WO 01/ 46814 PCT/ US00/ 31911 APPARATUS AND METHOD FOR COUPLI NG TO A MEMORY
MODULE BACKGROUND W thin some conputing systems, integrated circuits
(e.qg., procaseaesisaand nenory devices) nay have a need to ipergiegdiomM t h each
ot her, even though the integrated circuits may be physically | ocated on
different printed circuit boards. A technique to comunicatively couple
integrated circuits that are on different boards has been proposed by
Ranbus, Inc. of Mountain View, CA. The "Direct RAC Data Sheet," dated

August 7, 1998 ARPARATUSBND RETROIPFOR COUPLING TO A MEMORY MODULE
www. r anbus. conl devel oper/ support _asic. htm , describes how a D rect

RambusTM ASIC Cell (Direct RAC) nodul e nay be used to control the

transm ssion of data between a processor and a nmenory nodul e. See al so,
"Direct RapRORGROUKDCeneration Validation"” version 1.0, July 1999,

avai lable at http://ww.ranbus.com The processor may include a RAC nodul e

that controls uni cation ver Rambys Channel that may conprise a
plurality of | ﬁ&g@H 9% FRMRY Qu?ygfﬂbﬁci'#{?g'?ﬁ? Rircwitsc(e-9+ REOGERSAMBe Ranbus
Channel has an irrpegance val ug of 28 Chns. The specification also provides
for the usENGMERIORKERYIERS) MaY favsadieed to intatacy withrach atleraeysn ovgh ci r cui t
board cont ai ni ng aeé)r_ocessor. However, the currently available connectors
that may bbeirtedrated eiscHitsonaybadihysicatidiocatedien differardpinted@ienitel pl ace t he
menory nodule at a right angle 1

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.html, 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
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. WO 01/ 46814 PCT/ USO0/ 31911 relative to the channel. Consequently, the
menory nodul es extend at a right angle fromthe printed circuit board that
contains t RlLa§ssor . Al though this configuration may bg-yekdesishted 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 npedan f | Ification i se a. limtation
on the nung%?t\{o %frtgrg}ocrh;%ﬁn%gfﬁQess?-agéﬁtlbzgﬁéfiﬁ!ﬁ%ﬁ'dgo?lﬂg%3&58@2ac'&ﬁml ed to
t he Ranmbus Ch el .due .t f.an: qut I ssyes. Thug, there is a continuing need
for better? @2‘1&3’8 t@%m%dc%ﬁqu{} qard MWQ%‘?%@&B@FES‘%& menory nodul es.
BRI EF DESCRI PTI OF THE DRAW NGS The subject matter regarded as the
invention is paftheydmiis configirationomey benwelhisyitedia dgsidomanplicatians.ne
concluding portion of the specification. The invention, however, both as
t o organi zgenantignal implementationpdn accondance yéththe Rambls speeificatiorf eat ur es,
and advant ages thereof, may best be understood by reference to the
fol | owi ng de not welll deitext foptaipplicatives thatathval srhall form factoesifongxargpldr awi ngs in
whi ch:

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 number 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.

! PT THE INGS

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



FIG 1 is a block diagramrepresentation of an enbodi ment of a system2 WO
01/ 46814 PCT/ US00/ 31911 having a communi cation bus in accordance with the
present i QysShlded: FIG 2 is a sectional representationpefagosmomry
mezzanine and a printed circuit board in accordance with an enbodi nent of
the present invention; and FIG 3 is a sectional representation of a
connector in accordance with an enbodi nent of the present invention. It

will be appreciated that for sinplicity and clarity of illustration,
el enments i [ i JIAr c Iy n drawn to
scal e. Forame@taérrgpgﬁmf"ﬂ%étgﬁ rré%%tﬁogrg:oo @S@E*&Pﬁe t e%‘lﬁt‘éhg%@gﬁfmy be

g

exaggerated r ti t r s for arity. _Further, where

consi dered app(jﬂ%r ?\ﬁg’s%cﬁél?agrrgﬁ%ggﬁ@hgpg?g rﬁ%’W e'¥'reé 'ﬂ?%ﬁ"%ﬁong t he
figures to jndicate,  correspondi ng or anal ogoys el epgents. DETAI LED

