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TO A MEMORY. NMODULE BACKGROUND W thin sonme conputing systens, integrate
circuits (P Y468l ocessors and menory devices) may have a rREGAUSOB3INE er act
wi th each other, even though the integrated circuits may be physically

| ocated on different printed circuit boards. A technique to _
comuni catively couple integrated circuits that are on different boards
has been proposed by Ranbus, Inc. of Muntain View, CA. The "Direct RAC

Data Sheet," JdARRARAGUSIAND MBIBIGD¢OR a0l INGTO MEMORY MODUL
www. r mbus. conml devel oper | support _asic. html, describes how a Direct [l-;{anbusTM
ASIC Cell (D rect RAC) nodule may be used to control the transm ssion of
data between a processor and a nmenory nodul e. See also, "D rect Ranbus

A ock GenpekbmbhlYRD dation” version 1.0, July 1999, available at
http://ww. Tanbus. com The processor may include a RAC nodule that controls
communi cati on over a Ranbus Channel that nmay conprise a plurality of
lines. In the\WdhiBuspmemampiting spsteneadhtelgratedi cirduite Bagbpsoddsaprel has an
I npedance val ue of 28 Chns. The specification also provides for the use of

connect oasdtmesomeeticas) MRIYDRVEAHHER tb%@rf&]&i WIS @aFIH ot epé’ﬁ"ﬂfbu

o rgh
contai ning a processor. However, the currently avallable ¢tonnectors that
may be UgRdintOaS@s ety | o_t he Rapbus Chanpel .pl ace the
menory ol eg%t A rfr%wt@g%g?'%e BRGEERy Iatdif oRiRsien panted cifcutt

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 controf 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 availabie 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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Consequeq&éx}mgﬂg menory nodul es extend at a right angle fromthe printed
circuit board™Hat contains the processor. Although this c8REUSHIon may
be well suited to desktop applications, conventional inplenentations in
accordance wth the Ranbus specification are not well suited for
applications that have small formfactors, for exanple, portable conputing
applications. Mreover, the current Ranbus specification specifies-that

t he Ranbuelativentecthei charmehaCensaquenthd ane enerabremeidulss eBAB at Bight
specification may inpose a limtation on the nunber of nmenory nodul es or

repeat er_dngie fidmithainked eRudt Bdal PR e RRATRU ORI flue Lo fan-out

i ssues. Thus, there is a continuing nee r-wWays to comruni catively -
coupl e process [ dul es. BRI EF DESCRI PTI ON. OF THE DRAW NGS The
subj ect rmtteﬁ‘?@%’#}jﬁ%@‘f‘&@@%?éﬁﬂ&ﬁ WE%HF‘??&BI%SW%GPNC@&OBW and
distinctly clainmed in the concluding portion of the specification. The

i nvent i orfOTWEREORR! IMiRlemeiationsoingaecerdances witft thee Rambus specification,
together wth objects, features, and advantages thereof, may best be

under st ogate mpt well suitrd éortapplibetidms tiatibagedahall kth SRI6/5 RS Qnyhign read

with the acconmpanying drawings in which: FIG 1 is a block dia ram

repr esenipdzdle ebnutPPASBIIEALNS" Mork¥%FEE The current Rambus specification
specifies that the Rambus Channel is to have an impedance value of 28
Obms. 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.

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



2 11 JUN 2004 WO 01146814 PCT/ US00/ 31911 having a communi cati on bus 1IPJUN 2004
accordance with the present invention; FIG 2 is a sectional

represen $1#481df a nmenory nmezzanine and a printed circui POTGEH3IHL
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, elements illustrated in the figures have not

necessar hhyinges BofilRica8oa GlsSin afﬁrdmgﬁ C‘gig% @‘r?e%rﬁqﬂ%éﬂ%o‘c sone of

the el ements may be exaggerated relative t enen r clarity.
Furt her, wher onsLde . ropriate,. reference nunerals nmay be repeated
anong the fi gﬁrlgsﬂt%%% %%ﬁ'c?g'f% ’eF@SF?Q@BBH(ﬂ?W&W%éﬂ%ﬁ&%ﬂ%ﬁeﬁm s.

