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66 MHZ PCI BUS RI SER CARD SYSTEM F| eI d T, nrelates to a riser{ gV
card t opoMsysz/or3 commmﬂmﬂmmﬂﬂm nmmmlllmmmﬂl&omlarl y tecEUSA/Mds PCl

bus riser card system upI i ng one e 5 peripheral boards
to a PCl bus. General Back round As conputer®$stens evolve, there is an
i ncreasing need to pI’OVI de nore conponents, such as sem conduct or devi ces,
connectors, nenory, T&POLOGYE FORNGAMHZ P | : Tye
appllcatlons such as web servers, part of thls need has been 10 addressed
by enpl oyi ngeg plurality of cha55| s arranged wthin a rack. A chassis is a
devi ce designed to house or hold a conputer board or circuit board. A
‘plurality of chddsigvantign telres the risdr gatd|igpodagy forpothputer boandsead, morea r ack,

whi ch is of n bus on
to which t (i\‘itﬁcq:bcl)l?ar ?@?@ oardl'k&b%tsFl EE%:%% {P&H{ olrafgﬂgo ggée& gnlnr)] order to
‘provi de Scerpeaibhleraldmmgnttsetmldamds chassi s encl osures are specified as |IU,
2U, etc. "IU" defines a chassis that can house a circuit board no nore than
1.75 |nchengy gathacléml[{n!systens are often deployed in data cent ers and host
service pr achi eve maxi mum performance density. "2U' is
defined as "2 x AsdomputeBsyStem3ehess, tl&rﬂxsamnmreamﬁgn&dc@pseﬂaﬁmﬁae t hese units
of separation defin he ma 20 of conput er, boards cl udi ng
o1 1 ConpondRIPORTTE. SiPios BT AT LAP U s e TR OBe GREP ofechy ARG s .
One way i n buaidcdpada) R sdne dpplicaioas; sWbhSs el sdréers Ak 0F Bk resd Ms bedni M zi ng t he
nunber of connect Ers o socket s thgt are mounted on a board. However, this

al so |18 t sidgresed yrsmplogie elyality phghassisaraecdonifie f egkofcdassiids doard. 25 A
signifi cantdeprceaéﬁgneakeﬁbu%moﬁj @&nﬁ»uf&%bﬁn& oPdircduliBodrdi! nhtpﬁaﬂampapéuags@et veen
each conputer board. For instance, in a system a nere 1775 inches in
hei ght ar e m&xipmbg dosely maﬂgqﬁlmfréﬁa%eﬁwumraé@ vslm:h is efterpheabiiet- bbﬁaaryctusec ause
many conne | to the
surtace of TRardtEREShATE o (LG, PR BP b ERA BE Lo

t hey woul d qpﬁmtlomde beyond 1 75 inches in hei ght 30 One solution to this
ngglsequr;jl Z Flgrluilgl r?tr%l ! ItoS row?gl Eeq'ta{n esi % thr'idyrdust %has té%]lcigs&rl Olle pelel?'%d !'cl? he;?lser
card" is -1U,2W @cO2IY’ memkﬁcﬂmchn-houkélﬁlcmunidnbuﬂdmomreﬂlamﬂpl es to an
exi sting cannpec Qf, »socket on_th onmput r rd gnd includes.one or nore
connect or s "Bt h'g[' {Hjlsé’StS'ﬁlf gle\%tlexg:ﬁepﬁogg?ﬂh aa‘fe"% “@(?gStﬁ%[V‘CBBch@ﬁ‘pl ed. By
maki ng a riskeytoeskiveapiNiach parfeimantsdensiey. tDE” GaRAsat 83 xtINRE83 in a

hori zontal pgsition to the conBut er board, peripheral gr ds may be coupl ed
to the risdhchenand §u0omsAt Beansequgicehese upis of S?IB‘“I‘WEHC“E‘:‘W maxippmdieight
systenmsg Oy cef caRRNRGL@Ahg A1PE hé RO A £l 2aild$ thdt B3R bk RERSRY i
Conponent Intcergﬁotﬁ‘nbect (PCl) gsockoenﬁﬁ) The P%Jlengusr vvgs proposedagyﬁl rllrtl el

Cor por at i orfugischgsss| ution to provi de a hi gh- speed expansion bus standar d.
The original PChlays., sk @HQHE:SEh%@Ffo%ﬁEE &bﬂ%ﬂ@'%&lné%&?sﬂ@r‘mxhlnﬁfﬁiﬁ e th the
current standard bel hg Revisio , avail able froma rade associ ation
group ref emuader of carnePtors @seckiets|that hlleémcelgted@ﬂ@@pardBMWB‘MsthgatsellDrlfﬁve, Suite
217, Portl P21 - pcisig com The PCl

SpeC| ficat ?Eﬁnul@e\?/.gp%.r‘%tg%gay%%g&ﬁ%‘?g{]gndg%hgwg by reference. The PCl bus
provi de¥ for 3214 sigmﬁca@npmbbmtaﬂsansiselasaaEtsul:P,Qf the jaked spacigp/bityveareadlt MHz. |t
can be popul ate i ng fast
cocess {o oainily et REHSANE fe 05 pafrbhad o haLRarREieIC 12 BV
t he host prtoﬁemsmbrﬁﬁocm}haaedetpa;ppembcmkﬂsn@etdma& manﬁy ¢dn3ecmmmﬁl$edfe'tssonmat| ve bus

d. A 64-bit h t te of
2. Wogaby eBPUBE Lol montisRaiod by e SR Sl BerrETES AT BRI no” 6 i

PCl bus hasndi§@efphes Ca@Ead theyCRHRPA brafruddtselyGits1.70nehes diBdigher ati on in the
desi gn of conputer boards 20 eggl oying the 66 MHz PCl bus standard IS

si gnal 30ef | ect i &lfe selifiersto thigprolet i3 ip %Eéﬁ'ﬁ%r pderichpermisigsallatiop At s gnal
crosses fromigherdllciids Il ARREbRSI REHIRQI thdR dnthuter B6HNCehdr ARSI e} QAP UM
havi ng different characteristic inpedances. For instance, this is the case
where a connector electrically couples~ 4 PCl bus to a peri pheral card.

