; e3eol RT26hTGT 821 NOV 2002 WO 001 02313 PCT/ US99l 14435 - -1 A CMOS Dri ver
_Field Enbodi nents of the present invention relate to driver circuits]1dA¥200
nore parti cul @ployezsfso conpl enentary netal oxi de sem conduedmussglrdudser s f ox
driving transm ssion lines. Background Fig. 1 illustrates in a sinple
fashion an 1/0 (input/output) driver (buffer, transmtter) 102

comuni cating with receiver 104 via transm ssion |ine 106. Transm ssion

| ine 106 may be the physical |ayer of a bus, and has a characteristic

i npedance Zo . Driver 102 and receiver 104 are CMOS (Conpl enentary Met al

Oxi de Semi conductor) circuits. The 4&M9PS PEiyedance of receiver 104 is
approximated as infinite. For exanple, ghe input of receiver 104 may be one
or nore CMOS gates. Suppose driver 102 has or is transmtting an

el ectromagnet i ¢ walimbédimered ofnig rirgsert evertion edtdte oririderat e, day marer ow 108. | f

t he i nput i npedance. of rec«[ai ver 104 is not equal to Zg , then a reflected
wave will prof2Bsvahy ip emelemeptay fmegh o drfemise CtBVerF‘is WIEYBE | f the

i npedance of dfhMgEsiochQided. S NOt matched to the characteristic inpedance Zo ,
then another reflected wave will again be generated, but now traveling in
the direction of arrow 108. There w Bhckgeouwdny nul tiple reflections, and

the electric and netic field.vectors at  an oi nt al on ransm ssi on
line 106 is the vggfgofllfélﬂmtefé%?)%‘?lﬁ% g8 ’P’b?f)l_/ @f‘xﬁ'ﬁg?tf’?téﬁévﬁ{ ‘?’Péﬁ field vector
and all ref!| ecfuféhitiérplod WRGRACRInAWith RALVEADNia ndddinfsiSHRRIESI tion of the
transmtted wave and the reflected waves nay cause signal degradation, such
as ringing, whirglsmipaign lingd06 mapide gpbiicallayehpicbusliagd hasla chiaxecteristc r el i abl y
transmtted fromdriver_ 102 receiver. 10 first reflected wave can
be reduced by FEFHFafi lr?é”?‘_ﬁ@? ?“edé%ﬁevfrﬁ‘é”8??3”‘6‘3?&08}?2%%@&4&%icﬁ‘éﬁelo6 with a
recelver or St%ﬁlié@ﬂd’dcfb@) (ﬁ@ui{smﬁq\?ﬂi\?ﬁm@@a}l&r@%cgioﬂam is abfPYENEEd adt N1 S MRY
require the use of an off chip resistor, and furthernore, power my be

wast ed due t o isfmiecFdr eswwle, the iphteof resivetl@4 may be on2 ol mNECMODRatAD 00/ 02313

PCT/ US99/ 14435 _ -2 Bricf. De iption of the Drawings.Fig. 1 js a prior art
11 Ustration of “a MRS UrFr A M -cBr PO Tr- Qo evre el P
transm ssion | hOgrecMbifdeBotbd6y drRGAI0YSF the SpQnpEiRAERE focdifer I (Pishb@QSN SSI ON
line. Fig. 2 is an enbodi ment of the preSent invention. Figs. 3a and 3b are
appr oxi mat i onstotfo, thénea refitstediwane willafrorRpage inZhefdirectiondndisated by ararr 119elfs of
conditions. Fig., 4 is an enbodiment of the present inventiop having a

progr ammabl e ofi¢ redanagefflsiverd 02 psingt masched tofhe chametenstippnedance % 1'% enbodi nent
of Fig. 4 for } S . condi 1] i 6 : enbodi nment
of the present iAol Yyl sRin SERRE R nel bfhei bR O T
are descri bed droiv 108 OThdfel wikt bs magMhidplaueflextibiddnd tHEpidaio asd hipmbtid fikld

