; e3eDX4B6xTo} W' SELF- COMPENSAT} NG UFFER 5 FIELD The presentigy 2007
Jdnvention relates to printed ci rcq‘llmmgmmmerconnects and in particular
the present inventio lates to p rcuit ard interconnects with

Li mited overshoot varM™&tions and refl eEPMns. 10 BACKGROUND One of the

desi gn &V@bd/enges facing the electronics industry is the pefussilny on

transm ssion lines (e.g., traces on a PCB (printed circuit board)). _ Not
limting these reflections can cause probl ens that can have an inpact at
the _digital level, including increased del ays, increased overshoot and

increased 15 ringing (i.e., oscillations) in the signal response. FIG 1
illustrates a typical gﬁﬁ?Wﬁgﬂﬁ‘lé@Q? {ﬁfﬁﬁﬁﬂ:ﬁn i ssues, wherein two
integrated circuits arée operatively couple By a transmssion line. FIG 1
includes integrated circuit 102, integrated circuit 108, transm ssion |line
.110, output node 104 and input node 106. In general, a signal travels from
. out put rfode 104 to input node 106, 20 and each time there is a reflection
frominput node 106 back to out put 133?- 104 or vice versa, causing a
.doubling of the total voltage. Int egf 2d circuit 102 has an i npedance of
Zbur at out put naue pkédnt inRERBmAtREEsGb peitdd clR8it bsardiaferionM&dtyand incoupl ed to
-integrated circuit 102 through transmssion Iine 110 having a -"

char act er i peiticularphapiateat IFgntigerefates toprirgecheigpuaitoand intareonpets agd@ over tine
of the volta at {. e 1 i_nput node 106 with Zbuf greater

t han Zo ca&’ggﬁeg% otvﬁresglgér’\%ﬂaaﬂgg%aélgorég?%}godlé' at out put node 104 to be |l ess than
Vcc/ 2. jthis in effect causes a seBUerRGRoODNDSt air steps between the voltage -
at out put node 104 and-the vaoltage at input node 106 wherein the voltage at

out put node 104 @resoldhe Aemign enallengss faring threelteianigsdndisyipthe 30 node 106 .
junps to t%ﬁ&ti%ﬁ%ht*ﬂgﬁafkgﬁnm&?&é.%etr%}?és% 4 BES @Eﬁ&@@ﬂcﬂ%&?&d).no{je 104 and
-V ach Vce (i.e7,

106 buil ding up unti oltages r tair-steppli ng’behavior) .-
Once Vcc i Naotdmdheg thesbeeflpgtornaatcabsd problemsTha qan bbvem imiaot athhes system.i s

the very lon | ay .between the initial step,and the stabilizjn oi nt at
Voo, 'Y e SRl ipgtRE Voo B, areR SHOPIODT 690 MRS 9 A graph of
the VO'fﬂag%r%)'s‘@%(ti{%.',@?ciﬂgti(;ﬁl?invtﬂleE%&ﬁﬁre@ﬁor{%‘.t S, Pﬂ{ﬁstré@éla fpkal Nput node 106

with Zbuf le han Zo causing the initial step voltage at output node 104
to be gr eatsgstemhiavolving/tReseThflectioonssass, vhersinitwa gategratedppatitnade | 06 to

overshoot the desired voltage, Vec. (i,.e. ,..over.shoot .behayior)..As shown, 5
t he vol tag@geﬁgv%’tcﬁﬂ?leﬁ%’%a _rl%lﬁmésﬁbo('ﬁ WatFlﬁogé“iB%séB‘ﬁ?f eCI%CBItbounce above
and bel ow Vog, indgrited ciaeii NGB, Y@asmaRRsiohNine 193028 ithitziodg 184 ab@put at er poi nt
in time. These reflection problenms have been addressed by controlling '

i npedance, @& 00aln ganepakia HERgldravelsfran papUtRedect04 teprrid Aede Heft.chi ng
uher el Mg Nend helimk TRE0 A RoflolPM] sroffRhGRRAENBEBARE C&g@tg,[foag jhqrpedance,

Zo. This 10 | npedance na Ing forces the 1nitial volta node 114 to be
Vcc/ 2. W't lortvidesversal, tagimg a/dadbling éithegtotal ankagd tlatkgeedicitoutridibasi on | i ne
110, this volta 8 arri&gz at inpgt Q df | 06, where § reflection is

pr oduced. Rﬂ‘df‘ﬁ’g ‘l‘r%ﬁe_é’f PLRURI node ¢ ‘ge_”tt%ng“i‘?é CiTRit 183 IsApertiyeYat i nput -
node 106, %hbleafm\M&egrgtggr&cah%@z BRBH X tr ARG5S orlfine 910 Wokmg Ahe total -

vol tage at input node is approximately equal to Vcc 15 Moreover, the -
refl ected hlarastpsistic mpgslancydge 106 (Vec/2) is transmitted back toward

output gpde 104 Eu0d 15 bl 290l BB RO SR i v L70°
total voltage #idivea ke 906 RHih 2104 eakbdhad RUSadshey thekdiagiata vdifapsit node 106
'S at output node 104 to be less than V_/2. This in effect causes a sequence of stair

steps between the voltage at output node 104 and the voltage at input node 106

wherein the voltage at output node 104 has an initial step and the voltage at input

30 node 106 jumps to twice that voltage with the refections between output node
104 and 106 building up until voltages reach V _ (i.e., stair-stepping behavior).
Once V_, is reached, the system stabilizes. The problem with this system is the

very long delay between the initial step and the stabilizing point at V.
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twice the initial step voltage at output node 104. In sumary, makind % K&y 2002
20 voltage at out put node 104 Vcc/2 causes the voltage at input node 106 to
"be Vcc. Once Vcc~ is re d the systemis stabiliz Therefore, at input
node 106 no further ref tions are produced. -FIG is a vol tage-current

(V-1) cylovfpcabgr ei n the output inpedance, Zbuf and the chgiagk&iiizds €
|rrpedance Q mat ch through the use of digital |ogic 25 conpensation

circuitry to comnzspst@gﬁaaﬁememozgge J\mr%n;a $GHE thlYag%‘é‘@?St?t E{H%deevel of the
characteristic inpedancé and changes the V-1 curve by contP 1 ng how nmuch

current coh®sandiinpof nedeel Muf ftle 2, esnthiam Zacausingethe ahitiageemyvoNage/a2. | n

ticular, FIG 4 trate d t V- 406, 408
o 410) “whvBH inds Ty b Tt amiShitesghe BPC}%JEG?VE’??@HC%EEZ range

bet ween | ogge td @\%?S}I%gt % canel étgf]atgte Oy TRt & o e oL dHAbid: ! o the

characteristic inpedance. In addition“to the costs Invo ved WtH this )
conpensét i the wiltages Ett)outnu’hmsdsbﬂ)@ancbmpaﬂImderIQQanmweste\kmuate ghoek cycles to .

programthe ffer,,.to e correct rat.ion to tchthel edances

bet ween th@mgﬁ?]f)‘é’r taﬁﬂa{]rﬁgc ’?a%&@ggﬂﬁﬁ% ﬁ:@ng apsome, a&er_p@,lm,mgg%

00/ 657$8 , PCT/ Yae@lkhtéfor5hrobleRRtHa08 b&dn afd@fés@é‘cib}p&ﬁltﬁilﬁﬁ’g addr esses anot her-
design chall enge facing the electronics industry:” an interconnect-rel ated

ef fect cal irape am:%erSya“v‘@@IPUIt huderf Kdasoe ansr)mpctc@ncc)mmmnawhenenes when

change 1 n RO ETHRGoRtTre-e BRBeE O R Brreitamedabes AL TR/ E05) € ynen

t he drijger lrﬂpaﬁana@inaf&lmfosée@aﬁe/m&taatvalt@gela%oa@lmﬁ) Beyt /§V\Wt1§ﬂhﬁ9 cycle.
Additionally, 1Sl int reduces greater skew into the tinmifig of a system Skew

is a diffevehege, Va/Abeingdransmied (awmetransihssien et b(hdblswnltﬁg@ ghives i nes)

b h d j
cynehr oni bRt gy 108, @S0 EAREDS ASIE SUBhs Befoclutigh, ° "o

conpensat egb bitfxﬁﬁlrasvdsw@ebeﬁfpushwml a6 bbb offfieet hr‘é%ls! fpip%)ﬂﬁ‘ﬁf&? yat chi ng,~
this approach is expensjve and limted in its ' ormance 1 n that it

typi cal |y CAN-ofiefolaékpiass 3t innyt 86%19‘&1%12%“64‘618@91%31 ®oYe. seconds
(psec) .15 [RSrebli?, hEFSARR Aol BN hadd 86! U/ D BhndiRRaRA S At ed bel ow

whi ch econe’ apparent to ose’' s e ar upon readi ng and 15
understandutmgartihmt}mtasémﬂ%paaxsufglthavoknageatbeupatn@dealmtechdldrthishe art for a

| ow-cost circuit better controls the above-descyibed overshoot and
gt g, WiPHEEG e AR P URR A b0 01 L €2b BHE ek o,
SUMVARY | n¢ e At nal source.
20 Addi ti onat] o Eh 96‘” Vi oulih HCRIR T Riksthe Fbtdge DI B8R B B0°

oper at i vel ywosubé wlalatqpheplt@gghfanut}sldmocleloilr hin s:unrnrpanty tnﬁlkingthgener ates an