DETAI LED DESCRI PTION In the fol | owi ng detail ed description, nunerous

speci f i cPaates ¢iecuil Boagdt in aggardansge willlean enbadimeatobthenprasegh

under st andi ng of the invention. However, it wIll be understood by those

ski |l | ed inventienaandt hat the present invention may be practiced w thout
t hese specific details. In other instances, well-known nethods, procedures,

conponents anghi 8 64liat SodidyS fgg}l:r?%@ﬁ%tulgg %g %L%l%g‘?icngr iﬂ%c?:&deﬁ%e%ﬁﬁ %ﬁ] to

obscure the present invention. agram represe I on of

a comput LG A4SES"bfthe Present invention.

it will be appreciated that for simplicity and clarity of i.llustration,
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



3 1 1 JUN 2004 WO 01/46814 PCT/US00/31911 accordance with an enbodipﬁggNgmg
t he prese tion. Conputing system 10 may be a vari et
apparatusg&)h“ﬁgqudlng without limtation, a portable nﬂ%?ﬁ#@m§vglen1 a
desktop conputing system and the |ike. Cbnputing systen110 may i nclude a
conputing board 11 that is comunicatively coupled to a nenory nmezzani ne
20. Menory Mezzanine 20 may conprise storage nediuns that are accessed by
a processor, and may be, for exanple, a .nmenory expansion nodul e, a nenory

card, andactardbnke,with ehcergbotineersasinge ésérhleinpéﬁﬁ&'ﬂt hot
lim ted to these exanpl es. Corrputl ng boaﬁr?d 11 may i ncl Oudgﬁﬁmd\ggyétém

LSE??L?TZ‘F’O%%W@WW"?M B Attt Wil BriaypR L8 'eda%%sio?F?Dry

processor ﬁh IS a|I c{) %fromlntel Cor por at i on, Santa Clara, CA MCH
13 may aSE‘EmB” ngsgﬁ "31 Rid5P IR Corinyiing %ﬁlfmeéédﬁhﬁ@kaat@mpahl\men

processor 12 and menory nmezzanine 20. Although this is not intended to be

a |imtatsysienr 10 mayingledon compyting board v ahai rsrnomﬁdnk?atwa% couplédide a
Ranbus ASIC Cell (RAC) 14, such as a Direct RanbusTM Ranbus SIC Cell that

serves astosa eEMON) m@tzlzémnéqmrMérﬁé MbzedNS 90083 yrp ﬁt{s%oélogaté%gt the

scope of the present invention is not limted to conputing sys t hat
modul o may RE o 7 S i rhb et rarlt B ok eaP e R hoon o
‘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 embadiment, 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 shouid 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



processor and a storage. nedi um such as a di sk drive, nemory nodul e} brjUM 2004

WO 011468Wé chsgiyN 2004 PCT/ USO0/ 31911 the like, that may be
RanbUS T14 conpatible. Menory nmezzanine 20 may al so i ncl udggg"@%?@? of
integrated circuits such as a nenory repeater hub (MRH) 21 that may be
coupled to nmenory device(s) 25. As shown, IVIRH 21 may include a RAC 22
that is conmmunicatively coupled to RAC 14 so that data and instructions

may be tween conputi board -11 and nmenory nezzani ne 20. The
process Zerﬁ’%ngiég? @%@ﬁ?yfodrmﬁi@ﬁ’ghﬁ{%@“%ﬁm gempatibler e provided in the
af orenenti oned, Ranbus "Direct RAC Data Sheet." In this enbodi nent, nenory

mezzani ne 20 | MEMR¥INeZzanina R0tmayalsmiechide alQutisyofdhtdgraled @eufte used by

processor 12 to store data. Although the scope of ‘the present invention is
ey Ranoar Aoceet < REAIER 2 G R
ol (oMe(s£285e akd RRTD oy Wl LI o8, Ry nous-of ocked
e B OB e ey 1o o
i nclude one or nore signal lines that are used by MCH 13 and MRH 21 to

exchanged between computing board 11 and memory mezzanine 20. The

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 Iir.re 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 multipie 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