approxi mately i ndependent of the output voltage) and which can be adjusted
based upon t heYseiQrsat @ Roé{@éloé&ﬂa"@ﬁés‘%ﬁffﬂd@? é*rtﬁ“s‘feic@és"("tﬁaﬁ?ﬁ@ﬁ‘@@r‘i’ét h, w dth,
etc.) Of vari Omsubd ek TR Sl By AnbauSnd ecBREBAG Ay dri ver' s out put

i npedance with the characteristic 1 npedance of 'a transmssion |line driven
by the 1/ O dri superpositontolfi the drahgntittedi wipe alginbeerefl @ tedmiacdsashytcaust kigndl r ansm ssi on
line, then an el ectronagnetic wave that is reflected toward the driver wll
substantial |y fReFadafips Sﬁfgfb@ ringing.hichdyey dindf thesesedphylickdigifphfatais srliglit i on i s
reduced, thus all-OWedSohmUrivi:a83 BlrecelRr 4! €l 1 @bl e digital data transm ssion.
_ Before describing enbodinents, we first introduce sone term nology. A two
el enent Bool ean al dkhbifisst reflectel veave tdin be cedseed by lermigating tleuedeivinglead ofany poi nt i n

acircuit, the termLONWII| denote a set. of vo|Jtages that map i nto one of
the two Bool eaHansmussign iee 109 yithameeelveropstulh kayngan jmpg @ata’egé‘{gof vol t ages

that map into WO | ean.el enent s, e particular mapping
i nto Bool ean e 8%%‘%%’2@1 éren% ﬁeégﬁ?eu&ﬁ%%se'lt% ﬁ%n (fefg% o ‘%grya“disﬁé%méﬁ‘& pr?gf/HBa@r
different for déivhsesdadue tqahintiSlosdes i tisd rigdte. circuit. To avoid dealing with

set term nol ogy we shall say that a voltage is LUW(HI GH) if it belongs to
2.1 NOV 20D2 WO 001 02313 PCT/ US99/ 14435 -3- _ the set LOWN(I | \\é al so
foll ow the convention that for any given node within a circuit "Mﬂmmﬂmﬂmﬂ’l

vol tages arc | ess than H GH vol t ages.
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Enbodi nent 20U in Fig. 2 is part of an I/0 driver or buffer for drivigrgoNgy 2002
,transm ssi@hodd28@ coupled to 2U2 (not shown)) and provi dessausappsoxi mat el y
“constant output | npedance when the transmission line is being driven. That
is, the inpedance of enbodi nent 20U when "l ooking into" a port defined by
term' nal 202 and ground is approxi mtely constant when flit transm ssion
line is being driven by enbodi nent 20U. Transistors 208 acid 210 arc
switched in conplenentary fashion wth-2cespect to each other to drive the .
transm ssion |ine. Usually)BwoeDcarinibnethe Dwingsdri ving the transm ssi on
line (e.g.) it is not tristatcd), voltages ~~~ and | ~~ arc such that they
are approxi mat dliy. lsrﬁmthommclwl@s&ndoneqﬁmlnvlcoms:amhnnmtchemn wiahd rtdeyr oeyr be
derived froma comon input voltage. In sone enbodi nents, however) ~~p and
~~ arc suc"HrCt'W&‘!SSW“’[Cﬁ sheicthomsciveppmpingiclied to hatpasBsEoFling r ansi ti ons
Crorn hl1d-i tFD c%)d 9 tr 5|t|ons fram LONto |-ild -1 after_
~~'"transitions ¥ qL"ﬁ/?/"f Iiﬂ“‘('}|° ’69{?1‘8’9‘ IDYBERET 208 and nMOSFCT 210 are
not simul taneoys s set LOWand
~~ is set H GH 1€ cgcﬁgﬁgﬂpﬁ&g?]gﬁﬁ]&g? g?@}b%qgﬁgﬁéﬁ&g fo{ w‘éénsm ssion
gates 21G mngtuft8ctsRIfehEiTior20) and nMOSFET 227 is such that when ~o and ~~
arc both H GH the gate of pMOSFET 224 is approximately at the out put