Vor covell, “tRLete SRR Ape ) 04 8o Dl Bt B3 & e Bnelt S0P PP Ve

t er mi nat ed OMdelv QisGedchiet the s\R@heisrtdbilezety aMerdf&e] Anputliode 108Sn@
characteristic inpedance which can vary over a range of Ato B. The 25
out put buf fafthergetlectipns ereguodusiedent (V-1) curve having a voltage that is —

appr oXi At el y oGt 818 o QUREed NErdrR0S) Al Al (UNSESIInkiguRUt put o gnat

can be transmtte rcult reaches a

st abl e vol @gmﬁﬁthﬁbhzﬂﬂﬁcﬂﬂm’lﬁlmﬂﬁm, 3() nERIbEhrdaghEt B9 6INlightalllbzicDRAW NGS .
FIG 1 is a block diagramof a systemof integrated circuits. FIG 2 is a

graph o v F&’@@Sa\t/wntc?rﬁ’é‘tlﬁ’otf) Cﬁm‘e"?’éstaéerr?%é‘@/%&osfralsrcl@flgﬁb?%eso@ﬁaw or. -3
I VD 001 6548&) 3¢ ﬁg@hyﬁggyn%ﬁéﬁﬁg@aﬁce shd chaftg ¥ RE W -PLurV@Y Aty ning! ™ fOr a

syst em havi ng overshoot be
how much current comes out of the buffer to maintain the voltage at V_ /2. In

particular, FIG. 4 illustrates three different V-1 curves (curves 406, 408 and 410)
which are varied by the digital control circuitry in the range between load lines
30 402 and 404 to match the output impedance to the characteristic impedance. In
addition to the costs involved with this compensation circuity, this solution also
requires several clock cycles to program the buffer to the correct configuration to

match the impedances between the buffer and the transmission line.
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~4 ~1~V 2~-Di FIG 4 is a voltage-current (V-1) curve having irrpedanczz o
_matching through the use of digital |ogic conpensation circuitry to T4 KOV 2007
conpensat e based on ut put i npedance. .' FIG s a bl ock diagram of a
system of integrated rcuits of the present invemlition. ' FIG 6 is a graph
of vol t a@sodves78s me for a system which reaches a stabl e cawintsooniism one
round trip delay of the transmssion line. 10 FIG 7 is a schematic diagram
of one enbodi nerlinimatite ofeflEctomspiosdtifesgesaudthat désudif drallefiget facinpr esent

i nvention. FI 8 i.s one enbodi nent of (il %Eaﬁh of . a YOl te%g_g-ciurrent (V-1)
curve of orfB¢ ElSHEANREREUTY: ARINHGPIRFSHFIAFY Eldpdt colleh INtee>XRPe! conpensati ng
out put buf figferferdite (188). ASES&REs AMHERIWIAA thdre ifHfking (btiRRRLIEH offeTbOdi ment
of a graph of a voltadge-current (V-1) curve of oRe enbodi ment of the

pul | down cidataidsteie/(bith whivh ebds achapgnisahe tmingiofarty subkdgentdiitst ABI pr esent
.inventio G 10 is one enbhodi pent of h of a voltage-current (V-1}

. E r
_.curve of or?é}eéf'?ﬁ&ﬁﬂa werghe Hﬁger P gt rff‘&b%?a?drg’ft%‘? pflﬂ%tost F%C)&torrpensfati ng
out put  buf fs%»ritc%g?&crehe«mﬁ&ﬁngf ISTVRRIduess orEhiEr sidkdy info BRURE o@gbod' ment - of
,a graph of a vol tage-current (V-1) curve of one embodi nent of the pullup
circuitry ofystehe SkeM isechfifeaset inrgricitimes (i.c., thafdifferende infbgiprtesent

- invention. FIG 12 is a,.flowhart of nmet hod accor di one.enbodi nent
of the 25 HESETIANERE B BRSO of SelF ATt BEPIVEDE RERIS I n t he

fol I owi ng dghahbeted@stid AbicaBlcpinckdie i nvention, reference is made to the
acconpanyi ng draw ngs which forma part hereof, and in Wich is shown, by
way of 101 ustrat Eyan thopel using cemeisdompansatddrbuifirehag brgnishownte ba nay be 30
practiced. | he. dr aw v o rals describe substantially simlar
conponent s ?fﬂercggé nolﬁ%ga%%s%%!é&gg’qg%ﬁg@aﬁlesseé( pglﬁ%‘é%iynr%ss#@ge %nelt%escri bed in
, sufficiengerfieinande nah@newhRaliNogeomkiathiewk infertdimeat dketv® op586 bicee t he .
i nvention. O her enbodinments may be utilized and structural, |ogical, and-
el ectrical tRepfisdBSGnyF orghe rqasos stajed aboygranddop othssreagens-stadedrpelsy0111167 .be
made w tho b - javentd on. The
foll ow ng g\g{lgfi@g bﬁ@‘%@% ?I%{%%ﬁn?? 21%9{)}%8?% %’?g? Bﬁﬁgﬁge%@% aden inalimting
sense, afd trdersadie the ptdsentsped Aodtionntherd is @meked inleiel anefdr addw-doyt t he
appended clains, alopg with the full scope of equivalents to i ch such
clains are @FFYHE beler egrigglf She 4 eﬂsscn%e{i) oxerdiant 35 g Wtledes
integrated gid piviaiRdR redUtRYSs B idBlcont4 siedsegrated circuit 506, input
buffer 508, transm ssion |ine 510, output node 514 and i nput node 516.
Integrated circuits 502 and 506 carBUdMaRy type of integrated circuit,
i ncl udi ng, but nft Iei m'togjd tq, lr?ce%s(?rs .con rdol lers y Jenory devi ces, and
application spectf91 TRIGCYPE LY WP ST(RSHEMAS f SigRal S di ment, 10
i ntegraped gdditishill R integrdtetbsircuitsihginats SOSULER YuRk opeRavéal @sumegi gnal
that is transmtted through transm ssion |ine 510 to Integrated circuit
506. | n oneto the sigagiseurre, Thaoptput Bulferggensniesiag quinyd sjgBabNdasnoRsS o
di stributi opn,Qf fem .. f er, with
out put but £ o PEash S e s, MERGUE BB, A n e OEHE B -
di st ri but i ocoupbedste\actralsmiisfondirerterminmed wathf £ @ra@uit, wheseid thefttanisinggsion -
enbodi nent, _.ou %ut buffer .504 i incg\r Bor ated into a system gsi n% a
hi gh- speed GR&PH L psieristc gnpedapgs WAKASAR VaDeY er ARt P B) YIbeF I G 6 i s
a graphogf ba@uValfaeSs @VEhadel dWrelf (V-IEcutPd LAGRS 2 951158k MMt QUL Si gnal bei ng
transmtted E@FV\BGH ou% put E?1gto€de §14( aEﬁcul nput n%ée 5?% sulch t hat
approximately constant over the range of A to B, wherein the output signal can
be transmitted to the circuit such that the output signal reaches a stable voltage

after one round trip.

30 BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a block diagram of a system of integrated circuits.
FIG. 2 is a graph of voltage v. time for a system having stair-stepping

behavior.



the output signal reaches a stable voftage after one round trip. In oflhek0V 200/
words, 20 the voltage of the output signal has optinmal reflective behavior
"(i.e., no overshoot or s r-stepping). Initially, agol tage point 602 of
FIG 6, the voltage of t out put signal at output n 514 equal s

appr oxiweleksssg/ z of the source voltage. Wth this signalpdaussonissrvol t age
of Vcc/2 being transmtted down -transmission line 510, a finite tinme later
at time point @04 Bhs sgsiphrdlvoliagd veaimator2bsyistepuhavinglevetkigotwher e a
reflection is produced. Adding this reflected voltage to the initial

vol t age atPeh#fpkt node 516, both of which are al so approxi mately % of Vcc,
the total volt ] 1 _ I i i oxi matel y

equal to Vcc. %;Gégt}segrl ?B{eéﬁeenﬁgﬁngg?eIZEL\I/IIgHﬂ%@%é@tPF%%&F n?]aotgtgﬂém (Vccl2) is
transm tt edrongh khe weaif digital fugic cmndpersidort ansiitrg té bempensatgdeised oput put node
514 to add this 30 voltage to the voltage al ready residing at output node
514 (Vct/ PMRY HPeANge a total vol tage of Vecc at out put node 514 at timne
poi nt 606. Thu : . i t 1.6, ] ipitial step

Vol tage at out pac Aoys P el Ao SRAP oMo e BhERI NG ek 0t pu

si gnal at iawmioh. node 514 Vcc/2 causes the -5 ~r PtO~" ~~QZ WD 00/65788 -

PCT/ US00/ 11167 vol tage at i nput node 516 to be Vc¢c, Once Vcc i g, reached the
systemis st abiﬂ@éd? a?ﬁaéﬁhé?q‘g’ro agat- Guf ?&awsvg%ﬁ rachesetade 1 ef | ecti ons
are produced fifonSn onéroindahis dekl!FGhd Rlndnfissish hoed to output node 506). In
one enbodi nent, transm ssioh I1he 510 conprises traces on a PCB 5 (printed
ci rcui t0 boar d) . FIti. s misslsdngaticl diagradildf dvesenzbasimaewaifahe s¢lf-c i npedance whi ch
can vary within a. cer%ai ol ?iang thof val ues, A and B. In one enbodi nent -
wher ei n” oUROFRREDFAIESHRY OJHET Fﬁr%?eﬁﬁ’ﬁﬁﬁ?téqn'wsi ng a hi gh-speed graphics-
bus (e.g., AGP ¥Regsal8hateBofnaRibEd cPPhtdfa Wltagélcﬁrrlﬁhﬂﬁvkl)cﬂuﬁééfbu“ on -

network, this range of values is between approximately 40 ‘and 80 ohns. In-
anot her 10onsraydzhidmpent ofithe pulidengeciofuityaplithe sei-ompeasatingomtpibeéiee] y 10 and
40 ohns. OJIitBut buf f.er 204 through its output node is insensitive to

i nt er conne®t & REFHHRYSPEPPc i npedance with transmission line 510 within a
certai psregi on PIG.iok ahethtr eribedifrRet 6fa Sfaphrifaneithgd-surfie (Var@arveet ween A
and B. Therefore, the vaoltage of the signal being generated by integrated

circui t 509 qre emhogirneniod dhapudldpsvry @ity of Bisrsslficomnengating PRIt over this

range of i q odinment, this voltage is one-half of a
source vol agég. @%}ﬁalspsregsegh?g’gm\?o ‘tage can vary, but in one enbodinment, this

vol tage is in aFr@rigds ohe émbodimeht 8f w @rdph dfig) volfab&curtens(Val)swlpenett | C

di agram of one enpodi nent of the self npensati ng out put buffer of the
present inv%qm‘efﬁmpw Qfé\g? P@H}Pa?lfc‘ﬁr@%gieﬁl%%%e&é@l%@t%%’éﬁﬁﬁ t for

out put rguf fran, - 2Q4: \aledilcg 5. Qutput buffer 504 includes pullup circuitry
722 and pulldown circuitry 724. Pullup circuitry 722 and pul ldown circuitry
724 incl ude tr ah¥Gstlas sngihgr ermbedineagobmgraphaf alveltage-currentif¥ei)ment |
transistors 704. 706,. 708 and. 714 are int.egrated circuit transistors

b oduced uetig chods arespmebi PR P E i HEY R el SRt B vy 25
i nt egr at edbeffércfithe prafdnt Gilen@on. pr ocess, such as MOS fi el d-ef f ect -
transi stors (I\/mFEﬁ; source and drain regions, and a gate

