WO 01/ 46814 PCT/ US00/ 31911 APPARATUS AND METHOD FOR COUPLI NG TO A MEMORY
MODULE B Wthin some conputing systens, integrat L S
(e.qg., A%%R%Jyé) and nmenory devices) nmay have a need to iﬁ&é’ﬁg@?ﬂ%tlth each
ot her, even though the integrated circuits may be physically | ocated on
different printed circuit boards. A technique to comrunicatively couple
integrated circuits that are on different boards has been proposed by
Ranmbus, Inc. of Muntain View, The "Direct RAC Data Sheet," dated
August 7, 1998ARRARLYEIPANIE I\é[{:TIﬁDDpF(DR COUPLING TO A MEMORY MODULE
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boards. A technique to communicatively couple integrated circuits that are on

different boards has been proposed by Rambus, Inc. of Mountain View, CA.
The “Direct RAC Data Sheet,” dated August 7, 1998 and available at http:/

www.rambus.com/developer/support_asic.htmi, describes how a Direct

Rambus™ ASIC Cell (Direct RAC) module may be used to control the

transmission of data between a processor and a memory module. See also,
“Direct Rambus Clock Generation Validation” version 1.0, July 1999, available
at http://www.rambus.com.

The processor may include a RAC module that controls communication
over a Rambus Channel that may comprise a plurality of lines. In the Rambus
specification, each line in the Rambus Channel has an impedance value of 28
Ohms. The specification also provides for the use of connectors to connect a
memory module to a printed circuit board containing a processor. However,
the currently available connectors that may be used to connect memory

modules to the Rambus Channel place the memory module at a right angle



WO 01/ 46814 PCT/ US00/ 31911 relative to the channel. Consequently, the

menory nodul es _extend at a right angle fromthe printed rd that
cont ai ns \Vﬁé"ﬁ%‘gessor. Al though this configuration may b%é@$&g8¥?ed to

desktop applications, conventional inplenmentations in accordance with the
Ranbus specification are not well suited for applications that have snall
formfactors, for exanple, portable conputing applications. Mreover, the
current Ranbus specification specifies that the Ranbus Channel is to have
an i npedarelativeatautheothargel. Oiionsequentlys tee meroaryi modukeg extend at a rightri t at i on
on the nunber of nmenory nodules or repeater hubs that may be coupled to

t he Ranbuangleareralthdyrinted ciredit board fitedntaifsithe bRffegsbs a continui ng need
for better ways to conmunicatively couple processors to nmenory nodul es.

BRI EF DESCRI PT CBW n %léb,k,
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and advant ages thereof, may best be understood by reference to the
f ol | owi ngigehal wel su&%@ffcprp@mjwaumﬁ thatdwave small fierm faatensp foryexagnpleawi ngs in

which: FIG 1 is a block diagramrepresentation of an enbodi nent of a
system 2 portable computing applications. Moreover, the current Rambus specification

specifies that the Rambus Channel is to have an impedance value of 28
Ohms. This specification may impose a limitation on the nﬁmber of memory
modules or repeater hubs that may be coupled to the Rambus Channel due to
fan-out issues.

Thus, there is a continuing need for better ways to communicatively

couple processors to memory modules.

BRIEF DESCRIPTION OF THE DRAWINGS

The subject matter regarded as the invention is particularly pointed out
and distinctly claimed in the concluding portion of the specification. The
invention, however, both as to organization and method of operation, together
with objects, features, and advantages thereof, may best be understood by
reference to the following detailed description when read with the
accompanying drawings in which:

FIG. 1 is a block diagram representation of an embodiment of a system



WO 01/ 46814 PCT/ US00/ 31911 having a communi cation bus in accordance wth
the present invention; FIG 2 is a sectional representat g% nory
nezzanlngmﬁﬁdmﬁuprlnted circuit board in accordance wth gﬁﬂg ‘Mﬁlﬁgnt of
the present invention; and FIG 3 is a sectional representation of a
connector in accordance with an embodi ment of the present invention. It
w Il be appreciated that for sinplicity and clarity of illustration,
elenents illustrated in the figures have not necessarily been drawn to
scale. havirexamphemuhication Messihatsoedarsenwitofthd peesdrd ievdrtiomay be
exaggerated relative to other elements for clarity. Further, where

consi der ed apmep@|§taesectro%faﬁfeg&6§eﬁklaﬁ8ﬁ@f% MR miéRemimdandang the

figures to indicate correspondi ng or anal ogous el enents. DETAI LED

dorail s areed vty ot akelfbfe S UFLERI 8oL R B8R EnGi g of the

i nvention. However, it w Il be understood by those skilled in the art that
t he preséml\feﬂt'@\‘ﬁeﬁf‘ﬂon may be practiced without these specific details. In
ot her instances, well-known nethods, procedures, conponents and circuits
have not been Ri@sﬁrislaaslecttimnad&miesestatiaa of @ carmesibardoraccohdanoessidimian
invention. FIG 1 is a block diagramrepresentation of a conputing system