vol tage ~o (i. €Fig. 4 kemeenmindamdrowf therpesdannenpat huvinpanprd rangaibi @ftpyy MOSFET
224 to its drain) and nMOSFET 22G is OFF, and when ~P and ~~ are both LOW
the gate oMmpadANSFET 226 is approximately at the output vol tage ~o (i.e.)
there is a | ow j.npedance path Fromthe gate of pMOSFET 22G o dral n)
and pMOSFET 22418 fegeel aPPFFé‘”&?ﬂﬂ“dQl“ﬂf-a‘i"éq“g”E%gf e Bueparic

property ocfon ggl ment 200 can be understood by considering FI gs 3a and
3b, which prow € appr.oximations to Fig. 2 for the cases in which ~p and ~~
are both LOW ang, |@,svgyog{@refbgd]gwnrﬁtﬁg&e%g fhventiéfl, 001 02313 PCT/ US99/ 14435
2 ~ NOV 200z -4 % G -1, respectively. The circuits of Figs. 3a and :ib,
however, do not rmdel errbomtmaékl DeP¢Higlion sTOEmbGEdienchisansi ti ons of voltages P
and f ;, . In Fig. 3a, the input voltage to the gait of nMOSFET 210 is | ad
, the rail vol tlélngdlmltSMW écsambmi fonE#Oudpiversdraviog an orpeidmpedancothat ise
PMOSFETs in Fig .. In Fig. t he i nput votaetothe te of pMOSFET
208 is at %Pri?éO"g‘Pékﬁgfd rﬁswwfmf thwtpwp edndoyhif Wd\itr?gﬁd&ﬁ@&ﬁm. mat e

f t f 3a.whe
'? )r(g:gls:!t gp‘épc’%lrl]()c é’ﬁc}%g'f%ga?dcl arf’é’f”& S&R chéi lgglr“o"t asogu?réoé‘scurrent of
MOSFE' 1' fun MOSFE' 1" 22G,
Eet Z0~~ dleno St(ﬁ?ﬁl—eﬂ g&‘t‘%ﬁ?ﬂf’ﬁ‘pﬁ g‘ﬁd(elﬁlg V?ﬁéej&gﬁl% {(ﬁg%e ‘3.‘5‘ 3a. Then the

out put i NPEAKRERsIiS 118 p¥ M cONf MParsnd&en(lirddriven blihe 1/0 d¥dick. ﬂgtﬁehﬁcrutt he
drai n-source voltage (bus ) of nMOSFET 210 is equal to ~~o , assum ng

that the timpegiricds maldhad ¢ e tnMIEEHT M thes amalebirdreagsctihwavedttial is t hen an
approxi mate _expression for flit drain-source current of NMOSFET 210 is
gi ven by _reffected pwagd the driven wilgupgtantiallyimet again be relcctode angbthgrefese sightdsFET 210

d h FET,21
Trane st or SiRSEheR sTsEseg. ntioyipt ritstpantHs Hiple IR ?ﬁSif’gSSP@ﬁg'mﬁQn
ON, and provi degefofsqidd 1ﬁﬁlﬁgh@o§ﬂénﬁ¥?QCYTst uﬁrdﬁU&hsohl%q?Qnﬁ ifAPey- A two?

appr oxi mat e expression raln-source current o ET 226 is given
by _ s _ VélemdftBoolearilgdbta s rklevard toiglcRin} dirciits. Foranh @bt if a €ifdufithé 226.