,. havin I .
el ectrode. In pll@ léiarwﬂ%ﬂvt of 2xmethpg ageardingfto opagBIbodbnent @A the t hi n
currenty.pa i S..coupled to i nput node 702. The source of transistor 704
is cou[glsedb{kgzﬁg%‘}ee?’tlélgurce voltage 718, and its drain is coupled to out put

node 716. The gate of IPedcrarsiostor DEPSiIWD PMRODIMERTE path 732 is coupl ed
to i nput node 702. The source of transistor 708 is coupled to upper source
vol tage 718, andn thedolpwing detailed dspeptian afifbe nysadonretrgwe ivmede The anode

of diode 7%9th\é’iarcg'cirﬁbaf\n§fr{gecﬁpawﬂ?gtshv}¥i§g fdrkn a gart hereof, and in which is shown,

by way of illustration, specific embodiments in which the invention may be

30 practiced. Inthe drawings, like numerals describe substantially similar
components throughout the several views. These embodiments are described in
sufficient detail to enable those skilled in the art to practice the invention. Other

embodiments may be utilized and structural, logical, and electrical changes may

-4-



~ 4 PLC'S 7.002 WD 00165788 . PCTICl S00/ 11167 coupled to the drain of 4 ¥V 200
‘transistor 708, and its cathode is coupled to outgut node 716. In pul |l down
circuitry 724, the g of transistor 706 within rrent path 726 is

coupled to i nput node 702. The source of transistor 706 is coupled to 5

| ower soWpMe/6yBBt age 720, and its drain is coupled to out PEI/URSHRIIET 6. The
gate of transistor 714 within current path 628 is coupled to input node

702. The sobf®adowithpwiiepatiae ﬁ'PPht}i%cQRﬁﬁftbﬁpfeéemtdwm@éu%’é vol tage 720,

and i ts draj, rﬁcé’éfﬁﬁddfggq;}tfbﬁ 1%33%8%?? | 098 & o TG rngs‘ dle of diode

712 within curre e drain o dr 714, and

its anode laldcthupct@d dfmhellﬁremmt pwhnmdxe dEﬂiﬁed st1ESy tBe ‘amandednclhﬂm@re graphs
of the voltage-current (V-1) curves of one ' enbadi nent of the pull down and
pul | up trandlPRg BiS the fqlh@O@%Pfe%Yﬁb%@th@h suguelames yaeRdedf the present

i nventi og, merek@f%x‘?kgg%cﬁlbat@etg'egy iglides inte attélpa%'c%%gobhgu {re”t I's the

. output current for out pu pur poses o cl’ar the V-1

curves and bifferGOH| Risdpoateld tigeudeF0ms; mpm bunferf 308, trigsnsiedibn nﬁérﬁe(mmtpumg out put
‘buffer were dijvi ded into pull ﬂ‘? and pul | down tranS| ti ons. PULLDOMNN
TRANSI TI ON F9dsS 14gand japy ngde S flrné%géﬁﬁd B HPerAnd 596 ceRde gPRBIRS Bf the V- I

“curve durin ffer S04
hown i 1 207 KR SRR AR e Bl P PR IR, bofftolRel Bhlmal e

current fl odéewigesi atdoapplitgin sipa&ﬁennt&ﬂdted@ncuiﬂs (581@)rrﬂn baedmbbdlmmue portion

806in(i8njunct|on Wth@-r E! ortlo 808(t , the' coniﬁ_‘nt vol t age"

portion)¥ ofieHREE CIrERE £ HCHR FIERY SRUISSI ]P"’d(g\ﬁﬂerla?eéﬁssﬁqa at{Soad |ines 802

and 804 ar etraxk%lfte@aﬁsﬁ@vt@ansmwmﬁ@qo%tem@&M@%eﬁh%héC | oad Iine-

i npedances of transm ssion |line 25 510 between whi ch an approxi mately -

const ant vokmbhgdiniest, paipyt infierd04lin insarporaed amto distebuteni gfracyalerrof t he sl opes
of lines 802 and 804 ent the characteri edanc nge, Ato B;
of transni s§i°8 a‘ﬂ Plaﬁ’éOtéTg %?:}\%OB’(?‘I %\Wlﬁ%‘fﬁ?f o‘}Sﬁ‘?l@i‘?‘? the =
respective mldndscsk $ghal bﬁonluscdmﬁsuwiﬂb%eb@aﬁdlrﬂef&t %Qﬁu BidersOdglal i ne 804
intersect the V-1 curve (i.e., the range of the maximum- 30 and m ni num

char act i sfuréher gpbadimea), ot betioedM inincoaated infe Afysignl vsr@a . (V/2) is

posi 1 v culEEPERT SAPLEkY (AP AreHBrld oG RHR, e "same pul | down
transition, _7_ FIG. 6L1sb'e£>grap}26fihe volt@dlﬁkﬁﬁ%&ﬁh@@ﬂ]/t@bﬁﬁﬂéﬁ&:ﬁ@ﬁt absent t he
| oad |ines. Numbering of the el enents between Fl G

8
consi stent FiEPakRFREITAISEHES ReTWAFL AR MOdS ééﬂ&ndﬂfé’rté‘f)g? é16 éHFh/@abor tion
806 and cur v ARkl s@haBREcKds a&tabld Nitag Egﬁéxt @H&troﬁ% t9€in &H&I\ng‘& represent

the V-1 curve. Additionally, curve p0| nt 810 and curve poi nt 2 represent
t he kneéd othevaltage vf thecutpus sigoplhes eptimabreflectiveabape vior (itdenaraxi num and

L T I e I R T K
buf fer 504 ef ttel datpih sighaF&iuthit hb@N514 equals approximately % of the source
voltage. With this signal having a voltage of V /2 being transmitted down -
transmission line 510, a finite time later at time point 604 this signal arrives at
25 input node 516, where a reflection is produced. Adding this reflected voltage to
the initial voltage at input node 516, both of which are also approximately ¥ of
V... the total voltage at input node 516 at time point 604 is approximately equal
to V... Moreover, the reflected voltage at input node 516 (V_/2) is transmitted
back toward output node 514 causing the voltage at output node 514 to add this
30 voltage to the voltage already residing at output node 514 (V_/2) to provide a
total voltage of V. at output node 514 at time point 606. Thus the voltage at
input node 516 is twice the initial step voltage at output node 514. In summary,

making the voltage of the output signal at output node 514 V_/2 causes the

-5
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node 10 702 begins at the |ower source voltage. |Input node 702 begins
‘receiving an input signalghaving a voltage which cau‘ pul l down circuitry
724 of output buffer 504 nove toward an active st whi | e noving pul | up

circuit 7 0 an inactive state. In particular for pul fheuitry
724, tr%sqogézjérss 706 and 714 begin conducting, even thougﬁ?)#og{)ﬂldﬁy

turned on. Q) ) ts S i al aejpecuit until
Lhero i o St ik n8YPIELy bPO S Chie BEDRHHGIb AT s AREBIBIECS | 0
di ode. Unt Thetefurs, at ohtpageaodly B35, moi fotthérsrefleatiedre prlodueddat.e., akimgld npedance

seen by out put node 716 js the inpe ce of transistor 706 through current
path 726, EdleshehisgstuEpgd/ e %‘&qtingﬁegg ‘in FIGS. 8 and 9. As the voltage of

t he i nput signa LABNEinRede : Rﬂxtliirfkuﬁso I iCE BASE: ansi stor 706
and transi stor hgﬁ? uI?n oln. Thlrasgéf#ows ower source v% toéléagP%
a vol tage @@rapedéirdhitboardicriressmissids ling? 10hes elbliareetes stigindiedaleee712 t o be

f orwar d- bi ased. The i npedance through current path 726 which, includes -
transi st or WHE! 438 Ygrewt +n%ﬁ%ﬁ?1%ﬁaéla%r?6éfa 2en he B

25 enbodi nent, the nmaxi num val ue of ce o i1stor 706 is
wi thin a rénge AdiP QORekO@ed irgphitsPam)ohar a elwbb dist@mitiont teeworkpthisance of

transistor 706 i.s greater than 75 .ohng. |In risqon, ideally the
i npedance 6‘1‘ngter°£|>{_§ f&rbeﬂﬁ‘?‘} ?P%%’FIF@%% '4pﬁna;§gpd°g’mf1§nia§°g‘€‘r 0. yI n one
embodi RNt enff3liSndnTRERGIES: bOvdI&SSs B%eh%ﬁp%o%ﬁﬁ%ﬁl}ﬁﬁ) Md 40 @fs¢n ssion line

510 divided by 10. 'I'n another enbodiment, . 30 thi's inpedance i's |ess than
10 ohns. The i miadpuwtderifer 504 shroigh s otpat nede dilnstasitivy I@intarbmetiore, is

LT 1 B RGE Gttt IR Bk bisbr drres SaRin g pRnRe ot ehpedance -

di fferenti ahteREt WERITeglon THfiteRRt 1 2 ParB bebidoneA bnd B! Mheddorepiiee di ode 712
is forward-biased to provide an increased current flow through current path

728, the i vodagmelehs signabieing generataddy imesrates ciroyddOZ At pytpuheoderdédance of
transi sfor erjxmlallnggg%rgkf;xqﬁFlyc%nst'aJn! SR HRE ?Qx Sof%ﬂgagc?an%e{? Ot dr@n 808 of FIGS. 8
pu s between

and 9. e Increa own current ocCc he T'ange of m ni num
| oad i npedantwdirhéit, B2valtde iBonavhatt bdadouropedidapee ThisisouBévoltdpe eover ,
because the inpedance of current path 728 is much | ess than the |inpedance
of current SHAVAY7DE INORE cBIOGIEMERL BT VItass s Iohrangs of -1 dKs Wlsdver t han

th I f [ : j - hei tially 10
€ Sl ope of curpfe 9%515{3&8{3%@\/&1?%1- %Me%ﬂdﬁﬁth’&éﬁéﬁéfﬁ 1 ally

vertical at approxinate . e point at ode 712 is

f or war d- bi asegensatidg antag doffst gf the presepsineeiticl. | Ip pagidulaaFIG/71 curve in the
range of . a m ni,num an Xi mum characteristic,..l dance force he initial
Vol Lagelbi RRBCGUTS AT RIGRAT Bt OBp AL b S o QhePs St e ¢ han
attenpting ihewadsiMubkerchithf B2 dAdadaes diultbe724 NBulliPasanse72d n
particular, referring back to FIG 6, 15 this graph illustrates the

vol t ages ovaad muilldewacirenigryolRdpoeluge triansistard’ G4 & 06 nfiiBtaridutlte An when t he ~

over shoot  senguF R R as 18 RS i At cliol) FBR 08RG, e
out put si gnabdiARES Pstsidabd eompleha@itarinicti]-Oi€e-E@hitendudtdt-(CMOS)
25 integrated circuit fabrication process, such as MOS field-effect transistors
(MOSFET), having source and drain regions, and a gate electrode.
In pullup circuitry 722, the gate of transistor 704 within current path 730
is coupled to input node 702. The source of transistor 704 is coupled to upper
source voltage 718, and its drain is coupled to output node 716. The gate of
30 transistor 708 within current path 732 is coupled to input node 702. The source
of transistor 708 is coupled to upper source voltage 718, and its drain is coupled

to the anode of diode 710. The anode of diode 710 within current path 732 is

with the graphs of the pulldown transition shown in FIGS. 8 and 9, input N0V 20

U

0 to provide

07

_ _ _ f Sugdh WGEPEREIREEh 728 which |
ncl udes. t \aRke bapul e ol { 1gnpat: SER A EHINE (ORI 41,808 |0 one