Anot her source of reflection is where a single transm ssion path splits
into two or nore transm ssion paths. 25 Thus, the addition of connectors
and riser cards between onboard devices and PCl devices on peripheral cards
causes a mmjor signal quality problemon the 66 MHz PCl bus. As

transm ssion frequencies increase, the disruption of signal waveforns
caused by such reflection becones increasingly problematic. Hence, in
designing a conputer board that includes a 66 MHz bus, transm ssion paths,
i ncl udi ng the sockets rlser cards and 30 perlpheral cards, must be

P e o o " o o




WD 02/ 44913 PCT/ USOL/ 44108 BRI EF DESCRI PTI ON OF THE DRAWNGS Figure 1 is a
front view of an exenplary enbodi nent of a primary riser card. Figure 2 is
a back viwo @f+as exenpl ary enbodi nent of a primary riser REAVEROIFIIG8r e 3A
is a side view of an exenpl ary enbodi ment of the primary riser card of
Figure 1. Figure 3B is a side view of an exenEI ary enbodi nent of the
primary ri&podelspdichieopplesp an oxistingggpiectpr pisogket pp e compyerboaghandx enpl ar y
embodi ment e dé eGP mf?eragnﬁecw orRE thoddd ofloGhHich p‘l;e_ribﬁer@ dgaeég- iy of an

exenpl ary enbodi nent o secondary riser card. Flgure Is a“side view of

an exenpl asaupladh Batinmking agisepcaskbecordalapd moyetingthe eonnfitepa therepain & a si de vi ew
of an exe i L Nt i i .riser card
and 8 secondeyisFiEaRish TEG ookt F-EROBREHS by Bt B ld BRLHSE) 000Vl e
of an exengrdisyasgoifiodithiaribe b75-inblecdistraint efrl&osystems.i on of the primary and

secondary riser ceards shown '}r] Fi gure 7lA'- Fi %#;e 7C|iﬁ.§) a seﬁond expl oded
‘perspective vie o‘fongﬁonecﬁ?glﬁcﬁ Oé?c(ifp %15’5*} ﬁ%’ﬂ? 15 ef'%efﬁ P& hecti on of the
pri ma][ y anﬁlt@m&?@wb Eooker man_Bbl&me])rcLﬁ@siﬁ lg_umel Gﬁpoﬁii%ws& s8}%g'té1hl ustrates
a configuration,of the primary rjser car i, . Figure resents
ool o P iR Rh e YoR bR TERoGHARCT brsisiagtetd hasbeent B gur o
9A i1 I ust r gigRsded sG] tighe§, MithQRe Rlkreht ¥andBa VBB Révikiof 212, HAllshIofrokiagur e 4.
Figure 9B presents a set of trace |lengths for the caon |g,urat|on shown in

Fi gur el®A wadegssasiatiomaropp irdaried feas RCIHRTirIJnierst Grrun ot Weptage Brivei mary and
secondary &higes17CRfshd, 5}-@@&5 Wz&gﬁigAﬁﬁﬁﬁt%W.E&&ig.@ém.t TRESC] engths for the

configuration shown in Figure 2 gure ITAilTustrates a

.

conf i gur at Peasifishticn, Rey.Gud ts ifesupodaterhhexpin & raferenaei Je Pebbhwiprofiderifeydes 8A,
8B, 9A, 9B, 104, ..: U rese a set of
trace | eng? lﬁé‘ ?%o?'?{a%gﬂeg%ﬁ?? %@?#%ﬂgﬁ%&g% fr?}gi é}tﬁcraé%iﬁol%.laq?ﬂswﬁgur e 12

i Il ustr at eperipherakaangs] mclpdippbdrbions rdquoingdast aacessite edsb athdr oo withisgstera pri mary

and secondary riser cards may, b oypled. - 02/ 1..1913

ST/ U 1. Hethotya REerRPE o BELpETE T R CE S F E PROEATPIERIES DA 1 11 ust r at es
a front viprocaborsnativechiipbpey. A6ddit 6&MHzHClduphdsimlisordticslaiaximii | 00. A
"primary riser. card’ is defined as a riser card substrate 102 having a 5
connect i ngURHE rafoef 128 MesaBYes#6 a socket or baseboard connector. In one

enbodi ment, t heacmpagaiddTer BstaorPbtetfhat BRWA! 1886 WIHA FEIbuS Bischedife MY be
designed to couple to a PCl socket. The connecting edge 106 may conply with

the PCl st #WHBPHINSHBPIET WaemenOahepngiderationin firdesigh obroniayics beardct r i cal

cont acy@ 1ét9plﬁgn§_[h%%%ﬁ\hﬁé‘i’@’btﬁ@fé%a@d §s\GanBl e NN S rREGbNIRBut0 a PC
bus. In one enbodi nent of the invention, the distance between the 10

connect i ngwheige tragmnisainn signpbespsses feega first fragpmigsips mpadivimios sef@dr card is in

the range Qf,smission medium having different characteristic impedances. For instance, this is the

case where a connector electrically couples a PCI bus to a peripheral card. Another source
of reflection is where a single transmission path splits into two or more transmission paths.

25 Thus, the addition of connectors and riser cards between onboard devices and PCI
devices on peripheral cards causes a major signal quality problem on the 66 MHz PCI bus.
As transmission frequencies increase, the disruption of signal waveforms caused by such
reflection becomes increasingly problematic. Hence, in designing a computer board that
includes a 66 MHz bus, transmission paths, including the sockets, riser cards, and

30 peripheral cards, must be carefully considered in order to minimize signal reflection.

Accordingly, there is a need for a compact riser card system which will provide

two or more 64-bit PCI sockets to couple one or more peripheral boards to a 66 MHz PCI

bus on a computer board while satisfying the height requirements for 1U systems.
-



0.25 inches to 1.7S inches. This is so that the primary riser card 100 w ||
fit wthin the physical constraints of a | U system According to a second
enbodi mrenwo ewg9pri mary riser card 100 is approxi mately oneCTyudoti4mma hi gh.
Accordi ng to one enbodi nrent of the invention, the primary riser card 100

may 15 include one or nore sockets 104 which may be el ectrically coupled to
one or nore of the eIectEﬁggﬂlggaﬁglg%—iiﬁLJiE@éﬂﬁﬁﬂﬁﬁsocket as used

t hroughout this docunent, is defined to be synonynous and |nterchangeable
with the term"connector”. |In one enbodinent, the one or nore sockets 104
may be either 6Zigwetl ine framt vigw ofamexemplrtembodimentefa poimartoriser easdket s | 04 may
be nounted eit I iser card 20
‘substrate 102 gﬁﬁ?ﬁax§9§m%g@§%%§@ ?ﬁﬁwﬁ%ﬁ&@@ﬁ§§% QE ﬂ%F%%%puter board
on to which theFiguiedriyasids grewedan eﬂeﬁl@lmymb@dlmeruplfﬂtd prxﬁagumser &ard bf ustrat es
t he back vj em1qf an exenpl ary enbodi nent of a primary riser card 200.

