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the Invention The present invention pertains to the field of bus

topol ogies. More particularly, the present invention pertains to an

i mproved nultiple | oad bus topol ogy and associated circuit boards,

syst ens, AAVETHOD D APP ARATUSHOR ANOER REINNECTING MUETPEEDEWECE® and
cost of a circuit board in a nmulti-load topol ogy are influenced by

nunmer ous desi gn paraneters. FON £X@RINAT B@ALRDNg bet ween conponents on the
circuit board, the placenent of such conmponents, and the types of vias
used to interconnect different Rayeic uting in the circuit board all
play an inportant role in determning the cost and performnce of a
circuit bdaeld.ofitte Inlventoamse of a circuit board intended for high- vol une
manuf acturin it may. be advant ageou o, provide high performance while
limting ove%&]"‘l P .‘nVﬁBHBK‘/é’Fr,mgsf F’etﬁc h\cﬁﬁotg@*f@’ﬂﬁ%&% 5{%‘ PYHFHBLY. are
conf i ct;h0gre90alisvdRack 38RO WS hﬁ‘i}n%r%f:&f sulipld RRd HAY tdpBbe9 and h&dddaelii NeS
frompads of an integrated circuit to conponent pins. Igl ns are

i nt er cormsuit bpzrdessysisas. andametheds. si gnal s fromthe conponent to circuit

board traces a y of a variety of known or otherw se avail able
forns (ef'g.c?cnﬁq%gﬁéﬁoﬁﬁagéfﬁl | s, solder columms, etc.). Grcuit board

traces are sTignaiforinafe @ dolieyf aaireuit botreéh & Auidad asicyy di®indlukesgr s of
the circuit board, and the busé:olsgn tlg&for,a particular bus is the |ength

of the tRYARUIRETPYSAesiEspAFEEeE, TPWfing belyeqn,componEnts on Fheqifelitof  set

is the dislANGE fPelddft BESuBLLYRESHIO b @RREEHIONT i Bsedl TR r&nhedi t
board trace, and a chip offset is the horizontal distance in the plane of a

circuit diffardt lapes wéerutingan tiapoisitbeardfalltplay sreinpetnnoinnaediconinifgthei r cui t

board. A typical .circuit. board may, have nunerous | ayers of traces.w thin
the ci r PR SBORFIPTRECT ohh it Woialtie FaR onpamiieat Bimee s hight n

si des ofvdihige GhiffhdmieAr ¥ mdP U, advah@GEousOtH phfyideS highC féHirMnce while

t hr ee- di mensi onal probl em which may be further conplicated by the |arge
number dfmising 9 veraH $epy howpYar etficadushorrsiormarsserd hrv coshagiconBistng goalsone

systems may NAgaglen) 4y 06N [ BeGRRSly 8 RpuSHRR A 3aPY IR E2RE
circuit to component pins. Pins are interconnect nodes that transfer signals from the
. component to circuit board traces and may take any of a variety of known or otherwise
available forms (e.g., pins, solder balls, solder columns, etc.). Circuit board traces are
signal lines as they are routed through one or more layers of the circuit board. and the bus
length for a particular bus is the length of the traces that comprise the bus. As referred to
herein, a stub offset is the distance on the bus between two connections to a single circuit
board trace, and a chip offset is the hornizontal distance in the plane of a circuit board
between the midpoints of two devices mounted on the circuit board.
A typical circuit board may have numerous layers of traces within the circuit board
to transmit signals from components mounted on both sides of the circuit board. Thus,
trace routing is a complex three-dimensional problem which may be further complicated

by the large number of pins densely populating modemn components. Additionally, some

systems may have design specific constraints such as a maximum trace length, or a
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consi stengy befaeen trace lengths. One prior art nmulti-loagchussehQRRhogy
attaches devices to a bus arranged in a straight line on a single surface

of a circuit board. As additional devices are added, such a bus
necessarily becones |longer. At a certain point, the bus may be too |long for

signals_t Q‘f—‘g geng[pc%gtgﬁg ég%%p&ggg[gagpg&%cwg | R pgedet erm ned periods of

time asSoc per bus operation. For &xanple, in a system
operating W tUheaprivgnaro mditidoxd bk topbipyeancoonporniest ®, a the dotasgehyn econe

too long for signals to propagate fromend to _end during a cycle of the
common EF#ER “qch“sﬁJ%}Hgléég’é%c% C%& HFBY BB@SO ﬁ‘ér@@i‘téﬂ?ajagcvllﬁcé RET ad%gnﬂ"ﬁh 3¢l ock
{1 equengl,efecet SHANERERs idiBtr. 3 LUBRORLRN AL R mby'Se RSoRE YorEedaRHI 0.

One prior art technique that shortens the total Iength of The bus Is shown
i N Fi gupeopagae bBEhveenpromporants wakihnprydacimued \pesioad @h ttinmy agkoeiacels with
opposite si d%sl of a .ci rcIyit boa{d. i_n_an overl aFEi ng manner. L n Fg%gre | a,
a devi c@OPSE bUS RFEHPR o1 FAFPIS 0 & Wa'H OBCr2ERE IR AERFECLSYS © a
devi ce 16Quded cBRYDAGHS, QRe Bussﬁgja Betosied®oabng Y Gidaldlict propatate £6f: end to

Typically, many pins that need to be connected are not aligned. In cases
wher e piend darieg agytignefdthe sogmongsilegk. 157sughFases Yo peovider eprjptidioptehighey 162

may be used to,connect hot i i N i
connect iCSW”bo(S‘i_Crk?c(ﬁrl}Eqﬁuc'i{%%sePcﬁg‘ll“@scg 1&%@0%05%%@% IP%QF%]% %ﬁﬁtaygf 3%@5? “a single
connect i on p@rdtprib arttedhnétjus ki daNdrege chestoyal arduls of te@nalis shoald nyFigren  hi gh

frequency signaling is involved. Wth respect to unal i_.é;ned pins, expensive
partial lei Ahisersionpd ieehiniquc guvolyss mpygnapg deiersicBPrpPaissdstdf asarchisbawd t o
make t he ' ecti r I : e LN and 162
espect Ty Ay B BRR0CT' AR 13's REACE 152 L MRS s iafa e Th0,
a parti atrciit 8odr808s5anghdaa pevidel B0 iy inuhitd ares peohd vl yof diceciosdchoakd i 8l y, t he
connecti_on. points 172 and 176 are spaced apart. so that the stuhs do not
connect Té’P“'&Hbi HYHePiHs Pcc%wgﬁ‘?fga@ quyrlighest | sk WhEE RS &

devi ces . . 47 Snd 16061 Wi hB6le Mia 18RS/ el S BsthcBt BIRH hifdoes not
guar ant gégl?%dg{é%d]pg‘l&mﬁnum stug' aoffsgt can ge rraidr:j;{t ai rigedt bet \K/een plbhs.

Ther ef one a sirahlinahdhgiessiofle chimscpeni peint i 65. appnahethssathy Jonotaige dfHwouse of

R ol R PR e B o BB S SO e P
high frequency signaling is involved.

. With respect to unaligned pins, expensive partial via techniques (e.g., blind and
buried vias) may be needed to make the appropriate connections. For example, to connect
pins 158 and 162 respectively from the device 155 and the device 160 to a signal line 170,
a partial via ]66 and a partial via 174 respectively are used. Notably, the connection
points 172 and 176 are spaced apart so that the stubs do not conncct at a single point;
however, the fully overlapping nature of devices 155 and 160 (i.e., being directly
above/below each other) does not guarantee that a minimum stub offset can be maintained
between pins. Therefore, disadvantages of this prior art approach may include the use of
expensive vias and/or the inability to ensure minimum stub offsets.