The effect of conbining the output inpedance with the characteristic ﬂO“ NGY 1002
" inpedance is to create a voltage divider. The ratio of the two i npedances
"defines, thus, the v age level at the node bet n the two. Therefore,
the goal is to push t initial step voltage of the output signal at the
out put fw dosss7880 V/.2 (vol tage point 602 of FIG 6) to prRATEe00IbE7 unwant ed
stair-stepping or - overshoot behavior, as illustrated in FIGS. 2 and 3.
Under the pohpled 4 the draingdansister 708, aofills wathade isgoupled te pepuleddeage of t he
out put si gnfa}I6 of Vcc/ 2 the output inpedance would be matched to the
characteristrc inpedance. In contrast, enbodinments of the present invention

acconpl i sh the imigullabwsceBuivgl 2age @htet dTareisie 706 vaihad cdrtenyVpith2 by
mai ntai ni ng an essentially vertical V-1 curve in the range of a m ni num and

maxi mum | oa@6iisrpeetdete. InBYt IRAp (742 nédie seuree phigansistehOoys Fovpled® of FIG 8,

t he sl op, f line_806,r ent,s, the . dance of the.o buffer, and

. the sl opg (C)]f)wﬂ %Oélr%‘@l}aggﬁgg’e dt5¢ aemi‘%‘gl g%dccté) oélftplftr?gd ?Igérjig?]llles%%t%n l'ine.
The point aif tikigtor 7hesetHimeurkdnd @sthi 62865 s6GiledMd inpeaedeqOPeThe s the vol tage
of the output s:g%nal at the first step -9 - t; ~~s~2i~-;~~cv W

001 65788 ~ PUTEUSORNILSOE74is apypledde Ioyermourg yolrgeT 8, and liTAminEore, in

- order for t Lol ot 8 - S e

i ntersecti oc%%ggﬁﬁﬁﬁseecsa'tt WO Ic}frcllgog tg(;97711\1§’t af(})ﬁégll‘ittrh%%oggl\ér%)’(]?ﬁg}/tg%&%eép 2. Because
the V-1 curpah 738 Bs®apledasd khe dreihtdfemhsistor Ve4/aad(iatanbd® s oBGBkd td hi s

| ogically forces all of the intersections between Iine 806 and |ine 5 808
to be at tm%p%m@a&é@- Therefore regardl ess of the slope of Iine 806, the .
i ntersection of Wiy t80e- V.1l BiS i.des the -
requi red i it al P Io SaRdughas £FEUbE, Btk oltfme e P O B ei 2% 1
expl ai ned ahmivelifent it péllddvhreandopuligeransitione obtitepatf-compeadatiag i nput node

516 is twice the ipitial step voltage %t ou&{gut node 514. Therefore, makifg
Uhe vol t age WPUEREAL (RoPreseRareatons B R (e aldes B14e WEFoUE8es the -
vol tage at i{uRHLt AQER i94R dufhl BuYek folIMEdulpuk %uft@ﬁ%%_u?ﬂ%%eﬂ(ﬁt emis

stabilized (i.e., no stair-stepping or overshoot behavior). _ Using this
sel f codpendatiyntheols putvebahd the cofresfioBding despmptiins fonide eelbodi nent it is
conprised of two diode d.two transi stors,.elimnates the need for nore
ooty e b iRl Betd APRed adun o sRUPRNES e MR, 15
conpensati ng out put buffer propugdesowRareosit@oN i ng of the voltage at the
out put node of the output buffer through the use of passive circuit

el enents (e.g., HIGvesInd harsidifferent empodiwsnised the graphg ofdhey-hayyhg an

o ' . ot
pedances ANk Bl RR B o EREI Bt o aRA e SORERBRER 7' The
i nventi @an, FRiweverlG. Bshows tisoVilicurteech tefls bf a pbsitivel clreera flomereg imteed by t hose

skilled in the%tgﬁt tPiE.charact ri.stic V-1 c ééle where . there is an
appr oxi mat ePYPRGHETERP4y BPichdRcasuriise °£@P{fvgimrﬁl%{h§ BrCoRRRCU Withst i ¢

i npedances ggde BSrtﬁ‘)%rEO%V(?.@.,mé‘%ﬁs‘%ﬁnt‘i‘/ﬁhﬁ’gé”rﬂ‘dﬂién), bf&ﬁlg%ﬁfe@@@@e with the
descriptions for FIGS. 8 and 9, FIG 12 is a flowhart of a nethod in -

accor dance dinitg apukddyonlirarsitionsf Leaddirien ¥R @nd 804 kre the rgspeativeul ar , -
corresponding_to the.descriptions of.Fl . 8.and. 9 of ul | down.
Cransition, TERHyBARd TSR iR Ry e spd vBpeape o mSRE s | npu

si gnal 3vi 810 BetwREd whicH &Pafpréahiatde corsbtandvoR¥gelid Odhintainkdr & current path
of output buffer 504 is selected which has first inpedance for the current

f1 ow bet weenRamigulsuitthetecisaeal of theridopss of livem$fnans $Mgrepigsgithduf fer and a

source vol t gﬂaeraggx%s%% impedance range, A to B, of transmission line 510. Curve point

810 and curve point 812 are the respective points on the V-I curve where load
line 802 and load line 804 intersect the V-I curve (i.e., the range of the maximum
30 and minimum characteristic impedance) and between which a constant voltage
(V./2) is maintained.
Correspondingly, FIG. 9 shows the V-I curve in terms of a positive

current flowing out of output buffer 504 during the same pulldown transition,

-7-
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30 on the varying input voltage of the input signal. During the pul | ddunk8Y 2001
transition, this selection of the first current path occurs with the

"voltage of the input siggal at the input node being sentially at ground.
The input signal at the ut node begi ns increases vol t age causi ng

pul I do cireyitry 724 of output buffer 504 -10 Ff /i {or T WO
00/ 657&0.605%#%800/ 11167 to nove toward an active state gﬁ?ﬁ%ﬁ%‘éﬁl

circuitry fggnt ﬁlemiﬂ&w&%ng@%é UBmEAR betwdeR m_@rgiaﬁ&m@gfe pul | down
circuitry 724, transistors 706 and 714 begi n conducting, even though not

ful |y turneohsstentBecthoseslemsntp mdncloestaspaes cThdrefird, enrvelp@®io88@hd 9, di ode
712 lacks a sufficient valtage dro about Q.7 5 v) across ifself initially
to be forV\é’i“gQWSQBH{Oncstpgr(éFrt g‘ﬁat‘zﬂ&f%ﬁ Viozta%eséﬁW?@IrFVeé‘?mélbee&'ci rcuit

causi ng cuggpgat &ddﬁ%d‘aﬂ?%ﬁﬁ]@% g‘%ﬂ&hﬂ&ﬁvéﬁoihpg‘@r rei%éEﬁElhé’ﬁ%ée@gﬁ 720 to be

essentially down curren .e., the selection of a first current
path fob cther Eftcufteowpteetnimgrihoungabo! dedeaxiténaant movieunsour ce vol t age i
720). In block 1206,. a second .current th of output buffer 504 is selected ~
10 whi ch h&STACERTHHIRERT G AR PEMTRSERER 2% PRROERAEH FEPStelir RUREE pach 1o
provi de cupyen i§ hawithgéyeen the out put node and the source voltage based

on the varyifig i nput voltage of the input signal. In particular as

previ ously descrdsenbihgthddmEsitiod cfreaitigyt bufferS ¥4 of iSliGs t5’an cdOpnanch t r ansi st or

714 are turned,on due the .increase in the.i vol e at_i,nput node
702, 1 ower “SOUPE &R LG PIIGOTR CEESTSH DREE PRI (Ha S JR S e 71 6

provi deg t he2negus beteYOWE88rcdORags ! Bpst fldedm2bkdifsabsdiag dhesisut 712 to be
f orwar d- bi ased. "I n one-enbodi nent, output buffer 504 is so designed to :

provi de a @§iamat kavingrpudhisasavifieh causghpilddaym qiositm 72 apewntpybbriigriiNdt he -
i npedance of hoth i Sl ' o f_this inpedance.
i Frerenti of M dnvEROR IR At SRIE\ BEBRIOF cirBRER 23 Brn st g -

current patstutd 28) padtil aofotipaitdong citdudtry P4 danetose?06 Myd D14 Pegdin node 716 i-s
essentially the jnpedance down current path 728. The second current path,
t her ef or e, cpBAeingngyerthouahaigh fly weprd garlpiodog12 hawever,Rstssel ecti on of a
second curr . = .C : t ex// | ower
source l&ol teg%tgh-g %83 ér%%eg {°{‘§;ﬁe’9f g%\gl {/g% ‘ggfgér?lerg&@g%@%gt X@éoﬁ@? t he

sel ecti on oblislie) aeosnthe divdee intidaltik vphiaga dtep peim isgfeacheds grrefore, cause t he

vol tage of the V-1 curve of the out . buffer 504 to be a xi mately
constant oVk§ 11{1pﬁ§ia?%pn§5:gngy oﬂtptubn%&e %t#?tlé%wa?q ?O%F{SFCQ'%O%V-I curve in
the range QhrodgHiciHrEMPaa M dTaXiddH MRS GO Ak§8: 804 & FieRedan@e forces the

initial voltage of the output signal at output 30 node 716 to Vcc/2. In
bl ock 1208, the duthsuoltegyaithe input signehdtinmd ngdewi02 pentinugatminsesase | i ne

(nat £ RSP R S s A L AP BBl BB 2
to FIG 6. toblovide xvoltagtdropof 0.7'Wacross diede 712Uhéreby causing diode 712 to
be forward-biased. The impedance through current path 726 which includes -
transistor 706 is greater than the impedance through current path 728 which
includes transistor 714 and diode 712, as seen in curve portion 808. In one
25 embodiment, the maximum value of the impedance of transistor 706 is within a
range of 200-500 ohms. In another embodiment, the impedance of transistor 706
is greater than 75 ohms. In comparison, ideally the impedance of transistor 714
in series with diode 712 is zero. In one embodiment, this impedance is less than
the impedance of transmission line 510 divided by 10. In another embodiment,
30 this impedance is less than 10 ohms. The impedance of transistor 714 and diode

712, therefore, is less than the impedance of transistor 706 to provide a step-in

current.



