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1 THOD AND APPARATUS FOR DOCKI NG ND -
UNDOCKI NG A NOBBEK COMPUTER . CROSS- REFERENCE TO RELATED ABPLIC T ONS
This application is related to U S. Patent Application nunber -
entitled "METHOD AND APPARATUS FOR DOCKI NG AND UNDOCKI NG A NOTEBOOK
COWUTER, " by Cho et al, filed on even date herew th. FI ELD OF THE

| NVENTI ON Thi s i ' e fJ f_conputer -
systens, More particulhgﬁé,%#%r&bi‘%@%‘%gméEﬁ&%@%ﬁe docki ng and
undocki ng of a not eb ANDIINPOEKINCOANOTEBRIOK COMRWGHER * BACKGROUND
OF THE | NVENTI ON Today, notebook (nobile) conputers have

i ncor porated nmany features that were once only available on desktop

per sonal conpu & A g ation connected to a
not ebook conputt et v T ous services usually
only available to d?ﬁi% hE&EB?HE‘% 1§tethBl@s pa:ervm;sbx algh A Computer s
connected to, or seated’rn, docking station, resulti ng system

resembl es a desktop conput, @fmtled METHOBMDWRAW@R pockmgeal |y
connected to a docking station t hrough the use of a socket type

connection. ThaANDIINDRCKING Royo TESGOK SIOMPUIER, heeChedt ahfited tre docki ng
station, and upon such insertion, connects t hrough the use of a mating
connector to tﬁé‘e@ééﬁhfge‘g’cﬂétlon When

IEL THE INVENTION N
This invention relates to the field of computer systems. More
particularly, this invention relates to the docking and undocking of a

notebook computer from a docking station.

BACKGROUND OF s INVENTION

Today, notebook {mobile) computers have incorporated many features
that were once only available on desktop personal computers. Through the
use of a docking station connected to a notebook computer, a user is allowed
to access various services usually only available to desktop computers. Thus,
when a no.tebook' computer is connected to, or seated in, a docking station,
the resulting system resembles a desktop computer.

A notebook computer is typically connected to a docking station
through the use of a socket type connection. That is, the notebo6k computer
is inserted into the docking station, and upon such insertion, connects

through the use of a mating connector to the docking station. When
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t he not ebook Y¥@MAH®: from the docking station, the not ebogﬁ’rm(g cgﬂnput er

is sinply renoved fromthe docking station. One of the “myj or
problenms with prior art methods of inserfing and renovi ng the not ebook
conputer fromthe docking station is that the user nmust manually

i ntervene before either the insertion or renoval process can ‘

perfornmed. - Ther e n [ I ng.,and nd Ckl ng
ot hod uses  dipnenging Periniboar PARPLEr i Ble Mcarg g vitishock

not ebook conput gm u@ms%lm RN EA Groth ﬁ{émkmgtggé:ﬁgn precondi tioning by the
user. Thus, even i 56/ lication programis running on the notebook

conput er, the not ebcfmkeofthemmpreblemmibleprmsmtnmihﬁﬂsdf&ﬁsétﬁﬂ ah@m t he
docki ng station wi thout i nterruption of the application program

This prior art Wmvem&mocbsbyomonm@rffmthq draking stefion id dbtithe usdri p,

that resides within the notebook c r’rrp hat handl es insertion and
removal al gori t St MERRRL lpfﬁrgerﬁqueg? c&t e’s@‘?t"éﬁ?ﬁ‘@ %fcfﬁ@r‘?t"éb@@&%sslcﬁ"t hat it

al I ows docki ng ng ing without preconditioning, it has the
di sadvant age of!?é;gerlfl cé{(l ng the notebook conputer with nore circuit

conponents. The NOr errdfpil, an&HWmﬁdéa&# ﬂ%ﬂm&%&@ﬁ&%@ook

conputer, the higher drain ther be on tThe batt e nore expensive
the notebook i scitomittpenstalows & usernd iiseet dralr g iovt AGoRDbER e paEHHERE W | |
becone. WO 98/ 22968
PCT/ US97/ 17491 docking station without preconditioning by the user. Thus, even 1f\an
application program is running on the notebook computer, the notebook
computer car; be inserted or removed from the docking station without
interruption of the application program.
This prior art system employs an interface, including a docking chip,
that resides within the notebook computer that handles insertion and
removal algorithms. While this prior art system is advantageous in that it
allows docking and undocking without preconditioning, it has the
disadvantage of compiicating the notebook computer with more circuit
compouenfs. The more circuit components included within the notebook
computer, the higher drain there will be on the battery, the more expensive

the notebook is to manufacture, and the larger the notebook computer will

become.



SUMVARY COF THE | NVENTI ON A nmet hod and apparatus for providing
docki ng of a afols nggg conmputer to a docking station W t hegpserzs
e

precondi tioning Ts scri bed. The -apparatus includes interface circuitry
|'ocated within the docking station for interfacing between the notebgok
conput er and docking station. The intgrface detects when the notebook
conputer has been inserted within t he docking station, and

correspondi ngly enables a switch such that a common systembus is -

coupl ed bet-weeng tﬂ_ﬂﬂqﬁ?mﬂgqm EF%@nd the docking station. The
int erface al so generates events ow software to configure the
not ebook conput er anﬂxﬂﬁhkdaﬁdsppiﬂaﬁ.&Mtpmwxngﬁoekxng%‘tﬁnotébﬁo&wem' on.

WO 98/ 22968
PCT/ US97/ 17491 computer to a docking station wuhout preconditioning is descnbedBF!lhEF

DESCRI PTI ON OF THE DRAW Nﬁ ? present i nventl on wll be
under st ood rmreal?EﬂrPS}‘Sf’P@ ‘E%@@F&F‘F%t‘)’ ocatpd-withisy the dogkipg stasisinow and

f h i th ,'
whi ch, honever | e HATACHECeRERrdhe oEsoHY mppu R Rt soRRbE Btig dber he.
speci fic enbodi pRLse ditctsAfed (e ri¥HoBRbIPRE M been MBEREPLARGL N9 onl Y-

the docking station, and correspondingly enables a switch such thata

common system bus is coupled between the notebook computer and the

docking station. The interface also generates events to allow software to
3

configure the notebook computer and docking station without prior user

intervention.



Figure 1 is a block diagramof a notebook conputer and docki ng station

of the present invention. Figure 2 illustrates Que,8apbash ment
of a docking VOB connector of .the present invention. . < -
Figure 3 jllustrates a docking interface chip in accordance with ohe .
enbodi nent of the present invention. Figure 4a illustrates a
first enbodi ment of a docking station power supply. in accordance wth
the present invention. Figure 4b illustrates a second enbodi nent

of a docki ng stgh&gPﬁM@mnce with the present

invention. ht e di agram of a docki ng

state machine in  ARCHIANGRvHHLR PibeS R IR o mhf)trb RELE Qe

PCT/ US97/ 17491 description given below and from the accompanying drawings of various Fi gure 6

is a flow di agram depi cting a nmethod of handling ‘docki ng and undocki ng
of a not ebook cempodimnents of the inventiofj which, Howeves, shouldmptdieagkermodimiti gnal s
asserted within one enbodi ment of the present invention.

the invention to the specific embodiments, but are for explanation and

understanding only.

Figure 1is a block diagram of a notebook computer and docking
station of the present invention. \
Figure 2 illustrates one embodiment of a docking station connector of

the present invention.

Figure 3 illustrates a docking interface chip in accordance with one

embodiment of the present invention.

Figure 4a illustrates a first embodiment of a docking station power

supply in accordance with the present invention.

Figure 4b illustrates a second embodiment of a docking station power

supply in accordance with the present invention.

Figure S illustrates a state diagram of a docking state machine in

accordance with one embodiment of the invention.
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DESCRI PTI ON FOPRE2BRESENT | NVENTI ON . A net hod andr%’gg’}@{’)ﬁ f or
docki ng and undocki ng a notebook conputer is described. In the fellowng
detail ed description of the present iSvention nuner ous specific details
are set forth, such as specific bus protocol s, vol tages, event and

interrupt nanes, etc., in order to provide a t hor ough under st andi ng of

t he present-inventi _ i i L : re ne ,ski.lled in
the art that the pr g@g‘ﬁt In‘ég;ﬁwg%a%%}dgg?cgp §catqﬁgg\88wfvt\\nggﬂgﬁ$d9ﬁ8§€

speci fic detail gnd LAdSAY of 9 t8BsASconfiltbe kKNOWN structures and devi ces
are shown .in block diagramform rather than in detail, in order to

avoi d obscuring the present invention. Overvi ew of the Invention
The present invention provides an automatic, un-preconditioned

i nsertion/renoval - priigeted isisdimiagrdiagran efisigneleasseniedwithinjone docki ng
station that does, not re Pire user.intervention. Mreover, the present

i nvention is adV&h?gﬁﬁﬁﬁg ths Rresent inveREORtocki ng interface is |ocated within
the docking station, rather than wthin the notebook conputer.

When inserted within the docking station, the notebook conputer is

coupl ed to the docking station through a connector. The connector i ncl udes
pi ns that couple comon signal |ines between the notebook conputer and
docking station. For instance, the connector is used to connect a common
system bus between the notebook conputer and the docking station.

The conmon system bus is also coupled to a switch. The switch_i's

controlled by the interface circuitry within the docking statPon. Wen the
interface circuitry detects that the notebook conmputer has been inserted
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docki ng statiwm9sa@ switch is closed to couple the conmon PSFASERT1 pus of
t he notebook conmputer with the docking station. However, because a .. -
transaction may be in progress on the common system bus, the switch is not
closed until the interface circuitry defermines that it is safe to do so

wi t hout interrupting the transaction. The interface circuitry therefore
requests control of the common system bus, and then closes the switch
once control has been granted to the interface circuitry. For

one enbodi nent of the |nvent|on gener at es a
docki ng event &Hek: DESCRI P [HON;, detected by a

software routine t h%tgtglaéggragé?} he g&g%gggggaﬁggg%c Ir%%gagg\g %ck ng station

automatically, w thou it 'er ven %PKe software
routine may | oggmatdtis 8ebcHB¥.CR: @l&lfaafdvﬁng%ta@@wd@&%pﬁohmmhé eﬁs&%k' ng
station that are Coupled to the conmon syStem bus

not ebook conpuirventidnini@eirbeskpatcifiaidetdils arciee kirtly satiads Pecific buge not ebook
conputer may be in a suspend node or a normal node. For one enbodi nent
of the inventi gnototdie, waﬂagtta‘,awtendmtﬁmptnmgﬂ{stq,momdeopfovxdedne not ebook
conmputer upon insertion. |f the notebook is in a suspend node t he
interface cir cuhqrpygh sadestanding ‘?fdb%BEf‘éﬁ“tdBWifﬁ’fOé‘r Hoyvewsrritwikkbee bef or e

| th tch t Ki th
ﬁogzlbggk cgrr;\llj\%g aﬁegpg’o ng dl'fr'] drOC}kl %b'é' %h‘}enflﬂ%mayrpcﬁ%‘ﬁf)tg‘%dcoﬁputer
may enter suspeRthdiRHfese Epémf&rkfetﬁ&qub&ﬁmns&d&es wéu%ﬁmra&%u&ue%uhar y

detects that-the-notebook is entering suspend node
devices are shown in block diagram form, rather than in detail, in order to

the |nterface circuitr

EN

avoid obscuring the present invention.

Overview of the Invention

The present invention provides an automatic, un-precondiﬁoned
insertion/removal protocol between a notebook computer and a docking
station thatdoes not require user intervention. Moreover, the present
invention is advantageous in that a the docking interface is located within the
docking stafion, rather than within the notebook computer.

When inserted within the docking station, the notebook computer is
coupled to the docking station through a connector. The connector includes
pins that ceuple common signal lines between the notebook computer and
docking station. For instance, the connector is used to connect a common
system bus between the notebook computer and the docking station.

The common system bus is also coupled to a switch. The switch is
controlled by the interface circuitry within the docking station. When the

interface circuitry detects that the notebook computer has been inserted



t-her eby pl aces the docking station in suspend nbde as well. The
interface circuitry al so detects when the notebook conputer,l .ng
removed f(oanﬁémﬁé@king station. The interface circuitry‘d%%@é%gagbp-_'
removal by either sensing a physical renoval of the notebook conputer from

WD 98/ 22968 7
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station, or receiving an eject request fromthe user of the system °- or

f10M a SOf Luar &y Rl i ockilg LEHRANIE itch b QAN Mbuplelif LB ASE Ly

circuitry frrst gener s an undock event that causes
prepare the  biEQsmKHE RbteBYSK &b @ter WRIRYAHoEink BRLBAT HAREVGOPRYLES s The
i nterface circuitry then opens the switch to isolate the conmon system

bus. tHiresactidrenag be to pragress arethe bemimonsysteanbusyttie seitcRe Agd  node
when an eject request is detected by the interface circuitry. For one
enbodi ment, if desedisitd shiterfep giretitry sleterminestbabit insale tatdmsa withejiect
request is detected, the interface gircuitry resunes the notebook conputer
Lo hor mal  modBtesBiRsng e FeRacrAG: The RiFrtseerERi RarROTS SERNERS SRR ( ch.