exchange data. For example, as specified by the Ranbus standard, busl 15UN 2004
may Cconpriyesoffiksid Pl € lines that comunicate signals such as_data siﬁnal S,
clock signals, parity signals, reset signals, handshaking STSHHF%D,BI% d the
like. It should, however, be appreciated that the scope of the present
invention is 5 1 1 JUN 2004 WO 01146814 PCT/ US00/ 31911 not limted to
transmtting signals of only this or any other type. Typically, bus 15 has
at least 10 signal lines and may have 32 lines as dictated by the Ranbus

speci f i caflSAMIEd Prransmibing rigmels blienly shisay amobthdedyps. TRoissily, bas
resistors 18, one adjacent to each of conputing board 11 and nenory

nezzani ne 130has atiepstlOvegyal IRk 5H0 nSaylBadd gzqﬁﬁjstéé)aﬁg\%tggq:[y fhae ends of
en

bus 15 to reduce the anpbunt of reflection that occurs

communi calRfAbhd %@%Eif&ﬂti%’ﬁ. signals reach the either end of bus 15. The
resi stance value of resistors 18 may be determned by a variety of

paraneters suc .t he i npedance of _bus 15, the clock rate at which data
i's broadcastedhl[)l\{itg‘fs Sﬂ?%,"eﬂﬂeb%ﬂétm%mcﬂm@t least twaaesistars Ji8goaks, and

the sensitivity of RAC s 14 and 22. Resistors 18 may have a resistance

val ue rangdi#gent theaphofxompuing B8amhht ahd rhémoph ezzanideapot he resi stance
val ue of resistors 18 is about 7-12% hi gher or |ower than the inpedance

val ue of tespethivelyn ResisBOd aRNbosiitfed RedRYhe BAYE &%U:S%g?%&éal ue of

about 50 OChns and resistors 18 may have a resistance value t 55

Chns.  HOWREEEmOURE of 8IS n 1St SL&REWhen 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
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 ochms.

Conventional Rambus specifications require that the impedance of the



invention is not limted to the values recited above as bus 15 may hrrtge U004
| npedance_ranging from about 45 Chns to 55 Chns, or even, 45 Chns to BJ
ohns.  FurtRé! ’grfﬂlg enbodi nents of the present invention nma§CHYSIEA!Y n
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 11
JUN 2004 PCT/ US00/ 31911 bus lines be about 28 Chns, which as expl ai ned
above, mabusdines beoabouti28 Oiens,dehizhrast explathedaabave, ndy S@fVRrty IREY tees t hat
may be coupled to the bus. However, the bus of this enbodl ment of the

present i gueVEteAnAdERaRART rﬁémobzaé@méé’@ﬁa%a 'B%Sc?odrdléﬂ ioa{H This

enbodi ment, for exanple, to provi de source- sync ous

conmuni cagyl t es at a rates that are rruch faster than
may have Eggﬁ‘}éfeﬁgg&éﬁt SPB‘@% %@%Pﬁ?$”tb’&‘ée"i@”@d%f§§§ﬁ%é tto

provide a clock sighal at_ a rate |n excess of 250 MHz, and is well-suited
to provi déast §P6’@K°§V'@§§I"fﬁ’ﬁat@ﬂsat Ehisaprmbagimentmfehexampla0enay-be tused00 Mz,
and even, about 300 MHz to 800 MHz. Wth these clock speeds and data bus

wi dths, ito pryyvidee spoce-dinehrondusnbemrbutiahfiors befdden a6 devicdils dataat a
rate in excess of 1 Gbyt es/sec, for exanple. In the enbodinent illustrated

0 FIG 1Bt ahd ich fsedr il e GOINBRARELSPHBLLBIE DEoPUS 15

However, it should a understo
example, bus 15 is adapted to provide a clock signal at a rate in excess of 250

MHz, and is well-suited to provide a clock signal at a rate rénging 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 iliustrated 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 angie 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