WD'0016S788 PCT/ U, SO0/ 11167 PULL UP TRANSITION Sinmilarly, FIGS. 10 and Q@awzmz
are different enmbodi nents of the graphs of the V-1 curve during a pul lup™ "™
‘transition. FIGS. 10 ws the V-1 curve in ter f a positive current

flowi ng into output b®rer 504, which is conprisedof curve S portion 1006

in conj uneléoes7ssi t h. curve portion 1008 (i.e., the "constamcnvosmaye”

portion), of output buffer 504 during a pullup transition. Load |ines 1002

and 1004 are theBreeapeof thivinmeedamerdi axgnivaliieyeenchvareat pahi’@biand i npedances
of transm ssion |ipe H10 befween which an,approxi mately .constgnt voltage is
i nt af ned. SPROBERL G B7 NG FECH dracaiogRet eerbad i§ReRees 1002 and
1004 10 repegsafitidunraldRIcagkRl fat 728 thPRAMIGECd RBESy oftp® nBde P16 is
transmission line S 10. Curve point 1'010 and curve point 1012 are the
respective psientidlyothe ithpedante elransisidréild andalgodei He, 1BZatadds baad |1 i ne 1004
dntersect. the V-1_ cur i€ .ot range of = the maxi mum and m ni num

. charact eri SPPIélOPr&Qgcﬁﬁg% & Anf %.eﬁlﬁggwr%ﬁ?cgﬂulgdo%g{w OGNS f_(‘;}?é’efl\/cc/ 2) is
mai nt ai ned. (Horafld §LSRAMLMNSAY impeld@hceliineSsVn d hgxiMrum IR pbdnter M8 of a

.positive current flow ng out of output buffer 504 during the same pul |l up
transition, liab§eht Mdieovien dgcduisp s, immgderaciol guukntpagh él%isanueh lost ween FI G

-10 and FIG 11 are consistent for .t el.enments which. c espond.

Theretor e, VEE FoRERI AG0E-a R AP G ang sPBF Bh S BSRiong BT RERH oot ant
vol t age” porgi'éaw?)thz&ﬁtﬂéeﬁagélbf&dlﬁe 86rtdnl806 b Yigs pAddd ity sk¥ntiaflyr ve poi nt
1010 and curve point 1012 represent the knees of the V-1 curve representing
the rangd ofvertisal argrpiesmaaly hi Mi(RemosH af whidrdieds ¢13 wjedwiddiasad)- bet ween

whi ch an appr oxi - 3 - ¢l I i ined. -
Description the %@g%ﬁ%ﬁﬂg@ ﬁg%?%g{lﬁ%gﬁegrm%gﬁ?8@E}réh%§b€%eaéc%nj unction 25
wi th the graphimimtahe nptirhoawhatacrerisiid inpedaheaddries tid oHial 10ltageofile t he

vol tage of the input, signal at input node 702 begi ns .approachi ng zero, ~

2
causi ng pul IFUPYE Figadh & PYPIOBOAS 718U pl/ 2 tidiee thansdtempiiag 19 BiRdhan active —
state while i W AVAR e j ve
particul ar fbgye%ou usﬁ%eirtrsglilﬁ]ﬂeyl Zglfmétéf glrll ?gt&g}dsr’n% 4 ia{t?\g%?l((a)%%ggjg?’n
conduct i g, tksemphhibugtrtesche Veitdggs bverriede atrthe 80tpDt bultfer#bd, thhopever, acts

essentially. as.an.open.circui.t unty,l there is a sufficient voltage drop,
Ve, (about” GuRet PR bt a1 (e, 5 P S afe0 S B o
reached, theyefspbsbehiddod, APAABREERI HCEIGH)2 M PUln sBeewdHe, the olifplt | Mpedance
of -12 "yl 1'c i WD 001 65788 PCTI USO0/ 11167 transi stor 704 through
current pat F1gBbregghes acsiblsvaltage eftpoend ound &G in FIGS. 10 and 11. As the
vol tage of the i t sl L pput 7 nLnnes L ease,

transi stor 708 an terfgeﬁgl sogrﬁ) anbﬁ%%u?lﬁglgﬁ %@ aa%cmkh g’f%fhé%f{éﬁgg%% ow
Vcc(sourae Smpedinegéy b crealdra soladge@iwider) PEie a6 lof hevdlotiagedddddst o provi de a
vol t age drop v _across diqde 710 thereby causing diode 710 to be

f 0.7
f or war d- bi asdnestis; hseairas!eY A P ciseBrtenghe RV r3bhaRiah hherdldes
transistor 40 pRhAheRiEN skBARIhAC! HRSURRE S shi & Wio i Ritfer RAVR/a7 32 i ch

includes transistor 708 and diode 710, as seén as cur portion ¥008. In —
one enbodi neNbltagerpointeddR o G ab e podclude thhenivapied ataestefping ansi st or 704 i-s

i thi f 200-500 ok . ' . the inped f
Uransi stor - TOEPOoBATER o AURTH SRALCST ARy LrNED e PGEAT B arag . ¢
i mpedances ofiotabRRed &t Piitial @B pivaitagd by e%fﬂri:tt iRt fAL02ItRe outpg€r 0. | n one

2}
embodi ment, this inpedance is |ess than the inpedance of transm ssion |ine
510 di vi ded isypedanceiwpuddhbe matchedioiierrbaracteriniic impgsades cla dogtrag, | ess t han 10

hns. The i npedan f ' 708 and di.ode 710. - th is |
Chan  he- | mpeaiabens of MeiReRt Rhoion Behral e TrtaLySr BIBTUAS pocause
of this inpeslapaaidiaf i€V entiyahaibeiniBe an eWen8ally Patibal R0 cane iGuWlid ent path

732, once diode 710 is forward-biased to provide an increased current flow
through cur rignge pha MmimEEm prempxRpagaed iBWedaneg. out put node 716 is 20

Curve portY on T00RRaREs By SRS Blnuk ST RRET 8 B TRRE A B0 e f e
.occurs bet weeprdshigs fRMgHe@incion thelbipaan fleARRAane Sopé HELAOHR and nmaxi num

-l oad -! inpedance |ine 1004. Mreover, because the iInpedance of current
path 732 is repiesents thesmpréance é therppagmissionoling uF esprinipi tvhigisthese e sl ope of

o the poi ni T o K BFRAR TP bRl AR oL % B Sietln BG¥ B S6b e

poi nt at which diode 710 is forward-biased) . As previously described
advant ageously, this essentially vertic8t V-1 curve in the range of a

m ni rum and maxi mum | oad i npedance forces the initial 30 voltage to Vcc/ 2,
rather than attenpting to match the buffer inpedance to the |ine inpedance.
In particular, referring back to FIG 6, this graph illustrates the

__________ o o o, o, T Y T Y o
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overéhoot behavior, as illustrated in FIGS. 2 and 3. In other words, the
"out put signal reaches a gmabl e voltage after one rou trip. The effect of
conbi ning the output inp nce with the characteri st i npedance is to

create vol e divider. The ratio of the two inpedances } t hus,
t he vol ?ggg/ﬁgzgel at the node between the two. Ther ef ore, P?ﬁg"%fslga %’IIS to
push the inf{bidlseSbER 82bE296. Of ThHRIQULRWIS I M Alpu: BRnalbRMle RUf fer to
Vcc/ 2 (voltage point 602 of FIG 6) to preclude the unwanted stailr-stepping
or over shooblthehavélarf,V 42, the intstsecticdof thede|t@S. lir2s andt 8ccudiatier t he pri or
art, in order to achiev initia tep vol tage,of the output signal of
Voc) 2 he GRS e arrSBAdr o - EEa SR U R Bhar ROBdRT st o

i npedance. pg 8@8’ﬂttﬁi§%%ica‘?ﬂ7bi%9deg%ﬂto?tﬁ’é it} cBbAS B bR YR BDO Ind@ARONP! i sh the
initial step voltage of the _ output signal to Vcc/2 by maintaining an
essent i & | B084o be stathiswditager T betefore megardingseofdhe slopt nf hnerB@mdheraxi num | oad

i npedance. . Explained.in terns of t V.l _curve .of FIL 0, the,slope of -
| e 1006 ierBptimabe N S Re of: ThED oS BrOHA B it e o) ope of
l'ine 1008 [ &iRE e Ake steB &t 'V”P?,%réﬁéwﬁfinﬁ@é.rﬁé‘@a%éﬁ Sip1dihBLabolREP0I Nt at
whi ch these two lines intefsect wth each other is the voltage of the

out put si grfdG. &t the Neltégerafiths peiputisignall at ageit podan 1 GBIwade tht Gitial stefher ef or e,

in order for the outpyt si | .10 have a .volta | evel, of Vccl2,.the

|t er sect | JIGR prsuBtind PR Iheli qoRtre i S ag B e e B ToL ey 2.
Because; heu¥slt n68 384 VS/2ea88¢ thavostay@htihfdinodk 5Y6¢4 Be bat (hhdeev 1008), this
logically forces all of~the intersections between |ine 1606 and Tine 1008-

to be at tHb scaglndithgeysianeas strbriged Befari] Hais-sppingeorsivershoetibahpyier)1006, t he

-intersection ofy,t.he .t i Veel 2. urpn this provides the.
required initi aIU%}%g %halté\ge%f (2’%5 g s%@'&f%? Ef,%hggu@?{oovw Ileih%F‘f’Efregl. Because as -
expl ai ned aheuditheit i2B cbhipriséd of fved ¥Rdbagel Mo fravRiltooelEnniRsitle t W ce t he-

initial step vaoltage of the output signal at output node 514. Therefore,
maki ng t he Re6H £QIgaOEtcosily papedBeRcamrensaiopCiEagudls Addiiopally 4B ssi- t he

out put sig I, 4 Vi - i systemis
out UL 54 91 Bheck BB AR BE Bk Rl Bn ol ENR: Mot B SRRl Syt oM
one 30 enbadidewifithe dutpist budfeptlirsegh thie useof danilesimni elamertts @nsj st or s,
elimnates {.h eed for re, costly inpedapce conpensation circuitry.