Wen the undoc %fggg%ﬁggggtgg{(tﬁ%ﬁé{d ﬁ'te?xq:iésg@gn% shAkh e é@golﬁﬁ%?fé%xi? ation

routine configur nputer an ocki ng starl

for renoval of graﬁteaqbeﬁp@ll&rmgggg@[ry, Recal | that events, such as the
undock event, are generated by the“interface circuitry to allow a

sof tware routine t o Foroneémbadiendnitef thetinbersionc theyinteefacaricbulies igengrasdsat i on
upon insertion or ~renoval. These events are generated automatically by

i nterface circul degking eyenhpncethe switek hagbesnealgsed. mhevmcﬁéeteghébysaer does
not have to manual | i nt ey vene _before the commencenent, of docking or :
undocki ng. soawgﬁé%é{‘%lt PREguss thepet : %@thﬂrﬁ'&r&éwtew comon
systembus — WhGRohGHONG) withodEPSGE Gl irtliSeh i ' Sheilde Ol ShitwARENS Lhe

switch at a tine
routine may load required device drivers for devices within the docking

station that are coupled to the common system bus.

When the notebook computer is inserted within the docking station,
the notebook computer may be in a suspend mode or a normal mode. For
one embodiment of the invention, the interface ci_fcuitry checks the mode of
the notebook computer upon insertion. If the notebook is in a suspend mode,
the interface circuitry resumes the notebook computer to normal mode before
closing the switch and generating the docking event.

Once the notebook computer is doeied to the docking station, the
notebook computer may enter suspend mode. For one embodiment, the
interface circuitry detects that-the-notebook is entering suspend mode, and
thereby places the docking station in suspend mode.as well.

The interface circuitry also detects when the notebook computer is
being removed from the docking station. The interface circuitry detects a

removal by either sensing a physical removal of the notebook computer from



when a change in capacitance of the conmmon system bus does not affect the
transaction. The interface circuitry opens the switch at a tJ en t he
AT

ri sing edge ofW8A¥*%At em bus cl ock and the setup time of _t ’stem

bus clock. Therefore, if any signals on the conmon system bus fluctuate
due to the opening of the switch, the signals will be settled by the
setup tine of the next cl ock. - WD 98/ 22968
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ot ebook Comput AN BHETRCIAURBA 1ot RBAB L G A £ 447 O i ptemnc
f th t It ' ' . t t
For system sof tvar o acraAREfouine: BErLBEN i b dOndiReRitdy™ ©

i nterconnect si giai Ser@dtbdlh &ﬁ@oc&@@ﬁtttth'ca%es_rtﬁérEHﬁJvaxFértQ??éﬁar@rﬂilé"hi l'e the
not ebook conputer is fully seated to prevent interconnect signals from

conflicting, andohguatesyswendfairérnoailes thersmelsandomputer. The infdpfage t hat t he
software routines referred to in the present invention control the
operation of hardifsaitey thenopencibaswitsh te isolaénihgsamaegn system busl enent ed i n
various progranmm ng |Languages. For instance, the software rquti nes may
conprise a basic inpl}%Fg‘Gf gpk syrapuier FHYES) N FHTRENGMPde or nprmalIiede anguage.
Al so the softwar [ i . ' .par as firmare,
runtinme library V?%%F%lr}lggd rg%uegg%?f 5 e?%leél tgryti\? élj\ rﬁegé%écée?r H?tg}g.g‘dr one

Det ai | ed Descri Rimbydi@knt, (RhERPRbSSRCorbutehB ifls@5RAN nhdleaWhiR the eject
Figure 1 is a bl ock diagram of one enbodi nent of 'the system of the

present inventi onqudseisateteatgl, the iRteyface citcuitrp cessiyrss dhe notebeslecomputectc ng
station 11 and a not ebook conputer 10, each shown separated by a dotted
line. A connect diormal meds before genegating the apdeicevedt apd openiaghe switdls and

berween the tvo. W s shBbds Bet SR SRR RS A= o (e
mat 1 ng routine configures the notebook computer and docking station in preparation

for removal of the notebook computer. Recall that events, such as the undock

event, are generated by the interface circuitry to allow a software routine to

configure the notebook computer anci docking station upon insertion or

removal. These events are generated automatically by interface circuitry

within the docking station. Therefore, the user does not have to manually

intervene before the commencement of docking or undocking.

Because a transaction may be in progress on the common system bus
when removal is detected, the interface circuitry opens the switch at a time
when a change in capacitance of the common system bus does not affect the
transaction. The interface circuitry opens the switch at a time between the

‘rising edge of one system bus clock and the s.et'up time of the next system bus
clock. Therefore, if any signals on the common system bus fluctuate due to
the opening of the switch, the signals will be settled by the setup time of the

next clock.



connector 12 of the docking station 11, the notebook conmputer is said to be
"seated" within the docking station. For the ill ustg 'ﬁ% 17491

enbodi ment, LB conputer 10 conprises a m croprocessor 6’ coupl ed
to a second level (L2) cache 111. The nm croprocessor comuni cates W|th
menory (DRAM 112 and system bus 180 9 WO 98/ 22968

PCT/ US97/ 17491 10 t hr ough a
menory controller and bridge chip 113. For one enbodi nent,

" SLoPr oeessor 110 SRUBRBRIfa A Sho RO SRR BE R e

dara, Cal hB%Bb@corE?&te'&'Bﬁd %@@&kmgﬁtamm&s&ah@ﬂ? damn%l!a{eem bus 180
is a bus conform ng to the peripheral conponent intérconnect (PCl)

pr ot ocol . potver nbthevekebook yemputdries thldoaking statibgtogtrerateaivearts

wel | - known prot ocol, such as the industry standard architecture (ISA)
bus. fortseystent %ﬁwewnmtlem, tqeumatma bzwfpan@enemm /O control |l er

t h | dtot t 180, | ) ts,
Qual serial " BUFRENAGRSSEn R AuFNBGBR LBATHO GFISTOUR LRI GBI ine T upt
|1 |Vb
control . OMotonofRRARLCF s TSBREY |TBRREK: AR UL Bonllor cOVer

not ebook co a gr I CS cont and V|deo
mpu g

frame buffer (Baedflictit)AnalocatdRdQliotsted RSoltebs, bus 180, for interfacing
with a flat panel display or CRT. Also coupled to PCl bus 180 in one

enbodi ment are a haNdtehakthe softivapgrputinekreferradeto ik élydbpresentdnderBionS
controller, all of which are well - known and not shown. The PCl
cl ock signal |mretrqﬂsllepBerét;arppéhlarfimmméeﬁemp;er@ﬁmmcﬂwdenayband bri dge

chip 113 to Q buf eover, the P re nal pair
i es Req Cn P BIPented i ARl e R grafotin ey ?omgan% b sotefh e, "o}
I s enabl ed by I ,ﬂ@ﬁl he Q buffer
121 on signal Hlﬁg@é‘igxng an Ig%%learbgtsg /oﬁgﬁgtgy r sup{hl

circuitry 150. assSembRClankusagel 8lsb &mﬂpia@éirﬂat? Hehﬁ\p@rbéﬁté@rml@@or YW' chis

part, as firmware, runtime library routines, or operating system procedures.

Detailed Description of the Apparatus of the Present Invention

Figure 1 is a block diagram of one embodiment of the system of the
present invention. Referring to Figure 1, the system includes a docking
station 11 and a notebook computer 10, each shown separated by a dotted
line. A connector 12 is positioned between the notebook computer 10 and
docking station 11 to facilitate an electrical connection of signals between the
two. When the notebook computer 10 is properiy coupled to the mating
connector 12 of the docking station 11, the notebook computer is said to be
“seated” within the docking station.

For the illustrated embodiment, notebook coxhputer 10 comprises a
microprocessor 110 coupled to a second level (L2) cache 111. The

microprocessor communicates with memory (DRAM) 112 and system bus 180

s



enabl ed by the Q buffer enable signal QPCIEN# on signal |ine 183, generated

by the dockin | 30. The Q buffers 120 and 121 |

buf feri ng of g'vo(rirf%%géssi gnal s bet ween- not ebook conputer 10 ell’%éﬂﬁgc_. f’r%g'_
station 11 when enabled. Q WO 98/ 22968 | -
PCT/ US97/ 17491 10 11 buffers 120
and 121 al so provide isolation between the common signals of not ebook

conput er 10 and docki ng station 11 when di sabl ed. For one enbodi ment ,
Q buffers 120 aﬂﬂré@ﬁ%@ﬁfenﬁﬁy% h RligicRip18N Fd} i e signals .
coupled to the Q bufters 120- 1%1’%1&2%{1?}?{?5{:; e_gy\glgl cf):\?vifﬁgé)%lﬁgommérﬁg't ebook
conputer 10 to bmiarepmvesiof IBreotripeiseoark el AtchitearureMlicroprocessor (e.gl1886°C
clock line 181 and the REQ CNT# |ines 187 are run_through t he separate
Q buffer 121 so arEentigm® pepcesser)doanufagiuradireintel Corperation lof fanta Clataat i on 11
may take control

f. the PCl  bus, 180 before,t PCl buffer. 120 is
enabl ed. This vm'qaqlfﬁ’é“%xg‘l’rafméﬂ‘bP&‘WQeﬁﬁlbéaﬁ‘eﬁ%P Stepbs 80 is a bus For
one enbodi nent, . ' |.$:8. pbai Nt :io<point . signal
fromits sour ce,&ggocrﬁlqéégrr@‘%re 3%9 Ié%))ﬁp ‘?06% ? %r}éngnczﬁo ’%‘%&E@?Bm&i?lm a
clocking chip (nQkerdR@YElY, sySRHBRA8D Indy \RnERek id hotiRAGL over,
t he..RCl cl ock on Ieine 18 sgas a | ow skéw rel ationshi qu%f%%&%%%@&r%nni ng
on the pri mar yuabhtae becakd @ty stasdat8@rchitecture (ISApbanle enbodi nent, docki ng
station 11 has a power su&gl ylF 150 which powers all the devices in docking

eRrk

station 11. This typdhemo eynpter {Gmay rlsorcemwrise as 120 destrolier (notrput er |
i n that the powe wer saqurce (not

| t fro AL C
shown). Mor eovets?‘o?s”u 'p%ﬁgﬂéggﬁ eﬁréﬁ?ns}?‘f'é_ o\%g}"‘d‘%ﬁ H?rége W‘Fhé“\ﬂ@éﬁ?hg
station 11 and nof&bRAKARIN St Qu grobRUERANE Gt Qb controller, DMA

controllers, memory mapper and 1/0 buffers. Moreow)er, notebook computer

y

10 may also comprise a graphics controller and video frame buffer (not
shown), coupled to the PCI bus 180, for interfacing with a flat panel display
or CRT. Also coupled to PCI bus 180 in one embodimerit are a hard disk,
floppy disk drive, keyboard and BIOS controller, all of which are well-
known and not shown.

The PCI clock signal line 181 is coupled from the memory contfoller
and bridge chip 113 to Q-buffer 121. Moreover, the PCI request and grant
signal pair lines REQ/GNTH# 187 are routed through the Q-buffer 121. The Q-
buffer 121 is enabled by the Q-buffer enable signal QDEN#, delivered to the
Q-buffer 121 on signal line 193 and generated by the docking power supply
circuitry 150. The PCI bus 180 is coupled to the Q-buffer 120, whirhis
enabled by the Q-buffer enable signal QPCIEN# on signal line 183, generated
by the docking chip 130. |

The Q-buffers 120 and 121 provide buffering of common signals

between notebook computer 10 and docking station 11 when enabled. Q-



each other. Therefore, for instance, docking station 11 may be in a powered
on state whil e _notebook conputer 10 is in a suspend state. The
suspend node ivgogp’??)%er saving state that allows the not ebooppmsggﬁ-’ﬁgh[ er 10
or docking station 11 to consune considerably | ess power at ti mes when
the systemis not being used. There are lnurrber_ of suspend nodes that’
may be inplenented within either the docKing station 11 or not ebook
conput er 10. For instance, the "powered-on suspend" node WD 98/-22968
PCT/ US97/ 17491 g . 12 . disables all
of the ¢locks i RuffE ¥)andi?! akpapevidsisationbelivesn the copren signals of  The
power consuned i Q.H&N.86 i I ] .t hin t he system
To resunme from ![n Eteetbggaé?%‘ghgeﬁ @Ggged)ré&f“ﬁgékea?‘%th ﬁg%ﬁwéa%% B8 %rfer’rpl y '

restarted. embodirhént, QUSUTRRE! 1 20ParldRFIY actBSISv ftdHes, SwREPART whbh dﬁé&b |
devi ces except power managenent | ogic, nmenory refresh logic, and frame

buf fer refresh the digmals cotpiled twined¥-butfersd012bhre thiestated iatlowimg the n t he

system nust be saved to DRAM prior to invoking the suspend to DRAM node.