10 in 3 embodiment of the present invention.

It will be appreciated that for simplicity and clarity of illlustration,
elements illustrated in the figures have not necessarily been drawn to scale.
For example, the dimensions of some of the elements may be exaggerated
relative to other elements for clarity. Further, where considered appropriate,
reference numerals may be repeated among the figures to indicate

corresponding or analogous elements.

DETAILED DESCRIPTION

In the following detailed description, numerous specific details are set
forth in order to provide a thorough understanding of the invention. However, it
will be understood by those skilled in the art that the present invention may be
practiced without these specific details. In other instances, well-known
methods, procedures, components and circuits have not been described in
detail so as not to obscure the present invention.

FIG. 1 is a block diagram representation of a computing system 10 in



WO 01/ 46814 PCTI USOQO 31911 accordance with an enbodi nent of the present

i nventio ing system 10 may be a variety of appar i el udi ng
PR, SRSy

wi t hout a portable conputing system a desktop conputing
system and the like. Conputing system 10 may include a conputing board 11
that is comunicatively coupled to a nmenory nmezzani ne 20. Menory Mezzani ne
20 may conprise storage nediuns that are accessed by a processor, and may
be, for exanple, a nenory expansion nodule, a nenory card, and the |ike,

al t hough aeeordange Witk an lesnbodisent of thee présemt iisvendionl | Gompdting sybese
exanpl es. Conputing board 11 may include a variety of integrated circuits,

such as aj@rr@a)ebeguvér?etytdiaipp@fauséauﬁb@dir?)wﬂhﬁﬁﬂ%Mat‘i‘cﬁﬂtar Sbrtlehub (MCH)
13. In this enbodinent, MCH 13 may be an 828400 processor, which is

avai |l abl e : r Wty : , 1 sume
r esponsi bfé@??lég%?gtgﬁg’i ﬁg‘%ﬁi %r%%e gflﬁ%s%t[%:fﬁ PE &eg@éprggg@s/uéﬁ 12 and
ded to be a limtation of

menory nmezzani ng~20. Al though this.is not _jnten
the scopeS¥Hi erlnhﬁO &@é&ﬁ“qo%gm ingy peargs Lagﬂet IS COMIBBNISat¥EH GOURSAC cel |
(RAC) 14, such as a Direct RanbuSTm Ranbus ASIC Cell that serves as a
comuni cald @ MeBAbL Bregaaninet20s hiemery Meiznening 88dnay hamprise starage of t he
present invention is not limted to conputing systens that inplenent the
Rambus comediirs thatraneratoeseed bl 4 prowsisvs, arehmayi lsstfopexarmpilles may be
used to control the exchange of data signals between a processor and a
storage Rl expehsih moduRk dlfeYifory BFA! dndAR!liRe, Afhough the scope

of the present invention is not limited to these examples. Computing board 11

may include a variety of integrated circuits, such as a processor 12, that are

coupled to a memory controller hub (MCH) 13. In this embodiment, MCH 13

may be an 82840% processor, which is available from Intel Corporation, Santa

Clara, CA.

MCH 13 may assume responsibility for sending and receiving data

between processor 12 and memory mezzanine 20. Although this is not

intended to be a limitation of the scope of the present invention, MCH 13 may

include a Rambus ASIC Cell (RAC) 14, such as a Direct Rambus™ Rambus

ASIC Cell that serves as a communication controller. it should be understood
that the scope of the present invention is not limited to computing systems that
implement the Rambus communication protocol. Alternative communication
modules may be used to control the exchange of data signals between a

processor and a storage medium, such as a disk drive, memory module, or



4 WD 01/46814 PCT/ US00/ 31911 the like, that may or may not be RanmbusTM

conpati bl g, ry nmezzani ne 20 may al so include a variety ' Lggnat ed
circuits G/gud(\:{ﬁ%e){g a nenory repeater hub (MRH) 21 that nmay %(glt/g%dl}pﬁ ed to

