WD 00/ 70474 PCT/ US00/ 13223 SPECI FI CATI ON APPARATUS FOR REDUCI NG
REFLECTI ONS VWHEN USI NG DYNAM C TERM NATI ON LOd C Sl G\IALI&I{C}BSOI%,A&QS;‘ROJND OF
THE | NVEXEHPU8474 . Field of the Invention The present invention relates to
buses and nore particularly to term nation of buses for use in information
processing systens. 10 2. The SpERIFICAMIONrt Cross-Reference to Rel ated
Applications This application relates to co-pendin i t af es pat ent
appl i cat i M%&AEUSP&?R R $GING RERLECHREP \%’8@%@&‘5&0@&@%86 us, filed
on June 25, 1997, entit | Y G it and nam ng Sai V.

: 1 Mgﬁ& GHORIGRIALENGEY g
Vi shwant hai ah, Jonat hanﬂl'@.q are‘s,é&;ﬁg %exander D. 15 Taylor as inventors,
the application being incorporated herein by reference in its entirety.
This application relates to co- di i es patent application
Sérial No. 08/881, 925%%@#&}?@}&1@3%@@078 US, filed on June 25,
1997,, enti dly Distributed Term nati on For Buses Using Sw t ched
Tern1'1r'1§:fe(¥r15 %gilgéeg‘%ghnam ng Jonathan 20 E. Starr as inventor, the
appl i cat i oFhebmesegt inventiqorettesdo besasiand inyore pirdeeade 19 igrmingtiemof Pesey.  Thi s
application relates to co-pending United States patent application Serial
No. foBpsggn informaliqnoprRessS@ SKEE unber SP-2485 US, filed on June 25, 1997,
entitled Method of Broadly D stributed Term nati on For Buses Usi ng
Swi tched Term nators and nami ng 25 Jonathan E. Starr as inventor, the
dppl ix dhe@achgiongd Amicor por at ed herein by reference in its entirety.
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This application relates to co-pending United States patent application Serial No.
08/881,925 attorney docket number SP-2078 US, filed on June 25, 1997, entitled Broadly
Distributed Termination For Buses Using Switched Terminator Logic and naming Jonathan

20  E. Starr as inventor, the application being incorporated herein by reference in its entirety.

This application relates to co-pending United States patent application Serial No.
08/881,927 attorney docket number SP-2485 US, filed on June 25, 1997, entitled Method of
Broadly Distributed Termination For Buses Using Switched Terminators and naming

25  Jonathan E. Starr as inventor, the application being incorporated herein by reference in its

entirety.

Description of the Related Art
In computer and information processing systems, various integrated circuit chips
30 communicate digitally with each other over a common bus. The signal frequency at which
this communication occurs can limit the performance of the overall system. Thus, the higher
the communication frequency; the better. The maximum frequency at which a system

communicates is a function not only of the time that it takes for the electromagnetic



the signals to settle to Il evels that can be recogni zed reliably at the
recei ving bus nodes as being high or low, referred to as the settling
tinme. 5 Wo007847¢gt h of the settling tine is a function of PREUIAYIARI of
reflection and ringi ng t hat occurs on the transm ssion i ne. The nore
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end t A¢iBaGIBhdp Yt e ddpahtin s e/ liMg: a particul ar resistance, a driver
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driver circuitry. However, when'the nodé is in a receive configuration,
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referenC| ng the acconpanzl ng drawings. FIG 1 is a block diagramof an
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CI r CU{CE‘I%J ﬂor??es (91'??1? esewarta e an dl£1n§§§ Iﬁ‘l drﬂ\érea}du ﬁ?wg\{e}? wged ﬁ‘xe%om‘, OCk

di agram an | n or mat | I ng em accor present

i nvenisiifa.redeli¥eSconBiduradBn, 1&@0@&@&1@1@6muﬂﬁdftﬁfmtlsl©rmtivdkodlh@girﬁﬁ‘ﬁssﬁfn a
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pr esehite ptibaimodemndrisgorgspogdingiryekciguigresantsa bigh drpeianss @ eHISdidrent of

the PRERETR sddd%ERhbBBiment provides driver circuits having particular on-chip pull-up and
20 pull-down resistances, one of the either the pull-up or pull-down resistances being used to
terminate the bus for those nodes which are in a receive configuration. In this second
embodiment, separate terminating resistances are not required, due to the driver operating as
the terminator.
BRIEF DESCRIPTION OF THE DRAWINGS
25 The present invention may be better understood, and its numerous objects, features,
and advantages made apparent to those skilled in the art by referencing the accompanying
drawings.
FIG. 1 is a block diagram of an information handling system having driver, receiver,
and termination circuits in accordance with the present invention.
30 FIG. 2 is a block diagram of an information handling system according to the present
invention.
FIGS. 3A, 3B, 3C and 3D show schematic block diagrams of a variety of bit elements
of the driver circuits in accordance with the present invention.

FIG. 4 is a block diagram of an alternate embodiment of the present invention.
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2 WD 00/ 70;174 PCT/ US00/ 13223 FIG 5A is a signal response curve for a
system as depicted in FIG 2 showi ng a voltage overshoot LA FIG 5B
is a si dﬁ%l‘m’?‘@g‘bonse curve for a systemsuch as is depi Cf@ﬂﬂ?é}d/@% 4.
DETAI LED DESCRI PTI ON OF ONE EMBODI MENT 5 Those of ordinary skill in the art
will real !ﬁl%.%%ai)% a;spégmg]%ltsﬁ&% REnAESC iiREnPRs Rbiddifin TGESRAbwingwention i's

illustrative o In any way lI'imting. O her enbodinents of the
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the b nefl(#, tgi s disclosure. The use of the sane reference synbols in
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bl ock di agram of FETAIHFPHWESURIPEONICRONSERBORWIBYTr i ver, receiver,
and termnation circuits in accordance with the present jinvention.
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of each of driver circuits 106 is controlled using inpedance control
ci rcudisglgsusg i s known in the art. One such means of controlling the out put
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Qior cuidentdaditGas. V. 20 Vi shwant hai ah, Jonathan E. Starr, and Al exander D.

Tayl or as jnventors, the applicatjon . being.incorporated.h in.b
ref erence FI9.iltis a@lﬁqkrcggg}gmplxg,agilqlﬁorrgat nglén%%‘fsfe%é avé’gg Qﬂ‘?%ﬁlli?g%liv%rr of a
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. 1
line. Tt nay be coup to one or nore of a driver, receiver, or
t er m nat or Referring to,FIG: 1 sinfwmaiinahachingfsygeroH 00 imadudes 9. plislityexdaiepices t he
syst em of _FEG 1 25 has three, nodes, A driver 8y conprise a pull-up
ci r cul42 Which GPmpmGRC ViR 6RGh OtBEr QY5 HansRUyReY 1 &ircuit, when enabl ed,

cupl es t hga GMHonBRORI2LACTLAG ABPRE cRANETOE, dirdcelvrt ol BOE A dnol | ed
out put resistance; when disabled it presents a hisdgh i npedance to the output

node. opiiomal termibaton ctwit bl Q. , Thehenpwiresittaate of sugh efeiriveecisiniisu00ivde to the
o BT St s D RO SO 8 PRl LR st o sablec
controlling the output resistance of a driver is disclosed in United States patent application
Serial No. 08/881,939 filed on June 25, 1997, entitled Impedance Control Circuit and Sai V.
20  Vishwanthaiah, Jonathan E. Starr, and Alexander D. Taylor as inventors, the application
being incorporated herein by reference in its entirety.
Herein, a node is defined as an endpoint of a transmission line which is not directly
coupled to another transmission line. It may be coupled to one or more of a driver, receiver,
or terminator circuit, or a combination of such circuits. For example, the system of FIG. 1
25  has three nodes.
A driver may comprise a pull-up circuit, a pull-down circuit, or both. A pull-up
circuit, when enabled, couples the output node to the upper power rail through a controlled
output resistance; when disabled it presents a high impedance to the output node. A pull-
down circuit, when enabled, couples the output node to the lower power rail through a
30  controlled output resistance; when disabled it presents a high impedance to the output node.
A driver transmits signals into the transmission line by selectively enabling and disabling its
pull-up or pull-down circuits at the proper times.