To resune from fRtebook gerpphter 18 tomaramexed from theidedkingstatien 1be reset and
The uspend to djsk"

e Saves i ﬁihiﬁf " Do B et e 141 g BEQY ONTY RS0 s Bt o
W 1 e saspondd apardd SuRhial 8 B flnpMEdoddhd dyendiing Goekiie, e

conmput er syst emsgaush 110 endylRR¥ESriFbI of BREPCT RRASH 8BSl B mrt@bhh%%zdégm ext.
saved on hard di sk. As nentioned previously, for one enbodi nment -
t he not ebook coemahled. ThikGvilibe edplaknedgnshareidemilliereinybelow.oke i ndependent
power nodes. Thus, ei ther the notebook computer 10 or the ddcking station
11 may enter one of Forane esmbasimeniytheClalodkan linedS1 is a point-to-ppirgnot her
enbodi nent, docki n '

wherein the docﬁlsﬁgl @%@Eii%ﬁuflacéﬁé’%hgaa ﬁﬁ%‘l"%tflxﬁg%‘%‘f‘ 3’%1‘]38%%}1{91 g{f‘g‘j 2
: clocking chip (not shown), coupled to the docking connector 12. Moreover,
the PCI clock on line 181 has a low skew relationship to the clock running on
the primary notebook PCI bus 180.

In one embodiment, docking station 11 has a p;ower supply 150 which
powers all the devices in docking.station 11. This type of docking station 11
resembles a desktop computer, in that the power supply 150 operates from an
A.C. power source (not shown). Moreover, for one embodiment the power
states of the docking station 11 and notebook computer 10 are independent of
each other. Therefore, for instance, docking station 11 may be in a powered
on state while notebook computer 10 is in a suspend state.

The suspend mode is a power saving state that allows the notebook
computer 10 or docking station 11 to consume considerably less power at
times when the system is not being used. Therearea nux_nbe_r of suspend
modes that may be implemented within either the docking station 11 or

notebook computer 10. For instance, the “powered-on suspend” mode



not ebook conputer power supply 160 or its own internal battery (not
shown). For this e of docking station, the power node of

station 11 fdwpgﬁgyﬁ%at of the notebook conputer 10. Theref%&ﬂagﬂgﬁﬁ t-he
not ebook conputer power supply 160 is on, the docking power supply-150 is

WD 98/ 22968 12
PCT/ US97/ 17491 13 - on as well .~
When t he notebook conputer 10 is in a suspend node, then the ‘docki ng

station 11 +SII’1 type of

e de as. well. t he de kto
docking” st ati on®s Su%g‘a&g‘ﬁgp%g%ﬂ%&ﬁs}%%rexcei’tfgﬂfﬂ:ﬂS‘r’alltBB e glogk 4B Y P a pin

on connector 12 r rge the
not ebook batt er?%ﬁ%v?&s% '}\9%{8{1/\#; %ﬂggﬁgy ‘L‘% thﬁ leak&é)ecgéw uﬁvél?hlfgﬂl S seated
within the dockdiRen®!Bé rdlmblrom the poweredfo su@ﬁéhc?ﬂ@ﬁ@'tﬁ? Blockd Bg docki ng
station 11 is capable of docking to ei ther a not ebook conputer 10

runni ng on 3. 3 simpiwrestarted. volts. For this enbodi nent; the docking
station power supply 150 supplies 5 volts (DS_VCC on i ne 189) to the
conmponents within t%@led'ééfmeﬁét@%bd momumpﬂwmfﬂfgaé&m@ﬁewp@r suppl y
150 al so converts the 5 volt nal to a (QYCC on |ine

188) . i1 neededoHIMpIREEmERL NG pemOTY el #i’tlg&s&dfamgg B BFresh, The
docki ng stat'orxogﬁmgg J(tyofjeg& IuHBEQ%césUsBRan‘t egys%érg stEFgave e 191,

i ndi cating that g station power accep

tol erances, andbrRAM Eﬂa} toQHvJthﬂ £ tHeShspénd ibﬁ)ﬂﬁ%hﬁﬁec*ﬂbl?esl:%% frbGheat i ng

t.hat the not eboo conput er povver I's within acceptable tol erances. The
docki ng st atsugperpbinaPR4ivpmiode, lBidenidels muest be sesetsaelthe nomekeof(kat:hll | herein
bel ow, with Je%iceerrg;gree to Figures 4a and 4b.
The “suspend to disk” mode saves the entire context of the computer
system to nonvolatile memory (e.g. the hard disk) and turns off power to the
entire system. When the suspend to disk mode is exited, all of the devices
within the computer system must be repowered, reset, and restored with the
context saved on hard disk.
As mentioned previously, for one embodiment the.notebook computer
10 and docking station 11 may invoke independent power modes. Thus,
either the notebook computer 10 or the docking station 11 may enter one of
the susperid modes at any time.
In another embodiment, docking station 11 is a mobile-type of docking
station, wherein the docking station power supply 150 operates from the
notebook computer power supply 160 or its own internal battery (not
shown). For this type of docking station, the power mode of the docking

station 11 follows that of the notebook computer 10. Therefore, when the

notebook computer power supply 160-is on, the docking power supply 150 is



The docki ng connector 12 provides for a connection between the not ebook

conputer 10 and the docking station 11. The docki ng connect
i ncl udes a nuWBSB2868 pi ns that are used to provide for comxgﬁf’g’i‘l’%ﬁ? -

bet ween not ebook conputer 10 and docking station 11. The signal li'nes - :
wi thin the docking station 11 iIIustrateg in Figure 1 will be discussed’in
nor e detail herein below wth referen % to the docking connector 12, the

docki ng chip 130, and the docki ng power supply 150. WD 98/ 22968
PCT/ US97/ 17491 .. 14 Fi gure
2 illustrates off®2sRsduiiRen themotRbopk sempYiRTdlitin asusprad godey thendbe ebook

conputer side o %Elg’g%%a%hq?imgﬁ%%%{ed %@dgggweiu.ses a femal e type

connector and t ng stati ocking connector 12. - conprises
a mal e type connect Ofor thé dedkesp €/ paof ABBKIAE sakide, hedocRiRg sWiloh powerkNOWN
connector type may be used to inplenent connector 12 w Thout departing
fromthe scope sippld50 magpomen a piboagusnectaril, whichithe hotebopkitemputersi de of
docki ng connector 12 nmay conprise pins and the docking station side of

t he docki ng conHeusesito gharge digratekoakdatiers(not shown) wherrthe nsitehookob- 26b and

sockets 20a-26a _included.in the cannector..are ., used to couple signals
bet ween the not %Bﬂteégﬁﬁféﬁeg%&‘ﬂéﬁ?d&m%Ff‘f‘?)‘h.fle‘ The CD1# pin 20b and
CD2# pin 26b are co r..qe _Pi - e t,pins are .
used to detect V\henrf!ﬁ(ebh%o eboélg-ﬁé%tgﬁn%a%@%ggat&%&gg# raggeeéflec??*ﬁkgef’t ed

wi thin the dockiifigeratrtitbtok chh@utét 10 :REhBRIRS. Aolts, 0RS VS #&%%i gnal .
The position of the connector detect pins at either end of the docking

connector 12 f aembodiaters, thiidecking station powdhsuppip 1560 sdpplﬁﬁm#ro&gb and CD2#
(DS_VCC on line 189) to the components within the docking station. The

docking station power supply 150 also converts the 5 volt signal to a 3.3 volt
signal (QVCC on line 188), if needed, for interfacing with the notebook |
computer 10. The docking station power supply 150 further supplies a signal
on line 191, indicating that the docking station power is within acceptable
tolerances, and a signal on line 192 to the docking chip 130, indicating that

the notebook computer power is within acceptable tolerances. The docking
station power supply 150 will be discussed in more detail herein below, with
reference to Figures 4a and 4b. ’

The docking connector 12 provides for a connection between the
notebook computer 10 and the docking station 11. The docking connector 12
includes a number of pins that are used to provide for communication
between notebook computer 10 and docking station 11. The signal lines
within the docking station 11_illﬁstrated in Figure 1 will be discussed in more

detail herein below with reference to the docking connector 12, the docking

chip 130, and the docking power supply 150.



26b pins on the docking station side have been properly inserted within the
sockets 20a and 26a on the notebook conputer side, then a connection detect
event i s gendWas¥HIssThis event signals to the docking chi p HEFFPHEF he

not ebook conputer is seated within the docking station. Not e t hat
for one enbodi nent, the CD1# 20b and CD2# 26b pins on the docking station
side are shorter than the other pins. THi*s is anot her feature that
facilitates a proper generation of the connector detect event. Due -.to the
shorter length of the CD1# 20a and CD2# 26a pins, they will only be
inserted within socKiguse 20usirates2og eorhodiment ¢fsioghingsonse@dblDwheteave al |

been inserted w thin, sockets 21a-25a; Thu the connector detect event w ||
VO 98/ 22968 Vt\f1e notebogk computer r?ide o?the cpoclsdng connector ﬁ comprises a female

PCT/ US97/ 17491 . o . 1 € gener at ed
once all of théry % e E)t_g-r Eggt}hea(\iloékg},gesrsatlmr?ssé??g\%ld?m”ﬁc_r? sgﬁtﬁ’&lg 20a- 26a.
As an al t er nat icympeEbO8 iy pelsiuficthr! Meshdaikbéghrb@hic@that £6 wellCONPI i ses
a socket type connection, the CD1# 20b and CD2# Z6b signals oOn t he

docki ng st at i oknewaleconoeqior ype sy hecused do kmplemenatdratectonad withsat 1t shoul d
be appreciated that alternate enbodi nents of the present invention include
a connect or depaxtingfrem the sope ebthedayandion; dorgeyascthe sioighaiok compmateri si ng

ins or socket s .of | engt h el ati ve to the other, sjignal pins and

P bokers. Nor oose of dockik offietidl L5ndl corforiohatin i Heisickiiar s Samgide of

detecting inser?h&r}i&%{%@nwoﬁﬁﬂﬁﬁﬁrwg&%t&s%___opened and cl osed when the
fotecon ct or ate | [

mating parts o proper registry. The

| onger pins 21b- 25bThéEuﬁtZOBIZSbEﬂ@s&khérzo_‘éhﬁﬁlﬁlc&dehﬁhtl@é@orﬁﬁ@ kgl between
t he not ebook conputer 10 and docking station 11. The GND cohnection 25a-b

represents the ugedtmeyplasignalsbetwiegn et intelnokromgluteriand dackinguttatfonl 0 and
docking statl O g tnfahin 306 and (B Bin 26b are connecior detect pir, The

connector detect pins are used to detect when the notebook computer has

been properly inserted within the docking station. The “#” indicates an

active low signal.

The position of the connector detect pins at either end of the docking
connector 12 facilitates this detection. When both:the CD1# 20b and CD2#
26b pins on the docking station side have been properly inserted within the
sockets 20a and 26a on the notebook computer side, then a connection detect
event is generated. This event signals to the docking chip 130 that the
notebook computer is seated within the docking station.

Note that for one embodiment, the CD1# 20b and CD2# 26b pins on
the docking station side are shortet than the other pins. This is another

. feature that facilitates a proper generation of the connector detect event. Due
to the shorter length of the CD1# 20a and CD2# 26a pins, they will only be
inserted within sockets 20a and 26a once the longer pins 21b-25b have all

been inserted within sockets 21a-25a. Thus, the connector detect event will

»



tthe G\D pin 25b is always inserted within socket 25a before any of the
ot her pi ns. Thus, the ground plane is established before r
signals are WOMREed, protecting the system agai nst e|ec?5§9§%§§#% -

di scharge (ESD). The NBSWsignal |ine 24a-b connects a 5-volt -
power signal fromthe not ebook conputex5 10 to the docking station 11.
This 5 volt power signal is. then routed to the docking power supply 150,

for the second type of docking station power supply, wherein the docking
station relies ;,on the notebo cor er. for wer.. .y . Th CC
connect i on 2_3a-tbe $€§‘e{ﬁggspg€sﬁtgﬁ ‘E‘ﬁg@g"aﬁéﬁ?‘ﬂ’ﬁg‘*wsﬁfﬁé‘ 'Q‘th“bfﬂ':%@gg 120
and 121 wi thin 3fed30te0000te te%boh@m,eﬁmhgésﬁh@d%ﬁhg stéif ¢drom the

power supply 150 wthin the docking station 11, is route rough the
connector 12 orcomhpristsh,sodkd type dd:ﬁhéétﬁrnedmet@@mﬁirﬂrGDiﬂ%blﬁgnals on WO

98/ 22968 CT/ US97/ 17491
16 The dogkingrstativnsidgeconmpyiseGhpriensnckets, rather tharopios § shoblt t ery
char ge Si gnallj line t hat i s_deli vergd from t;%g docki ng station power
supply 150 to 0e2ppifgatefiiRataliemase kmpadimsns afthe present Mventiopuingiucera

between t he not SRBBRE bhant et I BReERh MRS pBrping PR of e,
e U eSO e Al TS R iR 1,
12. For one enbadaleenitivd dmtbddiineat giahides bliet wayse of detedtingangdttioR@uch as
connector 12 include the well-known signals: CLK, CLKRUN#, RST#,
AD[ 31: 01, C/ BE[®BsWiteh whixk is preeeiand, qigsed whersie matingmparts lofXheiconnectOEVSEL #,
PREQH, pCNT#, Pﬁﬁ% p%%%égisﬁ%?a GNTA#, PERR#, | SERR¥, .
The longer pins 21b-25b illustrate the other signals that are coupled

between the notebook computer 10 and docking station 11. The GND

connection 25a-b represents the ground plane used by both the notebook

computer 10 and docking station 11. For one embodiment, it is ensured that

the GND pin 25b is always inserted within socket 25a before any of the other

pins. Thus, the ground plane is established before any other signals are

connected, protecting the system against electro-static discharge (ESD).

