20 JAN 2004 1 MULTI - AGENT PSEUDO DI FFERENTI AL SI GNALI NG SCHEME FI ELD OF THE
| NVENTI ON The present invention is in the field of digital signaling,ign
conputer 5 systens. More particularly, the present invention is in ZﬁeMsza
field of reducing the affects of noise on digital signals in conputer
systens. BACKGROUND OF THE I NVENTION I n a conputer system transfers of

i nformati on between devices such as 40 processors, nenory controllers, and

i nput/out put units typically occur over a bus. Devices that transmt and
recei ve data over a bus usually can control the bus at certain tines.

These devices are called bus agents. Exanples of bus agents include
processors and nenory controllers. Information is usually transmtted

bet ween aget/AJBT[OGEA s 3 e 8 aERjger 15 as
representing digital ones or digl Vol tage T pel 0w a certain

| evel are interpreted as having a | ogic value of zero, and voltage |evels

over a cergah OF 9t (RREENTIGRNPreted as having a logic value of one. As
signal s trave roug € conputer system they pick up noise. Noise is

extraneous si gRalSres&RPR/Iehivel ¥ iArthl td L Qitbal signal
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NOi S& O&ydle@sNQUISPe PAPGERREN, thY pRedRdk ThGHfdn INIPHALER 6F Fédlidingi © Of
the system Types of "noise also |Rcl ude system noi se. Systemnois

i ncl udesthd Mfec@x dfRotse BAIELItRI GLARGISUR dMPuir@Yatemd.r om the environnent

t hrough which it passes. SyStem noise can be noise fromthe traces on a
printed circuit board (PCB), noise from coaxial cable,

BACKGRQUND QOF THE INVENTION

In a computer system, transfers of information between devices such as

10 processors, memory controllers, and input/output units typically occur over a
bus. Devices that transmit and receive data over a bus usually can control the
bus at certain times. These devices are called bus agents. Examples of bus
agents include processors and memory controllers. Information is usually
transmitted between agents as voltage levels that are interpreted at a receiver

15  as representing digital ones or digital zeros. Voltage levels below a certain
level are interpreted as having a logic value of zero, and voltage levels over a
certain level are interpreted as having a logic value of one. As signals travel
through the computer system, they pick up noise. Noise is extraneous signals
capacitively or inductively coupled to a digital signal line from inside or

20  outside the system. Types of noise include core noise, or die noise generated
by a particular integrated circuit die of the system. Types of noise also include
system noise. System noise includes, for example, noise picked up by a signal
from the environment through which it passes. System noise can be noise
from the traces on a printed circuit board (PCB), noise from coaxial cable,

25 noise from ribbon cable, or noise from any other electrical signal carrying
medium.

In general, digital systems tolerate noise well because as long as a signal



25 noise fromribbon cable, or noise fromany other electrical signal
carrying nedium In general, digital systens tolerate noise well beﬁ%use

as long as a signal 28 JAN 200& 2 is interpreted correctly as high JAN 2004

(indicating a one) or low (indicating a zero), no transm ssion errors
occur. Wen noi se becones excessive, however, signals may go outside the
noi se margin. The noise margin is defit@ed in terns of a high noise margin,
affecting signals that should be interpreted as logic one, 5 and a | ow

noi se margin, affecting signals that should be interpreted as logic zero.
The high noise margin is defined as the difference between a m ni num

out put voltage that will be avail able at a gate output when the output is

supposed 153&}@?@&@%&%{1@ asarnghekumlea Qﬁre?dmaw(g.\{&icsaﬂ 49@1103%' be

unanbi guou ecogni ze gate as torresponding to a Pogic

10 | ow nq&%zﬁagwnﬂeﬂrérgsﬁge fedvirer ReiddifdBhonCaRstiveoRodeBX mumgat e

I nput vol tage whi ch unanbi guousl y recogni zed by the dat® as

corresponghpgo $Qtsidd B Rofs@far ng']ﬂd n\enﬁefﬂswmeg%n@aeﬁh@@tm%hhs% a
avail abl e a a gat e out put the output is supposed to be logic zero.

Sone si griakhbisehie ﬁntlﬁf&tihgsﬁ AL tﬁéttsmtﬁeefnté bRiHBad Ri@c%e 15 steps
to reduce The effects of nois or exanple, in a system using standard

conpl nenirdd ¥ 16Wt @dis@¥hatgin ciffadinglsitasls thMEhoulamonesripyeRiddas gpigar d
si ngl e-ended switching, signals are Sent and received with any nol se they

may have Feirekeftheuhigh hoise masgibEld defizledt dwetheod fferemdegbetwitdn a hrirgraah

enough so that a rece|V|ng conponent can extract information fromthe
output voltage that will be available at a gate output when the output is
supposed to be a logic one, and a minimum gate input voltage that will be
unambiguously recognized by the gate as corresponding to a logic one. The

10 low noise margin is defined as the difference between a maximum gate input

voltage which will be unambiguously recognized by the gate as corresponding
to a logic zero, and a maximum voltage that will be available at a gate output
when the output is supposed to be logic zero.

Some signaling methods used by prior art computer systems take no

15  steps to reduce the effects of noise. For example, in a system using standard
complimentary metal oxide semiconductor (CMOS) components and
standard single-ended switching, signals are sent and received with any noise
they may have picked up. It is assumed that the noise margin will be great
enough so that a receiving component can extract information from the

20 signal without errors.

In some systems, for example in CMOS systems, it is often difficult to
determine at what voltage a receiving circuit will switch logic values between
one and zero. One reason the switching voltage may vary is that process
variations exist between components. To control the voltage at which a

25 receiver component will switch, some manufacturers transmit a reference

voltage (Vref) signal to a differential receiver along with the information



20 signal without errors. In sone systens, for exanple in CMOS systens, it
is often difficult to determne at what voltage a receiving circuit vq'l 0
switch | ogic values between one and zero. One reason the sw tching \;o {éﬂgzeu
may vary is that process variations exist between conponents. To control
the voltage at which a 25 receiver conponent will swtch, sonme

manuf acturers transnit a reference voliage (Vref) signal to a differential
receiver along with the information 28 JAN 2004 3 signal. The Vref |evel
determ nes at what voltage the receiver will switch. Figure 1 is a block

di agram of prior art system 100 whi ch uses such a Vref signaling schene.
Referring to Figure 1, a single reference voltage is established using a b5

resi stor sigwildeThd Vest Flvel Heldignidid alWﬁatf\F&@ag@{H@&%eergfll ;&Qtf Any

vol tage source may be used to establish Vref.” Vref signal [Ine 8 carries

the Vref Figugnhlis a Bésagldghgntappeiot @bt shbferh08twhRe BRsucRfa Vi&l
generation. Decoupling cdpacitors 102, 104 and 106 are each at a pin of a

syst em ageégnalirfy stleem200 i ncl udes agents 101(1), 101(2), through 101(n).
Each of 10 agents 101(1), 101(2), through 101(n) receive a Vref signal on
Vref signal |iRederrini@to Syguren, LD6ingls ceferepicy destapaiioestblioRe§ By al | NeS
120(1), 120(2), through 120(n). Each of information signal |ines 120(1),
120( 2p, tresiotaghdivRigr(resistors A0@fankdl Y10) drdrad cingetseurta 23®d Arffoooﬁxqeml e
with termnating resistors 112 and 114 Each of agents 101(1), 101(2),
t hr ough BOu¢es) may ke didd ¢o establishr\éeéi Waef dignhhhhe @8 eardes Hat Wréthe Vref
signal over unrouted Vref signal line 118 and the
signal. Decoupling capacitor 116 is at the point of Vref generation.
Decoupling capacitors 102, 104 and 106 are each at a pin of a system agent.
Systemn 100 includes agents 101(1), 101(2), through 101(n). Each of
10 agents 101(1), 101(2), through 101(n} receive a Vref signal on Vref signal line
118. System 100 also includes information signal lines 120(1), 120(2), through
120(n). Each of information signal lines 120(1), 120(2), through 120(n) is
carefully routed and terminated, for example with terminating resistors 112
and 114. Each of agents 101(1), 101(2), through 101(n) is a differential receiver
15 that receives both the Vref signal over unrouted Vref signal line 118 and the
information signals over routed information signal lines 120. No attempt is
made to match the routing of Vref signal line 118 to the routing of any of
information signal lines 120(1), 120(2), through 120(n). Therefore, any noise
present on information signal lines 120(1), 120(2), through 120(n} is not likely
20  to match noise on Vref signal line 118. These disparities in noise may cause a
differential receiver to incorrectly interpret information signals.
This reference voltage signaling scheme was adequate in prior systems
that operated at relatively low frequencies and with relatively high noise
margins. Prior schemes are inadequate, however, in current, higher