In one embodiment, components 102 include terminators 110 which include an output



A driver transmts signals into the transm ssion line by selectively
enabl i ng_and dlsabllng its pull-up or pull-down circuit oper
tinmes. %Yl 8P4 ¢bodi ment , conponents 102 include term naﬁ)ﬁmﬁ@as%i ch
i nclude an output 3 WO 00/ 70474 PCTI USOQ 13223 resi stance which is
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tile sigmls, fife dFver p@sérgs a tdpinpeking iresgatanee of thedinenfloenistapproximetalyi aggaly st em
according to the present .invention. In the systemof FIG 2, an enbodi nent

i s dde i HRedaRRe Eithe TS MIEIOR ion resistances are incorporated into the
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termnate the transm ssion line. Those of ordinary skill in the art who are
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node ip¥enti®Anect ed to a correspondi ng driver whose pull-up 25 circuit is

bl ed
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used to terminate the transmission line. Those of ordinary skill in the art who are familiar
20  with the information contained herein would be able to practice either the FIG. 2 embodiment
or an alternate embodiment which includes separate terminators 110 instead of incorporating
the termination resistances into the drivers.
In the FIG. 2 embodiment, two distinct configurations are possible. In the first
configuration, each non-driving node is connected to a corresponding driver whose pull-up
25  circuit is enabled and acts to terminate the corresponding transmission line. In this first
configuration, R,,;, the output resistance of the pull-up circuit, is approximately equal to the
transmission line impedance and R, the output resistance of the pull-down circuit, is
approximately equal to a value computed using a formula to be described below.
In the second configuration of FIG. 2, each non-driving node is connected to a
30  corresponding driver whose pull-down circuit is enabled and acts to terminate the
corresponding transmission line. In this second configuration, Ry, the output resistance of

the pull-up circuit, is approximately equal to a value computed using a formula to be

described below and Ry, the output resistance of the pull-down circuit, is approximately



approximately equal to a value conputed using a formula to be descri bed
below. In the second configuration of FIG 2, each non-driving node is
connect eWOt08/7847430 correspondi ng driver whose pul | -down cPEEWSE/1332%knabl ed
and acts to termnate the corresponding transmssion line. In this second
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i npedance of Z0. When a node is driving signals onto transm ssion |ine 104,
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rail, Pull Svidhe, Addanabeitidisdas e, dONElissRANE 1042k dBlePI@RAThEndad! ON
i npedance to the output n , wWhichever 1I's appropriate to sen tﬂe 15
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pr ovi B preseaisH Heh imepdanes ©rthsewPhiqds, VRIChGNSE SpaTapsiafee SFﬁ%g’aance of

the t HaRelisRRhL WihdiEnodd6S ARSRIVIRE thdRBREDE6:iBh (G- AR Porkivhng node is
rratchedltostﬁgﬁle irrpé1 an%e of thle ransm glglﬁon1 Ii(ne (due tg(gtlhe term nating
r esi sapmopriae) afttbe drivereemains activte, freederprodding arenmif@lingr resistagecenwblish is si gnal s
arrivi n% aé&t he .non-dri vhn node. term nate without reflecting at that

node. ™ OMgiIPEIAneS OhibgHiApSSSIOP dBfe because the settling time of the

si gnal vol Bagsist @¥einpedinct REcRAMoHIdrMifOndMRdemakhéd & tht ipédanas sfmker
relating to bus performance. The net effect of the absence of reflections

f r om trhmsnsissibn BneiGlue go thertemioaithgoesis@ahde adhe driiveg cir¢ureprgbent aconpar ed t o

%ﬂegg Wt h8é5t, termnatio t each .non- oYl r}l%ten\%hedut reflecting at that

ving node), signals arriving at thie non-driving node termi
node. This condition is highly desirable because the settling time of the signal voltage level
at the non-driving node is a critical parameter relating to bus performance. The net effect of
the absence of reflections from the stub ends is a reduced overall settling time when
compared to systems without termination at each non-driving node.

25 For the description which follows, it is assumed that any required termination
resistance is supplied by a driver output resistance which is tied to the upper rail. Thus, Rpy,
the output resistance of a driver in the pull-up configuration, is approximately equal to the
transmission line impedance.

In the system of FIG. 2, the high signal voltage seen at a noh-driving node is V. Vg

30 is the voltage of the upper power rail, and V is the voltage of the lower power rail. The low

signal voltage seen at a non-driving node is Vy, - V., where V.. is given by

Vaing= Vaa = Ve )([Z/(n-DY{Z/(n-1)}4+R]) (R.1)
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25 For the description which follows, it is assunmed that any required
termnatjon resistance is supplied by a driver output regj ichis
tied to va?ém{mﬂé_r rail. Thus, RPU, the output resi stance§g?h§ ﬁz)#;r in
the pull-up configuration, is approximately equal to the transm ssion line
i npedance. In the systemof FIG 2, the high signal voltage seen at a
non-driving node is Vdd Vdd 30 is the voltage of the upper power rail, and

Vs, i whereeRisothe yglieoff therpull-dower resistaaee (sBPVN aTRen IGWG- 2) g Vheis It I8 seen at
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where n s the nunber of nodes in the information handling system 100. In
the pFeebiie thev®iRg on, each node has a terninator or neans for ternination
atta_clggg,-%é)foi R oV receivers are capable of 5 resolving the sw ng.

Sol vi ng fl I5 grves R = [Zo([(Vdd - Vss) /Vswng] - 1)]/(n - 1) (R 2)

al lowing for a parti RiEdZ,(p¥l] ~ DoV :gki Bi/med) t o be chosen f&2)a desired
Vs,,;ng. 10 As an exanple, in the systemof FIG 2, assune that a voltage
swing of (vdd - V,,)/2 is desired. Thus, pull down driver circuit 204
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wi t hin 10%of) = LZo([(Vvdd - Vss) Ns,ving] - 1)]/(n - 5 (fromR 2) 15 =
LP®(L(Vdd - Vss) /(vdd - V,,)/2] - 1)]/(n - 1) = Zo(2 - 1)/(n - 1) = Z0/(n

- 1) where n is the nunper of n in_the information. ling system 100.
20 Because ASRY AR L cat g’élgcag%ﬁéhé’c?ls?u\ﬁentlg}glatn%‘é%q?algggﬁlﬁr&c ed to the

i mpedagce fy/4 RelesiéBMBIIsSpuIPHowH BEvrditeuit 204 helides AipuAidong redstasdeance at
the drivers | ocated at those nodes signals arriving at the non-driving
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ecause the settlj in fythe driyvi ng node i Hhtical paraneter
rel ating tg{ bus %g%%ﬂd@ﬁgé\./”ﬂ‘ﬁeqﬂe ! elf)fect of thed;rg sg'nzlge of reflections
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= 0 - n-

=ZJ(n- 1)

where n is the number of nodes in the information handling system 100.

20 Because the impedance at each non-driving node is matched to the impedance of the
transmission line (due to the terminating resistance at the drivers located at those nodes),
signals arriving at the non-driving node terminate without reflection. This condition is highly
desirable because the settling time of the non-driving node is a critical parameter relating to
bus performance. The net effect of the absence of reflections from the stub ends is a reduced

25  overall settling time when compared to systems without termination at each non-driving
node.

In the FIG. 2 configuration, by having the pull-up resistors on chip, the pull-up
resistance at the driving node is switched off when the driver is pulling low. Accordingly, this
system advantageously consumes less overall current and power than a system that has an

30  off-chip pull-up resistor that is always drawing current.