DESCRI PTI GINef SRR BYATEVIR AGoaGRRRs AMinGE emBpEimant o (TR PERSENE peci 1 | ¢
details are set forth in order to provide a thorough understandi ng of the
i nventi on.iNYRWBReANdit  will be understood by those skilled in the art that
the present invention nmay be practiced without these specific details. In
ot her i nst ancedIGwBli$ alaestipnataepresentatipn of anospectonimpactondancenwiticancui t s

have not been described in detail so as not to obscure the present
i nvent i on.embodiment of the present invention.

It will be appreciated that for simplicity and clarity of i.Ilustration,
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



. FIG 1 is a block diagramrepresentation of a conputing system10 in 3 WO
01/ 46814 PCT/ USOQ 31911 accordance with an enbodi nent of the present

invention.w(g)dmkglhng system 10 may be a variety of appar @Eﬁjﬁyg&m%lqcl udi ng
wi thout limtatiron, a portable conputing system a desktop conpuiing

system and the like. Conputing system 10 may include a conputing board 11
that is communicatively coupled to a nenory nezzanine 20. Menory Mezzani ne
20 may conprise storage nediunms that are accessed by a processor, and nay

be, for exanpl [ XRansi.o dule, .a nenory card, and the |ike,
al t hough t ﬁg&%@ﬂg‘* "Jﬁr%)’hémﬁf’gg’é?ﬂ‘ 4t 108 pressint inverlion] CamRiingGysiam e

exanpl es. (atﬁggut bn% board gl maY include a variety of integrated circuits,
such as a 2y, bga ariety pf apparatuses inciuding,withowt imitationna pertable hub ( MCH)
13. In this enbodinment, MCH 13 nmay be an 828400 processor, which is

avai | abl e £PEWUIIRG SYSteRt Foresktem computiag sgsterm andAheNREL 1Gompytingssune
responsibility for sending and receiving data between processor 12 and
nenory mezsystenel@maysincldeghcompetitig boatd 11 that sl edmimunieativelyi doublid on of
the scope of the present invention, MCH 13 may include a Ranbus ASI C Cel |

(RAC) 14, tuahnermory Mezzarinda0b MemoipavibzitaniS2Enisl dorhpiide SteFages as a
comuni cation controller. It should be understood that the scope of the

present i NyRIHiLres that a?@tacbééédﬂsAly hrecuEaet, M M4y R ol ddimplé, P! ement  t he

Ranbus conmuni cati on prot ocol ternative conmuhi cation

memory expansion module, a memory card, and the like, although the scope
of the present inventioﬁ 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. 1t 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



nodul es may be used to control the exchange of data signals between a |
processor and a storage nmedium such as a disk drive, nenory nodule, or 4
WO 01/ 4681vcREM64I600/ 31911 the |ike, that may or nmay not per/BswhuaiM
conpati ble. Menory nezzanine 20 may al so include a variety of integrated
circuits such as a nmenory repeater hub (MRH) 21 that may be coupled 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 may be

exchanged It likss thatanpy br naybastibé Rdmbos™nggrapatii@zzani ne 20. The process
and protocols for exchanging information are provided in the

af orement i oned Remiorg niddzaAive RARalHsd ABRAEB-a vdriet) B it Gicriangﬁsbe”e”Dr y

mezzani ne 20 includes a plurality of nmenory devices 25 at used by

processor Egch gssat,%ﬁ,ogﬁpébea@rtwwe@?tﬁ&qggy ?réfbgéleartgﬁé;ﬁ%. nvention is

not limted in this respect, ne Vi ces ; |1;]or|_ine I\/elrrg,rya
Ranb ' 0 Y, .1 n-