25 performance computer systems that operate at higher frequencies with lower

noise margins. The lower signal settling times associated with higher



I nformati on signals over routed information signal lines 120. No attenpt is
made to match the routing of Vref signal Iine 118 to the routing of ?@UNW2W4
i nformation signal lines 120(1), 120(2), through 120(n). Therefore, any

noi se present on information signal lines 120(1), 120(2), through 120(n)

Is not likely 20 to match noise on Vref signal line 118. These disparities

I n noise nmay cause a differential recédi-ver to incorrectly interpret
information signals. This reference voltage signaling schenme was adequate

in prior systens that operated at relatively |ow frequencies and with
relatively high noise margins. Prior schenes are inadequate, however, in
current, higher 25 performance conputer systens that operate at higher

f r equencireguentyh opergion sernetin®drdh ndt allbe & ekial 3b @aale &LhlbVSIg ti Mes
associated with higher 2 8 JAN 2004 -4 frequency operation soneti mes do not

al | ow a siigtialthedosettrogsd margirebeforewirt ditempbés bk toriteeprearge n before
an attenpt is nade to interpret the signal. Another prior art signaling
schene, kigmah as differential signaling, 5 uses two lines for each
informati on signal. According to this nmethod, for each signal sent on a
line, a conpl metheopriohearssgmalingssaente, kmoavie as rdiffpoardial ighaléng,Bot h t he
signal and the conplinent of the signal are sent to a differential
r eceiver us&hvo dines rfgr ech heformationnegnehlr Aycorging) ¢o shignaletlard, forhe
conplinent of the signal should be matched so that if noise is injected 10
ont o oneeatlysignal semsoraatlired, laycarhpliswand afshe sigradus demieonm ect ed onto the
conplinment of the signal. Wen the routing of lines is matched,
corresponding line. Both the signal and the compliment of the signal are sent
to a differential receiver. The routing of the two lines carrying the signal and
the compliment of the signal should be matched so that if noise is injected
10 onto one signal, substantially the same noise should be injected onto the
compliment of the signal. When the routing of lines is matched,
characteristics such as length, impedance, velocity factor, and coupling of
lines are made to be substantially the same. Matching the routing of lines
may or may not involve routing lines in physical proximity to one another.
15 Physical proximity is not important if the characteristics listed above are
substantially the same between the lines whose routings are to be matched.
The differential receiver processes both signals received such that it
perceives the difference between the signals, which should be substantially
the same if both include very similar noise components. This signaling
20 scheme has advantages over the previously described single-ended switching
schemes. For example, even if noise levels are very high, noise on the
complimentary signals should be effectively cancelled out by the receiver, so
there is less danger of exceeding the noise margin.
True differential signaling schemes, in which each information signal

25 line is paired with a complimentary signal line, have serious disadvantages.

Most significantly, twice the physical area is used as compared to single-ended



characteristics such as length, inpedance, velocity factor, and coupling of
lines are made to be substantially the same. Matching the routing of ,l,i %
‘may or may not involve routing lines in physical proxinmity to one angﬁh@&.ﬂm
15 Physical proximty is not inportant if the characteristics |listed above
are substantially the sane between the |ines whose routings are to be

mat ched. The differential receiver pré®cesses both signals received such
that it perceives the difference between the signals, which should be
substantially the same if both include very simlar noise conponents. This
signaling 20 schene has advantages over the previously described

singl e-ended switching schenes. For exanple, even if noise |levels are very
hi gh, newitehiog bérause omel eferehes Vostiagélagg&\as hiowl i requittdiaotberinte@angel | ed
out by the receiver, so there is |ess danger of exceeding the noise

mar gi n. edohuinfdithbhdoamigrd] ldngnh iadgiSohepiscourt istihcleased becahisy sREI ON
signal 25 1line is paired with a conplinentary signal |ine, have serious

di sadvardferpese volege sgnal pircanteqyirddvareedcheinfdysation sigred pia. used as
conpared to single-ended 28JAN2004 -5 swi tchi ng because one reference
voltage signal line is required to be routed for each information signa
line. In addition, pin count is increased because one reference voltage
signal pin is required for each information signal pin. 2 0 JAN 2004 6
SUMVARY OF THE I NVENTION A circuit for reducing the effect of noise on
signals is described. The :



circuit includes a plurality of information signal |ines having a
substantially matched routing, and a reference voltage |ine having ?
‘routing substantially 5 nmatched to the routing of the plurality of B JAN 2004

information signal lines. The circuit further includes a transmtting agent
coupled to the plurality of information signal lines and to the reference
vol tage signal line, including a noisg coupling circuit for coupling noise

fromthe transmtting agent to the reference voltage line. 2 8 JAN 2004 7
BRI EF DESCRI PTI ON OF THE DRAW NGS Figure 1 is a diagramof a prior art
signaling schene. Figure 2 is a diagram of one enbodi nent of a signaling
schene. Figure 3a is a generalized diagram of voltage sources. 5 Figure 3b

is a di Wage sources. Figure 3c is a diagramone
enbodi - ure 4a is a diagram one enbodi nent of a
schers. i guf SR for s Eime e HB A B R Sisrak S asFTiaed o Mshens. 10
ngent s. Sf BT G o et e i B G B S BRARY ar oups.
ai aqr am BriBsd B8 Ml 2 SPRFIREA I iRk ARG Voura ieedmually ¢

di aggam i Qg tgr%%dljormmg 8F tRe gmﬁli?)? ok information signal lines. The

circuit further includes a transmitting agent coupled to the plurality of

information signal lines and to the reference voltage signal line, including a
noise coupling circuit for coupling noise from the transmitting agent to the

reference voltage line.



Figure 8b is a diagramof one enbodinent of a data cell. Figure 8c is a

di agram of one enbodi nent of a data cell. Figure 8d is a diagram of?@naN 7004
enbodi nent of a data cell. 2 8 JAN 2004 8 DETAI LED DESCRI PTI ON A

pseudo-di fferential signaling schene is described. In one enbodinent of

t he signaling scheme, the routing of one reference voltage (Vref) line, is
mat ched to the routing of a certain nufber of information 5 signal |ines
over a transm ssion medi um between system agents. Agents of the system may
be integrated circuits that can each be configured as a driver only, as a
receiver only, or as both a driver and a receiver. Agents may be
integrated circuits such as processors and nenory controllers. Agents nmay
al so be transBRIFEDESTRIPEIDN OF THENBRAWIN onents that transmt 10
signal s between different electrical protocols. Typically, when an agent is
confi gured asFigulei Vira didpgrasgenh préss a:r@@tga-gllingcgchgm%ystem bus. Wen
configured as a driver, a noise coupling circurt wwthin the agent couples
di e noi se froFigure 2 ix 2giiagmdh o oriei émbbd inhentagentiganliagtdtBemd ef si gnal
line. The driving agent transmts both an information signal 15 with die
noi se, and a Vigfresiaisal generalided diagraen obveltagmtohedsr outes through a
transm ssion nediumto a receiving agent. The receiving agent receives the
i nf oramat i on sFignre 3nis 2 déagtaed osegmbodiBuirtt affvdltagersaeetased si gnal s
include substantially simlar die noise conponents and system noi se
conponents. AFigumeoit woddiagrpecene emimdiventof Modtage seuviasgy agent

Figure 4a is a diagram one embodiment of a termination scheme.

Figure 4b is a diagram one embodiment of a termination scheme.

Figure 4c is a diagram one embodiment of a termination scheme.
10 Figure 5 is a diagram of one embodiment of signal groups and

connected agents.

Figure 6 is a diagram showing matched routing among signal groups.

Figure 7a is a diagram of one embodiment of an agent.

Figure 7b is a diagram of one embodiment of circuitry of an agent.
15 Figure 8a is a diagram of one embodiment of a data cell.

Figure 8b is a diagram of one embodiment of a data cell.

Figure 8¢ is a diagram of one embodiment of a data cell.

Figure 8d is a diagram of one embodiment of a data cell.