When the termination of a node takes place outside component 102, the terminator is
separated from the non-driving node by some distance along a transmission line and thus

undesirable parasitics are introduced in the connection to the termination resistor. Also,



node. In the FIG 2 configuration, by having the pull-up resistors on chip,

the pul g istance at the driving node is switched o driver
is pull iWS)O(T%\E/)v%Accordi ngly, this system advantageously %gﬁ)g&rﬁf@sﬁ ess
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Cerni il l%ﬁa%e%“&%ﬁ%@q\é\g“‘ﬁf%@éalgn?li laﬁﬁgrlat‘”*e%w%oééﬁwr*?mtlﬂaéwgpégmdsduci ng
ref | echispiscaiibnbht™@20g. Thus, providing the termnation 5 within each

conponent 102 ‘inproves signal integrity when conpared to term nating a node
out si de confhoseoat oty b swthsfaroridli madily rsrognize) thatdhiboagh thajepbogdisaant | y

recogni that althopugh t mbodi ment . of FIG. 2.described herein relates
to a é)ﬁ:?%n? ﬁ%f‘hﬁyﬁﬂg”‘trggﬁﬁsg%?iS%SrﬁeIP«g‘g‘i i0g A igIpAo eglsiaﬁges tffpﬁglrt&r ail, an
al t er Ripber RITPACAIfRMte Ebedfearnilcah@thpiddCRhichsisead haatettienihgion nation 10
resistances tied to the lower rail. In this alternate enbodi nent, the

plf| - desisiances fied tmibie lower radc n dis alemaserapprimentatiedl-dayatesisenegel

i npedange.of the transnm,ssion. ] - . I 1§
appr otng 81 G ARRRE BB < P PRRL g ep sy DERACLANBR Al |
enbodiregiindedy kptgosigRadiatudl & thenaluerod Rldifen bheeloidnphip (RS st ance of the
term nator is approximtely equal to the ingedance of the transm ssion

line, and tiAaR eXHOAERGE hAYBE STRIALD IFHBETEYS { &)-4R° A BUJRHYERREPIRDm t he
ransSHLaihR0r fs'a@@&qx\%@g&%qgﬂttﬁi@%%gﬁce Jrli ¢ sﬁf(lj's‘r%wnq{nef‘ﬁ’ﬁjcﬁthbts receiving

or driving resp ment, the Iver output at a
ndf- drésistageeriodenniestelitg br disquarected frotethe tragsomssden lige, idapendirgcei whetbendi ti on.

Referring to FIGS 3A, 3B, 3C and 3D, th || - || - doy I t f
dr i vern® PATHEHRE 1O0EGS gy VB ?ffdral%ﬁﬂﬁ%eﬁ}@-pﬁbm%u%ﬁ*?@?@gﬁst.he P e, as
shown 4t A nbh-GrivEf nddBs llgi%hqltgxgé’c%?%@{wﬁéﬁ?ﬂk %Y 8 ade®MS dnaesl stor. Also for

exanple, as shown in F e driver elenent may be the parall el
conbi nat i orRedérriag RVEESS r 3AsBBL XY amhdDathe NNMEptamémglls%w. elenpgnthof dhiieer

%L?glcteflgui%?wim%?tbie%?’a via'%ietiysoftc:Qr?figruergtiiosntsf?lIlq:%%a e?gm[;[lct,],%s 8%\%'1 }neh&%'xc,)itﬂ]eat ton that
20  driver element may be a PMOS transistor. Also for example, as shown in FIG. 3B, the driver
element may be the parallel combination of a PMOS transistor and an NMOS transistor.

With this parallel combination, it is the resistance of the parallel combination that would be
equal to the desired bit element resistance. Also for example, as shown in FIG. 3C, the driver
element may be an NMOS transistor. Also for example, as shown in FIG. 3D, the driver
25 element may be the parallel combination of two NMOS transistors. In a preferred
embodiment, the pull-up circuit element includes the parallel combination of the PMOS
transistor and the NMOS transistor and the pull-down element includes the parallel
combination of two NMOS transistors. It will be appreciated that a driver circuit may have
other circuitry that contributes to the overall pull-up and pull-down resistance of the driver.
30 FIG. 4 is a block diagram of an alternate embodiment of the present invention.
Referring to FIG. 4, system 400 comprises drivers 402, 404 and 406 individually
coupled to resistance elements 408, 410, and 412 through transmission lines 414, 416, and

418, with each transmission line having a characteristic impedance Z, and each resistance



equal to the desired bit elenment resistance. Also for exanple, as shown in
FI G 3C qu Jver el ement may be an NMOS transistor. Pﬁiq./q anpl e,
as shown in the driver 25 elenent may be the paral co |nat| on
of two NMOS transrstors In a preferred enbodinment, the pull-up circuit
el enertenent handag atrbdstpmdealfIRg! szr&tﬂaﬂﬁth@h aod 4061ma?l‘»ﬁ?£5udetthaas:impler and the

NMOS tranpsi stor and the pull-down el e i ncl udes, t he rallel
combi §aRfigHaeen el Gavrhere gr?sﬁuglf W greuit ar?v?? PUipHEL episiaaes ‘Qﬁ@g that a driver

Circui, F)Prr{‘%}&ngl@l & quals e c}fh'rzgc?éf}?h{: Ym{a&ﬁhc@@ﬂhé hpé’ta‘ﬁ§ tﬁeop&lﬂqgo\?ry efr@lid haRul | - up

and pu d'stance o ver is ‘a block diagramof an

aI ter raatoaatmmmmtamntwmcth ishevepsedss propoitiouato |t1@nnumlﬁebénodeﬁgmtmaﬂrﬁead system
drivers 02 404, an 6 indjvi ed to resistance

rise

o OPHGR e AU RI e OR Cotiathed Pt AS dhe Pl SEHE. Sme uigng' * 36
W'th %@ﬁd?a&rtarﬁﬁﬁat@ﬁla@gréul&% @EASE B GRanGE{FIGS i ¢ | npedance Zo and each
resistance 7 WO 00/70474 PCT/USOQ 13223 el ement having a resistance of
RT. Dri veréfmmvemrszgnahwﬂearamsnhyxmmaa@mlomegel%arﬁlm Igsisgynqtyorkaliodn of
FIG 2 where tp & i
appr ofpﬁﬁf @eﬁraélaﬁlzsiséon IH{é 5 ghuégglé{cggﬁ p(:e dr%rér:ﬁé)gnhe t?gnsfh S?%)%el Ir%ng% rI]and t he
pul | - daumplel sighdlt phagﬁgatarg fosth Aviver 4091 @i the aansnfis<ibn lise # nvetisedtysuffeopor ti onal
to the nunber of no or may instead 5 conprise the reverse configuration

ddcr irefdertingy & the isgréase hepeecayline drid and msigtor Aﬂoﬁﬁg/thﬁ Set impedancsseet er m nat or s
as pr Iy

refl eg ﬁéln)(? ﬁegrgsr%r%le gdrtrggs n?ér%tcé %“equl tISt %elnﬁggggﬁeﬁggﬁﬁgﬁﬁlpgmﬁ %grlrf one of
t he transm’l&reumpeﬂameswnlsbkmgﬁmb résIrE&on4®|8e4lE(h©e4bﬁ frolmethe camesposdingn | i ne.
For exanple, si gnal S propagating fromdriver 402 on the transm ssion |ine
414 wittapsipission Jing dl41H16 e FELISi ons at the interface between |ine 414 and
resistor 408 if 4he n en | ooking int sistor 408 at this
interface is equza’f‘w"f‘oq%Th-‘éw:%’g&gzgﬂof transm ssi on Pﬁe 414. The
|rTf)edaﬁhﬁe%zereprelsmé(lhﬂgxumbbnoﬁmﬁiestronhe4ﬁtﬁem410, or 412 fromthe

corre trans ssion |line 414, 416, or 418 is Znetwork = RT + [(RT +
Zo)/( qd (%’reﬁ?ntri 9RBYe n represents the number of nodes in the system
I n order to prevent ceflections, Znetwork = Z0 (R @.4)n order to match

network

i npedances, rel ati Bhshi’ p (R4) is substi tuted into reI ationship (R 3),
r esul tlhegder to match impedances, relationship (R.4) is substituted into relationship