EIRER el el ol N L e R
v et o FORTNETREY BRI 1R 3o el m%mfxup@ormr; 2. in'this
odi , 1 ' dual -term nated transm ssion |line that may

et ude. onEX01eNeER S NEA EoMpues BrarH andseemeny merrarna . e 21 to

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

5



. exchange data. For exanple, as specified by the Ranbus standard, bus 15
may conprise nmultiple lines that communi cate signals such as data signals,

clock signalGoi4sarai ty signals, reset signals, handshaki ng gdagkabsiergnd t he
like. It should, however, be appreciated that the scope of the present

I nvention is 5 WO 01/46814 PCT/USOQ 31911 not |imted to transmtting
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

speci fi cat i ot linitedttbiteaneritiey Siials Slusniy tisay ah%tﬁ#ﬂ?&éﬂn‘;ﬁ?%ﬁﬁ?

resistors 18, one adjacent to each of conputing boa nory

mezzani ne 2(5 hag 8efRASt 15 Sdhal R5ed Sh@ Tyl 22 HRSY bL ANELRRY G Ne ends of

bus 15 to reduce the anount of reflectiont occurs
comuni cat i A bL&RYEeRRLASR, Si gnal s reach the either end of bus 15. The
resi stance value of resistors 18 nmay be deternmined by a variety of

paraneters such gs hmmedance of _bus .15, the clock rate at which data
i s broadcasted o eﬁ‘e‘gg@bgg',"q? e&’%ﬂ atm@%'"cg'ldregr@t@agftwpﬁés'é&r%1§i 8l s, and
the sensitiyj t%ngf RAgPS 14 and 22. Resistors 18 may have a resistance
val ue rangi‘?d(},;a iR 8R¢h Ok FARmPUIIRG beargh i apg memortmezzaning3d, t he resi st ance
val ue of resistors 18 is about 7-12% hi gher or |ower than the inpedance
val ue of byssnrestively. JResialers 38 #Ee Positiored Beanthe éndscofbus hptaledueeval ue of
about 50 Ohns and resistors 18 may have a resistance value of about 55
Chns. Howevbe amaunt of spfleation: thet peeurerwhen communication/transmission

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

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

15, 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

6



invention is not limted to the values recited above as bus 15 may have an
| npedance rangi ng from about 45 Chns to 55 Chns, or even, 45 Chns to 65
Ohis.  Fur t Weygiagsts enbodi nents of the present invention neyrOsodsed in
conputing systens where the inpedance of bus 15 is about 28 Chns, or has
an i npedance val ue rangi ng from about 25 ohns to 25 ohns. Conventi onal
Ranmbus specifications require that the inpedance of the 6 WO 01/46814

PCT/ US00/ 3191 | bus |ines be about 28 Chns, which as expl ai ned above, may

serve to | iptistineB®e g 28a0maNWhichastaipldihedBBBVY &Y 5648 tb Matit thBY be
coupled to the bus. However, the bus of this enbodinent of the present

| nvention g Peﬁé%%d%n-oh?éﬁhe%??d@@icé@ﬁ?ﬁ_riéﬁ%?%%@&to the! pugermbodi ment ,

for exanple, may be used to provide source us conmuni cati on

or ovi ous| Ry et o b aimehE of HepBUER ATED adBB T ook

previ ously possible.” For ‘exanp cl ock
signal at te | 250 ng i s |1 -suited to provide a
cl ock si gni?ésgts%g{ Q%f@grggﬁbﬁwﬁag’?ﬁ-oﬂ‘%%’U&g@t%‘tvxﬁi ef‘%’“ﬂ%@ "Rﬂlfzt?géfﬁﬁd even,
about 300 Q/Hz to,800 Mz, V}i;t h these clqck, speeds and data bus widths, it
may be posd? BrRVide Spures=gynehignpus cpgimyrication betwegp dweleyjces atgata i n excess
of 1 CGoytes/sec, for exanple. In the enbodinent illustrated in FIG 1,
RAC s 14 afatesdhatareqnueitasier thammay:haye: bran previoyslynessivie. Foever, it
shoul d al so be understood that in alternative enbodi ments of the present
i nvent i on, exampie, fussidisadaptagste 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