20 rejects substantially all of the coupled noise and extracts the
information signal. Figure 2 is a block diagram of a pseudo-di fferez\BiﬂN 2004
signaling schene according to one enbodi nent of the present invention.
System 200 is a part of a conputer systemincluding nmultiple agents 202.
Agents 202 may be 25 various system conponents that each transmt and/or
receive signals from another agent, sdch as a M cr opr ocessor or nenory
controller. In Figure 2, 28 JAN 2004 9 agents 202(1), 202(2), through
202(n) are shown. The exact nunber of agents 202 is not significant to the
I nvention. Each agent 202 is coupled to a group of information signal

| ines 204, which includes information signal |ines 204(1), 204(2), through
204(n). REdAILEPHDEXKRIPIEONI so coupl ed to a reference voltage 5 (Vref)
line 206. Information signal |lines 204 and Vref line 206, in this

enbodi ment, af\epjrmdo-differentinbsigorlingschemipus desaribed dnfowd nent, there

are sixteen (16) information signal |lines 204 for one Vref signal |ine 206.
As descfMbedimantef heisignalingesdhome ahermautigpapenefreferéncarabltage si gnal

| i nes; cti) with different nunbers of individual signal |ines nmay each be
associ at é\g"e bligtis MAkhedeto Hiegrruting pé 2 @stainaiumbeupf informatmmat i on

sign lines and their associated Vref |ines may be received by a single
agent® 2098NFhENEHAVENY tARNERISHONNINGCiRD brtwaegnwistemmagentts.siAgeaits of ne gr oup
204 is t ched. Thatb i.,s, for each _information signal_ |ine 204(1) through
204(n), PESYSIERJRAY berplaganted avaibcihay capereh begvafiguapt s @ drikermde to

be substantially 15 the pane. hiﬁ causes sa/stem noi se pi cked ug by signals
on i nf or YR 83 @ receilver only, or as both a driver and a receiver. Agents may be

integrated circuits such as processors and memory controllers. Agents may

also be transceiver components or translator components that transmit
10 signals between different electrical protocols.

Typically, when an agent is configured as a driver, the agent has control
of a system bus. When configured as a driver, a noise coupling circuit within
the agent couples die noise from the integrated circuit of the agent onto the
Vref signal line. The driving agent transmits both an information signal

15 with die noise, and a Vref signal with die noise, over matched routes through
a transmission medium to a receiving agent. The receiving agent receives
the information signal and the Vref signal. Both of the received signals
include substantially similar die noise components and system noise
components. A common mode rejection device on the receiving agent

20  rejects substantially all of the coupled noise and extracts the information
signal.

Figure 2 is a block diagram of a pseudo-differential signaling scheme
according to one embodiment of the present invention. System 200 is a part
of a computer system including multiple agents 202. Agents 202 may be

25 various system components that each transmit and/or receive signals from

another agent, such as a microprocessor or memory controller. In Figure 2,



signal lines 204 to be substantially the sane at a receiving agent. The
.routing of Vref line 206 is matched to the routing of information S%?nﬁINZU[M
| i nes 204. Therefore, Vref line 206 will have a system noi se conpone

that is substantially simlar to the system noi se conponent on each of 20
information signal |ines 204. In this enbodi nent, each of information
signal lines 204 is termnated at eath -end usi ng a term nation device such
as resistor 208. A particular Vref is established by the resistor divider
conprised of resistors 210 and 212, whose - equi val ent inpedance match that
of resistor 208. 25 Vref may be generated in various ways from various
sources. Figure 3a is a diagramof a generalized Vref signal |ine 308 and
gener al agetsi2OR6Vna02(@) throdgiN20D@d are SRovirgnahe kka@ rRlfiber Of Ak On

devi ces 302 and 304 may be any active or passive termnation devices that
provi de2@Z éepobbigaificaredartbe iavehtian.t Bgeh hgewt 20X isrcoupdedrito at grompodf
respective signals. Figure 3b is a diagramof one enbodi mrent of a Vref

sour ce. Irformadiomasigoal giingﬁdlf}’ll imhact inxliudes enfoirmettizn $ignelidines @1Epr 314 in
vol tage_ _source 320. Voltage source 320 is a constant voltage |evel

appr opr P&4@).ftbrougle 2041)egrnte 262 tare eath plsotaseigplled For refexapteyoitagone
enbodi ment, Gunning _transceiver logic ("GIL") is used and voltage source
320 BuppYredk linex20pp| knformytien signpldingsi 44 and Viref line R0Gatrethishr ough
resistor 316 . in voltage source 318. 10 Vol tage source 318 is also a

const anf NGB FRpePaThh\A ERIBPHLET -SSR Rite el g embodimest, Brers/r ef

stanal | [ NGixisen B8 inforaiation Signal ARG 2b4 B&r 338 vl Sighal 1i32%06. As
~ described in more detail below, several groups of information signal lines,
each with different numbers of individual signal lines may each be associated
10 with one Vref signal line. Several groups of information signal lines and
their associated Vref lines may be received by a single agent 202.

The routing of each information signal line of signal line group 204 is
matched. That is, for each information signal line 204(1) through 204(n), the
length, impedance, velocity factor, and coupling are made to be substantially

15 the same. This causes system noise picked up by signals on information
signal lines 204 to be substantially the same at a receiving agent.

The routing of Vref line 206 is matched to the routing of information
signal lines 204. Therefore, Vref line 206 will have a system noise component
that is substantially similar to the system noise component on each of

20 information signal lines 204.

In this embodiment, each of information signal lines 204 is terminated
at each end using a termination device such as resistor 208. A particular Vref
is established by the resistor divider comprised of resistors 210 and 212, whose
equivalent impedance match that of resistor 208.

25 Vref may be generated in various ways from various sources. Figure 3a

is a diagram of a generalized Vref signal line 308 and generalized information



supplied by voltage source 318 is also appropriate to the electr.i cal
prot-ocol wused. In the case of the enbodi nent using GIL, voltage sourzrcg é’«lﬁm
supplies 1.0 volt. 15 Figure 3c is a diagramof an alternate. enbodi 711

of a Vref source. In this enbodinment, information signal line 322 is
connected to source voltage 330 through resistor 326 in the sane manner as
in Figure 3b. Vref, in this enbodi nenty -is al so generated by voltage

source 330 as regulated by the resistor divider of resistors 327 and 328.
Resi stors 327 and 328 are sized such 20 that they are the Thevenin

equi val ent of resistor 326. This enbodi nent generates Vref w thout the
necessity of an additional power supply. Figures 4a, 4b, and 4c are

di agr ansigrtaldine3tat &eemiradioredegiced 302 andridi PRAYSSNERP Sctifé Bﬂgﬂsﬂﬁes hows
an enbodi ment in which signal Iine 401 is coupled to agents 402(1) through
402(n) dadniration deviresdhat pedvideraceeptabRbimpedagte srdiveileRe 1408(safeg 410.
Signal line 401 may be an information signal Iline or a Vref signal line. 2
8 JAN l0esmpainre olisesprntiveasigoalsodi nent in which signal line 403 is
coupled to agents_404( Q t hrough 404(n) and is termnated at only one end
through resilsgure b 3s apliggram4d asteosmsbadimendf adfef soumdei ch si gnal |ine
405 is coupled to .5 aqents 406(1) through 406(n) and is termnated at a
poi nP bdniRranation sigmtine 3k is terminatedetirough wsstorduireyoltagehr ough 4c
show sonme posgsj bl ystem topologies in which the present invention can be
used. OSREFC& g%ﬁbl g’@ifég,e souEse 330 Por cendant voltagefevel appropriate for the

relevant electrical protocol. For example, in one embodiment, Gunning
transceiver logic ("GTL") is used and voltage source 320 supplies 1.5 volts.
Vref signal line 312 is terminated through resistor 316 in voltage source 318.
10 Voltage source 318 is also a constant voltage level provided as a reference to a
receiver of Vref signal line 312 and information signal line 310. The voltage
supplied by voltage source 318 is also appropriate to the electrical protocol
used. In the case of the embodiment using GTL, voltage source 318 supplies
1.0 volt.
15 Figure 3¢ is a diagram of an alternate embodiment of a Vref source. In
this embodiment, information signal line 322 is connected to source voltage
330 through resistor 326 in the same manner as in Figure 3b. Vref, in this
embodiment, is also generated by voltage source 330 as regulated by the
resistor divider of resistors 327 and 328. Resistors 327 and 328 are sized such
20  that they are the Thevenin equivalent of resistor 326. This embodiment
generates Vref without the necessity of an additional power supply.
Figures 4a, 4b, and 4c are diagrams of alternate embodiments of
termination schemes. Figure 4a shows an embodiment in which signal line
401 is coupled to agents 402(1) through 402(n) and is terminated at either end
25 through resistors 408 and 410. Signal line 401 may be an information signal

line or a Vref signal line.