(R. 3), resulting in
20 R=Z, x [(n-2)/n] (R.5)

Thus, in the three-node system of FIG. 4, each resistor in the resistor network has a

value of
R, = Z, x [(n-2)/n]
= Z, x [(3-2)/3]
25 = Z,/3 ohms

Thus, a signal propagating away from any of drivers 402, 404, or 406 will see,
looking into the resistor network, a net impedance of

Z, o = Rp + 0.5 X (Ry + Zo) = Zo/3 + 2Z,/3 = Z,

30 In the system of FIG. 4, the voltage swing at a non-driving node is given by

szing= (Vdd - Vss) (ZO/[(R'*'ZO)(n'l)D (R6)

where R is the output resistance of the driver pull-down circuit if the terminating resistances



?gsﬁlfzo x [(n-2)1n] gR.5) Thusk Ln the three-node systemof FIG 4, each
or. resi stor networ as a value of RT = ZO - Z. X
[(3- 2)/?!69«%&]24 ZQ 3 ohnms Thus, a signal propagating away {r/gﬂ%oé%lﬁz)f
drivers 402, 404, or 406 will see, looking into the resistor network, a
net iR&HaAGHgAbdNat vBiiKedtdRRe tpferpowef Fll; othéfYise; RZSBe outp@0kgstan®O 30 | n
the systemof "FIG 4, the voltage swing at a non-driving node i qi ven by
Vswi 10 thevdiiver pyd-aip cizpit (fhe (o ilaiing yestfangss WF@‘“W?%“‘E‘%& aE?u‘iOBBfed &

resi stance

of the priv I -down circuit if the termnatin [

1 g resistances 8 WO
OO/?@%?E&F&%?Y%%%YISZZS at non-driving nodes are coupled to the upper
power rail; otherwise R.is the output resistan I ull-u
cPreuit i fU%l%thFé%f?ﬁlﬂ‘éstlY ﬂﬁs_c‘flégqe%"taﬂﬁj@eegérﬁ%u anglﬁ%ﬁ}'ﬁjgwhggléeg{egl\régorrcgupI edpt 0
the !n%%cgr%(.%?% i,ﬁ.hé valge HBIHBPullRRwRY BVibiak& iy deieafinkd ey sevaignemtionship
configura |on'of FIG 2 with'the resistor network of FIG 4, the value of
t he pgRIG)-fdoRngivmgi St ance i s determ ned by solving relationship (R 6) for

Lhe WBld) ok eis deter ving relat
Systerms Such asttrelbysr ol wme DET{FabkiH] a1 oot sti 06 het wor k such'as

that seen in FIG 4), a signal propagating froma driver towards the
common point 214 will see an inpedance at the common poin V\/r]lich i S not
rat ched tdntsh];aeinﬂpedaaﬁdée gfstanh ef FIGishackgigonresipii Yeneth %‘FEF‘%? af ¥ hose
syste a,reflection wuld occuyr. at i | . The
magni't '%*aﬁﬁ%?fwg?ﬂ%@?g rn}%g?ggggggas tﬁ%ggﬁgg %ﬁﬂ%pﬁ$§%§%§ﬁ i ncreases.
In syigtRAEnch ot BRRLEMhGDpdiMewBiTh adiorenticiet] t&HE impeddrice of fpedaswissivaen at t he
connecti on point between the resistor and the transm Ssﬁi{—?n

si gndinepridseaiorei mghpsecivsiEmsodeeleal AbYRBIA Oy rh EIOR °FBR loﬂlé’i@n“i?zw o

_ otie _ _ § equal to
the ipnedance 0f ¢ e di-ARS e Ra R & iimRRaRe rhiShh@E ih@fase ChikyStemSi nce no
refl ecti'orFoccurs, a second signal nmay be sent sooner than otherw se
Nessidsloyinb Wse émssdmening FIGgAahe ilgpédaecpisan pt bF comrectigr peint betyyegn

significant benefit resulting from usi i
pres dhe resistor and the transmission lir(‘l:]e by a sigrlila?llprr]gpzsgggnglz rgim a4noede 8 (c::i(l)rggl%&l of the

connection point 420 is equal to the impedance of the transmission line, so no reflection
occurs. Since no reflection occurs, a second signal may be sent sooner than otherwise
possible, thus increasing signaling frequency of the system.

20 A significant benefit resulting from using the FIG. 4 embodiment of the present
invention is that signals may be pipelined. Pipelining is when a signal is launched on a signal
conductor prior to the most recently launched signal arriving at a receiving end. In some
systems, including the system of FIG. 2, in order to transmit a signal, it may be necessary to
wait until the magnitudes of the reflections on the driver stub resulting from a previously

25  launched signal reflecting from the junction have diminished enough to not interfere with
subsequently launched signals. Using the system of FIG. 4, there are no reflections.
Therefore a signal may be launched by a driver prior to the time a previously launched signal
has arrived at the receiving ends.

A second benefit of the FIG. 4 embodiment is that the voltage present at any given

30 time on the lines will not exceed the driving voltage, V.

FIG. 5A is a signal response curve for a system as depicted in FIG. 2 showing a
voltage overshoot condition. FIG. 5B is a signal response curve for a system such as is

depicted in FIG. 4.

Both signal response curves show the voltage at the driving and receiving ends where

9



invention is that signals may be pipelined. Pipelining is when a signal is

| aunche ignal conductor prior to the nost recentl si gnal
o Gdof Frotsieln

arriving &cei vi ng end. In sone systens, including m of FI G
2, in order to transmt a signal, it may be necessary to wait until the
magniy yeessvf vy k@, ehd eaisntinsomiind ingedancees 5¢ olubs,thspult-doyn fresgviange

previ_ ousl K 25 launched si gnal r.e%éecti ng fromthe junction have di m ni shed
enoudh2? ehmstandihe pribyip rgiistpnceds, B @&t | y | aunched signal's. Using the

system of I@f&i{ﬁé:tOﬁ@f?A?ermrlﬂné%fté REL piS0 imENEHRS @ier & SilgAglowrny be

| aunched by a driver prior to the tinme a previously |aunched signal has
ar r i Wetlilathetdriver, essimedig terdisp 1 of EKEGntb iyvdlingf low, gferq i@ 29| dhm puldepwai nent i s

that the voltage present at any .given. 30.time on L nes g t exceed
t Ee dFIVRARG 9 ég’i‘?g‘ﬁl,tﬁ N agF]Cfor%t}ig?%onaOfstgegsrl%?hnrl & gg&ys} §SI£cthllrilc\e/eeof:‘lgl(})l|l'FJ %Qfs)yst em as
depi gtred 2i fhdd 58 oBmIRAMP @ siBtandObit RGE3 OF BIG 0 Otheesfod] theanrref ISV B s a
signal response curve for a systemsuch as is depicted . in FIG 4. Both

si gnal-5Y&9pbmns e 3Pma, chesinisial voltaseaf elhgeveiiant Feeetier §74%gS Jud?r ecei vi ng ends
e GERdh il AR o 0 PO Y £oPle A5

l'i ne inpe esistance 1Is 0 nd the
pul | -wRullRgiBERNAEH SR, hBFemaRefremtflavgsibps, Elving HA] of 3@ma.t Simee Zp=t 0 j ust
prior to tinme tl, the driver is pulling low Wile tﬁ? drivr@r. assuned to
BO cHiQohmepthars ma AV aféZp(Al FrieS Y odowt Hisrtata) wolipes st bk e Sdose o

resis LR .sar.i i | gl 53¢ b gt i , Rwhilz up
oot SuAnEEE AR Tt bhE A B L o R e MM o Sl 3
of FI el@medihamefons tierd ke lcLivolesge divgdardetRen the pEY/p Beskrtance agdhe. linehe

initial voltage at all dri a ceiver ends i.s. V(err)/ 2.