. connector(s) to couple conmputing board 11 and nenory nezzani ne 20. As

shown in FIG 2, a connector 51 may be used to couple conputing board 11 to
menory nez@yuiaee40. FIG 2 is also provided to illustratecexgsmhes of how
nmenory devices 25 may be coupled to menory nezzanine 20. As shown, a
connector 56 may be used to connect a nenory device 25 at a right angle to
menory nmezzanine 20, or a nenory device 25 may be directed nounted onto
menory nezzani ne 20. Likew se, a connector 57 nay be used to connect

menory devi 5; ' L i Al t hough not
7V0 b1/ 4685 EeT St Ags obRc it b RofE BBl ke RS A BE dRels” L onory

devi ces 25,{@}/ ' . I ng board.l11 using one of the
same or sim anrtg é%héﬁ'g&gég blggewdtl? g’%"&é@%?%'be Wﬁrcif %ﬁ?‘éﬁﬁcﬁﬂ'q%‘? FIG 3
s a secti i f, .connector 57 .which may be desirable in

appl i cat i og‘@gbﬁélcgﬁl'&%é tér%?m(."fyomﬁﬁ%%?ég e.g., portable conput erz_. As |

I ndi cated with ckets 70 and 71, ortion_(e.g., the portion indicate
by bracket 70) P—'E)C? J‘é%ﬂé@ﬂﬂ” Yl%ﬁﬁ@ﬁ%ﬁ&k% may de dasirebletine body of
connector 57 (e,g., the portion indicated by bracket 71). The magnitude of
angl e 100 Meplicatien tertdeave spalbforrmiactorereil. podiable: caragitessd Asr connect or
57 and mem)r(}/ devi ce 25. Connector 57 may be forned so that nenory device
25 is at aindieatgd aitbfbratkets 795antke gt eeportioh 4€igv,ehé pottion indichtetkbyf nenory
mezzani ne 20. Furthernore, angle 100 may range from about 30 degrees to 40
degrees.  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. Aithough 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

8



Connector 57 may include netal lines 60 and 61 that are used to o
comuni catively couple to menmory device 25. Although only two netal |ines
are shown iwo b1/468143, t he nunber of netal |ines should not pbe/_u@amﬁpldered a
limtation of the present invention as the nunber of netal Iines may

I ncrease, as desired, to provide comunication with nenory device 25. As
shown in FIG 3, nmetal line 61 is |onger than netal line 62 as a result of
the angle of connector 57. It has been discovered that slight variations
in the | engionneétopach of the netal traces may significantly inpact the
amount of reflections that occur when data is transmtted to or received

fr om memory devisoddih aWaiatio il Whdbdar@iyBaThabARCAIRHBITAAYE at whi ch

data may be transferred through a 8 WO 01/463814 e . tco_nnector.
Al t hough a havkd \ h’m&e : I'ﬂﬂl L_cant en data is
transmtt e&@{s%éod)mdbor e@??gf’ﬁgg )&gﬁggéﬁ]@]n' d?ﬁg%&%&ewww %chrre a
severe |imgi ' ransfer r -458 an econes
even nore sts?uk’g'%’. 'I'ﬁ@éﬁ?a%&fggg%%oﬁtr%r}ﬁqﬁrsraﬁﬁeggdgqs%%%@?%ﬁ tBSEW_B%S 8?)?‘ MHz. In
accordance w th.an:aspect of the present invention, one technique for
addr essi ng TH& W@M‘ER&@WW@"\ %% W rateranproaches &9 Mha. 6ln is to
increase the natural . parasitic capacitance value of the |onger Iine,
e.g., metal@cFPidanea withen asnash obihe presertrinvention, epedeshnique for
(i nduct ance/ capaci tance)-, the inpedance of a metal line is directly
pr opor t i on@ddressingethermisoiaiel in thie lehethl dfimoetahlides B0ammet Y ispodpaeasenal to
the capacitance of the |ine. :

the natural, parasitic capacitance value of the longer line, e.g., 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 including, without limitation, by adjusting the

physical shape of metal fine 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