Addi ti onal | ?gﬁsﬂi Sebigving HigdERE J}’ch"gﬁ‘i gﬂﬂa‘ﬁm PR APPHOBYTHEY CR&Ront r ol | i ng
of the vol t@ﬂﬁg%vérmece%fnqlahg@@fﬂ&laeict&mic%beaanc@yBisetseehfareﬁféabtrétb@ use of
passive circuit elenments (e.g., -14 1~ T. 1,~~2 WO 00165788 ,

PCT/ US00/ 1 1medneckingatsinent/sbiovenin igGt Re The saveations Hoveavends byt sodimited. an

peaantts haaHEh RerRe AT TrE RhE ol RIS BRI 5 The

invention, QewewlEre thérein ssprbkifdteld cohétaiRelthge Beeraldiraf ahgdopy t hose
skilled in the art that this characteristic V-1 5 curve where there is an

appr oxi mat eghpractanistia AMpedsneesREndrerchieved by giter eabgdipgntehar act eri stic -
i npedances can bg, AchiGN&ARY 1 SREAFARRYIBIES: 8 and 9, FIG. 12is a B

flowchart of a method 1n accordance with an embodiment of the invention. In

i

25 particular, corresponding to the descriptions of FIGS. 8 and 9 of a pulldown
transition, in block 1202, output buffer 504 of FIG. 5 receives an input signal
having a varying input voltage. In block 1204, a first current path of output
buffer 504 is selected which has first impedance for the current flow between an
output node of the self-compensating output buffer and a source voltage based

30 onthe varying input voltage of the input signal. During the pulldown transition,
this selection of the first current path occurs with the voltage of the input signal
at the input node being essentially at ground. The input signal at the input node

begins increases its voltage causing pulldown circuitry 724 of output buffer 504
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~I'n‘accordance with the description for FIGS. 10 and 11 of a pullup A rav 2007
transition for output buffer 504, FIG 12 is a flowhart of a nmethod in
accordance with an e iment of the invention. |gablock 1202, output

buffer S04 of FIG 10 receives an input signal ving a varying input

vol t age.wbno/bd7egk 1204, output buffer 504 sel ects a first PCHUSeNtIIEFat h

whi ch has first inpedance for the current flow between an output node of

the sel f conpersariar suspive sh¢ ard pelhg arcysnr G ipghevegeweakad on t he

varying i nput vol e, of t.he ippu ignal . . [ t he. pu ransition,
this sel ectlil‘ﬁ?{lvc?fstt%%elr} P?@fﬁ%ﬁgoggmﬁop‘g? ﬁlr%%&?gg\%\jr%rﬁlsﬂ%%%ﬁgﬁhﬁ gnal at 15
the input negden b&idugHRE, s¥ef Siduah oV Riilagled DhE PeohiseOR Evibingy i nput _si gnal
at the input node begins approachi n_? zero causing pullup circuitry 722 of

out put buf fdascEioetl fop FigHed ardhBr diodm?’ eclerkeea sifficienty@tage drapdabowd Orcui try 724

.to nove toward _an.inact.i.v tate. | articular for-.pullup circuitry 722,
. transi st r\é\%ﬁosaﬁtagl%‘gh%@@%nbec.Oﬁ‘ﬁﬁr t‘ﬁﬁsged GER" PR uBﬁ 1?1?&58?%'“%?% urned on.
Because, asopfdnaNicalthisigd catest fidvefom@utidt @dde 106 a@wki sodtdelftagd0 | acks a
.sufficient voltage drop (about 0.7 v) across itself initially to be

f-or war d- bi ag¥tto heaspaniially downzaprepspatly 36 (i ol thg selpctipe aditpicrentc ausi ng
- t fl 7 b
cosenti al |y i oY TufHehE b B Fecfnd @ ndRB ] o AL ¥BLESabiobE O

current path for Iicblotlen206,lasechet svernt path pdbupadbufdGoanssdanar sour ce
vol tage 25 71;?%. During a_ pullup transition in block 1206, a second current
pat h i s 18el whicedagmisespnddidersatprredanger fEome the f1vsh evrasnt attg pravade f i r st

current patM&m&%&%&y{h@%ﬁwh%\é@gtst\ggggggpggg e @ffeand the source

voltage. In particular-as previous and 11, once .
transi st or viingndpitnaiagsdbdihe 708t 3(gnal. entpartivadhress poevéodsy ddseristeicr ease in

conj untt | ontRGETHSoh B, HRESE oPEiscs B0 FRLE-REOF L HRHRLPE AN ey acr ose

di ode 710 C%%a@@iﬂ%@%u?%ltﬁé& fendiAnBA¢ doBRi1ewesoutdt WEgETRPH Ment, out put
buffer S04 Is so designed to provide a greater inpedance for -15 /1

'tv~: ~16,  ednjunoNonOviflesTe8t Bode o B0V Agsithe Pequirgdsiodiegy drpp4cioss conpar i son
with the inpeda of .both .t istoer 710 .an iode 708.. Because of this
ipedance dRPHEIAERaTE B0gh 7EAGL S Rui bR db S8 RO i bat n' 730
and current bp@éds0432 ko defgiRNByebVinga gidateriifpedinns CorsaeBisky 708Ut node 716
is essentially the inpedance down current path 732. The second S current

pat h, ther ef@pparisos vagsdhstimpedancg ohhoduransistorjadang dodei718. Beetnsesel ecti on
f . S L : : 716 and
0 a SeCOQFth?ﬁ@Se@E%%g%&e@&%g G dreib %}l g%%ﬁhg@g!&%g\%g#rg 2fe616 an

upper source Vo evi ous escri eously, the
sel ecti @0 ofnd berae pethd’28) aresctindpainy, freauvipgdancenseagby cuthnemidet7d6dause t he

vol tage of the V- urve of the 10 out put fer 504 {to be approxi mat el
onst o Coveienwally B pbefingt B5va sumrr A 20 { Tt sepoud Pere PRl T corve T

the range OfnefefBidis B4R ARy MW BIMENFRTLE S! the stRBEIPSCEESLes the
initial voltage of the output signal at output node 716 to Vcc/2. In bl ock

1208, the ogument psthgieakuirentifiembetneer duigpoinodehdl 6 anddnwar swireavdliage t hat i-s
t erm nat ed go)a circuit, such that the output signal 15 reaches a stable
vol tage aft one round trip, as previously described in reference to FIG

6. Al thasgh specifd gre@dhadideBdivednamnantigesusiy, kivsddlatiof otk Wese i bed
herein, it will be appreciated by those of ordinary skill in the art that

any ar r angefamentpatilcprovides sneughequastent b caabs paoltage ebthe \olewosef they be

substituted output buffer 504 to be approximately constant over the range of A to B. This

essentially vertical V-I curve in the range of a minimum and maximum
characteristic impedance forces the initial voltage of the output signal at output

30 node 716 to V_/2. Inblock 1208, the output signal is transmitted down the
transmission line that is terminated by a circuit, such that the output signal
reaches a stable voltage after one round trip, as previously described in reference
to FIG. 6.
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20 for the specific enmbodi ment shown. This application is intended to codudi 2307
any adaptations or variations of the present invention. Therefore, it is
"mani festly intended that this invention be Iimted only by the clains and

t he equi val ents thereof. 6 friror ~1'~A~n 0 ~l . What is clained
is: 1. An integrated circuit conprising: a signal source; and an out put
buf f er V6045788l y coupl ed to the signal source to gener aPETAROUUHEYuL
signal in response to a voltage transjtion at the signal source, wherein
the output buffer can be coupl e LHVRIRPSHH ssion line terminated with a
circuit, whereiRihi1g$ FAGITISahPD bt BEARS BmbP&RGEL M BE Ffaphgrepdance whi ch
can vary over a range of A to B, such that the output buffer has a

vol t age- cuthreeWit] clikel Jurmgramillupuiangitiany FIGSgEO slivars the Vappurorimtermby const ant
at one-half _of a_.source voltage of the output buffer over. the.range of Ato
3 wher o1 nof peoSetF cure I Raga fuS bl vty Bt e souBEse S H& ner ef n

t he out put .si I i {2 G Ui » out put

si gnal Igr egcézﬁg)gale(l) OE? gﬁ?‘?“@%ﬁ@g@ g%slg?)%g%%ﬁr%dg n(g'g't’ E%i%ggétgﬁﬁoilttﬁg%gr at ed

ci rcui t compprtiosi),ngoudpws bgffet 5Gloduroeg a pulthpamarsitiqputLdadflines 160imdd to t he

si gnal sourég to generate an outg_g%gisi g{llal in response to,a voltage
tran.sitio.nl ‘}f“ﬁ:e‘ §F°§‘H8‘ftlv§6‘3ﬁ’%‘é‘;l BHEBIM SIS PREtaNgeSOhunber of
passive ci kGHihiseba TR0 b\éﬁ%e_ﬁ'v{]hi&lﬁ‘ﬁn aprBuimAbh fc8hste@voiggepupl ed to a

transmssion line termnated with a circuit, whérein the passive el enents
are capabl enafitainst dilmpartinelan dhereeipsoeph af theohenesof lines HHR-andl ¥004f a source

vol tage, of the o ut _buffer over, an i npedance range of .the t sm ssi on
e Swifor armteso et et TeraeBss WPRE AR, SRRt el RIS “herein
the out put ®irg®pbint 80N Pendt duanspaint BOl 2t Qe tHereSpdctiVit boiitkCdh thBat-1 theout put -
signal - reaches a stable voltage after one round trip, independent of :