*Accor di ng §"Thi's enmbodi nent, one or nore interboard connectors 216 and 218
may be nount ed Figura3Bus & sideviefy of heeyempiay ymbalites vtk pamaryd@er catheSe one or
nore 25 interbgard connectors 216 and 218 may al so be nmounted on the sane
surface or @pPgsite surface as the socket | 04 of the primacy riser card

| 00 of Figure Ipigieaqs b vicw anptehahpleabodiidhs ofahecABfy Plker¥Ride
i nterboard connectors 21 6 and 218 may be coupled to one or nore electrical

cont act® 210 onFlaursé.%bgfkrvr%qfaeémn@w embﬁdlaﬁaftqférse@&mrlﬁﬁéﬁ@r t he _
connectors _may ﬂqgux’é‘%%?& E;H&ﬁk%ﬁbf%@%h@f&r& anﬂéb‘ﬁnaﬂ%f%ecmfa@ [?’s@réa‘?&kets 104 in
Figure 1. These oOne or nore connectors 216 and 218, al on

conbi nati on, nekige 74dpabide view of poexediptagy ambo@mgrﬁaf@eomeraomtwbﬁ aj ncl udi ng
t he addres and configuration lines. In one
such enbod rr‘r’Ba‘Jt‘/'ﬂgﬁ’é‘rﬁaﬁ‘g%c#%?é“%%‘ O 02/-1J913 PCT/ USOL/ - 4. 4108

i nt erboard connégureiB i24 ﬁrsamblcm@pmcmemié\def etnl”ﬂxemblg,n'adnﬁaoﬁhnenaofﬁﬁe MHz PCI
bus. 5onte confi qur a%{ %nh 3 gse oQbarTRLE '1§ rboar : ectors 216 and
218 ma\‘/] i nlfS %?ém%\ QR A‘&PBE YSEEREPTGE gy & EncnoP Y rgfi‘te ‘a side view of
the primary ri sgipuredCds 4 8domf exiploged &rs’lpectﬂ%en@ﬂ@f AMlexeropleryeabkdinentldf4 ar e
nmounted on_ a.first surface of the primgry riser, card s bstr te 102 in such
T anner ¢ AT GRS Ay FUBReREY s SO S baseboar d

connector on a [k YAGusAeRs 8l cor araﬁ@;mtﬂegmﬁirwﬁér%@ldm rgpt exceed 1.75
inches in height. This allows a |rs eri pheral card to be coupled to the

primry riser JFHegre §Bgesens a FﬁSPgtl%‘:Gé hg f(lrdhe copfigwrptiny showpin E‘E'ﬂﬁlgﬁat es a

si de vpew of ani gas@@nl ifHis¥raR5 hm{ﬂgufahéﬁsftﬁégéém?da@ .llgap@arra)emgﬁr@g the one or
nore interboar onnectors 216 and 8 (not shovwn} of Figure 2. These

i nt erboard conndgerepB %@t&ﬁéthﬁ.Bang‘élfWéhQ @nég'arpﬂl@ showp &olfigup 84 pher al
card to the sa | L &y R&rcoupl ed to
t he one or m)rre]jﬂ Egﬁ%&gﬁ?gﬁbﬁﬂ&?ﬁg&ﬁﬁﬁﬂar %?ge capﬁﬂgggm Accgrélng to
anot her entwdh. ment, the 15 connectors 216 and 218 nay serve to couple to a
secondary riser i r rboard
connectors 216 a ‘%E gq%lpfkséht{)ée&z&‘stﬁi%pf&b@gﬂg’tl ‘%@fﬁgﬁé"k SP(SWIF gr
enbodi 2&nt HA.t he one or nore connectors 216 and 218 may be a set of two

e or o crerpaty S B0 eSO EALET i b [T

Gegeral Iy, Fi ur"eﬁGAOSEl@rAy9BJ EBY af @Il méjDBeulﬁmetﬁéd ned as ﬁ ri Iser card .
substrate 402 having a socket 404 to. co e to a_per|phera and may
be renovably Cdﬂgqrgg@@reée%srq %PV@F?@E&E&’&‘C cgéﬁgﬁﬁé’i“)?hﬁ“?’%’é‘ %‘5‘? ds are
useful to pfj4ow two or nore peripheral cards to electrically couple to a

singl e socket on a conputer board. In one enbodinent, the
3 Figure 12 illustrates an exemplary embodiment of a circuit board onto which a

primary and secondary riser cards may be coupled.



socket on the secondary riser card 400 is a 64-bit PCl socket. 25 Figure 5
illustrates the back view of one enbodi nent of a secondary riser card 500.
The secongernyydiser card 500, in addition to the socket 4@4TAISOFHJS e 4,
may include one or nore connectors 506 and 510 for electrically coupling to
a primary riser card. In various enbodi nents of the secondary riser card
500, the one or nore i@ﬁm&ﬁ&ﬁt y be nounted on
the sane or opposite s F L ik e 4}. 30 Figure 6
illustrates a side view of a secondary riser card 600 configuration. In
this configuration, the secondary riser card substrate 602 has a PCl socket
604 nounted on Rewe dilusyaies afentafigy af an exgwplapirabodimsptRfAriimannsst or 606

- mount ed oncﬁds@@ompm{a8@@&caﬁe¢@de%5wasaqls@%r@§m% havffng§ width of the
secondary riser card Is in the range of - 3 PCT/U

SA /. t ~5 1080mectBgiedghk$ te eouplents ajspelgber b@@ﬁbpmdtconmetosdoon@anbodummr card 600

WL fit
erbodi ent e pnebdE Gy FEE LAY B8 Lhadoo fay be BBl (BRI BT
nmor e connesuacets Tihe oornedingredgen6svayecosphf wittethe PCH stendardxspecifitation Badgur e 7A

il | si d
5 and  selBAIRIGE i &kt oA RS plefiedl BHPE bR BT 2 br i mary

ri ser car dcat®200 IomCPGJdiumgIna)nSHﬂﬂsbdlﬁh‘eﬂ of 2, im@n6&r; KRtdistbe be’tﬂé&n&ﬁ@ or nore
rd connect rs 732, cou econdarq\slﬁrl ser. rd 700, including

interb ed to a
a subs?&at gonRgEing o %%]&Qé‘f‘d ppsitey ?’fg (ﬁ% the pypaY ré?’l?d%l’r“d ‘&@H%Fe‘tﬂ ors 730.

The riser gas ﬂﬁh@ﬁbng’s%&s& f’Ftﬁsallslsé'thﬁptHé)bﬁﬂaﬁyllﬁertcﬁﬁi 1008 Bedtkin@RNnect or s
730 and 732. This side viewalso illustrates that in one enbodi nent 10 the

primary anﬂhﬁ@é]d’r‘i’dﬁfaym? pisetU eystens Aagordingdo 7eerondigmbadimaent.dhpprananaisal y t he
same hei ghta.g- anﬂﬁnﬁ&?y&ﬁgi)'»ﬂw lllOI’l these riser cards are less than

1.75 inches hig A connecting ‘'edge 712 on the primary riser card substrate
710 is provi dedA@C@erlIl&fotonc eabddymendwpihe lnmetlmﬂlemﬁlmryﬁ}@r @n‘djlﬂmﬁa)t 0 a

circ Ui b Oﬁnrcﬁildg bng S 'H?o% gock@t?%ijwl}(b%ﬁﬁggé glgct&gallg U ?%8%{*8 ore OF ﬁlas ocket