Substituting the above fwo expressions into the expression for the output

i npedance termlldBW will denote a set of voltages that map into one of the two Boolean elements,
and the term HIGH will denote a set of voltages that map into the other of the two ,
Boolean elements. The particular mapping into Boolean elements depends upon the

technology used, and may be different for different parts of a single circuit. To avoid

dealing with set terminology, we shall say that a voltage is LOW (HIGH) if it belongs to



Vo~ Vo, VO-' Zout ~1 vdd ~ 1 .~ ~Z .Z - 21 NOV 2D02 WO 00| 323Ny 2001
PC T/' (JS903bdie3ts -5- _ If the betas of transistors 21U arRCTAZI®/&4435
"sufficiently matched and denoted by /~ , then the above expression yields 1
vdd As seen fromthe above di spl ayed equation, the output inpedance of the
circuit of rib. 3a (whets transistors 21U and 22G are ON) is approximately
constant (i.e.) independent of | o). A simlar analysis shows that the

out put i npedance of the circuit of Fi g'.3‘3b is also (approxi mately) given hy
t he above WF sgll&¥dlBglht Wenlsogpbew thecconbentibe ttas famey gaen hede withinanot her

cl ass of enbodi nents, drive transistors 208 and 210 may be replaced by a
 first aci oC‘%FUé‘e[g@h\%jv?ﬂal&FSdz}'Fﬂ%?S g\"‘”&”%“’c“ﬁ’&ﬁsi stors) respectively) so that

subsets of the l{:i [Shndh Oﬁecgn,dzpl ur I'til of drive transistors can be
sel ected so as T0 provide a pP’Ogr‘Sa’Fﬁ?g%‘llaB @fﬁfb‘ﬁ{"i GaNEYMET this case) to
. mat ch bet g, sk &7 l'ﬁ{ccbroﬁgl.%g‘f‘o B2 oMY ,!aqdF)?O\fi&glaﬁﬁlggro?ﬁnﬁel&Qbﬁﬁ’arﬁm-d a

fourth plurality of transistors) respectively, so e proper subset of

the third angufiogeddacohiiemibetipanimsioh Shofsbembamriven. Iaheis! e mppgedimg upon

the sel ected subset of the first and second plurality of drive transistors)
so that thanbedipent 208pddaritbeking ipodgparndeliied bane napp 20X ambgehyd isndependent

of output voltage ~ o . An enbodi nent, bel ongi ng to.the previ ously described
class of eRPERIMAIFScanstapy Whsy the frapsmissign le ‘ﬂ?“%é’ﬁ@”&ﬁ‘?’é@ﬁﬁﬂﬁl‘ﬁ@o-

conponents in Fi.gs,: a%)%4 e th nuneric label. In Fig 4
signals, spO) s?)%ﬁﬂ,su%gsn ) ?é\ﬁi?qgﬁlasr@@]g%ﬁl(‘ioﬁg)icnzfﬁmryiﬁgfo"wg} reg;?]e&t £?0(—1
respect i Vel ofef 158G he ShiRson lm?U,?uaﬂF,QVlﬁc?\ chitoBirh 9 ?6@15 oL Lgém)

conpl ement of spOnn and snO is the |ogical conplenent of snOnn. 1T sp0 and

sn0 are LQvinshhetontiirensipsitds fotddifatcd)l Roltahed”, and, 4ibsianhehdDdieyamns t he
circuit of Fig. 4 behaves as enbodi nent 200 of Fig. 2. However, if spO and
sn0 are eaﬁ}gbrﬂiﬁhkew i%%@hx%ﬁ&ﬁsdnﬁtc 08 16 482h ofhk?)and it Al val figmia t he

out put i npedance. ~1 NOV 200Z WO 001 02313 PCT}VUS 9/ 14435 -G _ To

det er m ne ¢dnemoniinput volrpedaseec eibodisetsanaveser, '4r snddache flch@at! , consi der
the cast in which voltages t'r and 1 ~ arc; each LON so that the circuit

of Fig. 4 KamalhrionsoasEGEdo DY W beldsé Vicuidsitohs Fbs HEGH keLOMnanhet as of
transistors 210 and 22G be matched and denoted as /~ , and flit betas of

transi st or B, ghitfid bk B RHEGR ARG, CRRRIAL B LOW to HITHT, @ 1Bam | ar
anal ysis as discussed earlier yields the approxi mate expression for the