Another prior art technique that allows mounting overlapping components on
opposite sides of a circuit board is shown in Figure 1b (see also, e.g., U.S. patent No.
5,502,621). This technique also involves mounting a device 110 on a first side of a printed

2



opposite sides of a circuit board is shown in Figure Ib (see al so, e7dN0OV 2003
U S. pat e@lo fN¥erogse2, 502, 621). Thi s technique al so invol ves n@giitkqgsdsedevi ce
110 on a first side of a printed 2 WO 00/ 19850 27NOV1003 PCT/ USOQ 14960
circuit board 105 and a device 135 on a second side of the printed circuit
board 105; however, the device 135 has corresponding pin positions in
mrror idiRdR HReRLDPAR W ddvice! B3PEEta deBoiidnciddedfi e phibfed Saduieseaadiosg pins
are pins that are connected together in the system such as data bus pins
(e.g., [howeyer.ddigidesice 138 habPRTERSPRRIIRG PN PRHLQIBVIR (RIETOD Image KOCcations Wigdr ess

bus pins, Qr, t%%.} ﬁkﬂcé?fﬁ.r‘i’fong%}ib%m;%ﬁné tR& hf LR ohdRES @'gahém%é ons,

sinplified signal routing my be achi‘eve ecause nunerous correspondi ng
pi ns fr aypstehesudl s deta bkOpian(k.gleDil of dé@be diecaineeed oy D1 @ desicee2,dnewcagnot her .
For exanple, a pin 115 and a pin, 130 nmay be connected together and to a
signal |394Ees oS BIPS.PT SFRAIN EONUSHRES i on poi nt 125 by a singl e through-hol e

via 120.  Thig,d F‘utcﬁx@irﬂfﬁ%y YR ociBHY BBl filBLipRalRBhiA L Hlag beURMICE DE

designed with nultiple pin Tarrangenents (standard and m rror inmage),

t her eby beqause asimrgousheorreopindafg pias dfcae ther dengee AbQ andidaviae niddgare Wireettyor y  of
t he device. .Additionall bot h .st ubs nectin e devices 1 and 135
tor m nat SPRHIRON AT SR ETUTRIR: HBRNELI9E & g L0 ey B emtre s RrPetiiee

si gnal ol ibtaysignd€ Ga¢ WS AYsindlb ebnecBopSianl 29 by AGindedrduhdeiehap20ow cost
and/ or high speed circuit boards that nmaintain an appropriate signal |evel
qual i t y. TS ierlrigue ALGMAVAG deGES Al &y RAriaul amdeiceobmdestgnsg Wit MUiRIC @&y ces
on a cirgul i I o i i,reuit b irst
attach raprsReRS dspRenfbRE RIS bl 36y PRFA L B b Mg |
first deadoRaih@iming @tveffonsohaldevicaeddidicseltpshiatiiac bonneegaprheaeviaesecond
surface is for coupll#ﬁ%a second set of p[ns,;ronxa secqﬁg devyice to the
set of slifhand 35 Esmuopfreatla88hlg SOPPSRUST ROGRIohE S T B3 YRGRTiFaply reduce
non-overJ; idg‘ghﬁj_th respect to the first attach region. Brief Description
of the F.%ﬁ?e THe present invention is illustrated by way of exanple and
not |imtatioAcdandingly, thiergis @ sonfinuing naet tandavsiomdowdrcani aaffor high speed

circuit boards that maintain an appropniate signal level quality.
Summary

A method and apparatus interconnecting multiple devices on a circuit board is
disclosed. One disclosed circuit board has a first attach region on a first surface for
coupling a first set of pins from a first device to a set of signal lines. A second attach
region on a second surface is for coupling a second set of pins from a second device to the
set of signal lines. The second attach region is predominantly non-overlapping with
respect to the first attach region.

Brief Description of the Figures

The present invention is illustrated by way of example and not limitation in the
figures of the accompanying drawings.

Figure la illustrates a prior art circuit board utilizing complex via structures to
support two fully overlapping devices without mirror image pin locations.

Figure 1b illustrates a prior art circuit board having fully overlapping devices

with mirror image pin locations.



Figure la illustrates a prior art circuit board utilizing conplex via7NQV200]

struct ur agotegreggyPport two fully overlapping devices wit ho%a%'dggmg%bnage
pin locations. Figure 1 b illustrates a prior art circuit board having

fully overlapping devices wth mrror imge pin |ocations. 3 W 00! 79850
27NOV2093 PCT/ US00114960 Figure 2a illustrates one enbodi nent of a circuit

board havi ng g2Qpa d [ LGeS { on jte sides .of the
circuit boar 5’? aﬁ?g%%&%ﬁ%:&%ggﬁét es ég?%g“%?le%af)&iqﬁ@ %OlnFocvﬁlrflp%g%lrd in
Fi gur e avictd goeaed onloppssieaides of tigr @phitdbaidhe wor st case avai | abl e si gnal

anplitude amgng all . the receivers on a bus for_ one enbodi nent. Figure 4a
i |lustrat es%ﬁ%‘%%ﬁéﬁ?w adep Xy P@‘GFF“%&?W%M‘E@TCEPedOm nant |y

non-over | appip?gnel9\51‘15&&1&%@%@@op&e%%&%'ageea\%hﬁﬂg%ig{\ﬁtapﬁng&%ohoQﬁaf d.

Figure 4b illuStrates a top view of the circuit gure 2a. Figure
5 i || ustheaees vomenarthsdonerztemifodamentt cui t board havi ng attached devi ces

wWith pins separated.into region y pin_type. Figure 6 illustrates another
enbodi nent o%?%’rﬁ!ﬁf“éjlllj‘i’sf‘aﬁégﬁﬁ CWE’QS%&%&P{ iy Reaid lE?é'é“&/WF‘H’_”’HP%IYsepar at ed
i NtO T eQbRRTeiNPpPHgIdd UER moddtdPbd §8bdoRS Gk Péf B cildM: Hoald oW ng descri pti on

provides a nmethod and apparatus for interconnecting nmnultiple devices on a
circuit boar digure4bhbudinlds ewpp yictesicthe pircwnboandiinefigurs 48peci fic detail s

such as devi tvpe in structures ackagi chnol ogj es, and | ogic
partitioni ng%?%‘{‘égﬁgf‘? esc°r?8i°8§°§’ldgp%dt§£f CP‘SE{ E&%%"P%‘?t“‘%ﬂ%‘?c&’%ﬁfﬂe a nore
t hor oughvithustesephainel g REidnl®ypiesRL i nvention. It will be appreciated,
however, by one skilled in the art that the invention may be practiced

wi t hout such Fagre Brillestepsasanpdier pabpdimenhafn cifoypibparddavirgageagicd cr owdi ng
COWO”“&E%c@J\QiLﬁEH&%@P&:Q@d 'Igtrggggssb ﬁg%&n signal pins, sonme enbodi nents
I oW &n econo

of the present ventton a al high speed circuit board

desi gn by staggering conponent sDerailappesiipeorsi des of a circuit board. In
sone enbodi nents, staggering devices on opposite sides of the circuit board
actual |y enhdmedeliQwifeatlessuRlqn Prayydes RoTetiof gud aPPEAWS TfOWETFANIEGRE St ub

of f set l?rﬁﬁﬂﬁ@ndcviccs on a circuit board. In the following description, numerous specific
details such as device types, pin structures, packaging technologies and logic
partitioning/integration choices are set forth in order to provide a more thorough
understanding of the present invention. It will be appreciated, however, by one skilled in
the art that the invention may be practiced without such specific details.

Rather than simply continuously crowding components and shortening distances
between signal pins, some embodiments of the present invention allow an economical
high speed circnit board design by staggering components on opposite sides of a circuit
board. In some embodiments, staggering devices on opposite sides of the circuit board
actually enhances signal quality by providing at least some minimum stub offset between
stub connections to each signal trace. Additionally, staggering devices so that they are at
least partially non-overlapping allows the use of through-hole vias in some embodiments,
thereby providing a less expensive circuit board design. Furthermore, in some
embodiments, signals may be grouped by their signal type to maintain better signal
quality for a particular set of signals.