The NB_SW signal line 24a-b connects a 5 volt power signal from the

notebook computer 10 to the docking station 11. This 5 volt power signal is

then routed to the docking power supply 150, for the second type of docking

station power supply, wherein the docking station relies on the notebook

computer for power. | |

) The QVCC connection 23a-b is the bias voltage signal line for the Q
buffers 120 and 121 within the notebook computer 10. The QVCC signal
comes from the power supply 150 within the docking station 11, is routed

through the connector 12 on pin 23b, and is delivered to Q buffers 120-121.



and | NTA[ A: D] #.

i ncl udes an

For an enbodi nent wherein the notebook conputer 10

| SA bus, the |SA signals are simlarly routed th Eaghe

connect or - 12. Wih28/22968| SA support signals include the defi neﬂcf
For one eribodi ment, six docki ng managenent signals are routed t i oughr t he

connector 12. These signal s include NBPWRGD t he not ebook "power good"
signal. This signal indicates that the 5 @ol t power within the not ebook
conputer is within acceptable tol erances. The SUS# si gnal i ndi cat es- t hat

t he not ebook co t ' ende hat t .poyer thin

dccept abl e tol emcg@%‘?ﬂféﬁza@d& Wg{}g RS i‘%zza%?g %)Eﬁﬁeré(rﬁlﬁ‘grgm@d EN#
I t,ebook .

compat or 10, " TrasnR AR LeBvdd Pt h? deRingUarka bdWhrsliBply PHHEO00C, |

signal a dock|r@hé¢gﬁﬂendumﬁokmeuaﬁawu# signal is generated by the
docking chip 130 to resune the notebook computer 10 from a suspend node.

WO 98/ 22968

PCT/ US97/ 17491

The other signals 21a-b represent the bus and logic sxgnals that are
The

docking stati oncerkbetyreen shenatebqok ompaterOandisiackisng 5&?@%‘ HoFor passi ve
| s that | t t bet d
o 9Ra S "B, P BRI (3 bl R B RS D, "

t hrough the con
cat hode ray tub
ar éonnettoe @2.t Forainglenibodirmem) BRtRTI sighals thatsdre wlidl t}h@ugﬁ eci at ed

required,

t hat docki ng

t han t hose
t he scope of

H'&?%gt&gon MHEBOY Rl Pt HEYERIGare TR thioupiie 11 ' Ve,

hone, 'm crophone d speaker sign

connector 12 may be inplenented with nore or fewer signals

neanniechoe d2 instuderthe welldmpwrosigmaisitGLda ChﬁRWiﬁﬁxRﬁﬁpart ing from

ablsi. 61”&?8%{3 U]%, PAR, FRAME#, IRDY#, TRDY#, STOP#, LOCK#
DEVSEL#, pREQ#, pGNT#, PCPCI REQA#, PCPCI GNTA#, PERR#, SERR#,
and INTA[A:D}#, |

Fof an embodiment wherein the notebook computer 10 includes an
ISA bus, the ISA signals are similarly routed through the connector 12. The
ISA support signals include the defined ISA IRQs.

For one embodiment, six docking management signals are routed
through the connector 12. These signals include NBPWRGD, the notebook
“power good” signal. This signal indicates that the 5 volt power within the
notebook ecomputer is within acceptable tolerances. The SUS# signal
indicates that the notebook computer is suspended end that the 5 volt power
is within acceptable tolerances on the docking station side. The QDEN# and
QPCIEN# signals are used to enable the Q-buffers 120 and 121 on the
notebook computer 10. The DCKINTR# is a docking station interrupt that is

used to signal a docking event, and the SRBTN# signal is generated by the

" docking chip 130 to resume the notebook computer 10 from a suspend mode.



Frgure 3 illustrates one enbodi nent of docking chip 130 within the

docking station 11. The docking chip 130 conprises interface circuitry,
used to facV¥B%¥8non-preconditioned ("quiet") docking bAEEAAHE - -
not ebook conputer 10 and the docking station 11. As was nenti onéd
previously, prior art qui et docking systens placed the interface
circuitry within the notebook corrpute|1710 rat her than the docking
station 11. The docki ng chip includes four input/output (1/0-
rings 370-373 on t er,i.nmeter, of the chip, These 1/0O rings, 370-373

i ncl ude buffer pads ?ﬁ? BOCW&P'@FIP’AE?%CWrBh asgdn¢ ngss?ﬁ eg?fdé'ﬁs&iupl ed to

t he docki ng chi : Mot ] JORAN"| 370-373 al so
i ncl ude isol ati gﬁgﬁ%gegygrgfq%ﬁnamﬁ% ergpgé(:qjﬁgﬁgﬁggﬂ\e/g% &g#écqgobg?ﬁv%ﬁrb‘ﬂaf‘g

Addi tional I'y, | 4R bR d¢Res7Roritance, e LFCariEEOM POMG ogtean
chains. The design Olﬂﬂft/ O g&ffgor s, isolation | ogi c?ga%?*égga}\égﬁgtﬁﬁs IS
wel | -known in t Heoagh thecbrineetoe i 2 Bloreovenithelkeyhoasd dnouse/fléispdtive,

The notebook 1/Oring 370 is responsible for interfacing with the PCl bus
signal s that ar eathoderasttube (ERE), pbone suikraphepetand speakersigrts, faaqeicedyr

12. The not ebook control 1/0 ri ng 371 irit?rfaciaf t he co_ntroL signals to the
VO 98/ 22968 are routed through the connector 12. It should be appreciated that docking

PCT/ US97/ 17491 . : : ot ebook
computer 10 t hr SR A2 e implempgnted writh mope or fewer sighils thag BEF 03
interfaces wi t hnidnGiofled kifegh, 3 ahy EmbinaLET withiut He?&rtingrfﬁbm théstdpdbFent
conprises a PCl bus. The docking station control I/Oring 373 I nterfaces
wi th the docki nthesingention.control signals. The bus cqntrol
circuitry 310 acts as a bridge for interfaci ngfgetween t he docki ng

station bus and the WF%BW%HS%BP%F’“BB@:‘“@SP preking chipy 30 within the he
docking statl Ondgéﬁng’ étaRd 1 ngnd 85&?1%0 é‘mﬁ qg@%t%f)ﬁ?e%sint%?face circuitry, used

to facilitate non-preconditioned (“quiet”) docking between the notebook

computer 10 and the docking station 11. As was mentioned previously, prior
art quiet docking systems placed the interface circuitry within the notebook
computer 10 rather than the docking station 11.

The docking chip includes four input/output (I/0) rings 370-373 on
the perimeter of the chip. These I/O rings 370-373 include buffer pads for
interfacing with the I/0 signal lines coupled to the docking chip 130. For
another embodiment, the I/0O rings 370-373 also include isolation logic for
interfacing 3.3 volt and 5 volt signals. Additionally, I/O rings 370-373 may
include test logic such as scan chains. The design of I/0 buffers, isolation
logic, and scan chains is well-known in the art and therefore is not discussed
in detail. i

The notebook /0 ring 370 is responsible for interfacing with the PCI
bus signals that are coupled to the notebook computer 10 through connector

12. The notebook control I/O ring 371 interfaces the control signals to the



are both PCl buses. Therefore, the bus control circuitry 310 operates as a
PCl - to-PCl bus bridge, interfacing the primary PCl bus 35 of notebook
conputer - 10 W@%B8®ndary POl bus 32 of docking station 11FCEASHA7491
transaction that takes pl ace on either the primary PCl bus 35 or™-the -
secondary PClI bus 32 is mrrored on the other bus by the bus control

circuitry 310. Mor eover, for andBher enbodi ment, the docking chip
130 i s capabl e of interfacing a primary PCl bus 35 with a secondary -1 SA
bus. In such a case, bus control circuitry 310 additionally contains al

t he necessary | ogteboplycomputef &0 thrpagh the cosnedtentds | Theideeking station I/Orhe PCl
arbiter logic 320 provides for .additional PCl-to-PC. or PCl-to- | SA
bri dge functi onél.“glﬁgg I}REaceEREth I‘FPFk‘f‘Sétaé‘roBibt“épgéﬁb‘céé‘PWf&?es four PCl

request/grant paj rt fo i ff | [ | .ed t he
docki ng stati On%@ﬁdkﬁgxﬁ%@&%n&éa P@g‘ﬁﬁeﬁ{gg‘{&ck@gﬁtﬁgﬁ c@?\?rggf)tt? 9“53389, S
responsi bl e for jiefhdes Wit e Aokking IQEHEGh REN LY §,ng, and suspend/resune
sequences for interfacing the d%Ckl ng statioh 11 with the notebook

conmputer 10. These sTheiburentrol tikcudey 31@atcas dbddganforinterfacihgbetwi@nei n
below with reference to Figures 5 and 6. Figure 4a illustrates a
first enbodi menthesfodking saian g anddhe patehegleeomputapbus, FosoneThe enbodi nent

E,g-?-mslgg / ?728 rleeé\%oldismeor]:t, the fdlocr:ksi;[lg ts?alxggh b\tIJV.vt] §3 nd'the noteboo gggp%%e%?bi\g 38ocki ng

station power 1.8 n po de.
The si gnal NBP\T\%%%(%}:? %E&%Qgﬁ%%f%g’gtbgg“%@“?%ﬁ?{ég?g‘ga# %%ﬁﬁ%ates asvéﬁf) i ng
chip 130 that thePOPbePBEdge RilREicEg ee\gﬁrm&gmmbuis 85 8NRGEBSbK uter

NBPWRCOK si gnal 402 is generated fromthe NBPWRGD signal 401 NBPWRGD

194 of Figure 1} togecondadryg PAH bued? ofdackingstatisinadk Fedniratnsaction thysealess suppl y

160 when the not ebook power is vali The. NBPWROK si gna 402 is

gener at ed by coR ?f’f‘ﬁﬁg?‘htée p\meﬁeémﬁiﬁ oL, is‘fc&naﬁrygﬁlew‘ﬁr‘?ﬁi‘ﬁ si gnal

t hrough t he buf j i ed. the battery
%ﬂ{rﬁ@oﬁg%ﬁrg@ by e ARG LECipsic®

vol tage VBAT 41 roug up’resistor when the not ebook
Moreover, for another embodiment, the docking chip 130 is capable of

interfacing a primary PCI bus 35 with a secondary ISA bus. In such a case,
bus control circuitry 310 additionally contains all the necessary logic to
pétform PCl-to-ISA translation.

The PCl arbiter logic 320 provides for additional PCI-to-PCI or PCI-to-
ISA bridge functions. For one embodiment, the arbiter 320 services four PCI
request/grant pairs to support four different PCI devices coupled to the
docking station PCI bus 32, )

The dock control circuitry 330 is responsible for controlling all
docking, undocking, and suspend/resume sequences for interfacing the
docking station 11 with the notebook computer 10. These sequences will be
described in more detail herein below with reference to Figures 5 and 6.

Figure 4a illustrates a first embodiment of the docking station power

supply 150. The embodiment shown in Figure 4a is of a first type, wherein



conputer is docked and the notebook conputer power is off, the NBPWRCK
signal 402 i Bk L0 the voltage | evel of the battery, MaAdubidrsor

The A.C. power “Si'gnal 424 is coupled-to the docking station power . supply
circuitry 450. The signal is then coupled to a 5 volt |inear supply. 420
The 5 volt linear supply 420 is used to lfenerate t-he docking station power
good signal DSPWG 404, which indicates the docking chip 130 that the
docking station power is within acceptable tolerances (DS 191 of Figufe 1).