out put irrp@%m - + y PNRYA i

transm ssion gat érs?"g;”e'ide“é\?oﬁﬁgs lgg'ﬁ!de{ or%ﬁﬁi%tghwgg‘?r@gb Itgéde{{?g%]gs%(%)rcg]} t he
out put i npBglaneRe LRy ResePLOW anaédisast HEJHr ed and made approximately

i ndependent of output voltage. Fig. Gis an alternative enbodi nent simlar

to Fig. 2, excepfe tdiRbinQR dreSverteRVARLAH 214 LaNRhiN&HgaUi1cRaW2ife vol tages
at the gates of drive transistors 208 and 210 are esSentially identical and

are not SepRIGSRETY2INAM AMGSFET 221 isshoiuihd: Wherethbpind ¢ atebth BIGH the
transient characteristics of the circuit of Fig. 6 during logic transitions

may be dif ﬁE%PbM@WT@ﬁiSQ&)pﬁxﬂnatgliy ah theRpRt 0RQE Y IRNL Sthefc1€a Bl Ns_of
t he nMOSFETs that arc responsive to fhe output voltage ~o may be firsi

connect ed {Rp&IaRée pa8 frdk the gﬁt_%%fﬂ%lvﬁ?sr(!ﬁsﬁ‘t to8&IdsdiRY sdSMOSFED 206l reduce
damage due to electrostatic discharge through output term nal 202. For
exanpl e, i OFF| gnd ®hera” E5 'neisé both L OW\thdbgate of IMOSEBT 226 isapprodimathyaitn of
NNl OSFET 2x0 and node 228, and a ESD resi stor nay be connected between the

drain of nifeSfuput23tagdth (1e]ehe?df a IboMBIpedanct peth Frof the ame of WMOSFETO! t he
ESD resi stors are chosen so that under normal operation, the voltage drops

across the2f6w iteafait)@nd pMGSEERRR4 & OFBh so that the voltages on the
respective drains of the nMOSFETs are substantially equal to the output

vol tage ~o , VaTheuapprosihdiélyzbnsars outppt bepedante prapertyefenbodimamn280 di scussed
above wi thout departing fromthe scope of the invention as cl.ained_ bel ow
For exanpl €3nbe mdcwd%mnwbem bizs B3 aptih,(ydady pravids appiaximagaes todidsi ces

may be inserted between, vani ousynodes, termnals,. apd dewices |,n the above
erbod ment 3 I PRGAES HaBI AP RS chaie Soid A T Fhichr T ahd - FRal por
exanpl e) voltage drops may be introduced by resistors, diodes, or

transi stors configured as diodes, to change various voltage |levels) or
buffers may be inserted between various nodes, term nals, and devices. For
this reason) we give a precise definition to coru~ection. W say that for
any objects A and I3 in which a voltabe is well defined) an object Ais
connected to an object 13 if they are connected together by a transm ssion
line) or equivalently) a wavcguide. A transm ssion |ine or wavegui de is any
structure for guiding el ectromagneti c waves. fart or all of the

transm ssion |ine or wavcgui de may be non-netallic, such as polysilicon. 1
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21°NOV 2002 What is claimed is: A driver conprising: an output node; 2d NOV 2002
drive pMOSFETPRLE ng a drain connected to the output node PEIVHFP{#Fhe

out put node H G4, and a pMOSFET having a drain connected to the output

node, wherein the sources of the drive pMOSFET and the pMOSFET are at
substantially the sane voltage, and the pMOSFET is controllable to couple.
its gate to the output node so that itg gate voltage is substantially equal
to the output node volt a[%le, .wherein theé drive pMOSFET and t he pMOSFET have.
mat ched beiall rospegtyeelyyrling sircwits of Sigsr &g andl 3tn heyvaysh do ngtunedeér conprising: a

drive nMOSEET havi drain connected to the outpu ode to drive the

out put noacé'ﬁf’éwe“éz@gurH}géﬁ@ﬂﬁ%a'ﬁé\W'ﬁg??éOl&gﬁ?%%@r{neé?gtﬁ'ﬁﬂ’ ‘ﬁﬁé“péfht put node,"
wherein the sources of the drive n FET and the nMOSFET are at