704 on%he secondary riser card rica oup to the
connect i ngeledgenl deﬂacﬂml lt()hé“hptdrméfsqpkeﬁ ,%msmd&hndugl@m thisralocmmnenﬂadnﬂimamtmt t he

sockets 704 and 70 tlon,of 3 4-bit

sockets.  SELRPRRATTg AL RS ENaPE VB “ Pandferofs oBEPPRMERE: 51 ds 10
coupl e to enesdrmgdresdekits $@mlk@t beOdither @@mortaarbnhuarsdcml [Tée bid drinftge W t hi n t he
physi cal constrajnts of a ste I n ope f| rati.on, the sockets 704
Bnd 706 otk Gmenee la?lf%ﬂr%»tﬁé g%ﬁg%eaﬁﬁfw P SE{1C BHMAYY ISP bi ¢ PO
socket s FibbiRe 162 dol that Hli§ bSEntdaly ihbFton®X R 186l fuedr BBEE bh YEwivitigWeof one
enbodi ment of the primary and secondary riser cards of Figure 7A. As shown,

t he pri mar pripary gisercardgl 0pmay bgispeed- ncl udes a substrate 710, a socket 7086,

and a connecti d 700,
whi ch i ncl udesnlg @gggltl%g{%gs mgx?mlﬁggpagf&%@a@aﬁg’%gﬁgﬁﬁh Srﬁ%%};lg&l; nt er boar d

connect or scar@200. Fhegardingniethis ¢roleadimentsong og@@@nntemwgmctp@_r@éend 20 vi ew of
the embodi H{gmje ﬁlBQM@d b ﬁfn%&r & &lZéAbrlriA‘c?rz% %gét@@OfrT dneldr ﬁﬁ)ﬁe card 702
er connettors e

i ncl udes one” or nore I n oar to couple to i nterboard
connecg®drs m17e3lﬁba(d wnﬁcogmrs 216748 2@8 rrtalyelss &e owdateg o ths esmesurfdeer@@pposite

Addi ti onal | r 702 and 700 30 may al so
i ncl ude on%‘x%l?e é§4 9@8 3” e'y%gdoﬁ)gh()fvx% grLhl'a retaini ng nechani sm
or fastener rTB.yAcfdofdnﬁg)to &ﬁmhefrenibbémtenp theane sr MOG istertoatd 2onnexters A 6 ke

e £ Bl BT f RSB B E LB AP RSB, G D

-6 WO 024 8heBembodiment, the connectors may be electrically coupled to the one or more

30  sockets 104 in Figure 1. These one or more connectors 216 and 218, alone or in
combination, may be capable of providing all signals of a PCI bus including the address

lines, data lines, clock, and configuration lines. In one such embodiment, the one or more

-4-



PCT/USOL /~-t 108 conponents which will mnimze signal reflection and neet
the PCl revision 2.2 timng specifications. Through sinmul ations and

enpi ri calwoaatiyng, it has been di scovered that a particul CT4801/¢§108 r ace or
signal path |l engths acconplishes these goals. Figure 8A illustrates the
signal transm ssion paths or traces for a PCl bus froma 5 baseboard
connect or BpbesFd gsppecdeye kbt and? 18 may piYidethavgnals fora (AMBZzLChbrsrdnyne i ser
card and ac.RgkhRhe] #e dndbFAmSRAnEAYRRndeBiofs¥e 6 BAd B May inclade &&ES’nquccord' ng
to one enbodi mrent of the invention, the signal path fromthe baseboard
connect or B@bsogkett he PCl connector 804 on the primary riser card should be
no | onger than i; 4 o . j.oen e trace
-or signal path Iﬁg\eégél etﬁ{e&e{ﬁ}lgé‘éilf gﬁ? ﬁl%tpéwlﬁrés%ggg@? %@ﬁg{ré{gh@éﬁ: |&{r.1é | engt h.
The trage bengelsodkatstlié agarduptedoala fisstiserfase ofifie pimeny riser aef suhgithtddl02t he PCl

Speci ficat}Q | Sl . . 1na first enbodi nent of the
hvent i on, i R Bk fnch bEpuit M B 15 oo o s RARGEMRRY,
appr oxi mat ed y c@nputeribesrdj the tamighdd strittesalovadot escead 75 Inchistin Aéigiet. ThisFi gur e

8B. Figure 9A illustrates the signa ransm ssi on paths or traces for a PCl
bus from a?BvsELUHPSHp ”ﬁ&‘?fﬂé%g% ”9%55%& Pf(*ff‘aré’é'é?{é‘ﬁ"dg%‘“? °68’r?b"tﬁ°8§°t%oard

through a pg4.mary riser card, without a peripheral card coupled to it, to a
secondary riser_card with a peripheral device 908 coupled to it. According
to one!®mbodi nefiguresBlistrpts s HAW of AbexeMply PriBary risgr 6A5dt 208 baseboar d

connect or BRgpb@tikg e bR @rrmémers&me&ﬁlwmr@%mztm%w%ﬁﬁ]?xsfﬁg&%rz. card may

be no | onger than approximately 2 inches and preferabl()i/ ween

appr oxi mat &hgse interpoard qonpectorn @ heand; 24 8 meay genve toeupls ia gerahd peripherel esd tohe

i nt erboard T i r connect or
000" on ¢ he "ot o ASY TRTpe R GRPAREN hl REL B IR O BrbE oo e
and pr ef er sdskets B4 anstbe papary oisenmatdsl0p. Aegordipg o dhothacdnediment,élmgt h. The trace

| engt h,on t he peripher card 908 or | card is.defi t he PCl

spoci 1 1ont 1aet o P800 Rt Bl G o ERbMRE A R aRonger t han

appr oxi mat ehyodénénnahesne on nloedigitdiboaidh@aneckivs Vil and 21 imay be 4 sisgle 846t i n Fi gure
9B. Figure Aillustrates the signal transm ssion_pat r traces for a
pei bus't r B secksts Bl e BodiREnBoft Stss o Pereltiathinn ey ko e | boar d

t hrough bogiwa 9pLpil@inyiedtdrs 6F theed60-paiébnalecs@gondary riser card, each with a
peri pheral device 1012 and 1014 coupled to it. In one enbodi nent, the PCl
bus operates atF'gge ﬂ/l’-li‘-!sfr?tﬁs ot yEsw ‘&?BGH‘?’H@W@’ ,empﬂ@“%l(’fﬁe‘ecé’ﬂ‘éa}{éf‘?“on t he
pri macyg anghy§ eeO ERAEMILY, 23 QEcoR@drf s bird®40(is Hefifell 1S PR Ld ssiBE 0PI tO one

enbodi nent of the invention, the signal path fromthe baseboard connector
1002 to t heavingla soekek 404 tpeouple te & prsipheralpardyand asrbegemevahlyicoppledity 4 onger t han

hehos 1 Ftent Koo Ry o Aot Sl S R b PRt 105

i nches in Teng ccording to anot A O 13°F
enbodi nent to eldetricgilyemiplegan bingle sonketan ROMpyise keard. | DEae ewbedimentrither boar d