menory device(s) 25. As shown, MRH 21 may include a RAC 22 that is
comuni catively coupled to RAC 14 so that data and instructions nay be
exchanged between conputing board 11 and nenory nezzani ne 20. The process

and protocol s for exchanging information are provided in the
af or ement fshie. Maabmayqn max nokke Remhusiceempatiblet hi s enbodi ment, menory
mezzani ne 20 includes a plurality of nenory devices 25 that may be used by

processor 12 t Mesboryendataniné20hoayalsd inelutieop eanétyt dfentegestedtciicaent i on i s
not limted in this respect, nenory devices 25 nmay be, for exanple, a

Rarb ' AEPITD r BRANAt Wﬁ) i yﬁmary
Nbdu:JZ %Igawél\g ,QSEaDuaI ’??l’-éﬁiéﬁtgwbe@r‘?o%l?mﬁbdul et r(n%y , algg;t\%mﬂo s-cl ocked

VR et . CRVB) 7 s SHERhY MRIEAT by ik & RS S Rac 22 in thi s
"l ude. oRATBIUTIGRY S0 BRUIoR h VA A SiAt b by NENLGIDTEBaR 21 (o
exchange data. For exanple, as specified by the Rambus standard, bus 15
may conpr PXehanged petweenreamputing boarduhi eatdemsimpmainsezzaninea®0dathe si gnal s,
process and protocols for exchanging information are provided in the
aforementioned Rambus “Direct RAC Data Sheet.”

In this embodiment, memory mezzanine 20 includes a plurality of
memory devices 25 that may be used by processor 12 to store data. Although
the scope of the present invention is not limited in this respect, memory
devices 25 may be, for example, a Rambus Dynamic Random Access Memory
(RDRAM), a Rambus In-Line Memory Module (RIMM), a Dual In-Line Memory
Module (DIMM), a Synchronous-clocked Dynamic Random Access Memory
(SDRAM), Double Data Rate DRAM (DDR), another MRH, etc.

A bus 15 may communicatively couple RAC 14 to a RAC 22. In this
embodiment, bus 15 comprises a dual-terminated transmission line that may
include one or more signal lines that are used by MCH 13 and MRH 21 to
exchange data. For example, as specified by the Rambus standard, bus 15
may comprise multiple lines that communicate signals such as data signals,

clock signals, parity signals, reset signals, handshaking signals, and the like.

It should, however, be appreciated that the scope of the present invention is



clock signals, parity signals, reset signals, handshaking signals, and the

like. It however, be appreciated that the scope o SENt
i nvent | on“u’c‘;;‘ﬁ%g{b 01/ 46814 PCT/ US00/ 31911 not linmited to t?grﬁ@%’ﬁu hg

signals of only this or any other type. Typically, bus 15 has at |east 10
signal lines and may have 32 lines as dictated by the Ranbus
specification. In this enbodi nent, bus 15 may included at |east two
resistors 18  one adjacent to each of conputing board 11 and menory
mezzani ne NYlimiteddpdeanspaitting sigaalsialosly thispeapp otherdype. Ayaicatipebusnds of
bus 15 to reduce the anobunt of reflection that occurs when

communi catlibomes atlesst 46isignaldingsadnel megdiaviel®2 #hédas dicdterf bptise 15. The
resi stance val ue of resistors 18 may be determ ned by a variety of

par amet er R Hblis apecliRatippedance of bus 15, the clock rate at which data
I s broadcasted over bus 15, the relative strength of the data signals, and

val e rangi ng T roRemRdeftbyeots BRALMEElR AeRR v ol e st ance
Val ue of BAIECESY 1 RBGAGT GAERRMIRGHHOATELS 280 mgmonaveZaAnRARance. val ue. of
about 50 Chns and resistors 18 nay have a resistance value of about 55
Chis.  Howsespectivaly. sidepistass 1ithareppesitioned neaetits ends of bas 115 twireddcé o t he
val ues recited above as bus 15 may have an inpedance rangi ng from about 45
Chns t o Sthéamountrofeefiactichd thadtrecdues When communication/transmission