subst ant i a{9'§es Wéﬁ%&%ObBMng” T@ﬂﬁﬁe%\?ﬁgﬁﬁﬂﬂ@s&@g {53089 G Melags oloupl e
its gate tp the output o that_ its_gate voltage is substantially equal®
to the outBEEOHERE! 08 Rl\gégfﬁimr ésnﬂt-ﬁ%F@#5k>péhwesgéaﬂagm8m&aw PMOSFET,
the pMOSFERL,~RReTi R ip@!gg;oug@xﬁcgﬁ&phed betas. The driver as set forth in

claim11, further conpr fesistor connected to the output node;
a drive nMOSFET:igifdgesto (ATndMoGRniperixefatt xpri&idn fof thd RpiliRbedadcSscond
resi stor connected to the output node; and a nMOSFET having a drain
connect ed thocirtiet sldigrid wieaitahsistorsOraatd 026 be GNukchs dfnotdihe draince NMOSFET
and the nMOSFET are at substantially the sane voltage; and the nMOSFET is
cont r ol | abdoardecucentpfaM®SFERL H), had ¥ redanotephit dmbdsuse dumaht 6t s gat e vol t age
is substantially equal to the output node voltage; wherein the drive
NMOSFET, tidOSFEY26MIBFEET debdie (pMDGRETMpadaded dleha MESKEST Figyvia. ia¢icihed
betas. 4. A driver having an output node, the driver conprising: a drive
PMOSFET t coufputumpedeacaistgien byode HI GH, wherein if the drive pMOSFET is ON
its drain voltage is substanti aB}quL@Ié ip he out put node voltage; _g_
21 NOV 2002 a drive nMOSFET to dfive™t odt’?)'ut node LOWN wherein if the

drive n FET i i,its drain voltgge i tiall al to the output
node ol ¢ ajauneTbese Sk el o ZRr o AOSEER B el vebBer and 1 he
PMOSFET are to, provide in nmbj nati.o I conductj ng,path fromtheir
sour ces to“?'ﬁ@‘”(&dﬁ%&fc lhﬁd‘é‘ﬁaﬁgﬁaegctq{é‘mfig(&ﬁ%@ Bistt ﬂ‘g/s“ ofCRAR drive
pMOSFET and t he pMOSFET ,ar ubst.anti al |y equal ther and the gate
and drain W’?’ﬁﬁ‘g"g cEpresHen “ﬁé’%ﬁﬁ‘g‘f‘gﬁ? f‘%({@%ﬁgéghq)'stgbveé‘}é’h ot her
only if both the drive pMOSFET and the pI\/%ET are ON, and the drive
NMOSFET and the nMOSFET are to pLoviBde,iHy < i nation a current conducting
path fromtheir sources to the output node ere the dram source voltages
of the drive nMOSFET and the nMOSFET are substantially equal to each other
and the gatkeratth drthé beta dortrAd@SFBT 21 b end MeGEEmeathet MOSFEAI 15 in iggual to
each other only if both the drive nMOSFET and the nMOSFET are ON. 5. The
driver as Bmdar bondrsaturatioh adgiond TradsistoeinV@SEETI2246 is configured pMBSRET i s at

substantially the output node vol ta_tge If themgNDSFE}; is O\, and the dram of
t he nMOSFERtirgtien regignsrhentONhlang pravadesiitsghreshirddizoaget hgie "NChtl‘FﬁéﬂWWDSFE'_I' i's

ON.
an approximate expression for the drain-source current of nNMOSFET 226 is given by
B Ve
Iyo = .Zz_[Vo —VTT Uﬁz.zo—'

where P 2 is the beta of nMOSFET 226. Substituting the above two expressions into

the expression for the output impedance yields

v, |2
Vo=2Zp B Vs —ﬂ,_;_-*-ﬁ,;_.