connector 10 Qfggjésgg%ggrwﬁ%sﬁa@gﬁ% %&Be P’so@l?etno | onger than

appr oxi mat & I'nches- an ween approximately 0.8 to 1.2
i nches2§ n | engtHigurt 6 ilkustrites e badkodiwrefine embedimed@E a kecondarhdser ndréd SD@ar d

connector 1010 on the secondary riser card t he .PCl connector 1008 on 5
Che. secondSGeeaaming BT N0: maHuRs fo{Gh stk A0k PREEde o FR6RF HheE Ung

pr ef er abl ymbetcsasatoddI06axi 50 Rk ¥lefirically@olplig td'& frdGary fiséreag n vaklvase trace
| engt hs val ues are (igJLustr ted in Fflj% 10B. Fi gure 11A illustrates a
circuit bodiRbpdiments of %%’iﬁ?f@?'é’r‘ ISRI0RF fj o @xcnorp fterbontd FORBPGIRFS ﬂg a
baseboar d gi16eta9be kiohBte@bn Bielsao6Ksposie sWiceAs B8 ¥odkbt 402ginFigurany and 10
secondary riser_card configurations _shown in_ Figures 8A 9A, 9B, 10A,

8B, :
and 1080 may be Rigtipf dldpstrates asidg viewipf 2 preandangiser cehpronfigurationy dothis s only

“one of man H& D riSerRhidHabraR 42 RACONERbNel 6GBhotmRddbnRY be
coupl ed. A%/on?ﬁ%%mﬁ%%}ﬁge%’?&ga%&i dentirfai ed as seg%entes " C'oand "nD", on the

_conput er bbeat mfaq&mdiasleamnmwrwrd dpangEr 68pmeniteden 4 ssaondratipesi on 2. 2 and

win the pRroafEl e iR el bRt Bl Retd P % 0 Mide MR e S0

generic PCl device 1104 are shown in Figure 11A, this is



by way of illustration only and ot her devices may be enpl oyed. For

i nstance, a Small Conputer SystemInterface (SCSI) controller my be

coupl ed twotdre4#G8l bus. According to a first enbodi ment ofparhesoinviesti on,
the trace or signal path bet ween 20 the host bri dge 1 102 and the PCl
device 1104 shoul d be maxi mum of appr oxj mat eléy i nches | onl% A "T" point
1106, def i frddinghestad. 75 mcaﬁ%@ébqtélw sggondary iseircard-6R0 will fit withindhe'mlrysicals

sel ected oOfhktMifts %PQF@@IvstéHCH dnb@tr drilRdinfeAE the! s@é&ﬁ&yfrls&r@aﬁ%% ReLgt to

ei ther of the host bridge 1102 and PCl device 1104 is no approxi mately
1. 2 i nchesPClyodkasped the aht 9r mere comgetorsiaainted jop thsxsame susfage of thastbstrated t he
total length t tely
85 1 nches,  and Eie & ap i sfio wag ot e hrgBihelor Bt prndR AP B TS £ 1,

t he point atd a/deccmldanyhsel‘ruasﬂ(lm ﬁdigse:oﬂﬂ@iatwndozﬁp}hseslef/a rémdry 19k cardjoRe to t he

PCl bus g of these
~devi ces ma§¥/' @g‘“%%wgaﬁ b Clbe?gﬁa O?Pr?loﬁﬁltofe 'HPﬂ%OSrdtCﬁ’g“eﬁérs @{% anywher e
al ong the &wpleditd bmbndaha:ri@r c@d 700 irwhelirgCt sabstfafe 208 mmem ahd¥@dri on.

Addi ti onalléﬁ PCl ﬁVI ces r?g 0 .and d4 n ed.nqgt co t a "T" point
1106 as sh‘B inteHbogy; éO’éﬂ’Fﬁ@Eﬁ nt P FifeE cigsheing § %fg&a ¥L6‘§‘P €coupled to

segnent " Gutefbtaldohh@tdter30aMizee. thik Gde TRy a8 ifRtRkeMatia oﬁ@gﬂﬁd@imer@ _0_
W O 02/ e913 PCT/ US01/ ~~108 I n one enbodi nent of the invention an

at t enubl i ofe peERRAH sqcondmy riser gprde &8P A (7QR ey baef approxpspately these®eand the
baseboar d FAAACALRaitd I cohNEurhHe Qe caddGrAbLARIAL I PRl fgh! O 1108 1

to attenuate reflection fro e receivers on peripheral car PCl
devi ces when t hectnasetingredgigyél 21on0Re prématy risdriegrd spiestrotedilfiés providedgoembodi nent

the {1 ace el Ballio. LEn g A0UR IR SRLARurd e Wlmblel D25 eb0ar d

connect or nor e roxi mate preferably no
| onger t haAccmmmg)volmbmqunﬁentnthbs&:ketﬂﬂé oh nlmcsecdndmglrlberfcamlrﬁmhnmyrbeS| stor 1108

0,18 R A0SR B0 BB RIGL O Lo

enbodi ment of tihené¢ avbdtfimen, thé b‘tﬁkﬁﬁ vmmmam@mayesms}t@mwnaheﬁof@yblbﬁdl ess
than or 10 _equal _ to appr oxi mafl | n anot her enlbodl ment
§

pul | -up r e¥4-8f BFL spekess. Ruch gantiey BB&’PH‘%HE‘H@E‘F%‘W%%‘PH%[ q3es %@em to

couple t0 @ uMglcAE DOk 6fa bortifter bbhNE vﬂﬁl@%ttlr@%@ih% fhe BRYsicABcdAbtkdintyBf I €Si st or
1108 to the baseboard connector | 110 shoul d be a maxi mum of approxi mately

1.2 i nches? @ aytest. emanasoqﬁgq@tlp@ﬁ@feﬁoclﬁﬁfamﬁnd Adhmoyniedendhe grimeryoneé
enbodi gent ¢ % d%yq&g%a%ﬁa%g gippcfgz)gké?%n | -up resistor 1112 is less or equal

t o approxi nate ure 1 lustrates an exenplary configuration
of how a pri narKigure §Brillusaatds¢ﬂt326>@inﬂletép@metn@amqw of ape embadithent3dsheray be

coupl e ol LRLLoRRR 0B o HHY 8. RPURGHIBRbimbliSiBERRPART Y, 11 ser

card 1304 ¥'S primary riser car primary’riser card
1302 may behich upludeb 4 mbarase)%]lﬂea s&kB€F06,ant heowiecting edgdhdEY, thay 86 Goupkd

According to this confi ris 394 may i ncl ude
a socket 18fd¢° %ﬂl}ﬁaqﬁﬁ Cgﬁ{-@b FE‘H“&E’B%% ﬁ ?agelafo %glzet%ge C up ‘ed in a
posi ti o substidebbatlynieowotsz30t al to the circuit board 1306. Wiile the
i nvention has en dgsﬁulbed and I,I%a ated in d afut it isto be clearly
under st ood t hat 'Q‘H‘FZ SF”?\‘F%%EF&E{‘"{()%W ﬁAQFFSPF?tIVﬁé’lel’Va‘f lb%e"él??&“’é‘??érrpl e only
and i s notghb@nReFigarel7ak efks dvwiate ﬁﬁmiry Risérahidor? ind\RleS®ie drimoxdd scope of
this invention being limted onI P]l the ternms of the follow_ng clainms. 30
-9 interboard connectors 732 to couple to the interboard connectors 730 (in Figure 7B§Jof the

secondary riser card 700. Additionally, the primary and secondary riser cards 702 and 700