active contyhsre kaddimet1002 and lopd dine 084 intersactehe ¥ul eurse (i .dhaiangewher ei n the
nunber of ssive circuit. ise i 4. A system
conpri si ng?ﬁ%ms?f(%% a(égu%rlgg%ﬁggﬂ%%%%ggpﬁﬁgeg%}%ggg‘?éatg{eggltvﬁg&glagnal sour ce
t 0 gener at oastamutaage 6V ARls haintafisq@onse to a voltage transition at the
signal source; -17 l rt~ ~L ~~ U~~=~ a7 a transn‘ifssi on.line coupled
to the butput buferesspondiaglyi RG-Hd emsdhs Yol a1ve infermunet aresitivact eri sti ¢

i npedance I : : t +ishe out put

buffer has\lggh\%}c})ﬁ 1?"2‘8%&%“}!? gﬁ'ﬁ’?@%@%ﬁ?@kﬁ%&ﬁ%‘%&%{ﬁ? é@gktﬁgt IS

appr oxi nat elbyers ¢imsload finew elumheringofthe efendentobdweamBIGnl O amdlEIGe i1k cui t
coupled to the trans ein the nal is capabl e of

bei gt andlif EUBAEY TPhBOTEIES P SOTesHomh fHFEICH: CUBTRRSRoT - one. hal |
of a source p0glaha@erRipdriiéh PIBHE., Bhd ChbtantifagbNpdiiSnPRYFGEEnMRE t a0 S i n
a range of 1.5 to 1.8 volts such that the output signal reaches a stable
vol t age2@f t'érl cones. rAsddidonallypcurse paing ¢ 81 @ and eurye peinh 912 represent the
knees of the V-I curve representing the range of the maximum and minimum
characteristic impedance and between which an approximately constant voltage
(V./2) is maintained.
Describing the operation of output buffer 504 of FIG. 5 in conjunction
25 with the graph of the pulldown transition shown in FIGS. 10 and 11, the voltage
of the input signal at input node 702 begins approaching zero, causing pullup
circuitry 722 of output buffer 504 moves toward an active state while pulldown
circuitry 724 moves to an inactive state. In particular for pullup circuitry 722,
transistors 704 and 708 begin conducting, even though not fully turned on.
30 Diode 710, however, acts essentially as an open circuit until there 1s a sufficient
voltage drop, V,, (about 0.7 v) across the diode. Until this voltage drop point is

reached, therefore, the impedance seen by output node 716 is the impedance of
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a signal source;. _ an output buffet operatively coupled to the signal & K0V 00
source to generate an output signal in response to a voltage transition at

t he signal source; a gmansm ssion |ine operative coupl ed to the output
buffer; and an i nput rcuit operatively coupled the transm ssion |ine
such t hgfg §da7ggut put signal reaches a stable voltage aft gictomgonewsnd trip,

i ndependent of active control circuitry, wherein the output buffer includes
a nunber of ypassbVEIEheshtcaren futh W30 heseonlbPelirvs poiah 1006%4 BIGS.at one- hal f
of a source vol ta?e of the output buffer over an inpedance range of the
transmi ssi ohORnéél. wherein the source voltage is in a range of 1.5 to 1.8
volts. 6. The syst iem 5 Vo . i i.Lcuit

el enents conpri sz‘sggéng{)rltt) eaoggﬂechngg{(eggéﬁ%&lkaﬁner{éﬂggs%ggn%}rﬁ%?ﬁdge:{eecrrée:agé’i ving an

i nput  si gnakralidstbNTBandatiatis3gori MP yim\onl (apadout 6.8 vedtt belgwaVi (goatcecur rent path
~of a circuit having a voltage-current ([V-I curve, the V-1 curve having a
ol tage, St hgokagesk. EDisdAts HAPEH SRURPF NGItaer 1 184p Praipetmtelsagediomotr ent "1 ow
bet ween an LGy | ased on the
varying | nputelt ¢28E7 P mert; GLbAE o 0% Bo e B A T ode can be
coupl ed to ampédansaihssighturienepdia?Bhgyhichdhandestteamnisstar @04 ip gatatee thahhat

. varies over a _range of Ato B; and_sel ecting a second current c?iath of the

circuit, théhesEmsarncsihongk cpmen PAEVSAGVRICR Bcarlgs rapudand®® s dipde current
fl ow betwee : r 18 f ~
o R o g e gt he
first culrentie ipgtebaramedfsmhastbr AQd tsheittir eoantecf 20800 phnts. Jenrotheres an

out put signal; and tranpsmttin he out .signal .su hat .t he out put .
si gnal reacﬁ%@oglmﬁﬁ%JWB?dﬁﬁb‘gogéﬁ“&smé%ar‘so%fg%feﬂh? 92 eilh the second .
current pat Epﬁf)%o@l,eiaﬂemj{% ifiped SRE of BarAHSE7 IS s¥Atd AR dRfdet@ i€ V- 1) curve
to be approximately constant at one-half of the source voltage over the -
range of A tzeroBInpheembadintant,shigimpedsare sdessitban theampedryeeof 1.5 to 1.8

volts. 8. The_ nethod..of im 7, rein selecti t filLrst,current path
conpri si ng E@Fﬂﬁlsﬂoe‘ﬂlﬁé‘ibg}vq%efﬁjebymsﬁ alnﬁ%gﬁl%ﬁé%&?fﬁgp%?lg UOPEIAOEY S han a
val ue fors t hes sieaondoHm eTia gt eddnce DigrafEEBOTODInCHBHAT 70, thdieforé,ds sel ecting

the first current gath conprises selecting the first current path when the
varyi ng i npuess famnttheanpgdangeof tyistasi7§fh 49 Proyidera $er-iny QUSRS t age | evel . -

10. The met hod OfBe%Lféﬁfo?hisY}ﬂg&ﬁkE'e &i?i*e?e%ihﬂ&m% aﬁ&?@ afi43b&GRE Path

conpri ses selecting the second current pat en the varying 1 nput voltage

of the signahrrest path 2323 eacndiodel/t @ipefolveardibiashd thproyidgrananereadedan t he fir st

voltage level. 11 A system conprjsing: an input node to recei an i nput

Vol tage:  an CHIEHUIOHRU BBy DEE T3ndhs GPRRVOIERgY OB aPRE LG oul |

connect efh bekwagny (e ihx{]&lgﬁﬁncé'a?l_tr%ﬂiﬁ&t70’8091%%i0dehﬂ(},3ﬂlds&ﬁte€'ars_%Hx‘v‘é i ncl udi ng
u

a passive elenent; a p down circuit connected between the input and

out put nodegortidrel 0981 afdd@s. 0 pedill. Theingtsiaseg pulidavvionerent eeebrt ; a

t Ir’ :zzm ::: 8%6*\{/%5 {5 parr]l%g to?Idnixtli(r)nutrrp fad ?&Bg&angg ng %Ofg.]n% r%g)girr%{m Horll%
impedance line 1004. Moreover, because the impedance of current path 732 is -

~

much less than the impedance of current path 730, the slope of curve portion
25 1008 is much greater than the slope of curve portion 1006 to the point of being
essentially vertical at approximately 0.7 v (the point at which diode 710 is
forward-biased).
As previously described advantageously, this essentially vertical V-I
curve in the range of a minimum and maximum load impedance forces the initial
30 voltage to V /2, rather than attempting to match the buffer impedance to the line
impedance. In particular, referring back to FIG. 6, this graph illustrates the
voltages over time at the output buffer and the input buffer when the initial

voltage of the output signal at output node 716 1s V_/2 and there is no unwanted
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the transm ssion |ine including an i npedance range; and an input ci rchl t‘ 0

connected to the transnission line at another end of the transnission |ine,
wherein the passive el ems‘s of the pullup and pulld circuits are
capabl e of holding an i n@al voltage val ue of the owut vol t age const ant

at one- %ém%g%ﬁlcsour ce vol tage of the pull up and pul | do"‘”]:ccr’/ﬁsco]ﬂéh% i

wher ei n e voltage is in arange of 1.5 to 1.8 volts

E4 1.~ t
further |nc &rdsetcs&pl&gf)l Pt raﬁéﬁaglg L%ggké%tfggpgrcﬁsrbe%ﬁ%gmpgggﬁ \C/Ierglwerrent

and t he soufdigs, \id bxaget,s@rmir@csad:@ﬂdbteﬁamtagshﬂér arnoesd aip.bet ween the
out put node and t he source vol tag 13. The systemof claim 11, wherein the
pul | down ci rcui tTHegfferke! Gomebipmedhe quiput gﬁpqqaa%wgbélae %}éﬁﬁﬁ%@]sé’@ bet ween t he

passi ve el n bet ween t he
out put nodgl%‘égéfng?gst%cf%ﬁ?éiavgﬁ%eadl% ? ?]flé F{Hb &%Fwé:\/ﬁﬂﬁm n the passive
el ement of deligeqthidsithecioltagy kvbl&tahdn@&ebemeahtmawm tTheesAbiepthe goaY i nal
connected to the output node. 15. The systemof claim 11, wherein_ the

passi ve el éfihpushfihg H’éﬁf’é Srepdioliace PF g QU signal aidhe GRipek bREE tprs/Anode

t | b t ;
0 no. A AT HRitpoa B RO Bhte BRLEYe tredfwamed geinsteppingr, L
>| wr mhc”Y] aakeshpotdjehayion Jas alwstiacsl] ia HIGS] QahdasU]Lmdecmé]madmﬂ,J]maﬂdea] c<aJcalc

Ta] #s
E]QCQ%J] ;a] C%&ﬂﬁgﬁ]ég%‘ggl}@%]v@&]%&gﬁ%c@ﬁé}téa‘i"@a?f:g]c@at]’& a’PB’a‘]‘ ca] ca] ca] ca] ca]

& *k Qb+
ca] ca] C quﬁ%}iwﬁﬁd Y}?gﬂi Mﬁl‘a q‘%a‘g%&} ca cm?g (tsz f% %“é aégpﬁé] g?a] ca] ca]
ca] ca] ca] cae]mla:]dma]:ma]oﬁa]eqx]:s:a] mbn@m&pnﬂlmh]@dtﬂ@&@@@&ag&dﬁﬁ%

B:S'T
L <==8>>>>>, %@}tﬁ%ﬁbj%d&]b&dﬂ?@éﬁ]@&]aﬁféﬁ]@ﬁy85]‘193] Y Ly eiw B8] ca] ca] ca] €a
] ca] ca] ca] ga}sad caksaika] & Sakealtad gﬁ(]ecal y ?? @AAKABBB1 CCCCCDPDDD1 E=E

EE* FFpGGHbHHH@ | | 0J} xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]c
a] ca] ca] ca] ca] cafxplpinad vafern$ ohihedy da:]lce@]QfaJ]Ié‘a]l@afhca opg |of i/ 00HNMVVVIVME M-IMM
Ni NNO<P