signals reach the either end of bus 15. The resistance valﬁe of resistors 18

may be determined by a variety of parameters such as the impedance of bus

135, the clock rate at which data is broadcasted over bus 15, the relative

strength of the data signals, and the sensitivity of RAC’s 14 and 22. Resistors

18 may have a resistance value ranging from approximately 25 ohms to 65

ohms so that the resistance value of resistors 18 is about 7-12% higher or

lower than the impedance value of bus 15. in one embodiment, bus 15 may

have an impedance value of about 50 Ohms and resistors 18 may have a

resistance value of about 55 Ohms. However, the scope of the present

invention is not limited to the values recited above as bus 15 may have an

impedance ranging from about 45 Ohms to 55 Ohms, or even, 45 Ohms to 65

Ohms. Furthermore, embodiments of the present invention may be used in

computing systems where the impedance of bus 15 is about 28 Ohms, or has

an impedance value ranging from about 25 ohms to 25 ohms.

Conventional Rambus specifications require that the impedance of the



Chns. Furthernore, enbodi nents of the present invention may be used in

conputing systens where the inpedance of bus 15 i s about has
an inpedgﬁgé’”\‘}%ﬁlﬁe rangi ng from about 25 ohns to 25 ohns. %&%@Pl’%%al

Ranbus specifications require that the inpedance of the 6 WD 01/46814
PCT/ US00/ 31911 bus lines be about 28 Ohnms, which as expl ai ned above, may
serve to limt the data rate and fan-out of nenory devices that may be

coupled to the bus. However, the bus of this enbodi ment of the present
i nvent i onbaadinesissabeut 2&Mss ovichfast expleined raboyei o1ay. serue do dmibotienent
for exanple, may be used to provide source-synchronous conmuni cation

bet ween t gatalete cerl fah-alatol merabasdéviets dat mayg befagibiyd tohtke bugy have been
previ ously possible. For exanple, bus 15 is adapted to provide a clock

signal at LRele?, tHe KIS B8 thi®bnfrilimMHE of Wgh%semr#v%%%s%s%f de a

clock signal at a rate ranging from about to 400 even,
about 300 to 8 t hese. c] ock .. speeds and data bus w dths, it
may be pogegq{'_s%lsg?qeogﬁlﬁém%%tgqrg. s?ﬁﬁa%@gogg?%@sg%u?(%&ﬁt may, é‘f’ &SP excess
of 1 Goytes/sec, for exanple. In the enbodinent illustrated in FIG 1,
RAC s 14 im@revide seurse-arighyoneysreptaenicalien Refwesn bye desicesctedata, it
shoul d al so be understood that in alternative enbodi nents of the present
i nvent i onrates that aresmiubh daster them maydvavecheen psgviously popsiblec ofput i ng boar d
11 and nenory mezzanine 20. As shown in FIG 2, a connector 51 may be used
to coupl eegampid,ibi® PP& dddptetiQo provide a clock signal at a rate in excess of 250

MHz, and is well-suited to provide a clock signal at a rate ranging from about

300 MHz to 400 MHz, and even, about 300 MHz to 800 MHz. With these clock

speeds and data bus widths, it may be possible to transmit data signals

across bus 15 at a rate in excess of 1 Gbytes/sec, for example.

In the embodiment illustrated in FIG. 1, RAC’s 14 and 22 are directly

connected together by bus 15. However, it should also be understood that in

alternative embodiments of the present invention, it is possible to use a

connector(s) to couple computing board 11 and memory mezzanine 20. As

shown in FIG. 2, a connector 51 may be used to couple computing board 11 to

memory mezzanine 20. FIG. 2 is also provided to illustrate examples of how

memory devices 25 may be coupled to memory mezzanine 20. As shown, a

connector 56 may be used to connect a memory device 25 at a right angle to

memory mezzanine 20, or a memory device 25 may be directed mounted onto

memory mezzanine 20. Likewise, a connector 57 may be used to connect

memory device 25 at an angle relative to memory mezzanine 20. Although not



menory nezzanine 20. FIG 2 is also provided to illustrate exanples of how

menory devices 25 nay be coupled to nenory nezzani ne 20. ’%SCT?!P%W?IM?
connectorwggl/ﬂﬁ})‘/" be used to connect a nenory device 25 at a angle to

menory nezzani ne 20, or a nenory device 25 may be directed nounted onto
menory nezzani ne 20. Likew se, a connector 57 may be used to connect
menory device 25 at an angle relative to nenory nezzani ne 20. Al though not
7 WO 01/ 46814 PCT/ US00/ 31911 shown, in alternative enbodi nents, nenory
devi ces 25hown, incaltgrnetive gmbaslimeats, troemonpdevings 26amdy bk disestty one of t he
sanme or simlar techniques used to connect to nenory nezzanine 20. FIG 3

is a sect hdited it®@Gonfputingrssdrdr1 b dsinghored ofBie Bamest siahlaf té¢hniques
applications that have small formfactors, e.g., portable conputers. As

i ndi cat edu%&&%ﬁﬁé&tté rﬁgn@?gﬂe]zzaﬁin%oéé.i on (e.g., the portion indicated
or.