30 may also include one or more holes 720 and 722 through which a retaining mechanism or
fastener may fit to secure the two cards 700 and 702.
One of the challenges of designing the riser cards described above to operate with

a 66 MHz PCI bus is choosing transmission paths along the bus and interfacing
-6-



WO 021e913 CLAIMS What is clainmed is: PCT/USOL/-4.1108 1. A device,
conprising: a primary riser card substrate including an electrically
connect i nyoeidgi@omzo couple to 5 a PCl bus; and a PCl socketpgmusstigdioso a
first surface of the primary riser card substrate and electrically coupled
to the connecting edge. 2. The device of claim1l wherein the primary riser
card subst $oRRRONeEs WRich Wil gyinimizesignaldpilestipmandanephthe PCh Favisien 2HHABIEL | ng edge
to an oppo§eti . . ; i ; i i ecting
cdget o ol SReAS: Tt s RIRIGR ihe Gn Al G, K e The
PCl socket particulpr 6ef-of trecesarskeae! patir lengtiggicompplislss these goats. The device of claim

1 wherein the i i . I Al

-conductive fi ngie}gl.ng?% 12&t§%§ﬁ5§%é}a§§ﬁé e{}éﬁ %\Ef\ﬁg%giﬁ%aﬁ‘ldel bé?@é‘%')rél cal path
| engt h Det basetwatdmnpdctdréas br POlsoeket ot a camputer board dhrotghveeprfmargeseramd t he PCl
socket rmugltded triohtt]eC H}{?%t sqrqrta e is no.l Qngﬁr thagl 1,4 inches. 7. The
.devi ce of HI°REIBIGH SRS §YOCATPI Qe R Iuary U F e ASTRIBEIA®EN the at | east
one el ect réemieddirgent ofithe Gitvietor, the Gighalath fidieithPChsebaedk dnnediciBoedo the PCne fi r st
surface is in theé; %% ranp%e of .0.3 inch to 1.1 inches. 8. The device of
claim5 fufREO&9FSR ths pyinary fiser sayd shawiiebeno dppget than pepiptimatelyo 4 he pri mary

riser car dinghasid #¢e@ond Saboliltfent @M tf:Re Of sigiaPhdih MayBEb&ivEen! dpBrofimdtdpst one
connector is coupled to a second surface of the substrate. -10 WO

02/i - 1413 &1 Lbachesiindenetho. Thefracedengtieen e petiniierdl erdel el sard indefined| east one
connect or jySne P@P@é\eﬁifﬁtﬂti&f, ‘Pﬁﬁgi’bﬁ b b8 6% leqn%é%ef Iy fﬁﬁ: égétest%di?r&‘sht Sfe 11. The

device of claim8 erein the electrical path |engt ween the at | east

one el ect rinkentioy, thomahgonitheperiphryelcarrsbioultbe ne longexthanapprogioratedic? ochéss no
| onger than,;l. 5 i es. A eV f claim8 wherein the electrical
flﬁ l%ng?':v\e"@% ﬁalue? faljeﬁllusrr?Ed gn Iylglfrg8 .

path | eng e at least one ectirically conductive finger and the
at | east one cdigeepArillustraienthe hignal amgemisdionthathsiontrikes fdra PCIBus fimhas. 13. The

device,of claimJl furth C risi . a _secondar,y, ri ser card .substrate; and
To s P ssoptdaonicisd Sp SEPEY sp@iel s Foudim Bof thrauel it 1o B ar g
substrat e wilbueh parigheedtdry coplydhed, tha stdoadapFise ehridRgthedgaphdraltdedcdr i mary

riser card, 14. The device, of claim 13 wherein the secondary rjser card
substrate 198 qoéglg‘sl?lonx%P'fgnﬂ A ORREMbRdiment Ohl?é "Q’ﬁ’éﬂot“eg"? signalpAbifom e t he

first surfggsboakonddeeordey icie Riersdas d&lﬂ&tdﬁ@@#@ﬁ&ebhﬁla\g@iseﬁ&?&ﬂh pé the
secondary riser card is a 64 15 bit PCl socket for a 66 Miz PCl %us. 16.

The devi ceiPngsr damapproximaiahet inckangnd Biekgbhubatveesappotimatalvt tcklipl ed to the
Pri maryy rigles weq%tg.u*?ﬁ £i?¥a??atﬁﬂgxaﬁh§ﬁféﬁﬂgrdcc%£§&tr?EO GPHR & nda filke
a supbsira ed to the

secondary riser c e and coup I rst connector of the
primary ricued todks BCk aona¢otartodb omtihe yeavndameeard triap bP@y lovgerklen approkinetedy)
secondary f1§s C I pary riser
card 17 e el b bt kAP 1 AhBRER et el R Vet Lo
t he at | ealstgthhoethelpedphera ahd\W08 onkiLichidie défined by therPGl [Speqificatiem, \Revisivar car d

? gd 1? gei ];]I(:%ng%g Nigs EL(!)SrCS 4 r%rpy eql%il%%y th£Ii1 ésp%l;ox?naigtglinSmci,h@s }nqgngqhanﬁl%sem 1 inch
25  values are illustrated in Figure 9B.
Figure 10A illustrates the signal transmission paths or traces for a PCI bus from a
baseboard connector 1002 or PCI socket on a computer board through both a primary riser
card and a secondary riser card, each with a peripheral device 1012 and 1014 coupled to it.
In one embodiment, the PCI bus operates at 66 MHz. In another embodiment, the PCI
30  sockets on the primary and secondary riser cards are 64-bit PCI sockets. According to one
embodiment of the invention, the signal path from the baseboard connector 1002 to the

PCI socket 1004 on the primary riser card may be no longer than approximately 1.4 inches

and preferably between approximately 0.3 to 1.1 inches in length. According to another
-7-