;p;)rgfﬁﬁ?%ﬂéi%? Givids Patweend 3 wﬂ& ’Iie%‘f\ia&‘? “‘p%ﬁsofag?ﬁns ?f‘%g?a‘%i LY. he

transfﬁdsome%tgg@oliatggog%g ji&ge&g&{g.\%At this time, the 30ma current flow
i Al “of 30 [

stops, giving a ma. Since err) = 10 50 ohns, there is a AV of
(1B(err)) ((Bewwpbn timel, &0d jubioafter tile tf, dheatoliage page line qvseshapisWan@ndnd i s the

sum of e iniitial vo]tage plus = .75V + 1.5V = 2 25\ ver, when the
50 oHiAUlLiFFuse damaged {V"?&ﬁlg@e%tﬁﬁ’af ﬁrér%épgowzf%efj? a{/néf%uégéi aﬂigg%’(\"ger bet ween
the pul | - URe §83baHARGE iR, RedrdiVenSignal @Sived athgndtion21d] Dudas theet ween 1. 5V
and 2.25V, resulting 1n a total Iine vol tage of 1.875V. Thus, the total

vol t aigepedancetmeismiareh there cenkgativelrefseBean b Signatprepagaiss bpkstiowardsdhe t i ne t 3,
L BhSIRPhDF  STRS Sh MmN PR SR v
20 the driver end down from the overshoot condition seen at approximately times t, to t; to Vpp
at approximately time t,.
Although the example signal response curve for FIG. 5A pertains to a system having a
total of three nodes, the curve of FIG. 5A also generally applies to systems having more
nodes than three. The primary difference in the curve for many nodes would be the actual
25  overshoot voltage.
FIG. 5B utilizes the configuration described with respect to FIG. 4. As shown, this
new configuration does not have an overshoot condition which would otherwise damage
components that are not sturdy enough to tolerate a voltage overshoot without becoming
damaged.
30 Referring to FIG. 5B, from time t, to just prior to time t,, the driver is pulling low. It
can be shown that the driver current is given by
Livee = Va/(R+Zy) (R.8)

The voltage out of the driver at time t, is simply the current multiplied by the driver

10



At approximately tinme t2, the driven signal arrives at junction 214. Due to
the inpedance msmatch there, a negative reflection of the signal
propagat¥¥Q 04 t owards the driver. It is the reflected B¢YHVRF3ch, upon
arriving back at the driver, brings the voltage at 20 the driver end down

fromdhe, over g4 condition seen at approximately tines t, to t3 to VDD
at appsrointerrat’gm %i me t4. Although the exanpl e signal response curve for

FI G 5A pertai N&.t1. &VsiBir&pllhaving a total of tHRE® nodes, the curve of

FIG 5A also generally applies.to.syste havi n re..n g hr ee.
The prim uﬁfi%f'lfeé‘rt ﬁgév'lﬂs??mé’ugﬂngf @ﬁ; %nﬁr}%% lﬂggggavl\g llvaggg%l%é;@dég ual 25
over $R@9t THOLAARL in FbkageIBihetdybledas the configuration described with
respect to FIG 4. As sghovvn, this new configuration does not have an

o¥er shoot condi&Y on i @) woul d ot herwi se damage @olfonents that are not
sturdy enough to tol_eketg,eeﬁ/ﬁ+ t age overshoot w thout becom ng damaged. 30
Referring to FIG 5B, fr | toto just prior totinet,, the driver is
pul 1ing | Qe voltageaferhige divanmstoph gtllinpdowd is merelycte semtof itlse griigieal vioytagadr i ver =
vdd/ (R+Zo) (R 8) The voltage out of the driver at tine tois sinply the

cur r @a¢ theuahengs inetpligge tha agd RyED, 8IYHEWD 00/ 70474 PCT/ US00/ 13223  resi st ance

R, givi ng _vddv 7 ( Q) 9) Thus, when the driver stops pulling
| ow, the changgalid%(dékﬁﬁgnﬂfz?%s dd]é(lﬁ\fglf?]by relationship (R 8). The change in

V0l t age i r=the RysZOIV|ARBZAY = Zo (Al) (R 10) = Zo[Vdd/ (R+Zo)] The
voltage after the driver stops pulling lowis nerely the sumof the
origi nal vol tag\éad and the change in voltage (R 9 and R 10), giving

[ Vdd/sﬁ&i'f‘i%%)tilﬁ tffergﬁi y@@ée(rﬁi#%@%vlth tﬂé)syEte(er)f"FI@[ Vdd/ (R+Zo)] Vdd showi ng t hat

there 1s no overshoot wth the systemof FIG 4. Al though the exanple
si gnal r esydnmeh cher sxanipdy sighabrespBnssanr fios FIG B pyratinsolasbypian having a

total of three nodes, the curve of FIG. 5B also generally applies to systems having more
15  nodes than three.

Those of ordinary skill in the art will readily recognize that although the examples
given herein have employed three nodes, systems having more nodes than three are
contemplated.

While embodiments and applications of this invention have been shown and

20  described, it would be apparent to those skilled in the art that many more modifications than
mentioned above are possible without departing from the inventive concepts herein. The

invention, therefore, is not to be restricted except in the spirit of the appended claims.

11



total of three nodes, the curve of FIG 5B also generally applies to
systens _havi ng nore 15 nodes than three. Those of ordinar L Ly the art
will reé@?ﬂ?”&%%ognize t hat al though the exanples given %ﬁ@?%ﬁﬁgée

enpl oyed t hree nodes, systens having nore nodes than three are

cont eyphtat etaimdiiid:e enbodi nents and applications of this invention have
been shown and 20 described, it woul d.be apparent to those skilled in the

art that rmnEERAIRIHNEHRRISERE CURR Srent i oned above are possi bl e wit hout

departing ther lanveRtd MemepRcepts herein. The invention, therefore, is
not to be Jr%@@llt[}(’:?fe%f@éxcept Iinn the spirit of the appended clainms. 11 WD

00/ 70474 PETédsSOBeliBRARBissWdines adhaiebaragteristic imrgdanse otashof sHdhand| i ng
systemconprising: a plurality of resista . Nt S I t hree

© BanaRrSSIBIPn FHeSaH A P A TS S e end e sPAREd |
”anst[{gétﬁéﬂﬂréui nestrliaNi digs af §did alsiseimde alaghearssecond end wherein said first
ends are coup gd toget her through different ones of ;said.resistance

el enent s; addvéncacuiticomecteddoarnecondgnd 6f AR HRIIBIOOHESof sai d
transmssion lines; at |east on Y i Ir b€ 9NNeE ek ntissién Second end
of one of %tg??ft PPIFSHVE ST B C?)Pﬁeecge%ﬁtgta S%%Onnglee@ta gtlgb{lo salrd driver circuit:
and 16, ot Heilebiel t@Fai@Ariodl dirchigs aridnat or s each terminating a second end of

a different one of each of said transm ssion Iings go{f copnect ed t-0 said
d0i ver ci repiuralite g€ An-GhIPSEITRINRIOFTRARR {SFENAUAZ 3P nd g Of BHHFEL ¥ S ce

mat ched, to t. harashshikshdi%ol idQri apsK o¥shidnedmingors 2. The

i nf or?ﬁgpiogﬁalﬁiﬁﬁfl lnsgi%é?/lg%’ i}ﬁéto%fo h%ﬁ@%@%xgg?ﬁrég&éﬁ&g} sai d resistance

el enerdveng dbolnpst @sis@atsharhal wahechanitofstic Smpgdancaof ba tasppipiondnct he
result of multiplying the characteristic inpedance of the transm ssion |ine
by [(n-2)/n] where n is the nunber of the transmssion lines in the

system 3. 106 cb i RloABah@h (bl i8St fMeRin &lchioMsdid vérestics efemettdr i ver
circul't conprises a 20 pull-up circuit and said term nators are connected

t15 a howefesisawes valaé which.is #ibin teh pereant dfthevgadt pigukipbtiegdss claim 3
wherein said pull- circuit has an,ou r.as) - Lhg to the
nube FRACIGRESAFPEHIE® .og@egr'ansmg S]iOH]‘h(S’F ﬁ?g#{né%?/rﬁ%}?ﬁggﬁ gse%‘ 3% gl'lth @%@ggﬂ@% aim4

wher ef B, diiesion ifddtin tIRSéystance of said

3. The information handling system of claim 1 wherein said driver circuit comprises a

20  pull-up circuit and said terminators are connected to a lower power rail.