QR Rhﬁl§§%ﬁ§ﬁnlts medP@efa&ﬂcga}]f &*%f] %"g])lé l]lgge]rég? (t,l?ﬁ Sé%ﬁ %f] 1&%‘]% 0]8ca] ca] ca] ca] ca]
caj ca] ca] Caﬂefﬁt\s@rﬁ@the impedance of the transmission line. The point at which these two
W] cay ca] cal ca] ca] ca] ca] ca] ca] ca}caI TUE&VOVVWWN WAV VWNNEXXXSYYY. Z~ZZd[ [\ ?] ] ]

&rjAr C }k@ﬁllﬂteIEF%ta‘]lélaf%Pé]%}a]fda heayalisge &f &y ‘?}ﬁ]"été]gfﬁl] abhe dresiePa) cal cal ca

df gf
Lﬁﬁ] e AR RRREEI O SR S RG] SRR nRenaRIRhe ARG 0100,
] ca] ca] ca] cedleagk daviet af VQ]zca]eaa]ecsaiﬂ]ma]ocaid]sea]/ca]xesarhuat'dclckkdnq I 1" n{nnhoooqg”q
\Y tttt \ ~~~~

J'oa] caj 2b) CHREST BRI DA} oo CafEPE OF oI AN b FERUT ALY KPR BB (1 = -} xon d

_Z]]] ca] ca] gad P@dsgathrs%glel.ma}&aas%i &%e%teaka?drﬁqﬂea@&aqlrfeaﬂmlaﬁal ca] caj ca] ¢
a] ca] ca] ca] ca] ca] ¢ca] ca] ¢a] cal THA$yr YJqztoj e [ V] ca] ca] ca] ca] ca] caU] c4al] ¢
ajc aU c  line 1008 to be at th1s voltage. Therefore regardless of the slope of line 1006, the -
ik@ég%gﬁ}f@lfﬁ]@g] g] %\}oclg{ﬁ%gyl:g{x\r%]ag%] o2l AlEehsal S fakakgat el cal cal
a] ca] ca] ca] ﬁﬂﬂxﬂ&b&@é&ﬁw@dvgﬂzcaﬁl ardverRinCRIT: @ adcatal fakealica] fale i cal c

a] ca] ca] caj c?écal n2on(

Q xsni d2¥] ] @kg E@}%&F&@PE&]@S&?} 5:14] @W@]tba]mﬁ]lééqm‘éﬂ]ltﬁg]i@é}hﬁa] ca] ca] ca] ca
e ol G L 9, A bl S AL
caj ca] ca] ca&l4 fVE/2T c&@%@s"/ﬁ@'v&ltégc @i@é% uf stgnhl at50%6% role 5'16@(%@1\/ iy

& ()-L:10%& () 10%& g) | PDy{ Z8! # %10%& )- 40%& ()-
Once V. 1s reached the system is stabilized.

Using this self-compensating output buffer of FIG. 6, wherein one
30 embodiment it is comprised of two diodes and two transistors, eliminates the
need for more costly impedance compensation circuitry. Additionally, this self-
compensating output buffer provides the controlling of the voltage at the output

node of the output buffer through the use of passive circuit elements (e.g.,
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940% & ()-'! 9%40%& ()- 940%& ()- 940%& ()-4v yzZOD9! 10 10 JERER
©10$=109%&' ()-14' | 109&' ()-!4" 1 10% ()-!,!10%& ()- ,!10%& ()-:' dECD9! 10

&10% & ()-&10% & ()- | @m10% & ()-110% & ()-L 10% 4 - F10% & ()-'w W
dECD9! 10 y10% & ()- W& ()- | ,110% & ()- 10% € ()-
' 10% g&WO 0FIVEDN% & () - D>aBODO! PCT/US00/11167

10910% & ()-10% & ()-1#10% & ()-|#10% & (h -1 0% ()- %40% u& () -#sbaBOD9!
10" #10% & @Jods®. Achieving the desired V-1 curve by having an approximately constant

18@5&8 " zv? agel c%)e&%%r%ue)r of cgaragenglégﬁrrgp}edaxloc(& %‘ag ?)een%%monst'rated

094.0% Z& ()a lond @b Editment #IM & KIG. 6. m%vcﬁqn(oh hMEABRD Rt élemlted.
10908 ()- (0% ()- 10t 10t 10t= 10% & ()-y; 10% & ()- 9mMl0% & () - RYZWU4bC

ks' 109% - r &It(s)muldlhﬁsappmmw {hpse skl@éw@@aﬂ@aﬂt 9RacIgrigtjc V@ 109& () -! %@

.'-! OE/SOELO(/&' e ‘M{epecﬁ‘%s;é%é%&}u hate] %8{%@@21 %%0{%@% Qhga bé s 10%: ()

10%0¢ () - %Q‘%{@énét)m dd¥8ar He 3&11@&@% y(othdrembodiments) - - ! 1" # m\C!
.100, Y(I109%&' () - 109 ()-S "109%& ( @0%&' 1<(I) F&LOY& ﬂ
: In accordance with the descnptlon for FIGS. 10 and 11 of a pullup

transition for output buffer 504, FIG. 12 is a flowchart of a method in accordance
with an embodiment of the invention. In block 1202, output buffer 504 of FIG.

10 5 receives an input signal having a varying input voltage. In block 1204, output
buffer 504 selects a first current path which has first impedance for the current
flow between an ;)ﬁtput node of the self-compensating output buffer and a source
voltage based 01}' the varying input voltage of the input signal. During the pullup -
transition, this selection of the first current path occurs with the input signal at

15 the input node being at a certain voltage. The voltage of the input signal at the
input node begins approaching zero causing pullup circuitry 722 of output buffer
504 to move toward an active state and pulldown circuitry 724 to move toward
an inactive state. In particular for pullup circuitry 722, transistors 704 and 708
begin conducting, even though not fully turned on. Because, as previously

20 described for FIGS. 10 and 11, diode 710 lacks a sufficient voltage drop (about
0.7 v) across itself initially to be forward-biased, current path 732 is essentially
an open circuit causing current flow from output node 716 to upper source
voltage 718 to be essentially down current path 730 (i.e., the selection of a first
current path for current flow between output node 716 and upper source voltage

25 718).

During a pullup transition in block 1206, a second current path is selected
which as a second different impedance from the first current path to provide
current flow between the output node and the source voltage. In particular as
previously described for FIGS. 10 and 11, once transistor 704 and transistor 708

30 are turned on due to the decrease in the input voltage at input node 702, upper
source voltage 718 in conjunction with output node 716 provides the required
voltage drop across diode 710 causing diode 710 to be forward-biased. In one

embodiment, output buffer 504 1s so designed to provide a greater impedance for
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characteristic impedance forces the initial voltage of the output signal at output

node 716 to Vcc/.’_)_. In block 1208, the output signal is transmitted down the -

transmission line that is terminated by a circuit, such that the output signal

15 reaches a stable voltage after one round trip, as previously described in reference

to FIG. 6.

Although specific embodiments have been illustrated and described
herein, it will be appreciated by those of ordinary skill in the art that any
arrangement which is calculated to achieve the same purpose may be substituted

20  for the specific embodiment shown. This application is intended to cover any
adaptations or variations of the present invention. Therefore, it is manifestly
intended that this invention be limited only by the claims and the equivalents

thereof.
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10: beWecc Cddghdfeinl e Jutput signal can be transmitted to the circuit such that the output signal -

reaches a stable voltage after one round trip. ;'

2. An integrated circuit comprising;:

a signal source; and

an output buffer coupled to the signal source to generate an output signal in response
to a voltage transition at the signal source, the output buffer including a number of passive
circuit elements, wherein the output buffer can be coupled to a transmission line terminated
with a circuit, wherein the passive elements are capable of holding the output signal constant
at one-half of a source voltage of the output buffer over an impedance range of the
transmission line, wherein the source voltage is in a range of 1.5 to 1.8 volts,

wherein the output signal can be transmitted to the circuit such that the output signal -

reaches a stable voltage after one round trip, independent of active control circuitry.

3. The integrated circuit of claim 2, wherein the number of passive circuit elements

comprise a number of diodes.

4, A system comprising:
a signal source;
an output buffer coupled to the signal source to generate an output signal in response

to a voltage transition at the signal source;
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in response to a voltage transition at the signal source; ~
a transmission line operatively coupled to the output buffer; and
an input circuit operatively coupled to the transmission line such that the output signal
reaches a stable voltage after one round trip, independent of active control circuitry, wherein
the output buffer includes a number of passive elements to hold the output signal constant at
one-half of a source voltage of the output buffer over an impedance range of the transmission

line, wherein the source voltage is in a range of 1.5 to 1.8 volts.

6. The system of claim 5, wherein the number of passive circuit elements comprise a

number of diodes.

7. A method coﬁprising:

receiving an input signal having a varying input voltage;

selecting a first current path of a circuit having a voltage-current (V-I) curve, the V-I
curve having a voltage, the first current path having a first impedance for a current flow
between an output node of the circuit and a source voltage based on the varying input voltage
of the input signal, such that the output node can be coupled to a transmission line having a
characteristic impedance that varies over a range of A to B; and

selecting a second current path of the circuit, the second current path having a second

impedance for the current flow between the output node and the source voltage based on the
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9. The method of claim 7, wherein selecting the first current path comprises selecting the -

first current path when the varying input voltage of the input signal is at a first voltage level. =

10. The method of claim 9, wherein selecting the second current path comprises selecting
the second current path when the varying input voltage of the signal is at a second voltage

level which is greater than the first voltage level.

11. A system comprising:

an input node to receive an input voltage;

an output node to provide and cutput voltage;

a pullup circuit connected between the input and output nodes, the pullup circuit
including a passive element; =

a pulldown circuit connected between the input and output nodes, the pulldown circuit
including a passive €lement;

a transmission line connected to the output node at one end of the transmission line,
the transmission line including an impedance range; and

an input circuit connected to the transmission line at another end of the transmission
line, wherein the passive elements of the pullup and pulldown circuits are capable of holding
an initial voltage value of the output voltage constant at one-half of a source voltage of the

pullup and pulldown circuits, wherein the source voltage is in a range of 1.5 to 1.8 volts.
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14.  The system of claim 11, wherein the passive element of the pullup circuit is a diode

which has its cathode terminal connected to the output node.

15.  The system of claim 11, wherein the passive element of the pulldown circuit is a

diode which has its anode terminal connected to the output node. o
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