WO 021-1.1913 PCT/ USQOL/ ~. 1108 18. The device of claim 16 wherein the

el ectrical path I ength between the second connector on the secondary riser
card and wuoeo2Adb13socket on the secondary riser card is in RdwRUSadg®sof 0.2
inches to 1,6 inches. 19. The device of claim 13 wherein the electrical
path | ength between the at |east one 5 electricallé conductive finger on

the pri mar §mbodimentcthe sz gath fomphs Pehiockat 1804 torike isisthopdsoynecios éP06cir d i s no
I onger t haphe3rithaky1efiBSard Afdy bd REI0HEN %R aBbrokiniitd® 13 i ' lectri cal
pat h Iengthegnelt ween t_her ﬁ?yl east? %érfe. elagfértorli cal’ éﬁggg{@‘tdi%\rletef&%lgger on the
primary ri bdweersangraxingatelti @.8pcil 29arhrein length. Ho adl iment,dkertrasg frgmi s i n t he
range of 1. . | ) rd rising: a
-substrate;tHgﬁ&?rr?%équggﬁ}egﬂaggﬁﬁggﬁ%rsgéoggé gﬁgggfh?héhespﬁg? ?%%?langﬂ a PCl
connectdr thewpdosdary card nfayrbe o samgérahan approximeately b Stinciceamipdefedablyt ri cal | y
coupl ed to,| r I n l.. hensecondary,.riser card of claim
21 wherei nb‘% é&g&r@@%ﬂg&ﬁ@y@?ﬁé?ﬁé% gs %ﬁ%ﬂ hr‘a héase; tgacgg?éthf‘ H@Hesff% i nches
across t heilsbpat¢dcimtFiglrerb0Bi on of the first surface. 23. The secondary riser

card of claim wherei.n the PCl conn is a 64-bit PCl nector for a
56 Mo POl bus. TiEWe THd utanagry T PPEa (o SBPug] b Wb aBCE Bidtne. PO
connect or  ingluding2-bakdbodiFleoriectePTINO GF PCI $0dket 3n Mhiddtay Bihe PHifary4nd The
secondary riser card of claim21l wherein the electrical path | ength between

the i ni@r b%P’éﬂa%rrﬁ?éE%rﬁFo‘g}ﬂélrafiﬁ@ shewn fdiges ¥ 8135_94"{193=H8Ar %[Hg‘@B_dnayo. 2

inches to fe &upRANETHRIs cRBuit KdakPINRYbBPorHE HRRRAMNBIYY St mafly Systerti Jn_board; 25
a PCl bus on the circuit board; -12 WO 02/-t-1913 PCT/U§ /.1~108 a first
PCl socket Whishtpeimapnandisecanpany bipar ciydanay bgsaupdedect ri cal |y coupled to the PC

bus; and a pri ' «fb [ St eer?C ncl udi ng
a second PCl soc geﬁtowngﬁégggf)%’ tﬁgﬁ{giegg? %E%th?tgl &cé%.ﬂ?s&b@.g%&lﬁéut%%tt er
syst em of t1Miisddhedhy thei RCItSherifiR@liony Revision 3.266d Mdy irRGldeausst bidge THE

comput Sys | ai m erein.the fir nd.seco PCI ckets are
Gaprt B YRR o G0 WRSE Falod Do Rt BRrGRER My Compr 1 o1 o a
host bri dg®hile athbst beidge LI0R ahd 8 pehedie BCRU&0deri] 04hrk ¥haaaiin [Fighrd DI A, liisis 8Cl  bus.
10 30. The, co uftiﬁ{lqt%'sm

of ., c] aim.29 wherein th | ectrical th length
et ween ¢ HEY HBLE! BTG S S Eh PR T ey e ETPIoBAG o IRLHICS SSHBH. 31 The
conput er sgshpieystehdintarRe SusnHebMrdiREmeY) BEEdubkako BaPlI bgngt h bet ween the
host bridge and the first_ PCl socket is no I_on%ge;‘ than 8 inches. 32. The
i

conput er syst enfesordingiom firet epbadiaent ofthe inyeation. thedrace gt fignabpai bethedween t he

15 firsy Pk nsQokigke AIY ahd e Pes 88N SIRkALe 4 MadiBuh SR gSprodifaklyk 4 i nches.
33. The conputer systemof claim26 further conprising: an iInterboard

connect or imehastlens. dn“Fhroigrlil G dgfined b thednietsection obsegments CATI P cavdpl ed to the
cecondary 16 eat iERTBNEL RSl BT Rret o B o O Lor o
t he pri mar host bsdge 1362 ahdf(el demicé Ui4ngnathamappdoxit@atelydckieches,cind prefirably o a
e TS N R
per i ph2s al mosrtian appebximaely 8.5 inches, and preferably no longer than 7 inches.
It must be noted that the point at which the host bridge 1102 and PCI device 1104

couple to the PCI bus may be anywhere along segments “C” or “D”. That is, any of these

devices may be coupled, alone or in combination, to the PCI bus anywhere along the bus

without changing the character of the present invention. Additionally, PCI devices 1102

30 and 1104 need not couple at a “T” point 1106 as shown. In one embodiment, the host
bridge 1102 may be coupled to segment “C” while the PCI device 1104 may be coupled to

segment “D”.



WO 02/-4-4913 PCTI USOLL1-1108 neans for coupling a second riser card to
the first riser card and provide a second connector to couple a second
peri pher atvoorr4d91336. The device of claim 35 wherein the pracrewspimiwer card
and secondary riser card are less than 1.75 inches high. 5 37. The device
of claim35 wherein the primary riser card and secondary riser card are
less than 1 i nch onp gnbodygentphtie degniéen asfattepugrion Bsisiah EHSiinplaged befvesn

connector @@« ﬁ“h oiRtf 1 1085¥d fhk BEEb&RI @bn'néct& 1840.bte tﬁ@tmh‘é?th@%ﬂaﬁﬁﬁ&{ 39. The
device of ¢ 38 mhereln t he second connector on the secondary riser card

is 10da 64reb|stor P8 ib tesatieiatraretlestion from tthiscaiesys esepasibherhlgards38PGher ei n t he

) :
S5 R RGN A RB0A" Pilgy orec
?Hy Bf Y] § ~yieogth fiov] thaprapatithoedita] 1d 88 weahebdsclaacbioandetot d] thiks aajroad tha ca] ca] ca
% (r:rgHRgl}\/%%? R/%%i ; %}’&ﬁa;c %ﬁ%’%’gf%ﬂ rcbj%‘gf})é%%?gq"g%f@éﬁ"@ﬁ% %]“E’QTSC ;}jhé a) ca] ca] ca]

calcalc a] Carhdeadipet ﬁﬁh et readteral]1 08 eddhe & vgdinta ]l 6@dhouldibéio longer than

1) oo ca copeareehi b AL Rt e e aekaphar ) o)
)C 1+, G toche e%édl%ma%am{l&ﬂmﬁmbﬂm&}lm]rﬁ@]&qés@@iaﬁ@} ca] cal] caU

ca] ca] ca] cal Cag ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] calca] ca] ca] ca] ca] ca] ca!
67q778ﬂ@899@9l_0 apptjommatelyz 0 Ohms.

<<<O======p>>? ] U
] ca] ca] ca] Ea] cgl]"@)ﬁ’ caié M egp]“ %‘l‘gf‘g f‘ifﬂ:@a&égﬁﬁhﬁ?kﬁ e‘ét%l Fﬂ@] ca] ca] ca
Dk DEEI FFFMP‘HHWQW KK!].‘}QJEQMOMW NLLINN The stub length from the pull up

oP{ vl gb .