6. The driver as set forth in claim4, wherein the drain voltage of tmeNgv 2002
pMOSFET i swoebesexd to the output node voltage by a strictIRCTVURSS/RES
"function if the pMOSFET is ON;, and the drain voltage of the nMOSFET |s
related to the output node voltage by a strictly increasing function if the
NMOSFET is ON. 7. The driver as set forth in claim4, wherein the drive .
PMOSFET, the drive nMOSFET, the pMOSFET, and the nMOSFET have matched
betas. 8. The driver as set forth in cbaim5, wherein the drive pMOSFET, -
the drive MNKSKES,ofthaasighSSHBEN] 206 atclsefiRinBl matdhed andBécieibplt aken -9 21
NOY 2002 9. The driver as set forth in claim®6, wherein the drive pMOSFET,
t he drive thivaBREEXptchagopMeSSET, and t he nMOSFET have mat ched betas. 10. A
driver having an output node, the driver conprising: a drive pMOSFET to
provi de a current conducting path tzet weeh t he out put node and a hi gh-side
_node only if ON, wherein if the driVve |dNZ§FET is ONits drain voltage is
substantially equal to the output node vol tage; a drive nMOSFET to provide
a current condugs kdeg fRm hebebved d cQudiior! thB 0d@ubithedah RWrHhd&rdipde only
if ON, wherein if the drive nMOS E is ONits drain voltage is
subst ant i a¢fl jigepuaihes oratigom il putd Pldee ON)tiagerodmpidiSidntano(ipr,ovi de a
current conductl Z,th bet ween t he output node and the high side node only
if ON, thelPgRROSHET ofnel) tfhénwharwlﬁm@@rﬂ@bmpamuabmecdg@petgrahc cirtie is a
first non- zero time interval for which: the pMOSFET and_ the drive pMOSFET
are both N 'El‘}é"81“59Iﬁ“%‘ﬂ‘?"&‘élc{)élbt"é@@& llzfrabpvredlmmdenu@mpmmﬂ.tb@ pMOSFET
are subst%&glsaalré Xh%g‘g to each other, and the gate and drain voltages of
t he pMOSFET "ar'e”s Fanti al ly equal to each ot her; and a nMOSFET to provide
a current condugti €404t ' node
foldy cpamnog%}gﬁmcm arRE Lo BRADEAM 2§ (ol W i1

only if ON, then FET a e drive n contro €’so there is

a second ngna Ziedt @nd b ¥EcIn@ipRirkiady of afivevtusisiors, hespadi¥RhE To and stbhRisdriNe
NMOSFET are both QN, the drain-source vol tages of the nMOSFET and the drive

NMOSFET ar Brss asksteamid plbtajitienefalrive erapsigtdrs otthie selend sohwe t@pioeiderad dr ai n
vol tages of the nMOSFET are substantially equal to each other. 11. The
driver as B@grampathe pyipey igipadange. lw*#@ﬁ éilsﬁ 1 mateiy betas, Yansistaye 284 amchéZCpNDSFET

i s substanti e t vol e ift FET ,is ON, and
Lhe drai n VORERECae Y sEseRd ol gftﬂawﬁ‘ém%w@anaqspf@ VEle SO UL node
vol tage if MR, r
wher ei n théltcgﬁo I'n voﬁ%tlglgco %‘% fo{@i}g{?hwg%ngﬁg?i% B%stc!;bglegu(t%@gb mnéd
vol tage byugorsthe sakdiyd smﬁ,étetﬁah@grsf hCdet SHY plifiralityeo (RIMVSIERSiE© OB (and t he
drain voltage of the nMOSFET is related to t he out put node voltage by a
strictly itheroagsit mypddaned iis rogrimnhlde addoBfpEIximstc@PNndee@dent 2T obiput 2002 13.
The driver as set forth in claim 10, wherein the first and second tine
interval s ¥9lageli &j oint. 14. The driver as set forth in claim10, wherein
the driver provides a current conducting path
An embodiment belonging to the previously described class of embodiments is

illustrated in Fig. 4, where corresponding components in Figs. 2 and 4 have the same -

numeric label. In Fig. 4, signals, sp0, spOnn, sn0, and snOnn, on lines 404, 402, 408, and