Figure 2a illustrates one embodiment of a circuit board 200 having devices
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stub connections to each signal trace. Additionally, staggering deviZeHN0¥qdi0
t hat theXV(?B@ﬂg%Eo I east partially non-overl apping al |l ows theraser@bso

t hrough-hol e vias in sone enbodi nents. thereby providing a | ess expensive
circuit board design. Furthernore, in sone enbodinents, signals may be
grouped by their signal type to maintain better signal quality for a

particu t | r&“ﬂh?oﬁ-h'“ 8 fotRfe @ MnLBRdhd B cRfio 2
o rcuit hantl 050% tﬁasx%ﬁgaﬁge‘ﬂ Ces 4u%v\ooéao‘ﬁ' R R Te % 14960

nount edsignalbwides Sihdbs cant d@ﬁﬁl{ﬂ%r (Qngh-aaehe Pun%ﬂ m@b b?omnecﬂolq;r mallf.r om t he

devi ces t nal trace nthe cir a L ns" may
be pins® lg‘(’fl t?u%%lqrgnyo &ngcﬂrﬁ\r%’%uc mtcmﬁﬁmc mcl% \l\ﬂg rs%célgfabl e

| nt er COpRQGLpRRE HBAARoB U icdiltb WGiMEiebodr@r TEO LR bh@ deVignpbguldieDwiElevi ces
to acircuit board. The area of a device popul ated with pins may be

r ef er r eginsonais be efered e ks teyp@ach rapign13ne e Figenit beRSAMas RLeTESPOBHIRRS pondi ng
attach re ILon_whi erfaces t |ce attach regi on. A device 205,
a devi c&" ggﬂd’ﬁ’é chyS it %T%th\%c Hc‘;l&(r?f'g%

Vi €€ are nou R first surface of the

circuit boar g @8Gee Hise a device @30, 22Q aatedic2 255 &t enountHit@ch Nt surkee oftle sur f ace
of the circuit board 200. In this enbodi nent, devices on opp05|te si des of
the ci rslfyit Boare 20000 Theydeviseh 280 @pf 28 piargmotiae ansa s¢qead sprfagerof Bgi ons on

opposi t §1r§,]\19§§ar9faﬁg he, fid GH SdLH'Q?}{ Qﬁvxgég(?m"b?w)g:e%%cs %Yﬁ{e ult éoﬁrb@ﬁower ein

t he sane one e ge o e atta region of the device 205 is
adj acentare for- h&ralppmgh Tlegus.mhefatmﬁem@mk oe oppbsitewdidasoft the ciroppbsird e si de
I.n sone enbo l.ons of the

of the circuit board tabl
packagi #§° oyousd “Hé&f’“iqpsgl ‘Sgi' ‘Yfﬁ A AR rRlaco W‘Fesoé?c(fgg? ebdhe@lirchyt end

out war dlpy loJP%mydé\h@e b3 @&Qdﬁ@fgﬁ Ty u@nﬂtaah%g@&pbfe (HEBYe vedeeTdoap eRe | T T he
attach reg| ons do not Where | arger packages and/ or heat dissipation

mechani s:ppoaneeanﬂ efsémtc:,xrcgnet@geﬂr 20y Nawblyc sssaome eppedimeatss peftgnsod! thpe
| || .
clroult Daard ey PAYENLGERNS! HeAlh O DLOREL: SENSL!Nay SOUROASUR) oerent

St aggerl nanner al' o &l e vices to be

conveni @aydnl heefhach\sedién Iahﬁ llﬁéréﬂine ghaiy rvaﬂi@Udsx&nZia Lhce&@dthdegxbﬁﬁddifﬁyl use
through-hole vias to connect to signal. traces in the circuit board 200

wi t hout V¥bere| leeger epchingen akor, hgat G'FS‘P"’&WSt Reshagisscare RIgEEn;s Haggenng
through d@%cgs gljl %Epé@% SP&S%QWEQ&EPB@&I@%& %&vsan‘aﬁggmy Yffow higher density

component placement.

Staggering the devices in this manner also allows through-hole vias to be
conveniently used. As is illustrated in Figure 2a, each device may use through-hole vias
to connect to signal traces in the circuit board 200 without conflicting with the vias of
another device. The use of through-hole vias may be advantageous as less expensive
circuit boards may be produced if simple through-hole via technology is used instead of
complex partial vias, blind vias, and/or buried vias.

In cases where via density is a limiting factor in designing the circuit board, this
staggering arrangement may help reduce stub lengths. The stub length is the distance
from an internal connection point of a device, such as a bond pad of an integrated circuit,
to the connection point to the bus on the circuit board. This stub may include various
sections of package routing as well as routing in the circuit board before the final bus
trace is reached. Lengthy stubs typically lead to poor signal quality in a multi-load, high
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circuit boards may be produced if sinple through-hole via technol ogy? 780V 2002
used i nst _conplex partial vias, blind vial, and/or byried vias. In
cases Mer%‘gg{}/ﬁa?s%f’ensi ty is alimting factor in designing t ETEPPULPEY
board, this staggering arrangenent may hel p reduce stub | engths. The stub

| ength is the distance froman internal connection point of a device, such

as a bonﬂe@ﬁ%?% gﬁﬁg%gg&%@ﬂ circuit, to the connection point to the bus
ui ards

on the cir r hi'S"'stub may include various sections of package

routing as weld cass wheteivigdénsity hea dintiag fachRamd [Refodnrobfienbienaks Wug trace
is reached. Lengthy stubs typically lead to poor signal quality in a

mul ti - | otfeckeridghicess GenERoort difisUy FROCHSIPCTaabSTbr) ayprequeyeripmingsthignal i ng
envi ron : q i i i imti taor, the use of

hr ough. 18 WrUETRTE MR BRIRRRN & o boolrl el B0k wrlCa8te) bel ow
each ot hdsvicemisy compisisle fdhidabyithpughdoler eigs aaquifedvifars pind éhahai asuded boar d.
For exanple, .if the regjon_ of vias directly under each device is

conpl et elplisting gip SeRicE HTC IO PBPYSE 4 deyin wenldrsAukE A8 eslargamant @bvi ce,
mount i NguRNELNGl: fAYIAE o nﬁc;dr%cfgeg%f&ﬁ:b%&t%ﬁ%\ﬂ&e Mosth&: LB, [ranah

enl argement of the total” via field area e surface area he” added

devi ce. $ameptdraponsor dsnourfied hack-twahmek cotpbreigh-Hode miasiiviete baekKrdndohack with
t hrough- hol.e vi as where vias fromone .device alrea opul ate the region
o the e AeaR L PR fr Rewh SR eSS dBRliD e SrBre ERE RS f o

bot h backortige biac kordRu SR&-tadkbiel dsaeivuldBSutI® DL %o HIE{RASE. stk ace

area, on average, the stub length to reach a bus trace nay be expected to
i ncr easeasy en afeRmecothesul sagdgadeachralis wicetmay, b hepestedrie, inereaiediyng such

back-t o- l.ac t gger.] devi ces help to, limt stub
| engt hs. E%g)léidt?i[geng Y, m%é’@%g'ogﬁ'ﬁgﬁ?{c‘i Usts ﬁgcg%b?‘:ﬁ(' fbgaﬁFé’éacfﬁlcﬁhay 2b may
advant agsaggriiyg @esibdsemihindlp o Hinftistabfesgddud of f set i s mai ntai ned, neaning

that there is at. . least a mnjnmm distance between connection points to a
trace on the Hdditiondivnt i FrRbelimARh heswatedy inoffigeres | 2a@8Eh&d tBahni que

whi ch mayy A6 aBe duTRF ¥ re Shl AahinHANIsh¥ dfdeds n@;&gfnigerﬁgmﬁ%%ﬂ%l {.h@g: is at
environnent. If stubs fromnultiple devices driving a si a I'ne” “connect
to t he slegsial minimemalistarite betwren gounttliar paitts sovakdacadors therbme s Maimaingipea anot her

i.e., if. .they h little or np .stub offset), nore reflections are |ikel
§'o be p'rEéDéHP R offrelsis g8t Eé@uﬁvﬂiuvem[ﬂﬂﬂayoﬁgm lﬂi’r?‘f?es‘ﬁqid;“a'a%t',ﬂ Bfforts

to incrergh-sged gnaligpehbivorthdN If 8865 £8manultiple devices driving a signal line
connect to the signal line at the same point or at small distances from one another (i.e., if
they have litde or no stub offset), more reflections are Jikely to be present when these
devices drive the bus. In the prior art, efforts to increase device density often lead 10 a
reduction in or elimination of the stub offset.