t opol ogi es could be used as effectively. 10 Figure 5 is a diagramof system
500 showi ng a configuration of signal groups and agents according t?ﬂgﬂg?%£
enbodi ment. System 500 i ncludes agents 502, 504, 514, 506, 508, 510¢

512. Each of the agents in system 500 may be one of various conputer
system conponents that receive and/or transmt signals to other agents,
such as mcroprocessors, nenory controllers, 15 transceivers or

transl ators. O her enbodi ments could have different nunbers of agents than
shown in system 500. System 500 includes four information signal |ine
groups. Goup 514 is coupled to agents 502, 504, and 506. G oup 516 is
coupled to agents 502, 504, and 506. Group 518 is coupled to agents 502,
204, 506, andkiphfe 46Ul S20 ehPolntMbhlhiR SRR o863 i908upflT, and

512. The routings of all information signal lTires within an'i rmation
signal ldgeatga04(R) @ UpM SOAH) aRaCH teirhiRte@ bt Bl bABnd tHisughoup T8y,
transmt or receive information signals over a different eleCtrical signal
carryi ngesgeeirgm2,. Exanpl es of various nedia include traces of a PCB, ribbon
cable, or coaxial cable. Each information 25 signal line group is

associ at ed wiRiuengc ¥heivssagealbddifRneiesehicRUignd life 40RiChEblea thhe
routing of the associated information signal |inhe group. 2 0 JAN 2004 - 12
EachSof agehes 4@6(1pthroughadls(hnendriotarminited atld pobitthetdrdniid Agdntscont ain

t he same nunber of information signal lines or each may contain  differing
nunber s 46 thndoghwesistorsilgnal |ines. |In one enbodi ment, for exanple,
I nformation signal |line groups 514 and 516 each contain sixteen

Figures 4a through 4c show some possible system topologies in which
the present invention can be used. Other topologies, such as for example, star
topologies could be used as effectively.

10 Figure 5 is a diagram of system 500 showing a configuration of signal
groups and agents according to one embodiment. System 500 includes agents
502, 504, 514, 506, 508, 510, and 512. Each of the agents in system 500 may be
one of various computer system components that receive and/or transmit
signals to other agents, such as microprocessors, memory controllers,

15  transceivers or translators. Other embodiments could have different
numbers of agents than shown in system 500.

System 500 includes four information signal line groups. Group 514 is
coupled to agents 502, 504, and 506. Group 516 is coupled to agents 502, 504,
and 506. Group 518 is coupled to agents 502, 504, 506, and 510. Group 520 is

20 coupled to agents 506, 508, 510, and 512. The routings of all information
signal lines within an information signal line group are matched. Each
information signal line group may transmit or receive information signals
over a different electrical signal carrying medium. Examples of various
media include traces of a PCB, ribbon cable, or coaxial cable. Each information

25  signal line group is associated with one Vref signal line whose routing is

matched to the routing of the associated information signal line group.



5 information signal lines, formng a 32-bit bus. Information signal |ine
group 518 fornms a narrower control bus. Design-specific tradeoffs ar
78 AN 20

i nvol ved in deciding how many information signal |ines should consti
group. If nore information signal lines are included for each group, it
eventual |y becones inpossible to 10 duplicate the routing of all the

I nformation signal lines so as to gain1¥he benefit of conmmobn system noi se.
On the other hand, less signhal pins are required when nore information
signal lines grouped and matched to a single Vref Iine 206. An exact
nunber of information signal |ines can be decided upon in design-specific

I nstances as needed. 15 Each agent of system 500 may have different

capabi l i ti es Eachidisfirinaion sigeel ite gadaps 501, F6A6D8,LancdB82OMBHA2 S a
read-only agent, agents coupled to information signal |ine group 518 are

wr i t e- onkgn@agrenthe saaraintiveberetainid npatiogsigral dirtesr @adadinehay coRtagrpabl e. In
this enbodi nent, control of information signal |ine groups is independent.
For exangiféeringentmbéfs cfamfafmationl dignalotissésy I bhe emmbodinmefhprfont i on si gnal
line groups 514 and 516 and read using information signal |ine group 520
whi | e i nexampig, anfaringatadn kigre! ligreogne upbS lidsanchad6 ieaeh Bngrinesistees a di agr am
showi ng one enbodi nent of two agents and two signal line groups. Agents
802 and 8ivgrmasiosysigam hpentformsngmedd-bitdtus. 2Bifaemetiohezignsi nelgrbupe
groups 804 and 806 are each cougled to agents 802 and 814. Signal line
group 8021§ fRImslesnarewar cPntrebbugo4(1) through 801(n). In this 28 JAN 2004
- 13
Design-specific tradeoffs are involved in deciding how many
information signal lines should constitute a group. If more information
signal lines are included for each group, it eventually becomes impossible to
10  duplicate the routing of all the information signal lines so as to gain the
benefit of common system noise. On the other hand, less signal pins are
required when more information signal lines grouped and matched to a
single Vref line 206. An exact number of information signal lines can be
decided upon in design-specific instances as needed.
15 Each agent of system 500 may have different capabilities to transmit or
receive data. For example, agent 512 is a read-only agent, agents coupled to
information signal line group 518 are write-only agents, and the remaining
agents are read and write capable. In this embodiment, control of
information signal line groups is independent. For example, agent 506 can
20 simultaneously write using information signal line groups 514 and 516 and
read using information signal line group 520 while information signal line
group 518 is inactive.
Figure 6 is a diagram showing one embodiment of two agents and two
signal line groups. Agents 802 and 814 are system agents as previously

25 described. Signal line groups 804 and 806 are each coupled to agents 802 and
814. Signal line group 804 includes signal lines 804(1) through 801(n). In this



enbodi nent, signal lines 804 include nore than one information signal |ine
and 'one Vref signal line. The routings of all signal lines within grdp8pA8Qa;
are nmatched. As shown, a greater distance exists between agents 802 and

814 for signal line 804(1) than for signal Iine 804(n). In order to match
the routing of 5 signal line 804(I) tﬁ%that of signal line 804(n), a

series of turns 810 is introduced in 1 routing of signal |ine 804(n).
This is an exanple of matching signal line lengths. Simlarly, the
routings of all signal lines within group 806 are matched. A series of

turns 812 is introduced in signal line 806(n) so that the length of 10
signal line 806(n) wll match that of signal line 806(1). Routings within a
group, stEwodimgnh sigBallines 804 insludeamene dhampne infermaatien segmaldline enent
that any routings .in one,groug mat ch routings of = another group. For

exanpl e, a’@‘?@u"‘ﬁ i signaldinge dbaredtings & abndgnellines withioigravpréddpae cabl e,
other malAECE A7 SHPBIT, SLBIE8LT S5 EGR AN SIS PRiE R 3BeR IHE0LrRAS Tddonot need
to be absolutely. .dentjcal for the raoytings to pe nmatched The,

char act e?‘gé‘?f ﬁgé’@bggl) dh%ﬂ‘ fpf ﬁ'&‘aan?ﬂ‘?io%‘ig%grl&ﬁr P rBétCE‘a@"@h@d‘tW& #f n

t ol errances_appr opkl for, the appl.ication,_ considerin ch factors as

noi sesa n%llgﬁ?ﬁﬁn? @ph@;;ﬁ%ﬁg 0%8&58[1?%%%@%3 Eierd?saﬁfém‘giﬁgﬁ% enbodi ment of
an agent. ent ..600 | I : s t-hat. includes, Vref signal |ine
606 and %nﬁ?"gdr%%% 14<§‘n*h§,ei fSO#éﬁ‘s ﬁ?g@%g&%%l@zlﬁﬁr‘o AR R Phi s

enbodi ne l.nf ol i | lines 604(1) and 604(n) are shown

t erm nat {e}%’tg%ﬂgo{lg%leﬁﬁgaélg 5°618a and 618b t hrough resistors 620a, 620Db,
620c, and 6208imiYi&f, HeIRRltidds6r S0Gidral 181 WaAhRH group 806 are matched.

A series of turns 812 is introduced in signal line 806(n) so that the length of

10  signal line 806(n) will match that of signal line 806(1).

Routings within a group, such as group 804 or 806 are matched, but
there is no requirement that any routings in one group match routings of
another group. For example, group 804 could be routed using one medium,
such as riBbon cable, and group 804 could be routed over traces of a PCB.