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

additional length, nay be offset by a proportionately equal increase in the
capaci t anceyo/@lsggasof the sane |line. The capacitance of netpalrdshgrofal nay be
increased in a variety of ways including, without limtation, by adjusting

the physical shape of netal |ine 61, by adjusting the materials used to
formnetal line 61, by adjusting the property of the materials surrounding
netal line 61, or by adding a discrete capacitor to netal line 61. By

maki ng t he tpachings bithecrpmat taINR mraimismgfthér%&a?és;thde@p gjaﬁée‘v‘af than the
parasitic capacitance value of netal line 6 he 1 npedance of ‘netal |ine
61 may be reddgaliedmet hat the inpedance of netal |ine 61 may be
substantially equal to the inpedance of netal |ine 60. Thus, this

enbodi ment of t i J i to the 9 WD.01/46814
PCT/ USOQY 31911 ?@a(%{% %8?‘3#*‘%‘}?@“3?@# %33%5?’?&%/%9"% ﬁtﬁ?‘fﬁﬁgﬁs the parasitic
capaci tanc ctive lLine., The s eed ,at which data may be
transmtt eg’eggggé}ﬁa{? ?&ﬁ ?Lheé"Y ¥a"%‘5’&e'HdEWP Bﬂc?)QPYWQ?H lnes thak @r&tlﬁﬂﬁ' in
i npedance ?e ween, |Inﬁ é@ re used to transmt simlar data. This
becones nof® VPSRt SRRy datgs baeRraes margradia cancern as therdatedsansferup to
now, the problemin m smatched i n’Redance has not been a significant issue
because t r &3tetis dripashd. aUprtamnovs the preleny ingpismatcherbinpedance trasT@® Mz ar e
not significant enough to cause conputing systemto suffer fromthis
probl em HbO®ED & sigaificantiissue becHuse traditionah pteomatsfepmaesisf 66 MHz, 100

MHz, or 133 MHz are not significant enough to cause computing 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



of 800 MHz, the problem may becone nore significant with angled

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

i nventi on wmayoir@sane nore apparent. \Wile certain featuregcpiuséodmomnvention
have been illustrated and described herein, many nodifications,
substitutions, changes, and equivalents will now occur to those skilled in
the art. It is, therefore, to be wunderstood 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 PCTIUSOO 31911 Clains: 1. An
appar at us cel@mssing: a first integrated circuit conprising a Direct
RanmbusTM ASI C Cel | (Direct RAC); a second integrated circuit conprising a

Direct RAC and @ Aglabpiral .ansm ssion line, wherein the
dual -t er m nat ed trané%S ss"PEl mf'?‘ﬂse'ﬁ%ommni catively couples the Direct RAC

of first integrat |rc the Direct RAC of the second integrated
circuit. 2. The aaﬁﬁﬁpﬁ?gfé G'Equé{ﬁwflpf'sme? &lirect Ramhys™ ASIGGeH t{Birect

transmssion line includes a first resistor adjacent to the first
integrated RA€Luit and a second resistor adjacent to second integrated
circuit. 3. The apparatus of claim2, wherein the first resistor and the

second 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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. resistor have a resistance val ue ranging from approxi mtely 25 ohnms to 65
ohns. 4. The apparatus of claim 3, wherein the dual-term nated transm ssion
i ne has afddingglance val ue, and the resistance val ue of pheyksdsidiaresi stor
is about 7-12% hi gher than the inpedance value of the dual-term nated
transm ssion [ine. 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 claim1l, wherein the second integrated circuit
conprises a nenory repeater hub. 7. The apparatus of claim11, wherein the

pr Ovi de sour ce. Sy noR RaLauS of Slime S Inereh R e G da ngsd9R 1

provi de source-synchr comuni cati on

appar at us i r.ei h l,-t~erm nat ed transm ssion line is
adapt ed to(ﬁéfa?va% déen én%%gﬁgs}}ia S}nea f%#]g”é Sﬁ)a?rgnf"na mgsfgrsggesg@' Ka%2 9. The
apparatus of .claim 8l \/\qerei n heh dual -term nated transmssion line is
adapt ed t o "BYSRGE VRIUS YU PR $NME. 4 rate ranging from about 300 Mz to
800 MHz. 10. The apparatus of claim11, further conprising:

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 MRz.

