenent, the bus interface conprising: ... __first driver

means for driving a first pair of electrical signals in EF O
-28- of voltage states for selected ones of tine duratigns EMENT SHEET

differential manner over a first pair of signal wires digpgsed in | T
cable interconnecting the bus interface to the first of Bastﬁt"'r’-e 3;;&9:&

ot her serial bus elenent; encodi ng neans coupled to the tIrst orr
means for controlling the first driver neans thereby encodi ng data and
control states in the first pair of electrical signals; second driver
means for receiving a second pair of elect®bcal signals in selected ones of
the voltage states for selected ones of the tinme durations also in a
differential nmanner osaid encedfrig steapaiencotiesiagstart ofi pasket demar¢ation byt of

it he at |east OnEi:ausing said first driver means to drive the first pair of electrical signals

| simultaneously smaller than the predetermined single ended voltage
(Vse0) for a second predetermined duration, the second predetermined
duration being shorter than the first predetermined duration; and

said encoding means encodes an end of packet demarcation by

causing said first driver means to drive the first pair of electrical signals
simultaneously smaller than the predetermined single ended voltage
(Vse0) for a third predetermined duration, the third predetermined
duration being shorter than the second predetermined duration.

8. A bus signal distributor for incorporation into a serial bus assembly having
at least one other bus element; the bus signal distributor comprising:
first driver means for driving a first pair of electrical signals in selected ones

of voltage states for selected ones of time durations in a differential manner over a

first pair of signal wires disposed in a first cable interconnecting the bus signal
distributor to a first of the at least one other bus element;

encoding means coupled to the first driver means for controlling the first
driver means thereby encoding data and control states in the first pair of electrical
signals;

second driver means for receiving a second.pair of electrical signals in
selected ones of the voltage states for selected ones of the time durations also in a
differential manner over the first pair of signal wires from the first of the at least one

other bus element, and in response, outputting difference signals; and

decoding means coupled to the second driver means for receiving and

decoding the difference signals.

19.  The bus signal distributor as set forth in Claim 18, wherein
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and decoding the difference signals. 23. The bus interfage, as set
forth in Claim22, wherein sai d encod| ng nmeans enc dB@tea J@gﬁﬂﬂalﬂ%e

by causing said fi rst driver neans to drigpg-the first pai ot
signals with a positive difference greater than a predeterm ned p05|t|ve
vol tage threshol d; and sai d encodi ng neans encodes a | ogical zero by
causing said first driver means to drive the first pair of electrical
signals with a negative difference that is nore negative than a

predet er mi ned negasidvenceding aueansiancedrsi @ logicapgne bva'Bﬂ§a!dnfﬂf§¥ fldyer rpeanset
forth in da I SEANS

"connect ed"” k@cﬁ:ﬁegﬁ@?gﬁs ar'n'[q ogaelle(?trf&? @ g’rglc@g'r‘rwngans t(‘)jﬁ ri ve r%ate |'£Pasn e
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singl e ended volta VseO) for a first pre n
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negative than a predetermined negative voltage threshold.

20. The bus signal distributor as set forth in Claim 18, wherein,

said encoding means encodes a “connected” state by causing said first driver
means to drive the first pair of electrical signals simultaneously greater than a
predetermined single ended voltage (VseO) for a first predetermined duration; and

said encoding means encodes a “disconnected” state by causing said first
driver means to drive the first pair of electrical signals simultaneously smaller than the

predetermined single ended voltage (VseOl)for the first predetermined duration.

21.  The bus signal distributor as set forth in claim 20, wherein,

said encoding means encodes a start of packet demarcation by causing said
first driver means to drive the first pair of electrical signals simultaneously smaller
than the predetermined single ended voltage (VseO) for a second predetermined
duration, the second predetermined duration being shorter than the first
predetermined duration; and .

said encoding means encodes an end of packet demarcation by causing said
first driver means to drive the first pair of electrical signals simultaneously smaller
than the predetermined single ended voltage (VseO) for a third predetermined
duration, the third predetermined duration being shorter than the second

predetermined duration.

" 22. A bus interface for incorporation into a serial bus assembly having at least one
other serial bus element, the bus interface comprising:

first driver means for driving a first pair of electrical signals in selected ones
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si mul taneously smaller than the predeterm ned single endedjjvolta

(VseO for the first predeternined duration. 25. r%“%gfﬁnéﬁﬂf.m..
as set forth in Caim24, wherein, sai d encodi ng

a start of packet denmarcation by causing said first driver neans to
drive the first pair of electrical signals si mul t aneously snal | er

than the predeterm ned single ended voltage (VseO for a second
predeterm ned duration, the second predete28-ned duration being
shorter than the first predeterm ned duration; and . said

encodi ng neans [e5GRASSe 8Bt MledeF Kifds St dimktions P differentialfaisic@véea d
first driver ngans to drive the first pair of electrical signals
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encoding means coupled to the first driver means for controlling lthe first
driver means thereby encoding data and control states in the first pair of electrical
signals;

second driver means for receiving a second pair of electrical signals in
selected ones of the voltage states for selected ones of the time durations also in a
differential manner over the first pair of signal wires from the first of the at least one
other serial bus element, and in response, outputting difference signals; and

decoding means coupled to the second driver means for receiving and

decoding the difference signals.

23. The bus interface as set forth in Claim 22, wherein

said encoding means encodes a logical one by causing said first
driver means to drive the first pair of electrical signals with a positive
difference greater than a predetermined positive voltage threshold; and

said encoding means encodes a logical zero by causing said first
driver means to drive the first pair of electrical signals with a negative
difference that is more negative than a predetermined negative voltage
threshold.

24.  The bus interface as set forth in Claim 22, wherein,

said encoding means encodes a “connected” state by causing
said first driver means to drive the first pair of electrical signals
simultaneously greater than a predetermined single ended voltage
(Vse0) for a first predetermined duration; and

said encoding means encodes a "disconnected” state by causing
said first driver means to drive the first pair of electrical signals
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(57) Abstract '

Circuitry and complementary logic are provided to a bus controller (14), a number of l:n ‘bus signal distributors (18), and a number
of bus interfaces (22) of a hierarchical bus assembly (26) for electrically representing data and control states to each other. The hierarchical
serial bus assembly (26) is used to serially interface a number of isochronous and asynchronous peripherals (16) to the system unit (12) of
a computer system (10). The serial bus elements are interconnected to each other using low cost two wire signal cable. Electrical signals
are propagated between the serial bus elements in a differential manner. These circuitry and complementary logic of the serial bus elements
jointly implement inference of data and control states from the states and/or durations of the propagating electrical signals.