Figure 3 illustrates, for one embodiment, the effect on signal quality of changing
chip offset distances. Changing the chip offset generally results in altered stub offsets for
cach trace. Figure 3 depicts the worst case available signal amplitude (e.g., in millivolts)
among all the receivers on the rclevant bus. Larger signal amplitudes at the receiver
translate to better signal quality because noise at the receiver may be more easily rejected
when a larger signal is present. Thus, generally, larger chip offsets translate to better
signal quality in a high speed signaling environment,

Additionally, Figure 3 indicates a common clock limit 310 for a system utilizing
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reduction in or elimnation of the stub offset. Figure 3 illustratesy 7fygy 2003
one enbodiMmegabressohe effect on signal quality of changi ng aciUSlofigeH

di stances. Changing the chip offset generally results in altered stub-
offsets for each trace. Figure 3 depicts the worst case avail abl e signal
anplitude (e.g., in mllivolts) anong all the receivers on the rel evant

bus. Largqéass k@nakommehidatdtesgmats. t Aeomenai viock sysian sdciides sgnbitthararsi gnal
qual ity because nqgise at the receiyer y be nmore easily rejected _when a

| ar ger ~ sHgYsa WithsTreffrencg ip a copguon QT%Y rf’%]r”@g’rdcdfﬁcf)o%ftfcs cé“‘{%ro&?‘?m ate to

better  $h0fahmON Rldck YirdiPreielts Gk m%&;ﬁg@?gmgﬁn@@aﬂﬁme@m&bl@d@ﬂguhonalIy,

Figure 3 I1ndicates a common clock limt or a systemutilizing 6 WD

00/ 79850is2yFichiiMi20648 in RCYSIYY Alad60ysaam [seabat sgnas cwnpropagaicoeknendghal s. A

comon cl ock system i.ncl udes si.gnal hat ..are Lven wiith reference to a
comon cl %ﬁ‘ﬁéﬁﬂ?%‘l"f‘?ﬁlo«g%ﬁgﬁ% SSUEHY PRY %irtb%ﬁllgf k B@é‘?ld% & ¢omon
cl ock Enmihaiie@thip@efesshendiany arow halghtheordanghtidck feqaddy hence the bus |ength
is typically limted in a common_clock system so that signals can propagate

as needed wi Inhiha caemplae seRhiol &dguie fpeic vena)emndigyle aragmlly yBFRYFS 3F t he
clock i gBlerdDRIBIOL fnuit SLERaInHoif1L ReaBhde? ol Bl el i bdhabigher

comon cfo8K requency xenpl ary graph Igure 3, the signal
anpl i t udgagenfisrakblin theprafiie bemg laghiypdoésetds by mefleztiers inte| systemer Tai n

oint is reached. .In other enbodi nents, the avior m iffer., . with the
Brofi | e BUTH@ high HeRyrage Cammen %‘ya.ﬂ@m %&iﬁ‘gﬁg 3y *f%%li%%f ‘gﬁicﬁf%‘% | ow a.
hi gh freﬂiéﬁ@ﬁeyc&xmﬁ)@lo@icﬂﬁﬁﬁ3@iﬁﬂb&c@ﬁt§ﬁlm§@@ ByrdbacTRbAas adrgthi®h is

l ess than the common clock limt 3 10 in some enbodiments. In order to
provi de niipgifiset 32Renayct ghoadnf kit legphante dpmmemelopk AmBidistpress t han t he
common clock [im¢t .distance. | rii.cul ar ) of. si.mlar
curves may bek%a?fy%%f ?yéfcq'ﬁe&\r/lg i%galém?asricarﬁg?é?a&ﬁbﬁag%ly%%ﬂ?dﬁéhccﬁ@hﬂ

board. Tkgnalk aphted BnFhgWiruid boatll eThs gagdriadrigeresy séftuats agpregarmbystem f or
many or all signal lines at .each chip offset. That is, the worst case

signal  &ffoanasiop ey BENGPIHbIIEnATIngS 3570 CUP AFSEhi [Ha0Ff Be VG SPEREP Y s
LFoner A, 25 Soec bt R0, REo Y i phgacys < o
anal yzedoffser disthdre; tieastey, alldveingianaiysisn cfhsignadrgrevpsh Aftegativelgi sachngtub nay be
adj usted 0 sct%:o]:llléngct 1ncc)l?vi L];a.tltyha%alcji(%csci. ' ﬁdciﬁixeg rc]:g:l.e, %Jeahliiﬁi o 2 "E} o%osmgogffscétOCk
distance may be adjusted as a function of the desired signal quality and a common clock
signal frequency.

In the embodiment of Figures 2a the and 2b, pins 207, 232, 212, 227, and 217 are
connected to a signal line 230 at connection points separated by a swb offset
approximately equal to one-half of the width of each device. On the other hand,
connections to the signal line 235 have 2 smaller minimum stub offset and a larger
maximum stub offset, but since the smaller distance typically creates a noisier signal it is
usually treated as the worst-case. By arranging signals that require higher signal quality
or that operate at a higher frequency in regions of the devices that ensure greater stub
offsets (e.g., toward the center of the device), a2 minimum stub offset may be ensured.
Alternatively, sufficient minimum stub offsets may be maintained simply due to the

staggered nature of the devices on the circuit board (without special pin arrangements).
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signal frequency. In the enbodi ment of Figures 2a the and 2b, pins 2b7NOV 2003
232, 212.w@dyr9send 217 are connected to a signal |ine 230rPar/usonn®éti on
poi nts separated by a stub offset approxinmately equal to one-half of the
wi dt h of each device. On the other hand, connections to the signa; |ine
235 have a smaller mninmumstub offset and a | arger maxi mnum stub of f set,
but since thahsdetvikey mdistdbadiscyssied alrduit bomdt ey be amy of evarsiygofadypest i s
usual ly treated as the worst-case. By arranging signals that requi.re higher
si gnal ~ §hiafempry ofeYIRg} Yo RFESES °Hi°§ﬁe%rg&‘ﬁﬁ'g‘8§faﬁen Vﬁ%g?‘bbﬁgmml t he
devi ces if,Dal, CREML (I €BhEor ShUR biRE{HSEFS: ELarfiple, fOVBEHgdQiceEM@Ede0f the
device), a mnimum stub of fset may b.-- ensured. " A tematively, sufficient
m ni numgetark piifpest promeysoos spricial givmpae spreptsporuanadsr PHRSessOrsacgiyapteet nat ur e
of the devices op the circuit board .vvith\g) t s ial pin arr ngerrents). 7
T °

WD 00/ 7 §E¥ESsorsy 3 PIOSERs 80 394 A'c 88 R BRCEHO6h Hscussed

circuit -BRBIHSoABNerDSr, AYwal 28 a3 bBEY aProbMRESkno®n 6 OMEYWIEE UV LARSleOT
processi ng devices that communicate via substantial intercaonnections

(e g., omeessor mayallhuerks) clope coepesiionand spayceessiivigora Siriossd siggipgard gener al
pur pose processors, special purpose processors, mnmedia processors, graphics
process e T Edband processors, real-tine video and/or audi o processors.

any conbi natFiane UheNeRfaesas twekided sirany boirder00apyingpievate marawd iora
ot herwi se avail able processor may all work in close cog‘?er at&?on nd may
benef i t PredomirAnsly| RRfcRVeEiapBITRT SIBRESTY TARRY N gEhBRTISUIAE [HordcyAYT Prdidt rates a

two sided, &l uGHit. RRALAIAA0A MRV 08 PWLERTPYREE40hN IR hRTEARMIAGRL Y
non- overl appi ng st aggered manner. In particular, a device 405 and a device
410 ar e th@ysdtdckstava aftadghsegons ef te stie sizk 2g aidevibo ainchtdd @mblodindnits the

enmbodi nrent, these device ave, attach. regions .of the sane,size as a
devi ce. ActorEREn %%ib?f‘d?‘%‘fﬁ’g?a“t e deviEs KAIE Aol ot Hays BRuRRd PP &Serdn t he

devi ce i %o%%ffu'r\]c ArdEM s 40P with XML Zh RaSEGRIAES bsth @@ ffachk Rgicd sfCui t
board 46 wth an attach region that overlaps both the attach region of
devi ce 4B@Sicadds ambthatattadireg ey dnhodevideetl@evi ce 410. Due to this overlap, as

can Dt e o 2 SRR 008, A viatEadll s
it formed. This expanded via region results in an increase in some stub lengths, however, it
also results in the devices being placed closer together. The devices being placed closer
together may be advantageous in a system where some signals are common clock
signals. In such cases, limiting the overall length of the bus may be important to allow
the common clock to operate at a sufficiently high frequency. Having devices overlap,
however, is not required to use techniques of the present invention.