by bracket 7 of connect I's at an angle 100 relative to the body of
connector 57 O« the portion indicate bracket 71). The magnitude of
angl e 100 nay f:ﬁqé‘r?/ '%@ps@r?ﬁf)ﬂﬁl ‘Sﬁwtﬁeﬁ%\'?éf"%r%%h&{ "}?é/sl?‘% dgskaple Bnnect or
57 and rrermrp/ device 25. Connector 57 may be formed so that nmenory device
25 is at anPlieatigns that bawismed feeyfaeiors.&.at ippstable campstersadss of nenory
nmezzani ne 20. Furthernore, angle 100 may range from about 30 degrees to 40
degrees. [alicated ovithbhrackets 7@ Bnd & et portibn ey GBeauttiod indiedtedoy used to
comuni catively couple to nenory device 25. Al though only two nmetal |ines

bracket 70) of connector 57 is at an angle 100 relative to the body of connector

57 (e.g., the portion indicated by bracket 71). The magnitude of angle 100 may

vary depending on the overall height desired for connector 57 and memory

device 25. Connector 57 may be formed so that memory device 25 is at an

angle of about 25 degrees relative to the surface of memory mezzanine 20.

Furthermore, angle 100 may range from about 30 degrees to 40 degrees.

Connector 57 may include metal lines 60 and 61 that are used to

communicatively couple to memory device 25. Although only two metal lines

are shown in FIG. 3, the number of metal lines should not be considered a

limitation of the present invention as the number of metal lines may increase,

as desired, to provide communication with memory device 25. As shown in

FIG. 3, metal line 61 is longer than metal line 62 as a result of the angle of

connector 57. It has been discovered that slight variations in the length of each

of the metal traces may significantly impact the amount of reflections that occur

when data is transmitted to or received from memory device 25. This in turn,

may impact the maximum rate at which data may be transferred through a



are shown in FIG 3, the nunber of netal |ines should not be considered a
limtatio resent invention as the nunber of netal
increase,qmggﬂgggifed, to provide comruni cation with nennr§£%@§?%e 5. As
shown in FIG 3, nmetal line 61 is longer than netal line 62 as a result of
the angle of connector 57. It has been discovered that slight variations
in the length of each of the netal traces may significantly inpact the
anount of reflections that occur when data is transmtted to or received
from nenofPNBREGOEe 25. This in turn, nay inpact the maxi mumrate at which
data may be transferred through a 8 WO 01/46814 PCTI USOQ' 31911 connect or.

Al t hough a var iAdthbaghianvanigteraincienpeaiance magibgninkighéfltanvgizndgdta i s
transmtted at 100 MHz or less, the variation in inpedance may becone a

severe |i pahbsnitddpat ¢Oofl\ﬂ>HzQﬁtlé>sb§i,ftﬁé‘$/Bﬁétri]6@§ %Bédgr%'ﬁ\gyoﬂa\ggéggé" becones

even nore significant of a problemas the data rate app : 00 MHz. In
LN SRR TRET (5] AP Biod BY EPOI AP PEBRAE L8
e O AN o Fhctas T g o
(i nduct ance/ capacitance)-, the inpedance of a netal line is directly
pr opor t i oAatondance avithan @spackofuthet preseniaveatioh,i oneetedhhiquerfopor t i onal to
the capacitance of the Iine. Therefore, any increase in the inductance of
met al |inad@desdirgy the imismatch in the length of metal lines 60 and 61 is to increase

the natural, parasitic capacitance value of the longer line, e.vg., metal line 61.

As shown by the formula, impedance = (inductance/capacitance)-, the

impedance of a metal line is directly proportional to the inductance of the line

and inversely proportional to the capacitance of the line.