7



al ternative enbodi ments of the present invention, it is possible to gygejm 700
connectoréﬁ) 1}4831910um e conputing board 11 and nenory nezzani ne 20. As

shown in PPAY1, connector 51 may be used to coupl e conpEGTAFEEEY 11 to
menory nezzanine 20. FIG 2 is also provided to illustrate exanples of how
menory devices 25 may be coupled to nenory nezzani ne 20. As shown, a
connector 56 nay be used to connect a nenory device 25 at a right angle to
menory nezzani ne 20, or a nenory device 25 may be directed nounted onto

nmenory neshawnné abemiativev@mbodimertbneehesry deviges Bs Wsetmr&RPnect
menory device 25 at an angle relative to menory nezzani'ne 20. t hough not

y
| Ak Hhh : | | '
embodi ment & é%"m"iy de‘i@ﬁi%b§§”n§§qﬁ4e"*§ﬁ?‘éﬁ%fﬁﬁg%ﬁd%%ﬁéﬁ%ﬁfm boar d
embod S may b Ui
rozzani ne ot eRiRe S mBngy edfenfedbor connector 57, waich may be

desirable in ai)cgl i cations that have small formfactors, e.g., portable
conputers. As Fladd dagesealional viewe kbcenrettems? , Ahich may beatesjrabie in t he
portion indicated by bracket 70) of connector 57 is at an angle 100

rel ative applidationediiabha¢@sneslf rm REtdrs; 8.g., pdteae doniLitbRdi ggt ed by

bracket 71). The magnitude of angle 100 nay vary depending on the overall

hei ght ggﬁ??}c%?e%f#oh?%gﬁsgzo S0P, SBERIh (%) e pSrtion REIRSRILEy 57 MY be
bracket 70) of connector 57 is at an angle 100 reiative 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 fine 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 reflectiofs that occur

wien 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



angl e of about 25 degrees relative to the surface of memory nmezzani ne 120N 2004
Furtherm)wg, '1/4%9| e 100 may range from about 30 degrees to_40 degrees.
70 may i

Connect or nclude netal lines 60 and 61 that are us&8§T{U0R1911
comuni catively couple to nenory device 25. Al though only two netal |ines
are shown in FIG 3, the nunber of metal |ines should not be considered a
limtation of the present invention as the nunber of netal |ines may

i ncrease, as desired, to provide comunication with nenory device 25. As
shown in CEMECter. netal line 61 is longer than netal line 62 as a result of
t he angle of connector 57. It has been discovered that slight variations

the ang ) : _ rea L o h
in the |ength Aftheagh a wiridtion FehileddnReSRay Bl 1?;?%?%@?%%&%5%? the

anount of reflections that occur 'when data’ is ecei ved

fromme ' .S AL f LU | npact the maxi numrate at which
dat o mmy DA THeEEattin0 M of ods, e yalBion hiabedanbeoru dasame

PCT/ US00/ 31911 .copnector. . Al though a variation in inpedance nmay be

i nsi gni fiEY5e {iM ngff of foridala dransferdatas eH20044000vHzes ), bedtumeseiveni on i n
i npedance may becone a severe |limting factor for data transfer rates of

200- 400 NPgreasignifwaotrof agreblermasdheidna ratadiprobcie PBOD MY as|nt he dat a
rate approaches 800 MHz. In accordance with an aspect of the present

i nvent | OmccOREaNERCWIth Aiteadict o’i%é%’%éé%]ﬁ gﬁﬁﬁ%‘ﬁ@{&%‘gﬂé@ﬁp??o ength of

|
metal |ines 60 and 61 is to increase _ rcapaci t ance
value of Jfifelangshe hidfiatéh $ ’thg?énaglnhldfnn%et%hines 60 and 61 is to increase

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 iine
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 iine 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 fine 61. By making the parasitic
capacitance value of metal line 61 greater than the parasitic capacitance vaiue
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