Figure 5 illustrates one embodiment of a circuit board 500 having attached
devices with pins separated into regions by pin type. A device 510 and a device 520 are
attached to a first surface of the circuit board 500. A device 530 is attached to a second
surface of the circuit board 500. The device 510 includes a region 512 and a region 516
of a first type of pin node for a first type of signal. The device 510 also includes a region
514 with a second type of pin for a second type of signal.

Notably, the pins, despite being referred to as being of different types, may be
physically identical, however, different types of signals may be routed through these
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also results in the devices being placed closer together. The devi ced b0}

pl aced cl%e‘{ungé%get her may be advantageous in a system Wneg;ﬁ.,ﬁ 4§dﬁgnal S
are common cl o€ signals. In such cases, limting the overa eng of

the bus nmay be inportant to allow the conmon clock to operate at a
sufficiently high frequency. Having devices overlap, however, is not

required i t | [RaYa N 1 L4 rates
gl ;tg.%o%&gﬁg.qu@w nd 5 BA® 396 rdy WALIAN fof LGS R1ddkd! Uk

one enbot rcui t” board 500 having at devi ces wi pi ns
separ at esighais candale orggorb§l omay by pacgitn deviooee SH@hammaus (Hsignalss Fuare
attached to,a first surface e circuit.bqgard 500. A device 530 is

f t
At t achodSYBREPICHE SHaRaIs #Fr SBRAs fReEe (SR pEL FOsH5OmPRY iR FI5E %10

i ncl udes s@oHeeGi i 1 d2p1aftthe sipafll £h &bfnath, A d JutBsolReyREnrBhdbsRAGelsf or a
first type of Signal. The device 510 also includes a region 514 with a

second t wag wirant spéaal teeasmeninbcayssethe fwayetpal of thp closk yransmstedjwith thdespi t e

being referred to _as pein f differen es y._be hysi,cal |

i denti cafkf“alf P}ayd f’@g%ﬁ%ﬂtt f/’pcengsu{)cf EhsalE éngf:fs d?rr%yls B:é{ptrugcu'eé‘c@hur%ﬁl&h t hese
8 VO 00/ {8860syhchrdiols 28028 bub&Tinkblp 0RAK496Ra i Amltipfoslotk édgk and tHegféregi ons
512 and 516 may be regi ons for common cl ock (_CCI}1 signals, and the region

514 may Baydaregihigher 8etz s@nsieeras Han oHss signisio) the sysien.s Altgggrrely. other
synchron f S j ] nyi ng
ol ook or Vi3 BERR SRl el ol iR ol SR o sk bR ATRETY
sour ce syriplicyndzyied isignal gualitpy Rearaxamiples pizoilalexpacesit weoperdte causteglhidae

waveform_of the clock transmited.with the ata signals may be i rtant
to ensuré’cﬂ'l‘%f'tcyﬁ’dﬁé‘l’c“g%{ YaSuS S LR SU i""ﬂ éﬂrlsg,"gcssgﬁ‘?(% Wﬁgﬁgonous

si gnal byses rBRYn bk@BRIG supi shalibdlivpLir&t@Rlc edges and therefore may
have a higher data transfer rate than other signals in the system

Al t er nati vel y Similady, the ypeise SROghgnddssregiops a2 grd e biaving @ingi dffthe dinyt

qual i . CBer S ahar & gbadzr BhA0ERReAR A Reod B Ble AR BiBinsncy o

parti cul 38} ¥nd 686 MilhMRnsSohalfisst tgpcindasgioh 98K Raviiig pink ober, secty thee. S€par at ed
into a region exhibiting superjor signal quality characteristic, Simlarly,
the devi eunmpnidismeged D ki Baiganed batyespibe megivniy 1diand Bt etk ayse ¢ ype,

"o o8 80550 R0 S Skpl e RIS ol bR
of the setoimirhyspe offiset is also D1 for pins in the regions separated by the distance DI in
this embodiment.
Figure 6 illustrates another embodiment having devices with pins separated into
regions based on pin type. In this case, a circuit board 600 has a processor 605, a
processor 610, and a controller 615 mounted on a first side of the circuit board. A
processor 620 and a processor 625 are mounted on a second side of the circuit board.
Each device includes pins separated into regions based on the signal type being
transmitted. In the case of processors 605 and 620, the common clock signals of both
processors scparate the source synchronous signals. Therefore, the desired stub offset is
achieved by the intervening region of non-source synchronous signals. In the case of the
proccsso} 620 and the processor 610, an additional offset is added because the source
synchronous signal regions would otherwise be adjacent. Again, in the case of the

processors 610 and 625, the common clock signal regions suffice to provide an offset

9



mi ni mum di stance of Dl is maintained between the regions 514 and 534 &80V 2003
wel | as thooﬁﬁgd ons 524 and 534. Since the regi ons thensebges/seoBioso
separated by the distance DI, the mninmmstub offset is also D1 for pins
in the regions separated by the distance DI in this enbodinent. Figure 6
illustrates anot her enbodi ment having devices with pins separated into

regi onspPRAReH sOtcPkyhchBus difndl Mgomase, a circuit board 600 has a
processor 605, a processor 610, and a controller 615 pmpunted on a first

side of the eidveniagedyslys gachpf th BOESSERE 602(P WnE2% 251 BE2S3GTIE 3 GPE nount ed
on a second csn'bch _egibc}c %‘?ﬁgﬁf;ﬂhésﬁ&‘?%ﬂ' cﬁg&ﬂapﬁyﬂsc_esfnggméd%%ugng}sﬁgepar ated

into re on gnal typ elng transmtted. In the case of
processey s diffrean@af®2fan tHeeproosmmn, o pirk asinpealest ofaybiwt Hiffepem abes tes

separate the source synchronous sj S. .therefore, the desired stub
of f set ipsoccawhi-ededlusiraendhs ﬁ?@?‘ﬁ%ﬂ?ﬁ%“ﬁaé GG FORBRE §Pﬂﬂ‘ é@“&@ ﬁ%cl‘?feélnous
si gnal s |0 LNge S8Rt %gg%‘ﬂoumgmss 80the B0 605 Gnd 1IRSE BF e hlollaN

addi ti onal  offse becalse the source synchronous signal regions
woul d otshek vias ehebegid] dicemmonigjatinsighals pinheceongrobér heips mppiguzes®ecbip610 and

625, the common cl ock signal regi suffice to Vi : fset Wo
oongsso offsgt W‘g dewvecp fﬁ%ﬁ%ﬁgggmbcg SR %é"g 2 3‘ ?1‘(':"%9% %%515%8 $ fu% nal

regi ons. cAdvant agegustvar SAGHIOhd REiORE BEAVERsynERBno HAd coRBhalod25 have
the sane pin .arrahgenent. Therefore, all processors may be identi cal

parts. Sigmass arhecveonad mothl respectgeshose of thegirgaegsosnt part than the processors,
its pin arrangenent nm LEfete g r sd | rat ed,
the control l g&a’é’ig&ﬁﬁgﬁgﬂ%\?@% gﬁ%%ﬁ%%&l@?%%&%&y%%ﬁ%ﬁ%&ﬁ% éﬁlﬂtl)éétl\f\gten t he
SOUr ce SKARMQNOEtRIS nfifabes dbidddhby il ffarestsaite6? Shandhtthos ehof atcheoucent rol | er
such that the region of comon c oglg1 signals. on the %or.\tr | 1 er. hel ps

M ni i 2 SYRAEORPHSPT C@F’F%‘é‘tCl?Fé‘e‘(ﬁHL_ b P AR STRBAIZAL SN 5O5REE
processql. éﬁg@&l 361 SYRe dash Erthisbated. of ESARL SmbbinldAtsS RAsikdcE W@bneXxanpl e,

the regions source synchronous and common clock signals are reversed
wi th respegt bé ocdrhpiselyofnonheepappins sor Snivvipigdasuinattye nisedeYeElAPRC It 29 | zi ng