The 5 volt po |t source
for the docki \rllvghs?g%ﬁsg%% g%%?{b%é%%ée@eﬂ&%& ?E@%&%wﬁu%ﬁre 1).
The docki ng st g5dvadt rabs@ Tiassignd DM BINVROK 402 (NB @Joftﬁ%i reil§ inthisled

generate the bias voltages for the Q buffers (QVCC 1 of Figur.e 1) Both a

5 volt bias \dnckE@chMSQaﬁdt tihes*m@ebmktcommser\mwwepp[yﬁs anablgdnThated in

order to provi de ort for a 5 volt or 3 volt notebook computer.
The docki ng st ¥BBW &fg&é}g“é‘ 402s G?f}ef@rGé feerg(shq:wﬁmﬂ@lszg\aém snal |

battery 423, bat tery .volt used to power
docki ng statlgﬂ%wggl\ﬂ Eﬁro(f%? ég"y}ﬁ* %ﬁéﬁq\{’y Ff‘@ °P COREYSEhenever
t he et

PCT/ US97/ 1749 1%/ @ﬁpply 160 when the notebook power is valid. Thg 6\!BPWR Engﬁal

station | oses Imxﬁgédérﬁce&byeomﬂaﬁg@(e N@?\‘mﬁ\!lgnﬁm tbfai\toﬁek\edraufiockl ng
nue to ope

station control circuit 330 can con rate he char ger
422 is used tongm\lrﬂdeughlﬁm&\e‘fqr4251a‘[’k3;eszgnq;jnathe8@'ﬁll@&iup toztﬂ@bétlﬁéﬂ?_(]—l 190 of
Figure 1) to charge the notebook_ conputer battery t he not ebook

conputer is docle@savBiiitibroyslia mg}l YP BESISHPF 42ﬁ0;!'h%évhen theietsbeskt

wh t batt 422 al h

SVBLS 408 to t ROTHIPL S 6arEed Fetne hROBIRESTRyEE BoRe @ ol B SEPUROK %50
| dt buf f 121

L, B g o SR 98 s o

The A.C. power signal 424 is coupled to the docking station power
supply circuitry 450. The signal is then coupled to a 5 volt linear supply 420.
The 5 volt linear supply 420 is used to generate the docking station power
good signal DSPWG 404, which indicates the docking chip 130 that the
docking station power is within acceptable tolerances (DS 191 of Figure 1).
The 5 volt power supply 420 is also used to generate the main 5 volt source
for the docking station components, DSVCC_5V 405 (DSVCC 189 of Figure
1). The docking station also has a DC/DC converter 421 that is used to
generate the bias voltages for the Q buffers (QVCC 188 of Figure 1). Botha 5
volt bias voltage 406 and a 3.3 volt bias voltage 407 are generated in order to
provide support for a 5 volt or 3.3 volt notebook computer.

The docking station power circuitry 450 also contains its own small
battery 423, which provides a battery voltage VBAT 411, used to power

docking station control circuit 330. This small battery is used whenever the



enabl e signal 403 is generated by inverting the DSPWG vol t age of the 5v

power supply 420 through inverter 426. Figure 4b i trates an
enbodi ment- of WOP82WEEKi ng station power  supply circuitry J’1‘1'3%‘?8g\l:ﬂ'llﬂ-}e“?]ei-n' t he
docking station is of a second type, that is wher e t he not ebook "eonput er
and docking station are concurrently in the sanme power node. N "The
not ebook power good NBPWRGD signal 412 i20 used to generate t he not ebook
power ok signal NBPWROK 413. The NBPWRGD signal 412 is al so used as- an
enable for a switch, coupling the output of the main battery 436 to the
5v |inear suppldockByg station loses iGanaitiseureiod gowentDSHKEWSV, sudh that ehedb, t he
mai n battery 4?quupplies the voltage that is fed to the 5 volt |inear
supply 434. Th suitatign qopgrobeiggsyit 330 an qptinue f 9pETalss i s then fed to
power good | ogic 43 L ch ures, t ha e valt si.gnal_ ] |id. The
power good | ogic 43 S\gﬁﬁrrggfgﬁf‘H@e%é?cﬁ’(ﬁtor‘fgﬂsﬂ%a[@%&argﬁﬂgﬂ% %@e& I gnal
DSPWG 418, whi [ I 7 Lgnal
CDENE 410, The oS e g e B pEF Bty G

98/ 22968 the notebook computer is docked within the docking station. For oRET/ US97/ 17491
21 then fed to a DC/ DC converter, which generates the 5 volt bias

vol t age 414 earlebdimentwherdein dynars batteriesgae Usesl, the charger 422 Sisasupplies t o t he
power circuitry of Fiqure 4a, the enbodi nent of Figure 4b includes a
smal | battery 4885 408 e thea smarh gattgsies432. Note that the power

S oy, TN N R e
supply circult gnarQIENs 403 BRD-BiitfdrTRl OBEN#A93 of Figure 1). The Qubuffer

enable signal 403 is generated by inverting the DSPWG voltage of the Sv

power supply 420 through inverter 426.

Figure 4b illustrates an embodiment of the docking station power
supply circuitry 150, wherein the docking station is of a second type, that is
where the notebook computer and docking station are concurrently in the
same power mode.

The notebook power good NBPWRGD signal 412 is used to genefate
the notebook power ok signal NBPWROK 413. The NBPWRGD signal 412 is
also used as an enable for a swi.tch, coupling the output of the main battery
436 to the 5v linear supply 434. |

For the embodiment shown in Figure 4b, the main battery 436 supplies
the voltage that is fed to the 5 volt linear supply 434. The output of the 5 volt
linear supply 434 is then fed to power good logic 435, which ensures that the
5 volt signal is valid. The power good logic 435 generates the docking station
power good signal DSPWG 418, which is also used to generate the Q-buffer
enable signal QDEN# 419. The 5 volt signal from the power good logic 435 is



such that the main power source cones fromthe notebook power supply 160.
For this enbodi nent wherein the main power cones fromthe not ebook '
conput er, .t he veaugam2968ci rcui try 430 (separated by a dashed | iB{EfUSPEIT41
renoved fromthe power circuit. The 5 volt input to the DC/ DC converter .

431 does not cone fromthe power good circuitry 435, but instead cones
fromthe notebook conputer power supply 280. The NBPWRGD signal 412 S
used to generate both the DSPWG signal 418 and the QDEN# signal 419. -. For
t his enbodi rent, the charger 432 is optional and nay conprise a char gi ng
circuit that caﬂlq@l ad to ﬂthS3 /DG eoryertes iwhish gaaerates tbf'-‘&ivglirbmmliagglﬂ‘ter or

an auxiliary r., SOu It should be appreciated that the
particul ar enboﬁﬁﬁégﬂév lltgiaﬁé"’"a%ﬁ)ﬁ?r ng power supply 150, described above,

o e oot Lt od 2iblhaol\Biine pHki kA oPRYRRe £4/00 dmBSEERNR of L hOM

departing fromthe scope nven cause book
conputers generHiét&e%'ﬁtdhﬁﬁe@a@ﬂ{ﬂp@t&r?m&ndaEﬁl‘t’é@Q:ha»?éQQBﬁs a battery,
power consunption is an inportant paraneter to - consi in designing a
not ebook conput er. Ablotethatiihe posee dupplyeimuitbbFigure 4nmqelres khatehgput er s and

docki ng stations enpl oy power saving nodes designed to minimze the
amount of power degtinga@tionhaye Hegwhtipinbattery suppl @&mﬂ&matlve
PCT/ US97/ 17491 conmputer is

i die. The inter PROBIIRERIRY POMES SupRRtSTrouh of ﬁl@%&g‘awﬁdmmnenteé nterface
o, cont ol Sockl g AR b SERRS o OSSR e S
docking control circCRddthis e%%d'u'ﬂ@ht%dﬁ&em the main power comes from the
notebook computer, the supply circuitry 430 (separated by a dashed line) is
removed from the power circuit. The 5 volt input to the DC/DC converter
431 does not come from the power good circuitry 435, but instead comes
from the notebook computer power supply 160. The NBPWRGD signal 412
is used to generate both the DSPWG signal 418 and the QDEN# signal 419.
For this embodiment, the charger 432 is optional and may comprise a
charging circuit that can pfug into a power source such as a cigarette lighter
or an auxiliary DC power source.
- It should be appreciated that the particular ernbodimen.ts of the
docking power supply 150, described above, may be substituted with other
well-known power supply designs without departing from the scope of the
invention.
Because notebook computers generally run on a portablé power
source, such as a battery, power consumption is an important parameter to
consider in designing a notebook computer. As was discussed herein above,
notebook computers and docking stations employ power saving modes

designed to minimize the amount of power consumed at times when the



circuitry inplenenting the docking state logic for handling the

power - savi ng cki ng/ undocki ng events. Figure 5 ill usty
enbodi nment . of “é&%zg@at e diagramfor the docking control ci rcu[‘]? fi@gﬁ

Odinary logic circuits may be used to inplement this state machkne:
The undocked state 57 indicates that the, :{mt ebook conputer is not docked
to the docking station. Additionally, if the docking station is of the
first type, such that the povver supply is independent of the not ebook power

supply, thena th n |ther t he, not e

conput er or the%%Mgg?e%g?@ n |§facegegﬁ%g%?%sg%&1 cé tiae Hb‘f"?ﬁoﬂl& nput er
is inserted int %t&H@céi@%hf}elééé&id d dickHgaalbhcklies RRSRHNARAACT DOtN
t he CD1# and CD2# signals, the docking state chine starts in th

undocked  stat eloa&ngcontrolczrcuW}e:Bm/cﬁrFxgdrewndocked state 57 is ent er ed
from anot her state, the circuitry 330 isolates the primary (notebook
conputer) PCl bus frBtmQnﬁeeme;bm@nughwdc(céimongoulmmwm@tﬂdm The
circuitry 330 turns off the PCl buffer 121 of Figure 1 by deasserting
the QPCIEN# si gREFUufgdm erstgkzé#\? dogking slate]qgicfgr pagdlmgdn ?E@B@rﬁa‘gngl

SRST#, on the d t he

Ci rcwtry 330 e%ﬁéfigg%lﬂ% %Docéwgcfvgt{%t g‘%LfESd\llWeﬁg f‘eé’m% te‘?ft(ﬁbl# or
CD2# signal s issdgagia fah@?b tHOHSC iRy ESHIIL eRERE330. @rd‘r&&%‘ on of
t he not ebook co?rput ergfromrt he doélligl ng station. @%i%gﬁg\tﬁgsfiﬁ(&% chip
130 then i sol at be usdtbtoRGiplémentwhisiseate mathiaet i ng PCI transactl ons, as is

described in nore detail with reference to Fiqure 7. VWO
98/ 22968 The undocked state 57 indicates that the notebook computer is not

PCT/ US97/ 17491 23
Mor eover, for ofBk&FHTaantking stafign. /ﬁé‘élﬁ*f’f‘i}}r ik tﬁ@ dﬁfﬁ‘&ﬁé@k“’" is of the

Corputer TUSt SS9l Bl S RE SR SRR SO,
is supply ofheh &tk wiiitkéd'Sta@t5TtiRd ioRedihaceititerithe Adtebspidocked state.
>7. so that t hecomputer or the docking station is powered off. Once the notebook computer
is inserted into the docking station, indicated by the assertion of both the
CD1# and CD2# signals, the docking state machine starts in the undocked
state 57.
Whenever the undocked state 57 is entered from another state, the
circuitry 330 isolates the primary (notebook computer) PCI bus from the
secondary (docking station) PCI bus. The circuitry 330 turns off the PCI Q-
buffer 121 of Figure 1 by deasserting the QPCIEN# signal 183, and asserts a
secondary PCI bus reset signal, sRST#, on the docking station PCI bus.
For one embodiment, the circuitry 330 enters the undocked state 57,
_whenever either the CD1# or CD2# signals is deasserted. This is considered
an unexpected ejection of the notebook computer from the docking station.

The docking station chip 130 then isolates the PCI bus without affecting PCI

transactions, as is described in more detail with reference to Figure 7.



rHot ebook conputer may be unl ocked or ejected. The
circuitry 330 _transitions to the hold state 51 if it is det ] t hat
a_suspended n&%’%’%ﬁsconput er is seated within a second (de?é‘{?g%ﬁﬂy‘m-
power) type of docking station, or the suspended notebook conputer™is.
seated within a first (independent power% type of docking station that is
powered. The circuitry 330 transitions f dm t he undocked state 57 to the

initialize state 52 if a powered up notebook conputer is inserted in‘to a

power ed. on docking station of the first type. . . The hol d
state 51 prepares a M&éﬁ%ﬁﬂé@%%@%“@&ﬁ%ﬁ%ﬁ“ﬁmw the notebook  entering

he initiali i . h book b
butsi ng & r esanorBpgiet i ERE hRRe itk bGP R BB ey i ned
to be good, by é@cl&ﬁ%@tra_ ibﬁ._nmﬂcls, i an BRI imehe aad mnlhmoﬁéj%é?n%@\égis%is

transitions to the ihitialize state.

embodi ment, t hesigaalet nehei the state machitiel BSinahe ARETCkeE QH46557, so that the
button, accessible by the user of the system that asserts the OPENREQ
si gnal notebookvbenpwtes trayl be Tinlacked gnajected. routed to the state

machi ne, indicating fhat the . user, desires to renmove_ the
not ebook..conput er . | 1he Ferusp-agdHesnsitigns) tojtie hold state 51 if it is detpsminedbthalini | e

t he state nmachi i.s_i,nsthe,hold state.b51, .t the circuitry,330

L ransl 11 one vo. § EutpingB hifROSk b dtef isibaret IFluh ASetlo i biasty
The.initialize ' e i t-1. on

and not ebook co 6?%2% éep%)g? ﬁ\g‘ggi\kg{négr %%gﬁﬁdé{dﬁgh\ﬁg%gggggﬁfgiﬁo%ked.