15 The lengths, or other matched characteristics, of signal lines within a
group do not need to be absolutely identical for the routings to be matched.
The characteristics of signal lines within a group must be matched within
tolerances appropriate for the application, considering such factors as noise
margin, for example.

20 Figure 7a is a diagram of one embodiment of an agent 600. Agent 600 is
coupled to a bus that includes Vref signal line 606 and information signal
lines 604(1) through 604(n). In this embodiment, information signal lines
604(1) and 604(n) are shown terminated to voltage sources 618a and 618b
through resistors 620a, 620b, 620c, and 620d. Vref signal line 606 is terminated

25  to voltage sources 614a and 614b through resistors 616a and 616b.



25 to voltage sources 614a and 614b through resistors 616a and 616b. 2 8
JAN-2004 - 14 For each information signal |ine 604, agent 600 inc'“?ﬁ%AﬁQﬁ&
data cell 603. In this enbodinent, data cell 603(1) is couple to
information signal line 604(1) and to Vref signal line 606. Data cel
603(n) is coupled to information signal line 604(n) and to Vref signal

| ine 606. Each of data cells 603 is cnh%ted 5 to control line 630 which
configures agent 600 as a witing (transmtting or driving) agent or as a
readi ng (receiving) agent, as described nore fully below. Data cell 603(1)
i ncludes a signal line 605(1). Information signals are transmtted from
signal line 605(1) to information signal |ine 604(1) when- agent 600 is
confi gured afar eachnisvidrmation signat linend®, mgenbA08 inrlabss @ne dftarcetlei ved
frominformation signal |ine 604(1) to signal line 605(1) when agent 600

i s conf iG§dr kny thais qng@é@nwmgiaazgéﬁlﬂ 60 ds cetples@sinfprinatibndsignal Bagnal |ine
605(n) faor simlarly receiving and transmtting information signals between

si gnal 190G @E 1) VapisigRrblinadPen Latgral! 603t sopupled Thénframatwrof
2ccor i gt lstpbang ForV el s ey o dain cabe RO3d0G0N Bled-or
Car 1 bee BRARNG T Gif POV ABRAEREFTABTS A0 oy P LraTRRN IR o
gener at S 88rEC s eERnarag Beelt TadomethasdinerPRa Tt CHARBHPR
rives. st gnai Rorel dRRb) R s €Bnal e el ARLorsT=GPa e nare | | ne 606
or as a oeeh MU Ueddiind 66R1Y €5 itfodRdtion’ LigHLF1i88%04(1) when'
agent 600 is configured as a transmitting agent. Information signals are
10 received from information signal line 604(1) to signal line 605(1) when agent
600 is configured as a receiving agent. Data cell 603(n) includes a signal line
605(n) for similarly receiving and transmitting information signals between
signal line 605(n) and information signal line 604(n). The nature of signals
transmitted from a data cell 603 on a signal line 605 vary according to the type
15 of component the particular agent 600 is. For example, for an agent 600 that is
a microprocessor, signal line 605 carries outgoing signals generated by core
logic. For other types of agents 600, such as transceivers, signal line 605 carries
outgoing signals generated by logic external to agent 600.
Control line 630 transmits a control signal that configures agent 600 as a
20 transmitting agent that drives signals onto information signal lines 604 and
Vref signal line 606 or as a receiving agent that receives signals from signal
lines 604 and 606. In an embodiment in which agent 600 is a microprocessor,
for example, a read/write (R/W) signal from core logic is transmitted on
signal line 630. Any signal from any source that controls the input/output -
25 (I/0) protocol being used may be used on signal line 630. In this embodiment,

when signal R/W has a low logic value, agent 600 is configured to transmit.



| ines 604 and 606. In an enbodi nent in which agent 600 is a m croprocessor,
for ‘exanple, aread/wite (RRW signal fromcore logic is transmtted 8aiN 2004
signal line 630. Any signal fromany source that controls the input/output
25 (1/ 0O protocol being used nmay be used on signal line 630. In this

enbodi nent, when signal R Whas a Ioi_llgsl ogi ¢ val ue, agent 600 is

configured to transmt. 20 JAN 2004 -~ 15 Agent 600 includes a noise

coupl i ng device including pass gate 602. Wen signal RRWis a low |l ogic

| evel , agent 600 is configured to transmt (wite) and a low |logic |evel

Is supplied to the p side of pass gate 602. Alow signal RRWis inverted

ob2. 1 thi s ot (bR it SBPTing ditie BB e 600b2 15
coupl e FHETHEELRTH BO71buGoel BT Seghabbils rehbBue feiesghar A wis a
05 1 o A ifHEd 4 BT Re®le i PRI NS R R B0pG G B 0B POV, &7
Const ant” S A0 BBT R erir B Sty S BRIl IR S Be el S04 ana
S onal 1T BB B S L R AP R G0 R 8 ey He BB ot e
et s shagriods B edan it ot g b0 e,
di f f er endoulpd® shfughotfRaciBY 6ogqowpls%q1aﬁ @@ guRPr opri ate vol t age sources.
When signal R/W is a high logic level, agent 600 is configured to
receive (read) and pass gate 602 is closed so that no die noise is coupled from
10 agent 600 to Vref signal line 606.
The embodiment of Figure 7a uses a GTL protocol in which a constant
voltage level is maintained on information signal lines 604 and signaling is
accomplished when a transmitting agent pulls an information signal line 604
low. In GTL therefore, ground noise from the integrated circuit die of agent
15 600 is the noise that will be coupled to the information signal line. In
embodiments in which other protocols are used, different types of noise may
be coupled from appropriate voltage sources. |
Figure 7b is a diagram of an embodiment in which a center tap
termination (CTT) electrical protocol is used. In CTT, a constant voltage is
20 maintained on information signal lines 604 and a transmitting agent pulls
information signal lines below the constant value and pushes them above
the constant value when signaling. Such an agent is called a push-pull
driver. In this embodiment, pass gate 602 is opened and closed as in the
embodiment of Figure 7a. When pass gate 602 is opened and agent 600 is

25 pulling an information signal line low, ground noise through capacitor 608 is

coupled to the information signal line. In addition, when pass gate 602 is



Figure 7b is a diagram of an enbodinent in which a center tap termnation
(CTT) electrical protocol is used. In CTT, a constant voltage is 2 8 JAN 200t
mai nt ai ned on information signal |lines 604 and a transmtting agent pulls

i nformati on signal |ines below the constant value and pushes them above

t he constant val ue when signaling. Such an agent is called a push-pull
driver. In this enbodiment, pass gate 802 is opened and closed as in the
enbodi ment of Figure 7a. When pass gate 602 is opened and agent 600 is 25
pul ling an information signal |ine |ow, ground noise through capacitor 608
Is coupled to the information signal line. In addition, when pass gate 602
Is 28 JAN 2004 - 16 opened and agent 600 is pushing an information signal
| i ne hi giopeneflsand pgemt 6@ ipusking ae is#Rmiaicl signablinkddghpnbive from
information signal |ine. Agent 600 of Figure 7a is an agent that can be
conf i gur &@ltagesounce 642 also coupleddeithe infyimatiembigmiabEines i ncl ude agent s
that can only 5 transmt _or only receive. Figures Sa through 8d show
various confi dhgeittitof higusia i aniagenbthatirandaeonfiguredderttath Fi gure 8a
is a di aggram of data cell 702 that is only capable of receiving.

Di f f er enttTaNSTH kNG feseives oOtheepbedimentsning ede sgemtsl that 6en o8dy and Vr ef
signa% | i ne 732. ta cell 702 is §na€le o_receive when there is a high
R/ W s? gndf2T5mit P QBKIEEHVEI nd8HEE Spit 'foé‘ré‘ngﬁia?IhO&f’rﬁFPPPéICDIFQGUé@@Q%ts
signal 73 \Fgom “n;or&‘gtgi on signal line 734 by sensing a difference in the
vol t age [C\VBIR CBHS 19T these YoM ABEBSS: Because |ines 734 and 732 have

matched rout | Meutd PR I dhgrAlof 35t 70 B OpBle 8 Rclividg. "' ¢
Differential amplifier 730 receives information signal line 734 and Vref signal
line 732. Data cell 702 is enable to receive when there is a high R/W signal on

10  control line 738. Differential amplifier 730 extracts signal 736 from
information signal line 734 by sensing a difference in the voltage levels on
lines 734 and 732. Because lines 734 and 732 have matched routing, lines 734
and 732 will have substantially similar noise elements, therefore,
substantially all of the noise is rejected by differential amplifier 730.