G vi dod yvigeny shshray i Boneenh fRan Bk ae Senigahy Pefp TARELR A OV o
comon CheGlenai GdkBis of TesS BoRReRITDOGHI RIS, théld GRayShedi@tle g sRogidgFoutRyf
signals, but rather only a first group for which a higher quality signal is destred and
which is located on the device to provide some minimum stub offset chosen to achieve a
particular signal quality.
Thus, a method and apparatus for interconnecting muitiple devices on a circuit
board is disclosed. While certain exemplary embodiments have been described and
shown in the accompanying drawings, it is to be understood that such embodiments are
merely illustrative of and not restrictive on the broad invention, and that this invention
not be limited to the specific constructions and arrangements shown and described, since

various other modifications may occur to those ordinarily skilled in the art upon studying

this disclosure.
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be enpl oyed on a single sided circuit board. In some embodi nents,

attach regions may be conpletely non-overlapping or only predomluuﬁ?¥0V2%3
non-overl apping as previously discussed. In sonme cases, there may be
significant overlap of pins for which the signal quality is of |less
concern. Additionally, there may be no clear second group of signals, but
rather only a first group for which a higher quality signal i's desired and
which is |ggatiedaifiqide device to provide some mni mum stub of fset chosen
to achieve a particular signal quality. Thus, a nmethod and apparatus for
interconnecting nultiple devices on a circuit board is disclosed. Wile
certain exgnpl i ave been described and shown in the
acconpanylﬁg d?%%fé%ﬁ% c&ﬁ S ﬁ% be understood that such enbodi nents are
merely il ustr adisesit b@ar‘éhﬂflmﬁrﬁtésltfatqecat jeqendsmrfacheant p phuhlitnefeignelgracesand t hat
this inve jimted to the specific constructions and
arrangeneﬁ%g$§ﬂn€gkggguhescr|bed since various other nodifications may
occur to those wmplutialigiof Injereun¢cteddlevipestimainted pn spad firss suefdgs qualdphmst board

di scl osur g, %8?]@%%{&8‘/ %.OWQQE cirdh %'oéx’d@}?&’cd gtedép én;f uSRRA bt ckSIng: a
circuit boar aving a first SUrt ace, a secon ace, urality of
si gnal t r deweing prederpinastlymgn@verlapping aithch rqgians and haying ft lpast emumme@médffmw ces
nounted on said first surface of said circuit board and said second
surface of said circuit board and coupled to said bus, said plurality of
devi ces Havi nngmaepP@emlmmahryln@nnemﬁe*dlp&pphtngf@mcas:wmpelgasons and havi ng at
| east a m ninmu ang%

plurality of dregvt?rt(s:tleas%"ffg'%)ifl‘ﬁt(rﬁll}gsaefgrSt aﬁ@@@&?ﬁg&ﬁg%ﬁ’ﬁm@{ﬂ% ff gt% l%gt{l%azl h region
i ncl udi ng caumlpc}t@tsalglpwm efisigapl tracess the [fiest devieedieing mowaqbpreauct arsswifacefural ity
of signal &isAkes bdaRublunthnfiaHiReioREh Fike SRIRL Sla@irSA fbald pif surface of
said circurt board substantially parallel to said first surface of said
circuit board; %agernd devephpyingasieoad pitagh rgion incdudingd sgeand ehralisgefaynsi ncl udi ng
a second nélémku)t aeupnfedma ARG bf digal dated BHRERAD 1L/ i@ Hefhg RlohRA bi i |

signal traces, the Second &EV|ce bef ng mounted on said Second surface of
sai d ci r cufetons eurfage efsgiskcirauir board supsiantiellyparalisl oshid secondsrufase pffsaideirat sai d
circuit hpgyd. 3. The apparatus of claim2 wherein said first attach
region has a first attach region first

3. The apparatus of claim 2 wherein said first attach region has a first attach region first
edge and a first attach region second edge paraliel to the first attach region first edge, and wherein
the second attach region has a second attach region first edge and a second attach region second
edge, and further wherein said first attach region first edge is approximately aligned with said
second attach region first edge on the opposite side of the circuit board, and wherein said first

attach region and said second attach region are non-overlapping.

4, The apparatus of claim 1 wherein a plurality of through-hole vias connect pins from each

of said plurality of devices to said plurality of signal traces.

5. The apparatus of claim 1 wherein each of said plurality of devices has at least two
different types of pins separated into different regions, and wherein said plurality of devices are
mounted to ensure said minimum stub offset between corresponding connection points to said

plurality of signal traces of one of said two different types of pins.
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edge and a first attach region second edge parallel to the first attach
region first edge, and wherein -the second attach region has a seconzd'; NOY 2003
attach region first edge and a second attach region second edge,

further wherein said first attach region first edge is approxi rrately
aligned with said second attach region first edge on the opposite side of
the circuit board, and wherein said first attach region and said second
attach reggon a - T f cl ai elh

ol Ural ity 5t it SRR BF ARR e sy S ARRRL B W3 Rinefp B PG D o
devi ces t oa fmt pippdfipimindiafirgfphgilgnaf a ie-:caudegie ob pinTind veppar atdmccmﬂ pmksamfl
wherein e L S ) ifferent types
of pins sg]gg?%t §§%s%ts§éo§?§ !‘uégrhén@jﬂrw(ejﬁlwo ,Ofgﬁldm V\ﬁ%éércg?c?lélu Ofﬂ]uersg 5’13

devi ces aref punmmﬁxetuertvdleminsuicbﬁrstanhdalny of ﬂmmcettdrbpeocfffpsmndbaﬂmend plurality

correspondl ti i | ur al ces of one
of said two % on@l‘?-ﬁ;tc °?§?‘“ esei’gfa 2?8 l?iw% gfﬁt‘;\;ﬁ%@g‘ga%yg%eeﬁgé 5?%& us of
claim?2 vadeherseermdthiraht}sbftpéﬁrsalbrpetgfmf pins conprises a first plurality of
a first type of pin and a first plurality of a second type of pin, and

wherein said second plurality of pins conprises a second plurality of the
first type7.of plhe appatatas sfedomd Hetrimthe fiyst plratityef ﬂed‘ostdy;tey)}ﬁpin aod thpiserpndand

further wh ig first Iurallt e second t. nd sai d
second pl uf a ?i'tlw%% ;}"’%t eog lgﬁudatd ace ofth%ﬁl’lﬁneé)?gles?gc%%gm "lto%cglfé‘ east one
of said fw;mbsmlsuieabﬁtheycnmmtbmdf| rst type of pin and the second plurality
of the first type of pin. 7. The apparatus of claim6 wherein the first
plurality of the first type of pin and the second plurality of the first

type of pi#% areTlzdjppaams Oﬁqlaimﬁevfpteémaidﬁrsttm of pindsia torlppan dodkipin ardcat ed on
opposite Sév?e‘??in?ia#e@@nﬁ#é%f'pﬁn board.. %ﬂ dhpar atus of claim7 wherein
c

said first type o ommon cl p|n and wherein said second type
of pinis a source synchronous pi n. 9 The apparatus of cIa|n12 wherein

said plurality ving a third
attach reg‘% on |1r;ll£: agga\/’%tgggf"tlﬁmg%f ura °§?"5{§ ef& rr cgfl%@ coupled to
the plurality oeithsrdgcrad:e ltamgedmdtanechtrmmtdmde«bmeettmemhgaiﬁmfrwwl@wcsl&i d

first surf Lao%gle(? o the hé%hﬁd ogﬁ'gléﬁl uRA3 Jﬂe @H&’g&ﬁ&%eﬁ% bufR3d g Lagd ﬁJsPsu?ch!e%ff Irst

surface of docir U|t sal attac regi on
pr edomi nansaidcinquin beppdsubstpnsiaHy) paiiteh torseid fieg surfage phraidsirceinbbasd, ﬁ@@ﬂmdegaCbn and

2, fourth dglf GeiheskAth k0461 Brb AL\ RERLAD b BElsbidh Gy gttt fhop] ural 1ty

of pins ctric cou to t ura the fourth
devi ce bei ng rmufwehldweﬁvawdgaﬁwbn@c wgicadecletingsafourtic plpealitytof pisar d

subst anti aliLy 3y 8lupRl o Be PRESSESRAY e34Us| AE Rulth d8ebefle nivthied on said

second surface of said circuit board substantially parallel to said second surface of said circuit
board, said fourth attach region being predominantly non-overlapping with respect to the third
attach region; and

a fifth device having a fifth plurality of pins electrically coupled to the plurality of signal
traces, the fifth device being mounted on said first surface of said circuit board substantially
parallel to said second surface of said circuit board and predominantly non-overlapping with

respect to said fourth attach region.