The initialize staadcewitRirs fipa(indepeneeripheet) npjeaifaokkingspitioprthipisent er the

WD 98/ 22968
PCT/ US97/ 17491 powered. The circuitry 330 transitions from the undocked spate 57 to thecked st at e

53 b erformng.a .qui et k sequepnce. The gui et dock seguence begi ns
Wi t hyt Ee_ step og“?ﬂ%ﬁisﬁﬁe gﬁﬁf%%rﬁguﬁé‘f’fﬁ’ﬁeg CRRPPYEL & 1ns in to ag; gngl to
t he docki ng po:g{wgg}é. Bﬁ’s{rydécﬁg{[ggsrt%&fthghgﬂ el The PCl clock Q buf f er

121 is then en erea e clrcultTy 330 requests control of the
The hold state 51 prepares a suspended notebook computer for '

entering the initialize state by resuming power in the notebook computer by
pulsing a resume signal: Once the notebook computer power is determined
to be good, by an assertion of the NBPWROK signal, the state machine
transitions to the initialize state.

For one embodiment, the docking station includes an open request
button, accessible by the user of the system, that asserts the OPENREQ signal
when pushed. This signal is routed to the state machine, indicating that the
user desires to remove the notebook computer. If the OPENREQ signal is
asserted while the state machine is'in the hold state 51, then the circuitry 330
transitions to the eject state 58 to undock the notebook computer.

The initialize state 52 may be entered whenever the docking station
and notebook computer are both powered on and the notebook is docked.

The initialize state 52 prepares the docked notebook computer to enter the



not ebook PCl bus, and once control is granted, the circuitry 330 enabl es

t he PCl Qbuffer 120 by asserting the QPCI EN# 183 signal. ' Upon
i nsertion of MPPBB¥Rpbook conputer into the docking stati onPCHUSIZEE tyar e
routi ne checks the docking station's identification nunber that is- stered
within menory, such as an electrically ejasable programmable read "only
menory (EEPROM). If it is determned that the notebook conputer has not
previ ously been coupled to this particul ar docking station, then the-.

software pokls the h e devi ces of the docking station and. .then | oads
the needed so‘f‘{‘%ﬁﬁté ag"rm?i/@? Be.r\g(fri‘mf‘ﬁé %‘?’?Q\figf s%ﬂul?%ﬁ%t ‘F‘a‘%?‘é‘, t he
sof twar e pro Feord t en stores the
docking stat ir%ﬁ'éeéﬂdlaﬁee Htﬁ}%fwlclgﬁeos r@r&%ﬁgﬁng gh?ﬁ%% g@%& ? y talg%‘égpg s
inserted in thisignal €@ed di@kiigeidvwadt supply logicas0bhFiara].| Tid PChaoneeessary
drivers. The docked state 53 1s entered fromthe initialize state
once the  not dhdter 18bispherenadbded. pBwaredfter thegireuitly 33brefhests otretbalaif thwmput er
nter either the suspend state

Ba: e’ sol at orekck A Thys! Y anre SonR g abe iy 330 cbleiae

ircui 330 i h 4 if th book
cirou L1y 330 b & WE SUIREBRCTRR Barighly {1 notebook
isolate state 56 if @&hﬁge&i&%p@%%%oggmgh ‘i‘(‘}[’é%&%&%é%‘gﬁgﬁ%“ onis

turned of f. The docki'ng state nmachine enters-the undockrng if a

o) ; tware routi rseftwade faitie chédks tidd odkigedtatden’s RIBHEAER o HISdrItREk is WO
98/ 22968
PCT/ US97/ 17491 stored within memory, such as an electrically erasable ppdgrammable read The

R 5he T S iRl e R e B st damegres
LoD e SRR R SR AR o o
conputer. The poRaeépeild the harBdte detices bfthsl8BekiME sBLGIn® HerQbadd et N e
| needed software drivers. If the drivers are not available, the software
prompts the user for them. The notebook computer then stores the docking
station’s identification number so that the next time it is inserted in this
docking station that it contains all of the necesséryj drivers.
The docked state 53 is entered from the initialize state once the
notebook computer has been initialized and the notebook computer power is
on. The circuitry 330 will then enter either the suspend state 54, the isolate
state 56, or the undocking state 55.
The circuitry 330 transitions to the suspend state 54 if the notebook
computer enters one of the suspend modes. The circuitry 330 enters the
isolate state 56 if either the notebook computer or the docking station is

turned off. The docking state machine enters the undocking state 55 if a

software routine indicates that an undocking sequence is desired.



ot ebook suspend nodes described herein above, e.g., powered on suspend,

suspénd to DR@%Q end to disk. The docking st at pepusé-A¥si N the
docked state %ﬁﬁéﬁgt he not ebook conputer enters the povverelggon__ Versi on
of the suspend node. \Wen the powered of f suspend version of the’suspéend

state 54 is entered, the docking statjson is powered off. Prior to
powering off the docking station, the system sof tware saves the context
of the docking station devices. The docking state machi ne di sabl es 't he

PCl Qbuffer 120 of THedisPerld ftafd ﬂQngEtséeﬁtg oh&6f W dP$ishehd stapésatﬁﬁ\é%i]ﬁgge QvCC

188 and waits until the notebook con resumes. cki ng

state 55 i s entéraditrpB80maly enter! thepohwerethdwskspehd andnhé pbaeiedepput er from

t he docking station. Prior to entering the undocki ng state 55, a

sof twar e routi ndisprodd Fhepowerediary susgendhetatendthe degking stsiesmachineissksed down
. Once the

[ tions that ' docKki tati :
st 3oyt b o B gl RSB 2 | e
0 e circurtr | . red. € | SOl ate
state 56 | ot hepripiehoThe holRet S tpPEE SIRITREd B SRR PG gt eshinte ' 01 O
di sabl es Q buf f ggtedddk su B%&d h@qb@a@&fm@& hE¥eln %e%.é.?@%ef@cﬁérﬁ%%&@gd,?

current transactions, as further explained with ref nce to

The circuitry 3péhe o DRAM Busseralto@$ si gnal that indicates to an

ej ect or unl ocking nechanismto eject or unlock the notebook conputer from
VWO 98/ 22968 The docking station stays in the docked.state 53 when the notebook

PCT/ US97/ 17491 _ . 2 t he docki
connect or. OnceYRRUISTEUETS the payared anyversin of the syspend @Qge' g 1(:) ?olng gt 0
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station. The usstatiod istgvaveryd bENPHBYto powering off the docking station, the system
software saves the context of the docking station devices. The docking state
machine disables the PCI Q-buffer 120 of Figure 1 and turns off the Q-buffer
bias voltage QVCC 188 and waits until the notebook computer resumes.

The undocking state 55 is entered when it is time to undock the
notebook computer from the docking station. . Prior to entering the
undocking state 55, a so-ftware routine should have informed the operating
system to shut down any applications that are using docking station
resources. Once the operating system has completed this process, .a software
routine indicates to the circuitry 330 that the undocking sequence is desired.
'fhe isolate state 56 is then entered. The circuitry 330 deasserts QPCIEN# 183,
which disables Q-buffer 120. This isolates the PCI bus without disturbing
current transactions, as further explained with reference to Figure 7.

The circuitry 330 then generates an OPEN signal that indicates to an

eject or unlocking mechanism to eject or unlock the notebook computer from



press an eject button, which pulses an OPENREQ signal to the circuitry 330.
The circuitry336hogn enters the eject state 58, wherein therfdeEN7Ryel se is
generated to eject or unlock the notebook conputer fromthe docking -
station. While the circuitry 330 of Figure 5 has been deScri bed
with reference to particular power no , signal nanes, and circuit
conponents, it should be appreciated that other:well-known nodes,

signals, and circuits may be substituted therefor wthout departing from |

t he scope of the ipvention. For i nstance, a docking station w thout an

ej ect or | ocki ng‘erf&fﬁ% ORPESPL N ﬁPufSFﬁ%ngaé% e gigFiti S80i n pl ace
woul d not requi . ty f an OPEN pul se. For one

enbodi nment , the{rgﬁépgmgn%gﬁ%%gia?%tgtgtsr%at ed in Figure 5is i mpl.enented as a

progranmmabl e | ogi ¢ afKeed: Blafd SB/YShBéJ‘whERe&EE?ﬂe&yd—éé‘&oteboéktceﬁ\[ﬂ:?xgérvel Y,

the state machine may be inplenented in anoth ormo circul

wel | -known to tisesensited teedipowereti onaddckirgutitiars Trendsenal the spdteinaghg -

Det ai |l ed Description of the Method of the Present |nvention ‘ Fi gure
6 is an il ust rBeEDHan gectbutionhyhichipuless irn QP EINREQ signak tontle sircuistys}3dok

cxprai ned witn P GRREE o8 HEpARIsR Rt pasar b e Qhe Fuse ™ |1 T
fi 610 | [ ' .10
i Lhin tho dookb T Sra SRetp] Srl PR TR AGERk ol O THe AOBRUE BRabo: 1 (e

\%158?229%2# si gnalWhile tid dirclultey 3306IFERRE 5his bebd dORriB&S RAthedferdfle

PCT/ US97/ 17491 to particular power modes, signal names, and circuit cotr@bnentsmﬂsﬂmddt hen

transitions to step 612. |1f the notebook conputer 10 is not ‘inserted
within the doc k‘?%@vgrﬁaﬁkesﬁhaththﬁwﬂﬁwﬂﬁ sgnabs ARd Gieuitsomay bp 632,

e ot ek MR AR o BRSSO BT 1S,
unti | instance, a docking station without an eject or locking mechanism for holding
) the notebook computer in place would not require the generation of an
OPEN pulse.
For one embodiment, the state machine iilush;ated in Figure S is
implemented as a programmable logic array (PLA) within the circuitry 330.
Alternatively, the state machine may be implemented in another form of

circuitry well-known to those skilled in the art, such as combinational logic.

Detailed Description of the Method of the Present Invention
Figure 6 is an illustration of a method of docking and undocking a

notebook computer to and from the docking station. The method of Figure 6
will be explained with reference to components illustrated in Figure 1.

The first step 610 illustrates the insertion of the notebook computer 10
within the docking station 11. If the connection is made properly, both the

CD1# and CD2# signals within the connector 12 will be asserted. The



d connection is detected at step 610. Step 612 illustrates that
once the notebook conputer has been inserted wthin the dog 5&,@9% ‘%tli on
11, the dO_CkI (5’ %228 o0 11 nust then .determine whether the -
conputer 10 is powered on. Wen the NBPWROK  signal 402 of Figure-4 is-
asserted, then the notebook conputer 10_is powered on. The nethod then
transitions to step 614. Wien t he NBP signal = 402 is deasserted, step
628 illustrates that the docking station 11 determ nes whet her the -
not ebook conputer 10 is in the suspend state. This is indicated by an
assertion of tmetBebthes; tynsitions o stent612-slf tarinatgbesls cppriento awkti ng
station connector

£ the.no ook ,co 10 i s suspended,
then the not ebdHR* teédﬂﬂfﬂ‘é’l‘e derking ?tég?ﬂni:ﬁ%ﬁ %B‘Etrﬁﬁs@f’ﬁ? F‘bﬂgﬂl at step

630 before the J tion

resunes the note 3% cﬁ'%ﬁ?ﬂé&ft@%?%%&%@éé&#@ﬁ%&ﬁ q%&%ﬂ\éeéf‘gﬂﬁis S
Whi ch is rout ededibd Brsie thﬂqagua&xﬁ 3atiBR. TREODARMStaYS at when
step 612 is per?_or on@hﬁl agai n, éhoul d be eterma%gg %-tlggt t&%&f

not ebook corrpuhebnﬂéhtmmdet'eae@atste 610 At step 614, the quiet dock
procedure is perfornmed. The qui et dock procedure was descri bed above with
reference to Fi gur eS®p 63Aéllustrates diat onketh Obfcommumrrigsmem msetiedis

bt fer 120 METRSReR s Rors . R B Lost Bea Sr ki NTR
182 of Figure inetilaink AGebIED %waongﬁmw%tw thémwg@gu' et dock

. procedure of step as corrp esponse to t 8/ 22968

PCT/ US97/ 17491 signal 402 of Figure 4 is asserted, then the notebook compui® 10 is pé%eNTR 182
signal, the conputer systemis configured by |oading requi redR drivers for
devi ces on t heododkemetBodithenriransitions ta step 6146 When the NBPWREK signal

not ebook conput IS | sert n this parntigcu docki g station 11.
The not ebook céﬁ%ﬁt‘g?ssfbte hﬁﬂrast?%tlh%ﬂ‘e #’i‘f@ﬁtﬁt’é’ﬁél etermines

whether the notebook computer 10 is in the suspend state. This is indicated
by an assertion of the SUS# signal 186 that is routed through the docking
station connector 12. ‘

If the notebook Computer 10 is suspended, then the notebook
computer 10 is resumed by the docking station 11 at step 630 before the
docking sequence is continued. The docking station 11 resumes the notebook
computer 10 by asserting the SRBTN# signal 184, which is routed through the
docking station connector 12. Thereafter, when step 612 is performed once
again, it should be determined that the notebook computer 10 power is on.