4. The information handling system of claim 3 wherein said pull-up circuit has an output

resistance corresponding to the number of second ends.

25 5. The information handling system of claim 4 wherein the output resistance of said
pull-up circuit is within ten percent of Zo([(Vas = Vi )-Viing (1= DIV ging(-D1) wherein Z, is
the characteristic impedance of said transmission lines, n is the number of second ends, V, is
the voltage at an upper rail, V, is the voltage at a lower rail, and V,;,, is the voltage swing
desired at a second end not connected to a driver.

30

6. The information handling system of claim 1 wherein said driver circuit comprises a

pull-down circuit and said terminators are coupled to an upper power rail.

12



pull-up circuit is within ten percent of Z(err)([(Vdd - Vss)-Vsw ng
(n-1)]J/[Vswing(n-1)]) wherein Z(err) is the characteristic inpedance of
said traWYofi05847dn |ines, n is the nunber of second ends, VYEEUS§V1R2E:

vol tage at an upper rail, V,, is the voltage at a lower rail, and Vswing is

the vplt ag’?hémf&ﬁnatlglﬁﬁiaﬁ(ﬂ%gastys@nm& ERHeRRt satPRNEESCH clr@uibhadranver . 30 6.
an

The infornation ing systemof claim1 wherein said driver circuit
conprowpd rasistpodtel codeaponsiingtoithe pyrdberaif deqoad ghdfat ors are coupl ed to an upper
power rail. 12 WD 00/ 70474 PCT/US00/ 13223 7. The information handling
systemof claim®6 wherein said pull-down circuit has an output resistance

Cor r eg PONATAG OB nHAABETe FhteERSTAMnENdSereth thd betpunfesistate ofisadandl i ng
system of claim7 wherein the output resistance of said 5 &]Sl I -dox\/% circuit
- 1)

i $ wi pHl-dowawirpeit isewithip rerzesreem/aHZe([Vas) YV Xiwmg T RIAY Jinf kWD N EFE2 £ 1)
wherein Z is the.chara I.St1C - i LSSy I\ nes, n
st i ettt ARG G i RSP s BEREbEATRETE s VTS, T
the VRlth@gltat aBah OPST riBiV, is aivdvolmpe aga fosvet hl, wod Vageissine nojtagdevinged at a
second end not connected to a driver. 10 9. An information handling system
conpr fesitad at a seopnd end petconeqiedioA HHEE el enents; at | east three

transm ssion lines having a characteristic inpedance, each of said

transm ssion lines having a first end and a second end wherein said first
erds ar e campindekmadiiogéinhding dysteomglondirfsingr ent ones of said resistance
elements; 15 a plurality of drivers equaling the nunber of transm ssion
lines in sAPHTHIYCLFSSINANGE elemeiBs i ssion |ines, each driver coupled to a

second end,Of,Q ukf feheRNEsidNBnfhasRigth dhhAkfkSSifedahdeNesoh ofaeid dri ver
conprising a pull-down circuit having a pull-down resistance matched to

t he ctramsavssion EndschavingedEnstendofndarsecerfd el wharginsaid fsicengs piglqonplsdei r cui t

for pulling. u tgnal on.one of said, |lines, the pull-up circuit having a
pul | _mgeghgg}lg&hﬁccg%fggm@gﬁﬁgﬁaﬁuﬁéesgs(gaI}Cﬁgleg&n unber of second ends; and at

| past one b @GRS O ‘Elh'i/@ﬂdie#uaﬁﬁ%ﬁh@ﬁ'urh@er&)ﬁﬁﬁﬁﬂﬁsieﬂﬁnéﬁ‘ inca Wirafigi ef

transm ssion linés. 10. The information handling systemof claim9 wherein
each thnsaissdon Bedsseanhaisiver esnpirdso attgeond and$if daffrentyone oé SHAITERSTESRNL hi n

ten percent of.the result of 1 i j . ) rac lShhehddedance of
e L R I D S A
t r ans fHeshhRRtekisiieBnpadahdteofons e Raid lines, and a pull-up circuit for pulling up a signal

on one of said lines, the pull-up circuit having a pull-up resistance corresponding to the

20 number of second ends; and

at least one receiver circuit coupled to a second end of one of said transmission lines.

10.  The information handling system of claim 9 wherein each of said resistance elements
has a resistance value which is within ten percent of the result of multiplying the
25  characteristic impedance of the transmission line by [(n-2)/n] where n is the number of the

transmission lines in the system.

11.  The information handling system of claim 9 wherein the output resistance of said

pull-up circuit is within ten percent of Zy([(Vag = Vo )-Viuing (1-DI/[Vying(n-1)1) wherein Z, is
30 the characteristic impedance of said transmission lines, n is the number of second ends, Vg, is

the voltage at an upper rail, V is the voltage at a lower rail, and V., is the voltage swing

desired at a second end not connected to a driver.

13



11. The information handling systemof claim9 wherein the out put

r esi stavr}ngﬁgglz%@?i d pull-up circuit is wwthin ten percent 8{‘/U§ I6)dd -

Vss) - Vs )1/[V,wing(n-1)]) wherein Zo is 30 the cFlarac eristic

i npedance of said transmission lines, n is the nunber of second ends, Vdd

i s the volThageoahatiom hypgbng sysidm of/slging 8 whisrein Bictpal e R@IrcalT COMPYIS¢%4 | | and
Vswing is the voltage swng desired at a second end not connected to a
dri vg&.oﬁsramteb/ 70474 PCTI USOQ' 13223 12. The information handling system
of claim9 wherein the pull-up circuit conprises a PMOS transistor. 13.
The information handling systemof claim9 wherei nné he pul |.-down. circuit
conprBses The iafopMDBTt handbing system eficlaimm@ Wheredn FgtRUSRA A e FH BSRISEm of

c#ai m iggsgrei.nt the pull-up circuit conprises an NMOS transistor. 10 15.
The P 8\ handl i ng systemof claim 9 wherein the pul | -down circuit
conprises an NMOS transistor. 16. The information handling systemof claim

9 wherein the pull-down circuit conprises the parallel conbi ' of a
PMOS ¢ andiheti rlaﬁ@OfahanNEESYsrt%{ﬂé’?E]@B?. %I%V%le%%la PR FI5T olmcél}%%%%gl i ng
syst mﬁs t%n%%s{grQ wherein the pull-up circuit conprises the parallel

ron of a

conbi "PMOS transistor and an NMOS transistor. 18. The
i nformati on handling systemof claim9 wherein the pull-down circuit

conprises 20 the parallel conbinatjon_of two N j st ein a
Pr stlSene 1ok Bigrgatighh SY%‘%IH??g gp < ‘Vléer%ipgbegg@dgrllérl‘g@?fe@h% éggécond one
of s3] W%térransistors is normally connected. 19. The information

0

handling systemof claim9 wherein the pull-up circuit conprises the 25
paral | el conbi nation of two PMOS transistors wherein a first one of said

two PMOS transistars. is diod t ed ' PMOS

tr ancift or B BTarg R Mg araEren B Hhaer MR LR e p R & of

cl ai flhé’ Xl‘?ﬁél%ﬂabﬁrhﬁioﬁwf|a-mositfaﬁuktbr whd ki RMOYtrsesisto30 driver is enabl ed
thefe

and ore acts as a term nator whenever the given driver circuit is not
B&i ng used to drive the transmssion line. 21. The information handling

Syst eln?. of "ﬁleaiin orrgna[igrrl h?x?«ﬁin%os%éﬁlséf Uik o &l the/ plﬁf—uﬁ RirElit Eomprises the

parallel combination of a PMOS transistor and an NMOS transistor.