15 Figure 8b is a diagram of data cell 703 which is capable of transmitting
only. When a low R/W signal is present on control line 748, buffer 740 is
enabled to transmits a signal on signal line 746 to outgoing information
signal line 742.

Figure 8¢ is a diagram of a data cell as described in the embodiment of

20  Figure 7a. Data cell 700 is configurable to either transmit or receive based
upon the level of the R/W signal on control line 722. When the R/W signal
is high, differential amplifier 718 is enabled to receive siénals on information
signal line 704 and Vref signal line 706 and to output a signal to signal line
705 as described with reference to Figure 8a. When the R/W signal is low,

25 buffer 702 is enabled as described with reference to Figure 8b. In this case

signal 705 is signal to be output to information signal line 704.



substantially all of the noise is rejected by differential anplifier 730.
15 Figure 8b is a diagram of data cell 703 which is capabl e of trans%'ghmm
I's

only. Wien a low Rl Wsignal is present on control |ine 748, buffer

enabled to transmts a signal on signal line 746 to outgoing information
signal line 742. Figure 8c is a diagramof a data cell as described in the
enbodi nent of 20 Figure 7a. Data celd 1760 is confi gurable to either
transmt or receive based wupon the level of the RRWsignal on control line
722. \Wen the RRWsignal is high, differential anplifier 718 is enabled to
receive signals on information signal line 704 and Vref signal |ine 706
and to output a signal to signal line 705 as described with reference to

Figure 8a. WhéigurneedBdrisVe diagrain ofaldatg c&lb thatfit eonR@aritde ed Pk dratmit
described with reference to Figure 8b. In this case signal 705 is signal
to be ouepdtreceivenflataeellofflscgnttansimieadd4ecdve alAgh204ultaneoustygur e 8d
is a diagramof a data cell that is configurable to both transmt ~ and
recei ve. Thift eapadiility7iusednl, fenmsainpland meroprereasarisghat peifomirt seleous| y.
This capability is useful, for exanple, in mcroprocessors that perform
sel f  sn&ORRPS.| Ft sueth MHCEORIPCOTOsS ONterniahsReeRs aBd expamahdneapeanal snoops
are 5 perfo‘r med ,usi.ng the sane logic. In the case of a self snoop, the

pr ocessoPetfRENedaisingihe same logiG kndwprasars a sedf smengp the quesessonthatan

ext er nal 8us as glf i; were a request to an external agent and then reads
the requBSEMPARhe Belf SROOR Potte 482 8NP9P Jeauest ontQanexiernak busmsl if jt gener at ed

snoop request. Wien the read ("R') signal is active on control line 730,
di ff gr entafeé? a reque& to an extemél agent and (hen rea s the request 8ack in and

processes it as if it were an externally generated snoop request.
When the read ("R") signal is active on control line 730, differential
10 amplifier 724 is enabled to receive signals on information signal line 710 and
Vref signal line 708 as previously described, and transmit an information
signal to signal line 714. When the write ("W") signal is active on control
line 728, buffer 726 is enabled to transmit information from signal line 712 to
information signal line 710 as previously described. One or both of signal R

15 and W may be active at one time.



10 anplifier 724 is enabled to receive signals on information signal |ine

710 and Vref signal line 708 as previously described, and transmt ?E
information signal to signal line 714. When the wite ("W) signal JAN 2004
active on control line 728, buffer 726 is enabled to transmt information
fromsignal line 712 to information signal line 710 as previously

described. One or both of signal R 151&nd Wnmay be active at one time. 28
JAN 2004 -18 IN THE CLAIMS What is clained is: 1 1. Acircuit conprising: 2
a plurality of information signal |ines having a substantially matched 3
routing; 4 a reference voltage line having a routing substantially matched
to the 5 routing of the plurality of information signal lines; and 6 a

t ransm INIITTHE @eaiMsoupl ed to the plurality of information signal 7 |ines
and to the reference voltage signal line, including, 8 a noise coupling
circuit for coupling noise fromthe transmtting 9 agent to the reference
vol tage |inewHatds cliiendd jeuit of claiml, further conprising a receiving
circuit for 2 receiving a reference voltage signal on the reference
voltage signal line and at 3 least one information signal on at |east one
of tihe plurajity af cibi@BRipQENg: Signal lines, the receiving circuit
rejecting nolse that I1s co ntothe at least 5 one infornmation signal

and Z he ref es 1Gealu9! 4f9%FhaNGA signal lines having a substantially matched
3 routing;
a reference voltage line having a routing substantially matched to the
routing of the plurality of information signal lines; and
a transmitting agent coupled to the plurality of information signal
lines and to the reference voltage signal line, including,

a noise coupling circuit for coupling noise from the transmitting

W oo o~ U N

agent to the reference voltage line.

1 2. The circuit of claim 1, further comprising a receiving circuit for
receiving a reference voltage signal on the reference voltage signal line and at
least one information signal on at least one of the plurality of information

signal lines, the receiving circuit rejecting noise that is common to the at least

o W N

one information signal and the reference voltage signal.

e

3. The circuit of claim 1, wherein the noise coupling circuit
comprises a coupling device for selectively coupling noise from a power

supply voltage of the integrated circuit die of the transmitting agent to the

AW N

reference voltage line.



1 3. The circuit of claim1l, wherein the noise coupling circuit 2 conprises
.a coupling device for selectively coupling noise froma power 3 SUPPBWAQZML
voltage of the integrated circuit die of the transmtting agent to the
reference voltage line. 28 JAN 2004 - 19 1 4. The circuit of claim 3,
wherein the noise is coupled when the 2 transmtting agent receives a
signal that causes the transmtting agg%t to 3 control a bus. 1 5. The
circuit of claim4, wherein the signal is a wite signal that 2 has an
origination point external to the integrated circuit die of the 3
transmtting agent. 1 6. The circuit of claim?2, wherein the receiving
circuit conprises a 2 differential anplifier. 1 7. Acircuit conprising: 2
a plurality oft.infdheetiramit of gleam 3, whereih|theindiseiscaupied ywhet ched 3
routi ng between a first agent and a second agent; 4 a reference voltage

li ne 2u t Fraasraltingagematecpivess sigaadl thattdagsessthetransinyttimgt agesrd toout i ng; 6 a
receiving circuit coupled to at | east one of the plurality of 7 information
signal | fPRISObAPUSo the reference voltage line to receive at |least 8 one

i nformati on signal and a reference voltage signal, the receiving circuit 9
rejecting noise that is conmon to the at | east one information signal and

the 10 refergnce yoltage.signal, and : ,
1 5! the' dRuitofclaim . wherein the signal is a write signal that

2 has an origination point external to the integrated circuit die of the

3  transmitting agent.

1 6. The circuit of claim 2, wherein the receiving circuit comprises a

2 differential amplifier.

1 7. A circuit comprising:

2 a plurality of information signal lines all with a commonly matched

3 routing between a first agent and a second agent;

4 a reference voltage line with a routing that is matched to the

S5 commonly matched routing;

6 a receiving circuit coupled to at least one of the plurality of

7  information signal lines and to the reference voltage line to receive at least

8 one information signal and a reference voltage signal, the receiving circuit

9 rejecting noise that is common to the at least one information signal and the
10  reference voltage signal; and
11 a transmitting circuit for selectively coupling noise from an integrated
12 circuit die of the transmitting circuit to the reference voltage line.

1 8. The circuit of claim 7, wherein the receiving circuit and the

2  transmitting circuit are each on an integrated circuit die of the first agent.



11 a transmtting circuit for selectively coupling noise froman integrated
12 circuit die of the transmtting circuit to the reference voltage 3 gnay 280
S. The circuit of claim?7, wherein the receiving circuit and the 2
transmitting circuit are each on an integrated circuit die of the first
agent. 2 8 JAN 2004 -20 1 9. The circuit of claim8, wherein the
transmtting circuit couples 2 the motse when the transnmitti ng circuit
receives a first signal that configures 3 the first agent as a driving
agent in control of the bus. 1 10. The circuit of claim9, wherein the
first signal is a wite signal 2 that originates externally to the first
agent. 1 11. The circuit of claim9, wherein the first signal is a wite
signal 2 that originates in logic internal to the first agent. 1 12. The
circuit of claim9, wherein a second signal enables the 2 receiving
circlit to rdeei velhheiranitiafadain fe Whereimthe transingitirg aincuit euples ef er ence
vol t age signal. 13. The circuit of claim 12, wherein the first signal

conf ?gur‘é@ oise whery the trapemitting drarit veerivesgefirshsignab thatmonfiguses he
secopnd shggﬁl enables the, 3 recejving circuit. 1 14. - The circuit of

claith 13 &l 28§ 3% FArivdng ¢ggnRkin ﬁwr?hgwc% 2 signal are each
received on a read/wite signal line of the agent, and wherein 3 the first
signal is a first voltage level on the read/wite signal line and the 4

. . . . , | line. 2
ji&o gozl gnallo{ S al'}?eegx?cnl%t\é?lciaa}%e&l \?v\ﬁ%lreignthyhersg giag%/aYVESI gewg{egs?ig-naf 'ne 8

2  that originates externally to the first agent.