At step 614, the quiet ddck procedure is performed. The quiet dock
procedure was described above with reference to Figure 5, and includes the
steps of turning on the bias voltages, enabling the PCI clock Q buffer 121, and
enabling the PCI Q-buffer 120. The docking chip 130 then génerates an
interrupt (DCKINTR 182 of Figure 1) that indicates to the system software

that the quiet dock procedure of step 614 has completed. In response to the



operational and powered up, as is indicated by step 616. At step 618, the
docking chip J3 g{“g% pitors the state of the SUS# signal 186 dernssatab
ot eboo

whet her "the'n k conputer .is entering a suspend node. rf the
SUS# 186 signal does not indicate that the notebook computer is enterlhg
suspend node, step 636 illustrates that,gthe docking chip 130 checks to see

if an eject request has been indicated. An eject request is a request by a
software routine to undock the notebook conputer fromthe docking station,

and was deseri t of the

Mvent on. ¢ he oaa T Rizlignal ThE LanBRRY retlic AIEEEREN) ERBlndregiitEdn < o
initiate the uAEoeds fSEAMRAGIN tﬁéuedéﬁglseaoﬁumfﬁﬁﬁwmehfstaﬁ{efm@md and is
i ndi cated by an OPENREQ si gnal . If an eject is requested, then the

qui et undock srotebociecorapier {®istinsériet mshmpaﬂ&dlarﬁocMagsfkemrmbed above,
t he qui et undock seﬂéjence i ncl udes the steps of shutting down applications
that use docking stEhd aotehasksompeder 10 statiornidtthemosm@B bus from

e sy A ST K SRS
conputer from a ' € S
Il Tustrates thé‘ocl&@fc}gg‘ié %nﬁiz@%%g@o%kSﬁs&?fgggit@r@%c??gpﬁ ngz&{'EUt er to

be inserted.

not ebook conpun@rndf@&,okeaﬁ,\?mags&tgm ewspmdené@g her than bei ng ejected,
then step 620 is perforne At step 20 t he not ebook conputer 10 and the
docking station 11 Ifthe SUSAO863igdabd@:s not indicate that the notebook computer is

PCT/ US97/ 17491 enter a

suspend node. q’ﬁé"%?‘&?@ﬁﬂ W@pﬁ?ﬁ @ﬁ@“ﬁﬁﬂt‘*ﬂg’&ﬂi ﬂﬁ-‘gd%mﬁ Cé'#? 1&0 chegks | be
t ak t of i
aken out of *HSBERES (delShes! AR EAUER AR BB peoUTb SYS

circuitry 330 RaedaemSulikteoWndsti Q@Q{@t&ﬁmﬁ%ﬁ'\%ﬁ?& ERREIH REREGSstlifrSt P 616
and was described in detail herein above. For one embodiment of the
invention, the user of the computer system may. press an undock button to
initiate the undock sequence. This caﬁses step 636 to be performed, and is
indicated by an OPENREQ signal. _

If an eject is requested, then the quiet undock sequence is performed at
step 634. As was described above, the quiet undock sequence includes the
steps of shutting down applications that use docking station resources,
isolating the notebook PCI bus from the docking station PCI bus, aod
unlocking or ejecting the notebook computer from the docking station’
connector 12.

- Step 632 illustrates that the docking station 11 waits for a notebook
computer to be inserted.

Back at step 618, if it was determined that the notebook computer was
entering a suspend mode rather than being ejected, then step 620 is

performed. At step 620, the notebook computer 10 and the docking station 11



Via step 614 (shown by dashed line). If it is determned that an

eject is req Il e the notebook conputer 10 and d ' ilon 11
| R o ol

are in suspe as is indicated by step 622, then t.he notebo
conputer 10 is resuned at step 624 before the  quiet undock sequence i's
performed. The notebook computer 10 is rgsuned by an assertion of the
SRBTN# signal 184 by the docking chip 1§ . I'f no eject I S requested at
step 622, then the notebook conputer 10 will remain in the suspend "node

until it is-regyied suspend mode.! Thé fo B&&@n’#g&e%%%ﬂfﬁ%&ﬁggé\%géﬁqzot he

not ebook conputer 10 has conpleted resum nput er

has resumed powl bettileen ol¥BIPYEXPEendir8odd if 47 jeet ik Iredifes IR A RIUMERGERL Ne
not ebook conputer 10 has resuned, the quiet undock sequence of step 634

i s perforned. Isdetected. A amasume avérdiedetpcted and abyject iseequisedd, duslock
sequence i ncl udes the step of isaolating the primary notebook PCl bus from
the secondary GEeWtY$30 perfarms theppyietfpcking ssauencesnd progreds o stepdio

transaction that | n r ess. JPrior art undocki ng nethods included
the steps of rgmfggé/ﬁﬁg(s °wntb§’acf?géﬁ'fﬁﬁ??'on the PCl bus, \_Ngiti ng for the
transaction to be gffmgggter@rﬁﬂeg%?pan ej@étlig%_ggrgg%tﬁa;Wmfgltﬁ%gggbg{)lﬁt he PCl bus

when no transactions are taki ace. se ne e bus is

idl e when it bee@pReerileahdidedkingittion Nare il fBp&RthicdasasAs thdibdedblect ed by
signal variations that nay occur on the bus due to the change in’| oad :

during isol ati etep 622, then W@ ER¢RR&BBmputer 10 is resumed at step 624 before the
PCT/ US97/ 17491 . : 30 . By
contrast, the QHifbERAPEK sPaMARSE idpetipmngst ég\;erﬂo“FWEﬂPm\“ﬁd@s:éﬁmed require
ef
ap

et e ek B 3Rl SRR PR oo i s HRR S5 et
the is requested at step 622, then the notebook computer 10 will remain in the
suspend mode.until it is resumed. .

It is determined at step 626 whether the notebook computer 10 has
completed resuming. When the notebook computer has resumed power, the
NBPWROK signal 192 will be asserted. Once the notebook computer 10 has
resumed, the quiet undock sequence of step 634 is performed.

As was mentioned previously, the quiet undock sequence includes the
step of isolating the primary notebook PCI bus from the secondary docking
station PCI bus without interrupting a PCI transaction that may be in
progress. Prior art undocking methods included the steps of requesting a
transaction on the PCI bus, waiting for the transaction to be granted, and then
allowing an isolation of the PCI bus when no transactions are taking place.
For these methods, the bus is idle when it becomes isolated. Thus, the

transactions are not affected by signal variations that may occur on the bus

due to the change in load during isolation.



predeterm ned PCl signal setup time as specified by the PCl Specification;
version 2.1, _availahble fromthe PCl Special Interest G oup

The tim ng divg%?sé Figure 7 illustrates one enbodi ment. 5?%‘%7,17491 -
undocki ng signal protocol of the present invention. The signals iltustrated
are the PCl clock 710, the PCl bus 720,3@nd the QPCl EN# signal 730. Recall
-that the QPClI EN# signal 730 enables and disables the PCI Q buffer 120 of
Figure 1. Recall that when the Qbuffer 120 is disabled, the primary -

not ebook PCt bus 1 LSS Pl ' station PCl bus
and the not ebook cg%ptot%éifaé%ﬁetrr‘%gd({ge e%o%gg%?%%%eﬁ_ ocC |§8 S?F%\f‘?gn 11.

At the tinme whaguilehfdtheib&dind alpi180 dédirbl @trol BEthe PATBLY 180b&pAPK PO
bus will detect a nuch smaller | oad, since the PCl devices of the docking
station wi || nisolatingeTheenetimddofate presehicinperntivaralloR@ fobisslatibhiefdreehsi gnal s
on the notebook PCI bus nmay experience fluctuations in voltage due to the
| oad  change. PredeterminedcBckugnal petup tisng 3soipegifigd byithe PohSpedifiafionhat i s

t aki ng pl ace_on. t not.ebook P Th th res I nvention

provi des for averswﬁg[elh&ﬂa_‘ga??"d%%'&%‘? E??ﬂ ‘%ﬁi‘te@sgﬁg‘?‘ﬂ?&%b bet ween t he

ri sing edge of theﬁ%l. . Gl sk di elall : i.me for the
next ¢l ock. tgﬂ%ﬁ%éanech%. [ selr??g g%ég%ﬁeéﬁdiﬁﬁbg%{% nis .
control | ed by &hdockgdigi pestbtdIQ¥ tid prestint invehBOn OThEbigHAIS illustrhigl docki ng
control circuitry interfaces between the notebook conmputer and docki ng
station to ensaredhe RQT clockhZl0PE FENbus i78dahnditbe QPCIEN#E dignel 780c Rebsll set up
time on the PCl bus. . Referring tqQ Figure 7. four cycles 700-703 of
the PCl cl ock %bﬂ’ér@ﬂﬁl‘fﬂ gignal 5@%%93*’%@5‘3;1??%?%5@? Rel eruffﬂrd@@m, al |

ISDIC%H ?J|SS7??L$ 4'921‘31&{}?91. OIQectah €hat when MQ@@&%&%@@ is disabled, th%lirimary

notebook PCI bus 180 is isolated from the secondary docking station PCI bus

and the notebook computer 10 may be removed from the docking station 11.

At the time when the Q-buffer 120 is disabled, the primary notebook
PCI bus will detect a much smaller load, since the PCI devices of the docking
station will no longer be coupled to the primary PCI bus. Thus the signals on
the notebook PCI bus may experience fluctuations in voltage due to the load
change. This may cause a problem for any PCI ﬁ;ansaction that is taking
place on the notebook PCI bus. Thus, the present invention provides for a
method of disabling the PCI Q-buffer 120 between the rising edge of the PCI
clock and the beginning of the setup time for the next clock.

The undock mechanism of the present invention is controlled by the
docking control circuitry 130 of Eigure 1. The docking control circuitry
interfaces between the notebook computer and docking station to ensure that
the QPCIEN# signal is asserted before the setup time on the PCI bus.

Referring to Figure 7, four cycles 700-703 of the PCI clock 710 a.re

tllustrated. According to the PCI protocol, all signals are latched on the



ri'sing edge of the PCL. clock, i ndi cated by dashed lines. In order to be
sure the corrﬁgﬁ?ai val ues are |atched at the rising edﬁS he S|gnals
must be at ‘a s value at the setup tinme, defined as an a

before the rising edge of the next clock. The present |nvent|on-
ensures that the signals on the PCl bus 420 are stable by the setup tinme.
The QPCIEN# signal 730 is deasserted at, or slightly after, the rising
edge of the PCl clock at point 71. The shaded area betmeen points 71-and

72 illustrates a val I n,_whi t he Cl EN# s may be
deasserted. ThESHEe J@ tﬂ? H@%C%fé‘ggﬁé‘éskﬁgﬁlﬂseé‘g thP hesmet hin the
shaded region u t 73 s_the i.nni,ng of . the

def i ned PCl @eé rPE%t &g%‘l%wes 3 lat%\@ed elir(f%< ﬁ%gelgtfg%{gﬁalf "fSé]bSFE at a
stabl e val ue bH sEaIEfe valak Qgth@g&ﬁﬁcﬁmgldéﬁhea @8an amount of tTrh@'B@fd?é fhe & MMet hod
and apparatus for quietly docki hg and undocki ng a not ebook conputer to and
from a docki ngrisingtedge dfiéive iexedodescri bed. Wiile the enbodi ment of the

docking station described herein has been designed to accommodate a single
not ebook conputer, The presentdntantigpensaesthat thesignalpen theRChbusi2dren may

| t tel th b t For thi
e e it RSB RN iyt bt ¢ e
docki t at de, it docki
chip 190 of i §rs e SRS S H AN REL R EroREA nPheihaPua e hefoner e
present invent Beﬁ‘\ts 71 and?é’ﬁﬁhkﬁat&?ﬁvﬁﬁ&ﬁ@!iy@ﬂﬁe Wﬁi’cﬁ%@()@ £X08 sphapent

I nvention has been described in terns of fts presently preferre orm
those skilled iraytdeeleasderted] The EC(D@bamertmathﬁi&cﬁﬁbhd&ablfedtsbﬁteﬁhﬁsent

invention is not linmted to the gr esently preferred form described. The
met hod and app#tithintheghadedregians but bﬁnmmbﬁ mﬁ‘;ﬂfb@a{iﬁébc begitinidg ¢f
dificati d al

gDCT} UISSE; / Ilgzgiﬁx Feet eaq;dI%Qtu\famtune "The signals on %1e us 720 3ze therefore at a

stable value by the rising edge of clock 703.

Therefore, a method and apparatus for quietly docking and undocking

a notebook computer to and from a docking station has been described.

While the embodiment of the docking station described herein has been

designed to accommodate a single notebook computer, it should be

appreciated that the docking station may alternately_ accommodate more than

between the notebook computers and the docking station may reside within a
single docking chip, such as docking chip 130 of Figure 1, or several docking
chips in accordance with the present invention.