18.  The information handling system of claim 9 wherein the pull-down circuit comprises
20  the parallel combination of two NMOS transistors wherein a first one of said two NMOS

transistors is diode connected and a second one of said two NMOS transistors is normally

connected.

19.  The information handling system of claim 9 wherein the pull-up circuit comprises the
25  parallel combination of two PMOS transistors wherein a first one of said two PMOS

transistors is diode connected and a second one of said two PMOS transistors is normally

connected.

20.  The information handling system of claim 9 wherein the pull-up circuit within a given
30  driver is enabled and therefore acts as a terminator whenever the given driver circuit is not

being used to drive the transmission line.

21.  The information handling system of claim 9 further comprising a plurality of on-chip

14



14 WO 00/ 70474 PCT/ USO0/ 13223 termnators, each of said on-chip

term nators being individually coupled between a | ower power rail and

di f f er enWO0WE947df sai d transm ssion |ines when the node t BCRAISEH1R2Yi ven
termnator is connected is in a nondriving configuration and the

corre n - agd

Cor m RARBPLTRS0rh SFLid SnioBhn e PR R MEhiRRNS BRI B I | 1

i npedpowe rafl ahbdiffaransomessf @id framseissash. links wheh chemtdedn whaeidd gingn syst em
conprising: .a plurality of resjstance elements; at |east three

t r ansiFrBEIEN 1§ F?fﬁ’é’c‘ﬁg\}’i‘rﬁ‘ga%onéﬁé{%&%ﬁglgﬁ‘%“? @8&%%%%’08 g dgYeIsngt 10
transgl %48 ot %eastem}ﬂaﬁg, Qid lefiifna@Reh AN & SREANEsIQRtWIRERIdToSR d i rst
ends are coupale toget her through different ones of said resistance

el eneci@acterisigriinpedaice df thegransmgpgihiling. t he nunber of transmission lines in
said plurality of transmssion |ines, each driver coupled to a second end
of a different one of said transm ssion |ines, each driver conprising a

pull-up ci pGUidfoRaNidAthaAdiMY dysih ddsdraipace matched to the 15
characteristic i npedance of one of said lines, and a pull-down circuit for

pul | i ng dowplualityiofmedistancegteenasts; sai d | i nes, the pull-down circuit having a
pul I -down resi stance cor.responding. to f.S€ , and at
'L:l(s?g%%\%lg?e grla?sml.s 101‘?8n 1{21 lr\b a chtth%teQnggrﬁ%éﬁgPéeéQQ&d?f%Qﬁs

| east one F cui't “coupl e 0 a secon ne of said

t [@NS FFhSFhi®dion 1iA&Shavirdla BBt enkhgnd adeobthéridcomhdraindhidniyssarsis ara @upiedai m 22
wherein each of said resistance elenents has a resistance value which is
Wi t hi tpgeter gupegindiffefent peesrad spidresdftaneg{eminiSing the characteristic

i npedance gf NS SSi j = 2) /. 3 ! nber of
the 1 ans arebBEb] FSE Saffe WelRnit: b B o gn By B T ng

syst eamdmisdian h&? exdredrbien couptediotauetondesidsif antifferent ami af sajdutdnsmesionci r cui t

is wthin ten percent of Zo([(Vdd -. Vss)-Vsw.n n-1)1/[ Vswi -1)1])

wher etipeszgaghrdrivey §0@H€518&érpéht"@rqlr§’t’itg?'i“ﬁ%éd’\émé’g’ rt%?ISt@ ‘%edi‘?tfgerfg?ﬁ(tg%i on lines,
NS thea é’r’i@%f’crirr@%d €OPdneRESid Y, arldSa SIEAYPA LREAL RS pBNingRRG 4 @i |, Vss
is the voltage at a lower rail, and Vswing is the voltage swng desired at

a secsigdalembmeatf seidriimes;tbel ptld-dawd cirget haddg 2 pull-Theniredisganragtdorasivadiigi ng

ﬂ/;'ﬁg;& fp_%'m%' rmOfZSng\{I{I re S;nm;tdhe pul | -down circuit conprises a PMOS

at least one receiver circuit coupled to a second end of one of said transmission lines.

20 23, The information handling system of claim 22 wherein each of said resistance
elements has a resistance value which is within ten percent of the result of multiplying the
characteristic impedance of the transmission line by [(n-2)/n] where n is the number of the

transmission lines in the system.

25 24.  The information handling system of claim 22 wherein the output resistance of said
pull-down circuit is within ten percent of Zo([(Vg - Vi )-Viuing (- DV [Ving(n-1)]) wherein Z,
is the characteristic impedance of said transmission lines, n is the number of second ends, V
is the voltage at an upper rail, V; is the voltage at a lower rail, and V,,, is the voltage swing
desired at a second end not connected to a driver.

30
25.  The information handling system of claim 22 wherein the pull-down circuit comprises

a PMOS transistor.

15



WO 00/ 70474 PCTI USOQ 13223 26. The information handling system of claim 22
wherein the pull-up circuit conprises a PMOS transistor.

i nf or matWBAYAYAHI i ng system of claim 22 wherein the pull -Ia%&mus@:ﬂrg%:zai t
conprises 5 a NMOS transistor. 28. The information handling system of

cl ai @2 WIGE §ifBrh R nahbnsDs Glens of dlaie0DPwheeh e pNVDP dircansbmibrises al0 29.
The information handling systemof claim22 wherein the pull-up circuit

conpr PHYEQS trapwstpar al | el conbi nation of a PMOS transistor and an NMOS
transistor. 30. The information handling system of claim?22 wherein the

pul | -down circuit conprises the parallel conbination of a PMOS transistor
and ap7 NMOSht h@Bihat@r handbnBdystchnef ¢infhop2rathiem thapd!lidog nsyisugwomprisésai m 22
wherein the pull-down circuit conprises the parallel conbination of two
NMOS eMNM©OISdramsistagherein a first one of said two NMOS transistors is diode
connected and a second one of said two NMOS transistors is normally
connected. 20 32. The information handling systemof claim22 wherein the
pul | - gp. ci Mewiidfoernmpun ismdling hestgraphtlhieh 22 obremrathe pnllofp ditguit PRDBriEEsEnsi st or s
wherein a first one of said two PMOS transistors is diode connected and a
secon®MRS BMSISId two PMOS transistors is normal |l y connected. 25 33. The
i nformati on handling system of claim22 wherein the pull-up circuit within
a given driver is enabled and therefore acts as a term nator whenever the
gi®en26ri vahednfocuaton sandting sys¢dmgf cleisn 22 o hgreily e tpE-upr AFFeHiCOBIPHASY i ne. 30

34. The information handl i stem of .cl ai er conprising a
pl uralrt]'?etffﬂrﬁlfdﬁﬂr-“b‘rﬂaﬁon Pg? h&ﬁ?ﬂ?ﬁ?gﬁlg’@a %agﬁhlgﬂéﬁér%nﬁgsé ip te?ﬁ‘i nat o?s bei ng

i ndi vidual Iy coupl ed between an upper power rail and different ones of
said transm ssion |ines when the node to which a given termnator.is
connedPed iTheiimfoampidrrahandling Syséamm PheiER LM NEFdn e Uil I EE FOTR IS 4t

1008 s LSRR ST IR 2 2o cermnator

15
31. The information handling system of claim 22 wherein the pull-down circuit comprises
the parallel combination of two NMOS transistors wherein a first one of said two NMOS
transistors is diode connected and a second one of said two NMOS transistors is normally
connected.

20
32. The information handling system of claim 22 wherein the pull-up circuit comprises
the parallel combination of two PMOS transistors wherein a first one of said two PMOS
transistors is diode connected and a second one of said two PMOS transistors is normally
connected.

25
33. The information handling system of claim 22 wherein the pull-up circuit within a

given driver is enabled and therefore acts as a terminator whenever the given driver circuit is

not being used to drive the transmission line.