As shown by the fornula, inpedance = (inductance/capacitance)-, the {1 JUN2004
i npedancevofri/assnetal line is directly proportional to the | of the
PRSI,

line and inversely proportional to the capacitance of the ef ore,
any increase in the inductance of netal line 61 due to its additional

| ength, may be offset by a proportionately equal increase in the

capaci tance value of the sane |line. The capacitance of netal |ine 61 may be

i ncr easedakfni i i ncluding, without limtation, by adjusting
t he phy;{?%gwﬁgﬁg}ggﬁ%%nﬁg’?ﬁ%ﬁ if‘?{eme'!m%'gg g natasiic capacitanericflanyused to

form net al Il{]e ?1, by adjusting the property of the materials surrounding
metal | i AONE¥ClYR NGy adding a discrete capacitor to netal line 61. By
maki ng the parasitic capacitance value of nmetal fine 61 greater than the

parasitic capddie speed ablvnich dhta®iz9! bd | i ce of metal line
61 may be reduced so that the inpegancéalg?rﬁ%te%&apgﬂ %%gg%%ﬁ@ be

subst ant idabkMdestul pAre ohhgny %i&a[m: tal _line 60. Thus, this

enmbodi ment flDof t he p?esen[ﬁfi]yn%ﬁ |onﬁ} @%ﬁ\g rDetweenines that ammsedos WO
01/ 46814 0/:31911 teachings of the art that call for mnimzing the
parasiti E&%@%@ﬂtéﬁﬁlgr %%n%'%gﬁ%@?ﬁxf@oﬂq pfea cDneespasdhadathirafisfdat a may
be transmtted over data lines is dependent in part on any variation in

i npedanctlBds WEBapeded)p krinow, dhe pedbletrmirt frasrmEtdhest iMpetfariddtits At S
becomes nore of a concern as the data transfer rate is increased. Up to

now, thebgenlal significant seae Cerdus BRSNS MRTa R4nsfer rates of 66 MHz, 100
MHz, or 133 MHz are not significant enough to cause comp;Jting 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 moedifications, 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 ail such

modifications and changes as fall within the true spirit of the invention.
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been a significant issue because traditional data transfer rates of 6@ g&?ﬂ“
100 MHz, or 133 MHz are not significant enough to cause conputing é& J

to suffer fromthis problem However, as data transfer rates approach
upwards of 800 MHz, the problem may becone nore significant with angl ed
connectors, and thus, the advantages of the enbodi nents of the present

I nvention may becone nore apparent. Wile certain features of the invention
have been illustrated and described herein, many nodifications,
substitutions, changes, and equivalents will now occur to those skilled in
t he art. WHatisclaidedrigf ore, to be wunderstood that the appended clains are

I ntended to cover all such nodifications and changes as fall wthin the

true spirit o&gﬂgﬁgﬁé@g%@g{l#% 11 JUN 2004 What is clained is: 1. An

apparatus conpri si egrated circuit conprising a Direct

D17 o0t | RAQAAHNH ISHEIA oS ORISR AL REBHHEE AR ol 6ot RO che”

second integrated circuit wherein the connector is adapted to be
comuni cat awedopddutegtabed dircuit coprising atliggebRAL; aodr cuit, wherein the

connector includes a first netal |line and a second netal line, the second
netal |ineakedzAghih@Baehatiign dofifisctdr dnd lconPfising tHeRcorigiephiesdedirtuithe second
netal line has a parasitic capacitance value greater than a parasitic

capaci t agfreint fle Wonflotdr 18 addpted to b¥RbHminidifiveldtupled to a third integrated

circuit, wherein the connector includes a first metal line and a second metal line, the
second metal line being longer than the first metal line, and wherein the second metal line
has a parasitic capacitance value greater than a parasitic capacitance value of the first
metal line; and

& 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.

11



a dual -termnated transm ssion |line, wherein the dual-term nated

transm ssion line communicatively couples the Direct RAC of first 11 JUN 2004
integrated circuit with the Direct RAC of the second integrated circuit.

2. The apparatus of claim1l, wherein the dual-term nated transm ssion |ine
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, wAeFles #pparatusofrcdainy D gyherein therinal-tremystedrirnspissiondine hasn o
resi stance val ue ranging from approximately 25 ohns to 65 ohns. 4. The
appar at uampddantevaiusof abloat 0 ohrhi)end tisd fitseresistoahaech tesiatanes sduoof doue has an
| npedance val ue, and the resistance value of the first resistor is about
7-12% hi ghgpmkhan the inpedance value of the dual-termnated transm ssion
line. 11 1 1 JUN 2004 5. The apparatus of claim3, wherein the