10. The apparatus of claim 9 wherein said first, second, third, fourth and fifth devices include
a first type of pin for a first signal type and a second type of pin for a second signal type, and
wherein regions containing the second type of pin are separated by either regions of said first type
of pin or by an offset between devices.
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board, said fourth attach region being predom nantly non- overlappin%
respect to the third attach region; and a fifth device having a flft'hf'm‘“[l[l3
plurality of pins electrically coupled to the plurality of signal traces,
the fifth device being nmounted on said first surface of said circuit board
substantially parallel to said second surface of said circuit board and
predom nantly non-overl apping with respect to said fourth attach region.
10. The appgr at 4 @ha&u@bmlﬁmmewa @ataﬂ%yfdff&ﬁsugh%%femwmk Q,coﬁr&wsg@ and
fifth devices incl first type o first S|gn type an
second t yplrstlumglity of pins andseidsereng plyradify qu’pné to witbpluralify 0éignal tredeoraad

cont ai ni ng r sai d
First Type rann e D el e R R S oo R S8 1 T
The appar atuexpyfdedViairsaion infremed # the qypriapaf Mrﬁfaﬂmﬁwwmﬂlﬁ@ie@mnﬂsﬁ@h e used
to connect, ?Bh first plurality of pins and said second plurality of pins
to said plurality of signal traces, and wherein said first attach region
partially overlaps said second attach region, and further wherein an
expanded v re t gi on and
he. Second At 1 agk Uielf bl SRS HARIPUR HARMEL b f] K Bhoodl bRE 0 2T
m ni mum st detsiresf signet quabty ehds eemibersderkofenal frgsénced signal quality and a
comon cl ock signal frequency. 13. A circuit board conprising: a first
attach region on a first surface of said circuit board, said first attach
regi on forl3.couplcirenit beoatd comprigingir al ity of pins froma first processi ng
device to a pl U£ﬂal{%}'¥?lﬁfe§éh9{?§hrsk &d?ﬁée ?f%alti'cfraﬂt BhA! @dhd fiks a@thﬁ.Jagleyﬂ,P hol e
vias to connect sal Ir luralit ins to sald plurality  of signal

| i nes; a sewphing afirstadyralite gf mw@maﬁ%er@mswdqvméo @plusiarydaféignél!ms board,
sai d second at t gl FIEGIGE ithUeh §ORRdS BeAnS L GANEHPUIUERY b YinPlo BUBRARPM 2
second processing devicé to said plurality of signal i nes and being at

| east pr eddffignaldioesy non- overl apping with respect to said first attach

region; a secongdsldirahil ¥eitf orf meem@umue%fya;@amhe b&@&‘r&%ﬁtsec%ﬁél gmé@&g
plurallty of pins to said "plurality of é;q |ines each of said p urallty
gqeppl

of signal for praplinga segongdipluraligy of Rinsirdm areRern ingrdevice fesaidrrbpralitp piiigngl ng a
m ni mum st g4l ofd Réls aTt I&ag:t pfeamgfn@.ﬁg%niobm angmh Peapacﬁfo%dcrlfrét%@ach%g%ance

14. The circuit board claim 13 wherein said m ni nrum stub of f set

chosen based ona %@ca@sﬂhﬁr@l&v f reaph-helaVias tp caprectsadoasasd Pblr%kofswgﬁ%wd

frequency. plurality of signal lines each of said plurality of signal lines being at least a minimum length and

therefore providing a minimum stub offset that is greater than a minimum stub offset distance.

14, The circuit board of ¢claim 13 wherein said minimum stub offset is chosen based on a

desired signal quality and a common clock signal frequency.

15. The circuit board of claim 13 wherein said first plurality of pins includes a first plurality
of a first type of pin and a first plurality of a second type of pin, and wherein said second plurality
of pins includes a second plurality of said first type of pin and a second plurality of said second
type of pin, and further wherein said first plurality of said second type of pin and said second
plurality of said second type of pin are separated by at least some of either or both of said first

plurality of said first type of pin and said second plurality of said first type of pin.

16. The circuit board of claim 15 wherein said first type of pin is a common clock signal pin
and wherein said second type of pin is a source synchronous signal pin.
-13-



15. The circuit board of claim 13 wherein said first plurality of pins
includes a first plurality of a first type of pin and a first plura 789V 03
a second type of pin, and wherein said second plurality of pins includes a
second plurality of said first type of pin and a second plurality of said
second type of pin, and further wherein said first plurality of said
second type of pin and said second plurality of said second type of pin
are separated b . f- .ai.ther. . Of id first- .plurality
o Csarn g ﬁ%ﬁ‘*‘%#’ﬁg?%d ot IS s?é“@o%%?tg’(rﬁ}ar%lf‘?i}f%ﬁf fralogeirpinfit | ype of

pi n. 16. Tidacentte bittonlap aprpsitd sidd ofisaid eBcuittbeardiwithgespert fd sagt secopdeluadlitpefn i s a

common cl o i I y@g;g' i n iLn:.1.s_a,source
synchr onou%ﬂiﬁdstl%lgg%g&LI %fﬁ)lﬁpan@@ﬂ& X bﬁf@%gfﬁ(?ﬁ%gfstg?éggﬂoﬁﬁ Sgtr‘%m%?d i m 15
wher ei n sasedorfd plgtlitplofisaid setgnddfpesdipin afd losatedtay panotf engs of said firsiditavh eegiont 0 but
on an oppogit.e: Sl i€ cj I W, t to sai. econd
plurality o S&g %%’Cg’g? ?thascﬁ %139" Eéihé?c%puﬁen&(‘ag%tngc& rtF%érrgéﬁé%cé)fl%p lé'?lil% fc'ar"gt .
plurality stomslidymt of poomellotatekbenfg rpmnote amtbatsix dmotseodsrate wbaratad from eadh atteer d
second typ f. Ri re. . . I enpt n of id, f.rst tach region
and said s'g'cagj_rllac?gé? %hggﬁ?'}rxtg)é%%? f %nsr?%ﬂngfh §%_éeg%§t aﬁ? §e\%ﬁ?dc?'}urtaﬁt¥_°? |Ehre g'?St TS _
tsﬁct(:)n'?hpl uomillayplmgthsalrdlltlmeltd(fwm;;wfl@r(sﬁlgpl n a[e | ocat ed bfal ng r](carr:)';]e in

a e renote, g r n.. ape.of .t he
circuit board bja/%p' eé‘f‘%ﬁgﬁ ﬁ‘g usglfdngﬂtsﬁgﬂ}" ?f% cg:rﬁgl?é%aé%ﬁﬂggﬁrgraa_clhtre '%”f_ t he
first typeinclodingh ghindlplysality of saliefirgfitypewif pinodia thiddphurdlity oserizedosd hye ofpithi r d
attach 1 ot S pRE: drkhi el ot Bl B2ip Rt Bt SRR Gy BG4 &
third pl uregion yithfrespesit th ssdcerrad afjqsh regionpsand third plucklityrifisald picondalype of pof sai d

first typelheql{g lgci;a&dgg‘lag&t{o. gﬁtsg&nggna%h;egﬁye end of said third attach

region with respect 1o said second att region, said third plurality of
said second type of pin being | ocated adjacent to said second attach

region. 184 Theyg Jh%%ﬁoap@@fc?aitﬂfl‘/‘wh@ems&iﬁ.ﬁf\g% 1%;;'@%} | daflif §éc8;?cfv61&&h regi on

and said second attach Tregion are approxi mate acent an herei n said
second at t iggion pre@ppraxiznatelysadjagent pind wheaein saihsecorsigitiash ragien afdfsaidtthifslattach i r st
di stance. 19 489 2 5o Akiasing: nmounting a first processor on a first
side of a c ?gérgﬁ%oaga,lsaﬁgﬁ#frst processor having a first plurality of
a first type of signals; and nmounting a second processor on a second side

of said cijgui tA%ﬁ{oq,coﬁ?;isqngecond processor having a second plurality of
said first type of signals, said second processor being nounted so that a

plurality of a Bewwingafishpropgssesiogadirs sidnoka citceihbeardsaid Hifst prabagsdrihpgng a
processor ﬁ&@bl&éﬁt&’ oﬁgﬁﬁf'@pc of signals; and

mounting a second processor on a second side of said circuit board, said second processor

having a second plurality of said first type of signals, said second processor being mounted so
that a plurality of a second type of signals on at least one of said first processor and said second
processor separate said first plurality of said first type of signals and said second plurality of said

first type of signals.