1 11.  The circuit of claim 9, wherein the first signal is a write signal

2 that originates in logic internal to the first agent.

1 12. The circuit of claim 9, wherein a second signal enables the
2  recetving circuit to receive the at least one information signal and the

3  reference voltage signal.

1 13.  The circuit of claim 12, wherein the first signal configures the
2  first agent as a driving agent at the same time the second signal enables the

3 receiving circuit.

1 14. - The circuit of claim 13, wherein the first signal and the second
2  signal are each received on a read/write signal line of the agent, and wherein
3 the first signal is a first voltage level on the read/write signal line and the

4 second signal is a second voltage level on the read/write signal line.



-21 1 15. The circuit of claim14, wherein the first voltage |evel
indicates a 2 first logic level, and wherein the second voltage | evgB jAN 2004
i ndicates a second logic 3 level that is the conplinment of the first logic
|l evel. 1 16. The circuit of claim 13, wherein the receiving circuit
conprises a 2 differential anplifier that receives the at |east one

I nformation signal with 3 coupl ed noisél and the reference vol t age si gnal

wi th coupled noise and 4 extracts the at |east one information signal. 1
17. An apparatus conprising: 2 a signal transmitting device; 3 a plurality
of groups of signal lines coupled to the signal transmtting 4 device,
wherejn a routing of a group of signal lines of the plurality of groups 5
i s substantialPy materscuibalickim B uvhereiy the firer vokbage lavel indixatdsnes
coupl ed Fo the transmtting device, 7 wherein each reference voltage |ine
i s assocliEteasi lﬁﬁe@ﬁé‘dowfteﬁ%mgﬁhwﬁowl wliaggrigvel indicatesadeaprddpgiceach of
the r fe[en valtgge i ngs has .a routiTg_that 9 is substantially matched
to a % outdVEhRat BHECLmplimend ofthegirst lagigdayeli i nes. 1 18. The apparat us
of claim 17, wherein the signal transmtting 2 device conprises a noise
coupling circuit for coupling noise characteristic of 3 the transmtting

devi t f lural ity.of_ ref . |tage lines; 1 19. The
apparat us of Wi T8 STE RbFEEBE ARG tnt BE ST SEGH L SOmPHS ed 1o
vortdue Fifktnfi) SR het A2 yre b RO RS R riafofralich el witt he 25
JAN 23904c0upled noise and the reference voltage signal with coupled noise and

4  extracts the at least one information signal.

—

17.  An apparatus comprising:

a signal transmitting device;

a plurality of groups of signal lines coupled to the signal transmitting
device, wherein a routing of a group of signal lines of the plurality of groups
is substantially matched; and

a plurality of reference voltage lines coupled to the transmitting device,

wherein each reference voltage line is associated with one of the groups of

signal lines, and wherein each of the reference voltage lines has a routing that

o oo N O O AW N

is substantially matched to a routing of the associated group of signal lines.

1 18.  The apparatus of claim 17, wherein the signal transmitting
2 device comprises a noise coupling circuit for coupling noise characteristic of

3  the transmitting device to each of the plurality of reference voltage lines;

1 19.  The apparatus of claim 18, further comprising a receiving device
2 coupled to the plurality of groups of signal lines and to the plurality of

3 reference voltage lines for receiving a signal from a signal line of one of the



-22 groups of signal lines and rejecting noise common to the signal line
and a reference voltage |ine whose routing matches a routing of the2di ¢l

Ii ne. 20. The apparatus of claim 17, wherein a first group of signal |ines
of the plurality of groups of signal lines conprises a first nunber of
signal lines, and wherein a second grogzo of signal lines of the plurality
of groups of signal |ines conprises a %¥econd nunber of signal lines. 21.

The apparatus of claim 18, wherein the coupling circuit conprises a pass
gate that couples the noi se when the pass gate is opened by an enabl e
signal. 22. An apparatus conprising: a bus conprising: at |east one group
of information signal |ines, wherein each information signal line in the
at | east géﬂ‘éP@Pg@lﬁrﬁéél%ﬁ Jrch ERIeEHRE BPBEIGORERDN tShtheasignal bne endna conmon
with all ot her inforrra;ii on signal lines in the at, |east one group; and a
r ef er enc &EPEFRGEGUOLRER line| whase, sagiinfirRatches A ronting: of dwssignaklingr oup of

i nformation signals, wherein the reference voltage signal |ine has at

| east one electrical characteristic in cormon with the information signal

lines in the | east one group; .and lurality of signal transmtting

agents each ca’ pl egﬁ'teoaﬂ??é'gfﬂ%& ’élé.‘mﬂﬁeeﬁt%ﬁ’lr‘a? ?ﬁg‘sggrqudpﬁﬂgg,al lines pér

ot east BRI LR RPS Dl ial LS e e BE AR P0R! Sige! lines,” T
and wherein a second group of signal lines of the plurality of groups of signal

lines comprises a second number of signal lines.

21. The apparatus of claim 18, wherein the coupling circuit comprises a pass

gate that couples the noise when the pass gate is opened by an enable signal.

22.  An apparatus comprising;
a bus comprising:
at least one group of information signal lines, wherein each
information signal line in the at least one group has at least one electrical
characteristic in common with all other information signal lines in the at
least one group; and
a reference voltage signal line associated with the at least one
group of information signals, wherein the reference voltage signal line has at
least one electrical characteristic in common with the information signal
lines in the at least one group; and

a plurality of signal transmitting agents each coupled to the bus.

23. The apparatus of claim 22, further comprising a receiving agent for

receiving an information signal from the at least one group of information signal lines



and for receiving a reference voltage signal fromthe reference voltage

| ine, wherein the receiving agent includes a conmon node rejection ??\# %004
for rejecting noise that is comon to the information signal and to é
reference voltage signal. 24. The apparatus of claim 23, wherein the comon
noi se rejection device conprises a di &j erential anplifier. 25. The

apparatus of claim22, wherein at |east’one of the plurality of signal
transmtting agents conprises a transmtting agent for transmtting an
information signal to the at |east one group of information signal |ines
and to transmt a reference signal over the reference voltage signal |ine,
wherein the transmtting agent conprises a noise coupling circuit for
coupl i ngang for eecsivinge refsieee vhiagrcdignal Sitoine thef refdienck rvanags tihé,\ghareiginthe t O

t he reference voIt?ge @iﬁ%nal l'i ne. 23. In an integrated circuit of a
conput er [EY¥INgFEet LGIUGES 2 CRmAN; WioA] reigctias devder &ory Eleckige N9isee thad is

pl ur al i t dorhof 1 e HYohRRiGH GAR) ahd REe RAYIeNG: RiLQULIaAH that s matched  to

a routing of the reference voltage signa ransmtting device
coupled to the reference voltage signal Iine and to the plurality of
information signal lines including a coupling device for coupling die
noi se of the integrated circuit onto the reference voltage Iine when the
integrated circuit is configured as a driving agent. 27. The circuit of
claim 26, fur :Per

onpri sing: JAN.2004 - 24 2 a receiving device
coupled to tH&"r ef@%ﬁ?é’a&%%?ééeggirﬂ%' "foll“‘r'{@“hﬁt%ﬁ f@mmon noise rejection

device comprises a differential amplifier.

25.  The apparatus of claim 22, wherein at least one of the plurality of signal
transmitting agents comprises a transmitting agent for transmitting an information signal
to the at least one group of information signal lines and to transmit a reference signal over
the reference voltage signal line, wherein the transmitting agent comprises a noise

coupling circuit for coupling at least one noise characteristic of the transmitting agent to

the reference voltage signal line.

26.  In an integrated circuit of a computer system, a circuit
comprising: |

a reference voltage line;

a plurality of information signe-xl lines having a routing that is matched
to a routing of the reference voltage signal line; and

a transmitting device coupled to the reference voltage signal line and
to the plurality of information signal lines including a coupling device for
coupling die noise of the integrated circuit onto the reference voltage line

when the integrated circuit is configured as a driving agent.