While the method and apparatus of the présent invention has been
described in terms of its presently preferred form, thoée_skilled in the art will
recognize that the method of the present invention is not limited to the
presently preferred form described. The method and apparatus of the

present invention may be practiced with modification and alteration within



the spirit and scope of the appended clainms. Thus, the specification isto
be consi der edyaspegnhéggstrative |nstead of restrictive on the resent

i nvention. - WD 98/ 22968 - JUSITILTASL
PCT/ US97/ 17491 33 CLAI M5 - NM#
claim 1. An interface for providingsgui et docking of a notebook
conput er to a docking station wtthout preconditioning; said interface
conpri si ng: circuitry, located within said docking station, that

dot ect s uhen sk ¢hiReLAPQRIpeGHMiHen1a3 HERR THACHShULNLY, 235, docki ng

station, and correspondi ngly en es a swtc a €system
bus is  coupl edndidéredas ithastative irabadkofGesHREH R orfthd @deﬁtg. Qekiigq, station,
and generates events to allow a software routine configure the

not ebook conput er and docki ng station w thout user intervention. 2.
The interface of claim1l, wherein the circuitry generates request signal s
on said common system bus to take control of said common system bus
before enabling said switch. 3. The interface of claim1, wherein upon
insertion of the notebook. conputer into the docking station, the circuitry
generates a docki ng event



that causes the software routine to retrieve software drivers

correspondi ng L.ces within said docking station coupl edpdueds

common sys’cem‘%'gsggfzwm 4, The interface of claim1, wherein sal g (_;‘lﬁrglcui try
further detects that t he not ebook conputer has been renoved fromthe-
docking station and correspondingly isokates said common system bus

bet ween sai d not ebook WO 98/ 22968

PCT/ US97/ 17491 34 conput er and

sai d docki ng stmmh that a transaction taking place on said conmobn
systembus is n ct ed. 5. The interface of claim1, wherein said

circuitry further detects an ej ect request event and correspondi ngly
i sol ates said cgﬂnyﬁnfysten1bus bet ween sai d not ebook computer-and said
docking station suc hat a transaction taking place on said common

systembus is npt afAgedtedace for Etoﬂdiﬁ@@mié@‘d%&lﬁiﬁ%%f 2hofdbBbRempliiz! €1 n sai d

circuitry isolates said common system bus by disabling said'swtch in a

time between a tisdodking stdien ofithaut presonditiening) daid irtbrfade cotbrisiggt up time
for the next system bus . clock. 7 A conputer system conpri sing:

(A) a notebook conpitcaitry, located within said docking station, that detects when
said notebook computer has been inserted within said docking station, T
and correspondingly enables a switch such that a common system bus is
coupled between said notebook computer and said docking station, and
generates events to allow a software routine to configure the notebobk

computer and docking station without user intervention.

2. The interface of claim 1, wherein the circuitry generates request
signals on said common system bus to take control of said common

system bus before enabling said switch.

3. The interface of claim 1, wherein upon insertion of the notebook
computer into the docking station, the circuitry generates a docking event
that causes the software routine to retrieve software drivers
corresponding to devices within said docking station coupled to said

common system bus.
4. The interface of claim 1, wherein said circuitry further detects that

the notebook computer has been removed from the docking station and

correspondingly isolates said common system bus between said notebook

A AR



(B) a docking station, including (i) a docking connector
that couples a plurality of common signals between the notebook conputer
and docki ng sW&988#6hen t he not ebook conputer is inserted REVHFRATHIE .
docki ng connector, wherein a set of common system bus sighals of said
plurality common signals are further coupled to a switch, and o -
(ii) interface circuitry for detecting 8hat the notebook conputer has been

i nserted within the docking connector and correspondi ngly WO 98/ 22968

PCT/ US97/ 17491 35

enabl i ng sai d ¢omrpeter end kaid [datkisgsdtion sudnthay 8 transactibn salding pdca oar e coupl ed
- between sai d notebook conputer and dockin station, and

generating eve?‘?t“gc?‘ﬁ“%ﬂq Ster esris pat Atectiskine to  configure the notebook

conput er and docking station w thout user i nterventi on. 8." The

conputer systemof claim7, wherein said interface circuitry t akes

control of saigl syshRThRIHPE! Qith ﬁﬂﬂk&réiﬁ&aﬁﬁ&fh&&& er detedts an 1€

conmput er systemof claim7, wherein upon insertion of the not ebook

conput er into djdwe reqedst exene andiesripondingly isblates 3aid @iritish §ysyem baguses t he
software routine to retrieve software drivers corresponding to
between said notebook computer and said docking station such thata

e

transaction taking place on said common system bus is not affected.

6. The interface of claim 5, wherein said circuitry isolates said
common system bus by disabling said switch in a time between a rising
edge of a first system bus clock and a setup time for the next system bus

clock.

7. A computer system, comprising:
(A) a noteBook computer;
(B)  adocking station, including
(i) a docking connector that couples a plurality of common
signals between the notebook computer and docking station when the
notebook computer is inserted within the docking connector, wherein a
set of common system bus signals of said plurality common signals are
further coupled to a switch, and _
(ii) interface circuitry for detecting that the notebook
computer has been inserted within the docking connector and

correspondingly

T



devices within said docking station coupled to said system bus. 10. '
The conputer systemof claim7, wherein said interface ci rcg&&é rther
sy -

detects that P88 book conputer has been renpved fromth

connector and correspondingly isolates said common system bus si gnal-s -
bet ween sai d notebook conputer and said jdocki ng station such that a ‘
transaction taking place on said systembus is not affected. 11. The
conputer systemof claim7, wherein said interface circuitry further -

detects an eject request eve@ha@%sgg%%‘ﬁﬁﬂpmqgwsa@mﬁngasggge conmon

system bus signals between said

conput er and sal CKIng station

such that a trbassighhlenaré ediplal dtReen sdid wotsbosk eb@pubiiantidockitgt af fected.

WD 98/ 22968 _
PCT/ US97/ 17491station, and 36 12. The
conput er systemof claim1l1l, wherein said interface circuitry | sol ates

sai d comon system bus si gnaB8NEHLRE SEANS 1P

gseffvarerontingto time bet ween

¢ Lo, Sl AR R SRR PPl ("

docki ng connec{r@éwregggrécoupl es a plurality of common signals between a

not ebook conputer an

ocki ng station when the notebok conmputer is

inserted within the docking connector, wherein a set of conmmopn system bus
signals of said plurality common signals are further

The computer system of claim 7, wherein said interface circuitry
takes control of said system bus before enabling said switch.
3
9. The computer system of claim 7, wherein upon insertion of the
notebook computer into the docking connector, the interface circuitry
causes the software routine to retrieve software drivers corresponding to

devices within said docking station coupled to said system bus.

10.  The computer system of claim 7, wherefn said interface circuitry
further detects that the notebook computer has been removed from the
docking connector and correspondingly isolates said common system bus
signals between said notebook computer and said docking station such

that a transaction taking place on said system bus is not affected.

11.  The computer system of claim 7, wherein said interface circuitry

further detects an eject request event and correspondingly isolates said

common system bus signals between said notebook computer and said

docking station such that a transaction taking place on said system bus is

not affected.

W



coupled to a switch, and (B) interface circuitry for detecting that -
t he not ebook conputer has been inserted within the docki ng_connector and

cor r espondi ngWQ 9822968 . enabling said switch BTNt said
comon system bus signals are coupl ed between sai d notebook conputer. and
docking station, and generating events to allow a
software routine to confi gure t he not ebBok conmput er and docking station

wi t hout user intervention. 14. The docking station of claim 13, wherein
said interface ci rcui try takes control of said system bus before enabling
said switch. The docking station of claim 13, wherein upon

I nsertion of t n ebook conput er to the, docki ng connector, the
interface ci rc[}:azt ecomp\wgrggytg@gggpaxm 11, wherein salg interface c1rcu1try

PCT/ US97/ 17491 causes the
software routi ﬁséOI?tes Faid common sysiem Pus gEme/s Py d(‘:sgPlruégsalnawﬁtﬁh B2  devices

Wi thin said dOQKh@BetS\te%hlaQﬂ;uS‘g)é&ﬁeQﬂaWRs@s’j"s@nﬁUﬁ&&kaﬁasetu%@imef e docking
station of claim 13, wherein said interface circuitry her detects
that the not ebdb&nextrsystesrbusatockeen renoved fromthe  docking connector
and correspondingly isolates said common system bus signals between said
not ebook conputer and said docking station such that a transaction taking

place on said gysteq puglo,nol, affesled

(A) a docking connector that couples a plurality of common signals
between a ;notebook computer and docking station when the notebogk
computer is inserted within the docking connector, wherein a set of
common system bus signals of said plurality common signals are further
coupled to a switch, and

(B) interface circuitry for detecting that the notebook computer has
been inserted within the docking connector and correspondingly

enabling said switch such that said common system
bus signals are coupled between said notebook computer and docking
station, and

generating events to allow a software routine to
configure the notebook computer and docking station without user

intervention.

14.  The docking station of claim 13, wherein said interface circuitry

takes control of said system bus before enabling said switch.

15.  The docking station of claim 13, wherein upon insertion of the

notebook computer into the docking connector, the interface circuitry

‘LR DL



17. The docking station of claim13, wherein said interface circuitry .
further detects an eject request event and correspondi ngly isgql sai d _
comon syst emR¥2298nal s bet ween sai d not ebook conput er angcgg%gﬁgﬁgcking
station such that a transaction taking place on said system bus is™ not -
affected. 18. The docking station of_claim17, wherein said interface
circuitry isolates said common systen16ﬂ% signals by disabling said switch
ina time between a rising edge of a first systembus clock and a set-up
time for the next §§3%§n1bus clock. | An jnterface for providing

| 19. [
docki ng of a n6¥¥¥%d fHATe Eputing tg retrigye ROfHYALE AR Yesh CfFespaRLing to

precondi tionin | O L. . 1 sing. . Lrguitry, |ocated
within said dogEYfggg ‘gftgﬁ%ﬁé agﬁ(éﬁggggléﬁf{s’]‘g%\lﬁ%ﬁo Saslgus%s(%ﬁl&cbe"ﬁmk conmput er has
been inserted within said docking station, and correspondingly enables a
switch such that a common systembus is. coupled between said notebook
conput er and saé.d dDh&docking statiom of éaiin 13, whertif sai idléifete circuitry

PCT/ US97/ 17491 38 generates an
event to causefurthesfdeiectsethabiheingtebogk cemputer hag beenwermovedifram she

correspondi ng to ,devices within said dgcking,station coupled to said
cormon syst em HESKE CARRACIQTapd CPHF%RQ%&PEKBPF%I feramon systestbys v

further detects e i, 2 i d
Cyst om bus. bet MERRsBRHALS AR eBRtk EASGRPANE IR LALER B, | oI
that a transacifR takhdbnthRER pliteTdl sdiCHIRIbEY S @k RbtGed S

17.  Thedocking station of claim 13, wherein said interface circuit\zy
further detects an eject request event and correspondingly isolates said
common system bus signals between said notebook computer and said
docking station such that a transaction taking place on said system bus is

not affected.

18.  The docking station of claim 17, wherein said interface circuitry
isolates said common syétem bus signals by disabling said switch in a
_ time between a rising edge of a first system bus clock and a setup time for

the next system bus clock.

19.  Aninterface for providing docking of a notebook computer to a
docking station without preconditioning; said interface comprising:
circuitry, located within said docking station, that detects when
said notebook computer has been inserted within said docking station,
and correspondingly enables a switch such that a common system bus is

coupled between said notebook computer and said docking station, and

I



not affected. @ 20. The interface of claim19, wherein the circuitry
gener ates request signal s on said conmmon system bus to take control of
said common YER¥®2MBpus befare enabling said switch. 21 PCTARYNTR e f ace
of claim 19, wherein said undock event occurs when sai d not ebook .conput er
I's. removed from said docking station. 22. The interface of claim19,-
wherein sai d undock event occurs when a%user requests to eject the

not ebook conputer. 23. The interface of claim19, wherein said
circuitry isolates said conmon system bus bﬁ}drsabjingosaid switch in a

ti'me between aBFRERISaNEYGRE igrcausera jokwarg roulinefgLeitieye gotivaredrivarsp ti ne
for the next S¥§:tr8§chéﬁng t’ AT within said docking station coupled to said

common system bus without user intervention, wherein said circuitry )
further detects an undock event and correspondingly isolates said
common system bus between said notebook computer and said docking
station such that a transaction taking place on said common system bus is

not affected.

20.  The interface of claim 19, wherein the circuitry generates requgist
signals on said common system bus to take control of said common

system bus before enabling said switch.

21. The interface of claim 19, wherein said undock event occurs when

said notebook computer is removed from said docking station.

22. The interface of claim 19, wherein said und_ock event occurs when |

a user requests to eject the notebook computer.

23.  The interface of claim 19, wherein said circuitry isolates said
comumon system bus by disabling said switch in a time between a rising
edge of a first system bus clock and a setup time for the next system bus

clock.

A