20. The method of claim 19 further comprising:
mounting a third processor on said first side of said circuit board so that an offset

separates signals of said first type of said second processor and said third processor.

21. The method of claim 19 wherein said first type of signals are source synchronous signals
and said second type of signals are non-source synchronous signals, the method further
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processor separate said first plurality of said first type of signals and
said second plurality of said first type of signals. 20. The net hod? &NOV 2003
claim19 further conprising: nounting a third processor on said first side
of said circuit board so that an offset separates signals of said first
type of said second processor and said third processor. 21. The nethod of
claim19 wherein said first type of signals are source synchronous signals
and said s&ﬁﬂpg % ype of signals are non-source synchronous signals, the

met hod further 4 27NOV2003 conprising: nounting a plurality of

addi ti onal proceswying apluralitgef additipead propesedis srbaisourregTyashsonshs denals of esbessor
are separ i I als or an
o T S R B L R
plurality of signal lines and a second plurality of signal lines; a first
devi ce having aAﬁhéﬁhmg%ghﬁgﬂﬁérst edge and a first plurality of a first
type of interconnect node for a first signal type and a first plurality of
a second type of cifoyitbpard hriaeg 2 frsdurality of signablines @ndss spperd piyrplity of fignal linesit
plurality of th a first
region; and a sig%%%§égv¥€§gPgsfﬁﬁﬁgﬁ§£&§%hmn? éﬁlty okggg}ﬁg?%¢st type of
i nt er conneiseraeprRst rade fog a fg%étgnd tyHe@ndip ﬁtsypleq‘ah@axf d sesendiype efjiplercotnect node

i nterconn ge
nount ed pgﬁgf F@P&'t ség%gg@%es ?‘Fe Irst g'gvllt%gf Ir ss{tw% gf Zﬁgr?l gdglg%éogr%glgcig‘%ﬁg é[?gecond
edge oppofistregigniiagd second device first edge and further distant from said
first device tNalcsldlBRRE 2 RK Ghirdiief SsaR¥08 ypd BF AchEARMDL WAL 1 1Y Of
said first type of interconnect node being located in a second region,

sai d firstsep@yipbmaliyef saih sgeond g @f w@gqoanFCb@rdﬂgsa@éawéﬂ@@Feﬁwa&a seseed nedi at e
regi on i nghldiiRgeddk rﬂoﬁﬂé& pﬁﬁ’l‘i@'}’tﬁald%gtla@&lcéjﬁrsMEg‘alﬂfa 8@l dbvikeSbcdil H&g’é' ity

of said second type of interconnect node and salid second plurality of said
second t ypeppediteispid secenmhdryice fing gdge apd furthpradisians pmseid fistt devies thqnzszldm@rvél n

sai d firstyRlHEak bdg¥, Afd ss@ind plukdidy ofts){lﬁ%réﬂyple BF ﬁfe%ﬂﬁh%?ﬁode B99§loh§e@1qlaac ent

to said first device first edge, the first plurality of the Second type of

i nt er connegtondegien, prsd figgt qeé@aﬂ@(fame@né &ginmcbetng genaratad iytan dptermediate SegiQR f i r st
device fi rﬁ&mﬁ@gﬁ 14BBme BF Eithel &rtloth Jr8AH ARt plaRle WRSLi8 sRoRBh b STGRARShnect
plurality of said first type of interconnect signal iIs adjacent to said
second deviadgasq %a@tsewgaluraiw ofpaid seropdvae okinsrcoriesi 19492 furt her conpri si ng:

23. The apparatus of claim 22 wherein said first plurality of said first type of interconnect
node is adjacent to said first device first edge, the first plurality of the second type of interconnect
node being located in a second region further from said first device first edge than said first
region, and wherein said second plurality of said first type of interconnect signal is adjacent to

said second device first edge.

24, The apparatus of claim 22 further comprising:

a third device having a third plurality of said first type of interconnect node and a third
plurality of said second type of interconnect node, said third device having a third device first
edge mounted parallel to said second device second edge and closer to said second device second
edge than a third device second edge that is opposite said third device first edge, said third
plurality of said second type of interconnect node being located adjacent to said third device first
edge, said third plurality of said first type of interconnect node being located in a third region
further from said third device first edge said third plurality of said second type of interconnect
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a third device having a third plurality of said first type of interg??@ﬁggwa
node and a third plurality of said second type of interconnect nod

third device having a third device first edge nounted parallel to said
second devi ce second edge and closer to said second device second edge
than a third device second edge that is opposite said third device first
edge, said third plurality of said second type of interconnect node being

| ocat ed adjmeent to said third device first edge, said third plurality of
said first type of interconnect node being located in a third region
further fromsaid third device first edge said third plurality of said
second typsg, of Tﬂ&taﬁpﬁmmﬁmzmh@rzwa@@ d8Q&8md $ad thTﬂa%eﬁeénﬁéawﬁrspf claim
24 wherein said first device and said third device are on a first side of
sai d ci r cuiide af&aid eircuitivgardired avharedsaid tletrﬁ deyicg dnaffset from wid sseanddevien whirhyis
second devi,CeuhliGhe| othe Ot bo&R e Haittaths Rinihie stGb bkt board to maintain a
m ni mum stub offset. 26. The apparatus of claim?25 further conprising: a
fourth device having a fourth plurality of said first type of interconnect
node and &g fowﬁerM@‘gpdﬂng mgmdc aoRg type of interconnect node, said
fourth device having a fourth device first edge nounted parallel to said
third devi ce sexionah éayise haviag &foysh pluraditysafiseid first e abipterennestradpandaige t han

a fourth %Mﬂtl?;lﬁ ﬁtﬁ«%@gm@%@n& of'nﬁer@cﬂﬁ@c%&?e $Ad RuftPUEAR hQﬁHéE?ouf-thr st edge,
said fourth plura said first I nterconnect node bei ng

| ocat ed adjesicefiest edge wereql pslichtocpaidithi ech ng%nje angkgloer tg gpie thirg|dgyieg i t y
of said secQid elideiRard folil &VERRABRA edpP Ut @%F;ﬂﬁné ﬁﬁ%% Iié&'.’cTe *Fi%{t ed rsfam said

fourth device first edge than said fourth urality of said first type of

i nt er connefevrtnpluality °§F'ﬂ!d first Ype of igfesppragctingds lPFg‘ng‘faFeldtaHJaﬁqﬂHWeﬁPidthfde‘éla? d

first t ypefir@tfed%éqgﬁﬁ Rk ‘faﬁx}aliﬁo&ﬁa@@&oﬁd fybé bifinteRbiedd doly b&ﬁ eaduch sRgend type
of |nterconnec node, said fth device having said flfth device first

edge rmount & prd Bt fevics fg%fleélgertbmseﬁ Foputhy l&lﬁalgéef)%i firstgupef dnterrengest npds; send

fourth devingq rARGUENE hatBige fifiﬁ%ﬁhrﬁd@ bf dald 1R\ R Of ARG AR HER ahiAkifthS Opposite
said fifth device first edge,  sai fth plurality of said first type of

i nter connd&vram@ésaweﬁ@d|tﬂ@§€ EHBT?Q?J‘“%%P@ﬁef 44 fifthydeyice baving sid ffthglevicg fisy fift h

plurality Qfe ﬁamecﬁ&s&m@ﬂofsm?ou% dbﬂ&%@dﬁﬂ REsetanf dSer REIAD fJuRth a&ﬁ@t skdshli her
fromsaid frfth device first glilqtt an said fifth plurality of said first

type of i rfdgs thanpERk d%‘ifé“"@éF‘éBe {srppersite sadd figh ?rgfwaffm gdee. W%ﬁﬁﬁlbfawa Wourth
devi ce t o Btk pé ofinfRidTHiBcthodk BAREILRLINE 841d Gifth B8Kd MRTdE sdidfifk connect
nodes of said second type. -16

plurality of said second type of interconnect node being located further from said fifth device first

edge than said fifth plurality of said first type of interconnect node, said fifth device being offset

from said fourth device to maintain a minimum distance between connections to interconnect

nodes of said second type.
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