OP(val 901 X1 o) £l 6l Sal a2k sl el SRLEALERL PALAR RAIGAMERHARPRM o2 cal
T_TTV5VV\/1WS}@M)WWM ZlZ[l@x&@l[thwr hinch. YA$dordingd ioahe eshbadimedtodifhea] ca] ca] ca] ca

L([/]2
LR TrE o bty e Sal G e T B S Bt Bl SRl T SRS Lo Lo e et e
% ga] 1931c ]cc:a] Cﬁ] c atfpera]ie A weadiedncrbiaphgabafidurat]onaf ey a plimahoaskcalrd 1Hpcal ca] ca
ee ggghi i1

i ujj 2Kkl T Aydarsseendany; risarset 94 mayibe souriqdiap it B9Pc %8 ca) ca] ca]l caU ¢
a] ca] ca] Callﬁ@&&;ﬁl:ﬁ%@%@ﬁda%s%%a?@lﬂﬁ]@&]t@&@]t&ﬁ fmbsalserde] 2] qaéaqrr!s)s

8sHss=ttuuvvl!m tnnRoor gzupkfa\ W )]éca ] ca] ca] ca[} cajcalca]ca]ca]ca]c

aU] ca] ca] car]nc@sywyr@a]d:b?p a]ay@af@a:}eéa? @ sqckef 1548 ea}f@&wf'éh Qe BiPca] ca] ca

! 100 (ForR e s pirat it o e N BRI 64 oy B 4RS00 1006

i & ()- (! @ 4rkOPh1 2 &hto)whidhNy ﬂellch@al(c)a;d(mayl beroogied in-a(positisa bubstgtially -

F"LlO%& 5 109%&/ 111 " 109
2HdEr S4l (12)@!13?%% é")‘@é‘fl‘%ﬁ&«%’%? Pove: () (I) m(10%& ()- &Y(lé%(& ()-3
F109%& () - Bf YdErmnelﬂ@hwmm Ha} béenHOSEEIbEA ar il ds0R@Y (1) delta ) g3 to e tl39MY () - Ss-

ig?;g g g g Iy 5/5& )t Jié) %ﬁ@}é}dﬁi @ % lgtzl/lﬁ‘us(t%%%an(%l;&%nplg )onllysclhd is not to be

25  taken by way of limitation, the spirit and scope of this invention being limited only by the

terms of the following claims.
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09 () -
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20

a primary riser card substrate including an electrically connecting edge to couple to
a PCI bus; and
a PCI socket mounted to a first surface of the primary riser card substrate and

electrically coupled to the connecting edge.

2. The device of claim 1 wherein the primary riser card substrate is less than 1.75

inches in height from the connecting edge to an opposite edge.

3. The device of claim 1 wherein the connecting edge to couple to a 66 MHz PCI bus.

4, The device of claim 1 wherein the PCI socket is a 64-bit socket for a 66 MHz PCI

bus.

5. The device of claim 1 wherein the connecting edge comprises at least one

electrically conductive finger.

6. The device of claim 5 wherein the electrical path length between the at least one
electrically conductive finger and the PCI socket mounted to the first surface is no longer

than 1.4 inches.

7. The device of claim 5 wherein the electrical path length between the at least one
electrically conductive finger and the PCI socket mounted to the first surface is in the

range of 0.3 inches to 1.1 inches.

8. The device of claim 5 further comprising:

at least one connector coupled to the primary riser card substrate.

9. The device of claim 8 wherein the at least one connector is coupled to a second

surface of the substrate.
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13.  The device of claim 1 further comprising:
a secondary riser card substrate; and
10 a PCI socket mounted to a first surface of the secondary riser card substrate and

electrically coupled to the connecting edge of the primary riser card.

14.  The device of claim 13 wherein the secondary riser card substrate is less than 1.75

inches across the shortest dimension of the first surface.

15.  The device of claim 13 wherein the PCI socket of the secondary riser card is a 64-

15  bit PCI socket for a 66 MHz PCI bus.

16.  The device of claim 13 further comprising:

a first connector coupled to the primary riser card substrate; and

a second connector coupled to the secondary riser card substrate and coupled to the
first connector of the primary riser card to electrically connect the PCI socket on the

20  secondary riser card substrate to the connecting edge of the primary riser card.

17 The device of claim 16 wherein the electrical path length between the at least one
electrically conductive finger on the primary riser card and the first connector on the

primary riser card is in the range of 1 inch to 1.7 inches.
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the range of 0.2 inches to 1.6 inches.

19.  The device of claim 13 wherein the electrical path length between the at least one
5  electrically conductive finger on the primary riser card and the PCI socket on the

secondary riser card is no longer than 3.9 inches.

20.  The device of claim 13 wherein the electrical path length between the at least one
electrically conductive finger on the primary riser card and the PCI socket on the

secondary riser card is in the range of 1 inch to 3.3 inches.

10  21. A secondary riser card comprising:
a substrate;
an interboard connector coupled to the substrate; and
a PCI connector coupled to a first surface of the substrate and electrically coupled

to interboard connector.

15 22.  The secondary riser card of claim 21 wherein the secondary riser card substrate is

less than 1.75 inches across the shortest dimension of the first surface.

23.  The secondary riser card of claim 21 wherein the PCI connector is a 64-bit PCI
connector for a 66 MHz PCI bus.

24.  The secondary riser card of claim 21 wherein the PCI connector is a 32-bit PCI
20  connector for a 66 MHz PCI bus.

25.  The secondary riser card of claim 21 wherein the electrical path length between the

interboard connector and the PCI connector is in the range of 0.2 inches to 1.6 inches.

26. A computer system comprising:
a circuit board;
25 a PCI bus on the circuit board;
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27.  The computer system of claim 26 wherein the PCI bus is a 66 MHz PCI bus.

28.  The computer system of claim 26 wherein the first and second PCI sockets are 64-
bit PCI sockets.

29.  The computer system of claim 26 further comprising a host bridge on the circuit

board and electrically coupled to the PCI bus.

30.  The computer system of claim 29 wherein the electrical path length between the

host bridge and the PCI bus is no longer than 1 inch.

31.  The computer system of claim 29 wherein the electrical path length between the

host bridge and the first PCI socket is no longer than 8 inches.

32.  The computer system of claim 29 wherein the electrical path length between the

first PCI socket and the second PCI socket is no longer than 1.4 inches.

33.  The computer system of claim 26 further comprising:
an interboard connector mounted on the primary riser card and electrically

coupled to the PCI bus.

34,  The computer system of claim 33 further comprising:
a secondary riser card electrically coupled to the interboard connector on the

primary riser card and including a third PCI socket to couple to a peripheral card.

35. A device comprising:
means for coupling a first riser card to a circuit board and provide a first connector

to couple a first peripheral card; and
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39.  The device of claim 38 wherein the second connector on the secondary riser card is

10 a 64-bit PCI bus connector.

40. The device of claim 38 wherein the second connector on the secondary riser card is

a 32-bit PCI bus connector.
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