Therefore, any increase in the inductance of metal line 61 due to its

additional length, may be offset by a proportionately equal increase in the

capacitance value of the same line. The capacitance of metal line 61 may be

increased in a variety of ways inciuding, without limitation, by adjusting the

physical shape of metal line 61, by adjusting the materials used to form metal

line 61, by adjusting the property of the materials surrounding metal line 61, or

by adding a discrete capacitor to metal line 61. By making the parasitic

capacitance value of metal line 61 greater than the parasitic capacitance value

of metal line 60, the impedance of metal line 61 may be reduced so that the

impedance of metal line 61 may be substantially equal to the impedance of

metal line 60. Thus, this embodiment of the present invention is contrary to the



additional length, may be offset by a proportionately equal increase in the
capaci tange, \i'ﬁl 4s of the sane line. The capacitance of met [bg %JI may be
y a

increased in a variety of ways including, without limtation, usting
the physical shape of nmetal |ine 61, by adjusting the materi al s used to
formmetal I|ine 61, by adjusting the property of the materials surrounding
netal |ine 61, or by adding a discrete capacitor to netal line 61. By
maki ng t he ra5|t aC|tance val ue of nmetal |ine 61 greater than the
parasitic %%3‘5&9 L?E cafjffopptinimizingdhe parasitic capaeitance effanyet al | i ne
61 may be reduced SO that the inpedance of netal line 61 may be

subst ant i gbhgueiiyedine.o t he i npedance of netal line 60. Thus, this
enbodi ment of the present invention is contrary to the 9 WO 01/ 46814

PCT/ US00/ 31911 Theaspeieaiast whichhfatamhay Béttrefrﬁﬁrﬁlttéerov@k beﬂ ﬁhé&lst he parasitic
capaci tance of any conductive line.” The speed whi ch data may be

transri ¢t gdognssndlidad bﬂea%ty'\?arla‘a%mﬁqr%{drgdkaﬁc@%r &ngh ﬁﬁ%(%‘r( AL T

| rrpedance tween I nes that are use rans

becones mﬂgern as hh dat a transf rate is jncreased. Up to
now, therTgcll ﬁ'ﬁpﬁﬁxﬁ' i SIMYAG Aate n LIS Fr NGO rﬁ)PO”CE?éBr?Sath§| datartransfer i ssue
because traditional data transfer rates of 66 MHz, 100 WMHz, or 133 MHz are
not si gni fatedntineaasemh WUp tanew, erpablen inymismatcbed smpedanée bastritts

probl em However, as data transfer rates approach upwards of 800 MHz, the
probl em n’agcebeacsigniﬁnanteisshgMetbae@tradittdnaﬁidgteecfansfer rates of 66 MHz, 100

MHz, or 133 MHz are not significant enough to cause compdting system to
suffer from this problem. However, as data transfer rates approach upwards
of 800 MHz, the problem may become more significant with angled
connectors, and thus, the advantages of the embodiments of the present
invention may become more apparent.

While certain features of the invention have been illustrated and
described herein, many modifications, substitutions, changes, and
equivalents will now occur to those skilled in the art. It is, therefore, to be
understood that the appended claims are intended to cover all such

modifications and changes as fall within the true spirit of the invention.

10



connectors, and thus, the advantages of the enbodi nents of the present

i nventi On“qﬁé one nore apparent. Wiile certain features Lhnventi on
have been’i G@?‘%at ed and described herein, many nodifi ca{’ﬁ)/}ljé@%lbﬂ

substitutions, changes, and equivalents will now occur to those skilled in
the art. It is, therefore, to be understood that the appended clains are
intended to cover all such nodifications and changes as fall within the
true spirit of the invention. 10 WO 01/46814 PCTIUSOQO 31911 Clains: 1. An
appar at us gogri sing: a first integrated circuit conprising a Direct
RanbuSTm Il (Direct RAC); a second integrated circuit conprising a
Direct RAC, and a dual-term nated transm ssion |line, wherein the

dual -t er m nat ed. Arf appattes @arr{pjr;gﬁq%ommni catively couples the Direct RAC
of first integrated circuit with the Direct RAC of the second integrated

circuit. 2. Th f.claiml . wherein t dual -t 1 nated.
transmi ssi on % ﬁ%[?%gétﬁgg nglr”i?lcg{nqr@g]gsflﬁlr%%@ﬁgs?ﬁéﬁlﬁ&pslr(g)grect
integrated circuit and a second resistor adjacent to second integrated
circuit. RAQhe apparatus of claim?2, wherein the first resistor and the
second resistor have a resistance value ranging from approximately 25 ohns
to 65 a second integrated circuit comprising a Direct RAC: and

a dual-terminated transmission line, wherein the dual-terminated

transmission line communicatively couples the Direct RAC of first integrated

circuit with the Direct RAC of the second integrated circuit.