dual -t er m nat ransm. ssion .l ine.has an i dance val ue of about 50 ohns,
and he 11 ret O By enareveel Sim [ uiia B sepcl e il sSmAES s T
apparatus of claiml, wherein the second integrated circuit conprises a

menory r epomrerepseter hoh. The apparatus of claim 1, wherein the first
integrated circuit and the second integrated circuit are adapted to

provi de sour cq; B §ipacdted s ctEfiN Whepdih eHe et WRPThtedEdfitAnt Se se€ondThe
apparatus of claiml1l, wherein the dual-termnated transmssion line is
adapt ed e RbRY Heuifal MG ted iPNBVide Softcl-rfthidhobd ESfituftfcattor bdtiben
each other.
8. The apparatus of claim 1, wherein the dual-tcrﬁimted 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, wherein impedance of the first meta] line is
substantially equal to impedaﬁcc of the second metal line.
11. The apparatus of claim 11, 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.
12. The apparatus of claim 11, wherein the second portion is at an angle of about
25 degrees relative to the first portion.
13. The apparatus of claim 1, wherein the third integrated circuit comprises a
Rambus™ in-line memory module communicatively coupled to the connector.

14. An article comprising:
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9. The apparatus of claim8, wherein the dual-term nated transm ssion_line
is adapted to provide a clock signal at a rate ranging from about 3bd JiHZ004
to 800 MHz. 10. The apparatus of claim 1, wherein inpedance of the first
nmetal line is substantially equal to inpedance of the second netal Iine.

11. The apparatus of claim 11, wherein the connector has a first portion

and a second portion, the second portion being_ at an angle ranging from
about 30 degremeryumodile ingdudings conmeetot that is adapied fo hesqouplsdtto afirst12.  The
apparatus of claim 11, wherein the second portion is at an angle of about

25 degr e¢gegratedtcirégitimdt he first portion. 13. The apparatus of claiml,
wherein the third integrated circuit conprises a RanmbusTMin-line nmenory

modul e commtaa Sk GBHREG ik tidd W GABORRAIRL. thl decddl 1Rk bemToHRAT! | S1 NO:

12 1 1 JUN a nmenory ing a connector that 1s~adapted to be

coupled to a. fi.rst. integrated circuit; and wherein the connect.or has a
(rat | benihe e e he Srion ine FeviSer sinscitinge Bue deats kA CPRSEhe f 1 1 st
line, the second line having a capacitance value greater than a capacitance
val ue of vele off thesfirst iimes andwihergireimgiedanosof therseconst linetie approvimitély neual s
approximately equal to inpedance of the first line. 15. The article of

cl ai m 144 iipddante SQHNPKEISEINIAE: a second integrated circuit; and a

transm ssion |ine adapted to comunicatively couple the first integrated

circuit and  y5 The article of claim 14, 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 ohins.
16. The article of claim 14, further comprising;
a second integrated circuit; and
a dual-terminated transmission tine adapted to communicatively couple the first
integrated circuit and the second integrated circuit.
17. A method of making an article, comprising:
providing a first integrated circuit having a communication module;
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 value greater than a
capacitance value of the first line, and impedance of the second line is approximately
equal to impedance of the first line;

providing a second integrated circuit have a communication module; and

13



the second integrated circuit, wherein the transm ssion |ine has an

i npedance value ranging fromabout 25 ohns to 35 ohns. 16. The artiti dUb#004
claim14, further conprising: a second integrated circuit; and a

dual -term nated transm ssion |ine adapted to comuni catively coupl e the
first integrated circuit and the second integrated circuit. 17. A nethod
of making an article, conprising: providing a first integrated circuit

havi ng a cforming z deilderminsied écangymissionl lingtoscospletle first integratadcizeuit todhe | i ne
and a second line, wherein the first Iine and the second line are

comuni Cadechi@integzde@lcRehit.0 the first integrated circuit, and wherein the
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 approximately equal to inpedance of the first line; providing a
second integrated circuit have a comunication nodule; and 13 1 1 JUN 2004
formng a dual-termnated transm ssion line to couple the first integrated
circuit to the second integrated circuit. 14

14