27. The circuit of claim 26, further comprising:



3 the plurality of information signal lines, including a common node
.rejection 4 device for rejecting noise that is common to the inforna@i@aN 7004
signal and the 5 reference voltage signal. 1 28. The circuit of claim 27,
wherein the comon node rejection 2 device is a differential anplifier. 1
29. The circuit of claim 28, wherein the coupling device is 2 conprised of
a pass gate and a capacitor to a suppl%ﬁ voltage level of the 3 integrated
circuit. 1 30. The circuit of claim?29, further conprising an input that
receives 2 a signal that turns the pass gate on when the integrated
circuit is configured as 3 a transmtter and turns the pass gate off when
the integrated circuit is 4 configured as a receiver. 1 31. The circuit of
clai & 30, wher e¢qriting dédvjoatoupkidcat g wmifetchee voltage 2igril dfteaiRd t6i r cui t
has control of a systembus. 1 32. A conmputer systemconprising: 2 a

pl ur 8l i tthegfluraliiyr ohinfonmeitipnasighahéisies,cincbeioges carshgnahodarmejdction 3

medi um wherein a routing of each of the information signal lines is 4
mat ched;devige fomreeciing noBe thah is ebmmeon dovbetinfrnsitiprabignahandothieed over
the nmedium wherein a 6 routing of the reference voltage signal line is

mat cRed reéeTenee veltegagignalthe 7 plurality of information signal |ines; and
8 a plurality of integrated circuit agents, each configurable as a

1 28.  The circuit of claim 27, wherein the common mode rejection

2 device is a differential amplifier.

1 29.  The circuit of claim 28, wherein the coupling device is
2  comprised of a pass gate and a capacitor to a supply voltage level of the

3 integrated circuit.

1 30.  The circuit of claim 29, further comprising an input that receives
2  asignal that turns the pass gate on when the integrated circuit is configured as
3 a transmitter and turns the pass gate off when the integrated circuit is

4  configured as a receiver.

1 31.  The circuit of claim 30, wherein the signal indicates whether the

2  integrated circuit has control of a system bus.

1 32. A computer system comprising:

2 a plurality of information signal lines routed over a signal carrying
3 medium, wherein a routing of each of the information signal lines is

4  matched;



9 differential receiver and as a driver, each of the plurality of agents
.including a 10 coupling device that selectively couples noise assocz' @tjgﬂi 004
with an integrated 11 circuit die of an agent to the reference vol tage

signal line when the agent is 12 configured as a driver with control of a
system bus. 1 33. The conputer system of claim 32, wherein the plurality of
2 information signal |ines conprises -Axt een information si gnal lines. 1

34. The conputer system of claim 32, wherein each of the plurality 2 of
agents further conprises a common node rejection device that receives an 3
I nformati on signal and a reference voltage signal when the agent is 4
configured as a receiver. 1 35. The conputer system of claim 34, wherein

t he 8ommon nédeeference)wtagsnsigesl beeiroutedipvertentieadiuaphhéien.a 1 36. The
conputer system of claim34, wherein the coupling device is 2 conprised of
a pa®s Jgaubngmf Recgferencovoliagy signailine;isl matehedetpetheofoutiveg 8f ithe egr at ed
circyit. 1 3l_7. T{]_e conputer system of claim 36, further conprising an input
2 thét Rival¥hindegRatonFgnalines: @ pass gate on when the agent is

conf égured 2 8 JAN.2004. -26 3 cgs, a driver and turns the pass gate off when
the Sgent is cRWFRE ebintegrrted cirguikiagepts, eady configuradipas &r syst em of

claip 37,. . mherein the signal indicates ether the integrated circuit
has Sondiffrestial f%%t’%‘%ﬁﬁgﬁs‘.s 3 §§?fﬁaﬁét0r2§d£2fwﬁr%lgmlﬁfiarggn#:hwéuﬂmgaof

noi on_inf.ormati.on signals. . . .
76 coupimg evice thatgse?ec%weiy couples noise associated with an integrated

11 circuit die of an agent to the reference voltage signal line when the agent is

12 configured as a driver with control of a system bus.

1 33.  The computer system of claim 32, wherein the plurality of

2  information signal lines comprises sixteen information signal lines.

1 34.  The computer system of claim 32, wherein each of the plurality

2  of agents further comprises a common mode rejection device that receives an
3  information signal and a reference voltage signal when the agent is
4

configured as a receiver.

1 35.  The computer system of claim 34, wherein the common mode

2  rejection device is a differential amplifier.

1 36.  The computer system of claim 34, wherein the coupling device is
2  comprised of a pass gate and a capacitor to a supply voltage level of the

3 integrated circuit.

1 37. The computer system of claim 36, further comprising an input

2 that receives a signal that turns the pass gate on when the agent is configured



2 transmitted by a driving agent to a receiving agent, conprising the steps
of : -3 matching a routing of a reference voltage signal |ine over a 4%BJAN2%L
transm ssion nediumto a routing of a plurality of information signal "I'i nes
5 between the driving agent and the receiving agent; and 6 coupling die

noi se of the driving agent to the reference voltage signal. 1 40. The

net hod of claim 39, wherein the transm&sion mediumis 2 traces of a
printed circuit board (PCB). 1 41. The nethod of claim 39, wherein the die
noi se conprises noise 2 froma power voltage supply of an integrated
circuit of the driving agent. 1 42. In a systemincluding a plurality of
agent and a plurality of signal 2 lines. having a matched routing between
agend s, aaardivecarst turmartbiei pass ggteSokfighen shdegewes ceatigisedasnri sing t he
steps of: 4 at a driving agent of the plurality of agents, coupling noise
5 char acee@ivenic of the agent to a reference voltage signal; 2 8 JAN 2004
-27 6 transmtting the reference voltage signal with the coupl ed noise over
a 7 reference voltage signal line that has a routing natched to the
routjng of the 8 _plurality of signal lines; and 9 transmtting an

i nf ot mat i on 3¥gnalhev@mputerstystene of| alaim 37y witereinothersignalpiridicates gnal
lines. 1. 43 The nethod of claim42, further conprising the steps of: 2 at
a recei \"/‘f}}?éh%'g@r?tlné?grlaﬁ%é)fé}fﬁ‘ﬁﬁlhatsf%*ﬁ“ég%@t%J{Sf?@c@ilfvi ng the reference 3

vol tage signal with the coupled noise and the information signal; and

1 39. A method for reducing the effect of noise on information signals
transmitted by a driving agent to a receiving agent, comprising the steps of:

matching a routing of a reference voltage signal line over a

2
3
4  transmission medium to a routing of a plurality of information signal lines
5 between the driving agent and the receiving agent; and

6

coupling die noise of the driving agent to the reference voltage signal.

1 40. The method of claim 39, wherein the transmission medium is

2  traces of a printed circuit board (PCB).

1 41.  The method of claim 39, wherein the die noise comprises noise

2  from a power voltage supply of an integrated circuit of the driving agent.

1 42.  Inasystem including a plurality of agent and a plurality of signal
2 lines having a matched routing between agents, a method of transmitting

3  signals between agents comprising the steps of:

4 at a driving agent of the plurality of agents, coupling noise

5  characteristic of the agent to a reference voltage signal;



4 processing the signals and noise received so as to reject noise comon 5
to the reference voltage signal and the information signal. 1 44. Thfﬁ A ﬁ%i
nmet hod of claim 43, wherein the step of processing includes 2 the s ed %
inputting the reference voltage signal and the information signal 3 to a
differential amplifier. 1 45. The nethod of claim42, wherein the step of
coupling noise 2 conprises coupling a2%upply voltage source to the

ref erence voltage signal 3 line.

transmitting the reference voltage signal with the coupled noise over a
reference voltage signal line that has a routing matched to the routing of the
plurality of signal lines; and

transmitting an information signal over one of the plurality of

O W MW ~N O’

information signal lines.

1 43.  The method of claim 42, further comprising the steps of:
at a receiving agent of the plurality of agents, receiving the reference

2

3 voltage signal with the coupled noise and the information signal; and

4 processing the signals and noise received so as to reject noise common
S

to the reference voltage signal and the information signal.

1 44.  The method of claim 43, wherein the step of processing includes
2 the step of inputting the reference voltage signal and the information signal

3  to a differential amplifier.

1 45.  The method of claim 42, wherein the step of coupling noise

2  comprises coupling a supply voltage source to the reference voltage signal

3 line.