2. The apparatus of claim 1, wherein the dual-terminated transmission
line includes a first resistor adjacent to the first integrated circuit and a second

resistor adjacent to second integrated circuit.

3. The apparatus of claim 2, wherein the first resistor and the second
resistor have a resistance value ranging from approximately 25 ohms to 65

ohms.

4. The apparatus of claim 3, wherein the dual-terminated transmission
line has an impedance value, and the resistance value of the first resistor is
about 7-12% higher than the impedance value of the dual-terminated

transmission line.
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ohnms. 4. The apparatus of claim3, wherein the dual-term nated transm ssion

| i ne has i ance val ue, and the resistance value of t i esi stor
is about‘%&()ligg/%qai gher than the inpedance val ue of the dual*- /Iejérd’r(r)lg?lsg'ltied

transm ssion line. 11 WO 01/46814 PCT/US00/ 31911 5. The apparatus of claim
3, wherein the dual-termnated transm ssion |ine has an inpedance val ue of
about 50 ohns, and the first resistor has a resistance value of about 55
ohnms. 6. The apparatus of claiml, wherein the second integrated circuit
conprises a nenory repeater hub. 7. The apparatus of claim11, wherein the
first integrated circuit and the second integrated circuit are adapted to
provi de sour ceSsyinehapparatus cbalmimi3; avheneirbtierdaal-teaminatéd eranshissite
apparatus of claim1l1l, wherein the dual-termnated transmssion line is

adapt ed t fingheisi aieirapedade alBBadf Aoud F096E Na kA 468 rdfresiBbrMds a 9. The
apparatus of claim8, wherein the dual-termnated transmssion line is

adapted t I a rate ranging fromabout 300 Mz to
ﬁi%ﬁé@ﬁbg SYafué bP%Boéff 85,

800 MHz. he apparatus of clarm'l, further conprising: a nmezzani ne card
havi ng a connector and conprising the second

6. The apparatus of claim 1, wherein the second integrated circuit

comprises a memory repeater hub.

7. The apparatus of claim 1, wherein the first integrated circuit and the
second integrated circuit are adapted to provide source-synchronous

communication between each other.

8. The apparatus of claim 1, wherein the dual-terminated transmission

line is adapted to provide a clock signal at a rate in excess of 250 MHz.

9. The apparatus of claim 8, wherein the dual-terminated transmission
line is adapted to provide a clock signal at a rate ranging from about 300 MHz

to 800 MHz.

10. The apparatus of claim 1, further comprising:
a mezzanine card having a connector and comprising the second

integrated circuit, wherein the connector is adapted to be communicatively

12



integrated circuit, wherein the connector is adapted to be comunicatively
12 WO 01/ / US00/ 31911 coupled to a third integrat i I 11.
The appargv'?ﬁéﬂgﬁgll ai m 10, wherein the connector incl udesegcﬁpé@wglgmt al
line and a second netal |ine, the second netal |ine being |longer than the
first netal line, and wherein the second netal line has a parasitic

capaci tance value greater than a parasitic capacitance value of the first
nmetal |ine. 1§. The .apparatus, of ¢laim 11, wherein inpedance of the first
metal |in&orRledRs ﬁHﬁog‘ltq’gfa%QrC%”o i npedance of the second metal |ine.
13. The apparatus of claim 12, wherein the connector has a first portion
and a second portion, the second portion being at an angle ranging from
about 30 degrees to 40 degrees relative to the first portion. 14. The

appar atus of cHai mhédappsretugi of didien 30C@Rerdifthé @Bnhéctel irtludshgirgl about
25 degrees relative to the first portion. 15. The apparatus of claim 10,

el oo iiethliidlahfl £ 8eab RN, tn6 SEREhS ot RO It jih ™" Y

nodul e conmuni catively cou the connect or .

PCT/ US00/ ﬁ%egﬁrlst %Sétaﬁﬂng,réﬁ l\/v%e(f'girrqptiwless'e%%:nd metal line has a parasitic

capacitance value greater than a parasitic capacitance value of the first metal

line.