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
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a nmezzani ne card having a connector and conprising the second integrated
circuit, wherein the connector is adapted to be conmunicatively 12 WO
01/ 46814 PO 1JB6£1431911 coupled to a third integrated ci pcousoosigiz The

apparatus of claim 10, wherein the connector includes a first netal line
and a second netal line, the second netal line being |Ionger than the first
netal |ine, and wherein the second netal line has a parasitic capacitance
val ue greater than a parasitic capacitance value of the first nmetal |ine.
12. The appaupleddod thirddntegizted wineuiei n i npedance of the first nmetal line is
substantially equal to inpedance of the second netal 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 fromabout 30

degrees to 40 dagr TRs apphdthy 6f £8inh 10, vhbfdin EHHEé toanngoutéggs%f atus of

claim 13, wherein the second portion is at an angle of a degr ees

relative t rein the
Lhi 1 1 nt eqnetgfline Bid ahficondinetsPlinel Aie 38884 Yne bethdlohidor B
commn Cat ity AL i, o GroFORRESh el RS é‘g%%‘}asﬁ’FJ /Usoo) 31911

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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. 16. An article conprising: a nenory nodul e including a connector that is
adapted to be coupled to a first integrated circuit; and wherein the
connector WaiAasdikr st line and a second line, the second pi&fgsoogoig | onger
than the first line, the second |ine having a capacitance value greater
than a capacitance value of the first |line, and wherein inpedance of the
second line is approximately equal to inpedance of the first line. 17. The
article of claim16, further conprising: a second integrated circuit; and
a transm ssion |line adapted to communicatively couple the first integrated
circuit and the second integrated circuit, wherein the transm ssion |I|ine

has an i npedanceggV : i rom about 25 ohns to 35 ohns. 18. The
article of clai %6'1§b%?tﬁ¢|€%§b%8%ﬂfi sing: a second integrated circuit; and

a dual-termnated fransm ssjaon |ine adapted to co ni catively couple the
first integrat eg 'E%’P?D‘ E"°§H 'Pﬁ'@dg‘gc%ﬁaﬁ??g%b&ﬁ @d%ﬂ‘%?q be goupladnet hod of
maki ng an article, conprising: providing a first integrated circuit having
a communi c&?@fzﬁtmgﬁggd cpeyhiddng a second integrated circuit have a

communi cati on nodul e; 14 WO 01/46814 and PCTI USO0/ 31911
wherein the connector has a first line and a second 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;
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formng a dual-term nated transmssion |line to couple the first integrated
circuit to the second integrated circuit. 20. The nethod of claim19,
further compoowsdésig provi ding a connector having a first pcomsewdola second
line, wherein the first line and the second |ine are comunicatively
coupled to the first integrated circuit, and wherein the second line is

| onger than the first line, has a capacitance value greater than a

capaci tance value of the first Iine, and inpedance of the second line is
approxi mat eind equal to i npedance of the first line. 21. A nethod of

communi cating between a first integrated circuit and a second integrated
circuit, conpri Firfiig ardl}él-ﬁ]rﬁﬂnéteé%Pén-shﬁéélwﬂﬁ&%%B&ﬁl?%éﬁir@” line

comuni catively coupling the first Integrated circu an he second

I nt egr at ed ;Gi b t Lt ata .sjignals across the

dual -term rll’g%aggﬁétdr glrr]@%ﬂsostflgﬁﬁE%é\iln@%rggéa?%fcgﬂ' n ‘excess of 1 Goytes/sec. 22.
The nmethod of claim21, wherein providing a dual-termnated transm ssion

| ine includes providing a dual-term nated transm ssion |ine having an

| npedance rangi rom about 45 Ohns to 55 OChns. 15
al 9 98 '{'he me‘?hodU 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 signals 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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