30 34.  The information handling system of claim 22 further comprising a plurality of on-chip
terminators, each of said on-chip terminators being individually coupled between an upper
power rail and different ones of said transmission lines when the node to which a given

terminator is connected is in a nondriving configuration and a driver present at that node is

16



characteristic inpedance of the transmssion line. 35. An information

handl i ng system conprising: 5 a plurality of resistance elenents; at |east
three t Q907834 on |ines having a characteristic i npedancBCT/EEN3E3 sai d
transm ssion lines having a first end and a second end wherein said first
ends I%t%nglﬂg@ }oegct gQQ&E‘PH ot QUi dib ﬁﬁﬁﬂg af? '8@ ques%%'nge FRRhed a8

el enents; f érlvers each driver ividually coupled to a
secondlamudermixcmgedﬂnce;afdhe th@srhissing dinssi on | i nes, each driver conprising a
pul | -down circuit having a pull-down matched to the characteristic

i npedance of one of said lines, and a pull-up circuit for pulling up a

si gnaks, onAhhﬁf%Ugfl hggdlqjgtsg@eﬁmoﬁﬁprgmch nes to which the driver is
connected, the pull-up circuit having a pull-up resistance corresponding
td the nunbemraiftygéwrs@hr@ndbmeats | east one receiver circuit coupled to a
second end sai.d.tr ssi.an ty of
on-chip te?‘ﬂf’?fg%% rarésgghm%r} ﬁ%eérﬂ&vm ‘ hara@@ﬁsnc Prlg;%e%%ce e;Pth]l;H f?%\é‘l vidual l'y
coupl gehRAEIGENN HaOWRla MGVETd dndidl seami eiidf»ﬂ&rrantsalarfﬁst eofls ami dbuplednsmi ssi on
i nes when the node to which a given termnator is in a nondriving

conf i Qeeder diouabalitiercat onen&f said r%a%fﬁﬁeEﬁle“%t put resistance matched to the
characteri i mat i on
handl i ng s%% u(fal tglt%?ﬂﬂo&‘ﬁ %‘gh\%\iﬂg?relflﬁlgggg ?Ubslal (gedrseeg(?nsdtg%r?co-e?%glogﬁgﬁts has a
rgsi stranfmﬁssr@i ligesywdobidriver mrhllsmsnng epulpdowerircaf hivhes a psiHdowafmatolhedi tpl yi ng

the characteristjc inpedance the transm ssion line b (n-2)./n], where n
L hB RSO IRSdIRGESRE SLRIh L madt | AU e Cdyuk g%p%@gslwa%* i

i nf OrBﬁfqe%e@@&{h't%sﬁ}@foﬁmngg toS it M RRir R e [s&lofnd di&i Pu Egduit ance of
sai d |-up circuit Is within ten percent of Zo([( d Ss) - Vswi ng

(n-1) hai\{m,ga pullug(residthide cwheslmndmgcionm nmroﬁmad en(isstl ¢ i npedance of said
transm ssion lines, n.is the nu n t he voltage at
an upper r éﬁqFaStW? FqegivER @Il (Eoéfgggé? aéecIOBaéPg Pg?rfe Ofasr‘}ﬁid %n,s,m,l%bon e

vpd t agigs swing 30 desired at a second end not connected to a dri ver 38. An
informati on handling systemconprising: a plurality of resistance

el ement s; A PlUNDItY O POLTip PETINWOOOEaGPHEFaid on-chip terminators being individually

coupled between a lower power rail and different ones of said transmission lines when the
node to which a given terminator is in a nondriving configuration, said terminators having an

output resistance matched to the characteristic impedance of the transmission line.

20
36.  The information handling system of claim 35 wherein each of said resistance
elements has a resistance value which is within ten percent of the result of multiplying the
characteristic impedance of the transmission line by [(n-2)/n] where n is the number of the
transmission lines in the system.

25

37.  The information handling system of claim 35 wherein the output resistance of said
pull-up circuit is within ten percent of Zy([(Vas - Vi )-Vaing (- DV [Ving(r-1)]) wherein Z, is
the characteristic impedance of said transmission lines, n is the number of second ends, V4 is
the voltage at an upper rail, V; is the voltage at a lower rail, and V,,, is the voltage swing

30 desired at a second end not connected to a driver.

38.  An information handling system comprising:

a plurality of resistance elements;

17



at least three transm ssion lines having a characteristic inpedance, each
of said transm ssion lines having a first end and a second end wherein said
first enW907@47doupl ed together through different ones oPCEHSHVIRE st ance
el enents; a plurality of drivers, each driver coupled to a second end of

different gnes, ﬁkeéﬁ'hﬁjsmlg’s idd ﬁi’ib%rﬂﬁﬁ'o%rbhhfa@@%stl@ﬁﬁﬁbdgﬁdev@zichQﬂ@Eﬂ'd' sing a
pull-up circurt having a pull-up reSi stance nmatched to the characteristic

i npedaammmﬁiomhmesdfavs@ adfilst eraisgndaarsgcendmnd| whpsein saidriisti ends eve cogpledli ng down a

signal on one o nes down circuit having a pull-down

resi st §ﬁ@8r@6?%@s‘§§|ﬁrﬁph%mf@ffﬂgr%%ﬁ%F efmeggc:ond ends; and at |east one
receiver chhbfithlity©9dRhed, éa@hansamgleem@la@éco@aen@bfslafecbnt padksofisaii on | i nes;
10 and a pl urallgly of on-chip term nators, each of said on-chip term nators
bei ngtrewugbsion litest oacdirlriyer cmp@rnsnpﬂa%\evllwuamrmahaa\a% ? BRbWP TBYIYANST sai d

;gﬁgffm\# 2188 o {W garlga\,\{]ggnc 1@5?%% JfBne §‘t1§a%1h sghlyciaﬁjgﬁl?'a%ﬂ%ﬁxeﬁlt k& in a

ermnators aVI n n out put resi stance

mat Chpﬁlhh% dbWa aGh@ad6h ehé 6f daid lingedapud- dmf\,vntdaeuttrhavmglaqsﬂledDWH ne, wherein
at least 15 one on-chip termnator is coupled to those second ends not

havi nigSBtanes geirespenging i theawatbgr of $eondrids; #ior nat i on handl i ng syst em of
claim 38 wﬁﬁlggﬁ%{lg?&glvg¥ cﬁ&hpcforu %'dst(ra %@@&nd%h@@?gﬁéom% RardsBidssdrAneg; val ue

which is en percent e result of nmultiplying the
char agi@ri stic inpedance of the transmssion line by [(n- 2)/n] where n is

t he nunmber of the 20 transnmission lines.jn the system i,nf or mat i on
handl i ng s§PERNYOL OpAhR SEMIRRITSEAC ?fgsatﬁiﬁfbﬁ]ilp F%ﬁ?%ﬁt%fﬁggln@fcogg
pull - ?%%gﬁ: hh E%ér Po%ze\%v%hérﬂ difBreRES S BF sl rdRdrhikNO8 linesMS BT tHE Woddlto

(n-1) w;, ng erein Zo is the characteristic inpedance of said
t r ans wihshi ogivén w@mnMrusm deominiving configerbondaiiesniniytas Eyingan ¢lEpwol t age

Vol { afGeng i s by Do eodConionte Seb bRty B nit Aeid e

15  one on-chip terminator is coupled to those second ends not having a driver coupled thereto.

39. The information handling system of claim 38 wherein each of said resistance
elements has a resistance value which is within ten percent of the result of multiplying the
characteristic impedance of the transmission line by [(n-2)/n] where n is the number of the

20  transmission lines in the system.

40. The information handling system of claim 38 wherein the output resistance of said

pull-down circuit is within ten percent of Zo([(Vys - Vs )-Vauing (1-DV[Vying(n-1)1) wherein Z,

is the characteristic impedance of said transmission lines, n is the number of second ends, V4
25  is the voltage at an upper rail, V; is the voltage at a lower rail, and V,;,, is the voltage swing

desired at a second end not connected to a driver.
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