12. The apparatus of claim 11, wherein impedance of the first metal line

is substantially equal to impedance of the second metal line.

13. The apparatus of claim 12, wherein the connector has a first portion
and a second portion, the second portion being at an angle ranging from about

30 degrees to 40 degrees relative to the first portion.

14. The apparatus of claim 13, wherein the second portion is at an

angle of about 25 degrees relative to the first portion.

15. The apparatus of claim 10, wherein the third integrated circuit

comprises a Rambus™ in-line memory module communicatively coupled to

the connector.
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a menory nodul e including a connector that is adapted to be coupled toda
first int circuit; and wherein the connector has a an a
second |I‘§§ ?}4 ¢4second line bei ng |l onger than the first %ﬂ@goo hﬂ?

| i ne having a capacitance value greater than a capacitance val ue of the
first line, and wherein inpedance of the second line is approximtely
equal to inpedance of the first line. 17. The article of claim 16, further
conprising: a second integrated circuit; and a transm ssion |ine adapted
to communicatively couple the first integrated circuit and the second
integrated circuit, wherein the transm ssion |ine has an inpedance val ue
rangi ng from ab®uAn2iticdensorhprisithgohns. 18. The article of claim 16, further
conprising: a second integrated circuit; and a dual -term nated

transm ssion | jnger@ap hﬂfﬂdlé’u?é?u’qu'eFééhNé‘ét%r H%X%ng{jﬁ%%%c}p %E?dﬁégggr at ed

circuit and the second i ntegrat ircuit

article, go o) first integrated circuit having a
comuni cafo %Fﬁﬁ@ggat% CX‘]&gI‘ug’Ng a second integrated circuit have a
conmuni cati on rmdul e; 14 WD 01/ 46814 and PCT/ US00/ 31911 formng a
dual - t er m nat eWhereindhe sonpacior hastafitst lippeancha secead line, the second line

being longer than the first line, the second line having a capacitance value
greater than a capacitance value of the first line, and wherein impedance of the

second line is approximately equal to impedance of the first line.

17. The article of claim 16, further comprising:

a second integrated circuit; and

a transmission line adapted to communicatively couple the first
integrated circuit and the second integrated circuit, wherein the transmission

line has an impedance value ranging from about 25 ohms to 35 ohms.

18. The article of claim 16, further comprising:

a second integrated circuit; and

a dual-terminated transmission line adapted to communicatively couple
the first integrated circuit and the second integrated circuit.

19. A method of making an article, comprising:

providing a first integrated circuit having a communication module;

providing a second integrated circuit have a communication module;

14



integrated circuit to the second integrated circuit. 20. The nmet hod of

claim 19 conprising providing a connector havi ngp /Usﬁo%wi i ne and
a second Ildjnée Jg\%erei n the first line and the second line éT

comuni catively coupled to the first integrated circuit, and mhereln t he
second line is longer than the first line, has a capacitance val ue greater
than a capacitance value of the first line, and inpedance of the second
line is approximtely equal to inpedance of the first line. 21. A nethod
of comuni@®gting between a first integrated circuit and a second _
integrated circuit, conprising: providing a dual-termnated transm ssion

i ne comuni caifmrvmhg dual-ienpindtbe tfdnishissiBhamieafoesbifile QHé tflrétnd the second
integrated circuit; and transmtting data signals across

dual - ter i igdfild ARG HOSeddreiny@irafed L1 SXCooS of 1 Goytesisec. 22

The net hod claim 21, ereln dual -term nated transnmission
|l ine i ncludes providing a dual -term nat ed transm ssion line having an
i npedance ranging from about 45 Chns to 55 Chns. 15

20. The method of claim 19, further comprising providing a connector
having a first line and a second line, wherein the first line and the second line
are communicatively coupled to the first integrated circuit, and wherein the
second line is longer than the first line, has a capacitance vélue greater than a
capacitance value of the first line, and impedance of the second line is

approximately equal to impedance of the first line.

21. A method of communicating between a first integrated circuit and a
second integrated circuit, comprising:

providing a dual-terminated transmission line communicatively coupling
the first integrated circuit and the second integrated circuit; and

transmitting data signais across the dual-terminated transmission line

at a rate in excess of 1 Gbytes/sec.
22. The method of claim 21, wherein providing a dual-terminated

transmission line includes providing a dual-terminated transmission line

having an impedance ranging from about 45 Ohms to 55 Ohms.
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