4006, respectively, are select signals, where sp0 is the logical (Boolean) complement of

spOnn and sn0 is the logical complement of snOnn. If sp0 and sn0 are LOW, then

transistors 410, 412, 414, and 416 are OFF and the circuit of Fig. 4 behaves as

embodiment 200 of Fig. 2. However, if sp0 and sn0 are cach HIGH, then transistors

410, 412, 414, and 416 affect the output impedance.



bet ween out put node and the high-side node having an i npedance Zo"~ ?H)NO 2002
_substanti adpogitsen by 1 _ 1 1 -+ Znur(p) Zi Za if the driGRUSIMDBEE ancy

t he pMOSFET are both ON and the drive nMOSFET and the nMOSFET are both OFF,
where Z, and ZP are the inpedances of the drive pMOSFET and t he pMOSFET,
respectively; and wherein the driver provides a current conducting path

bet ween out put node and the | ow side node having an i npedance Zo", (n)
substantially given by 1 1 1 --+ ~W-6~) Zz if the drive nMOSFET and the .
NMOSFET ar e boflo dotérmivet théreutgut ivgpe pdvicBhhiEn ap®l ahd9:00VESEIR T11&51€, dandicrOFF,
where ZZ and Z" are the inpedances of the drive nMOSFET and the nMOSFET,
respect i vahgcasa® wiriclivolpges haanddg asneach LOW, seodiet, the hiecuirdfifég. 4omanpri si ng: a
first input node; a second input node; a drive pMOSFET to provide a current
conduct i ngepaschted dywbearduitesf dig. Sut.ctnbc betanelf taartsisgdrs 21 @l end22lebeoomnbtghed ON,
wherein if the drive,pMOSFET is ONits drain voltage is substantially equal
to the outdpdtcuprseas/| andghe betagief wansismpstiZrando kr bsvinalehed andrdeaeted evnduct i ng
path betwegn the output node and a | owside node only if ON, wherein if the
drive nlvoéiETTlicg anmlaranaly sis gs Jiseusaggecarlier yimds hiamppriokimasgeraressiontlere out put
node vol tage; a pMOSFET to provide a current conducting path between the
out put nodB® AHAUIAWCHINSA: si de node only if ON; and a nMOSFET to provide a
current conducting path between the output node and the |ow side node only
if ON -11 21 NOV 2002 wher ei i, RWFET and the pMOSFET are
coupled to the first input node to bt @N and have drain-source

vol tages substantially equal to each other where the gate and drain

vol t ages of t h&lupSEET ey s plustlianof @mdnsyisouatat¢sosdadt inas, et makheche fir st

i nput node is at a voltage | evel representative of a Bool ean el enent X

bel ongi ng RS &' FANSISKIre HinRutBY dMmesdiings esieaprogianogteaseicpiredanddnadge nMOSFET

and t he nMOSEET que.cgugl‘gﬂ?] tf the[ sgcond i nput node to both be ON and have
dr ai n- sour®B Y EI Gy dLIDEHENEAL PUPY Y OdRefal to each other where the gate and

drain vol t ages 52‘% 6ti9%n tﬂlm‘ﬁﬁleﬁ{b‘édi Q?%if?xﬂ&é t%'#ié.n%?ggl@d\%{hg%&gﬁ s%lm%if the

second i nput n is at a voltage [evel repres ool ean el enent

Y bel ongi ngeciplob & bviove tiRNRNhg B lIRPAB bIBAVA radfstorERO8 dRd Y E0 ards set forth
in claim15, wherein the first and second i nput nodes are the sane node.

17. The drdssmrialfsidestical anddre not whaiatelyléntrotialslel It shdudd bé eppradiatyd ihat t he
Bool ean conpl ement of the element Y., 18. The driver as set forth in claim
15, wher eithe trasict eiasaciesistiesyef tog citayel of MmsBERring legip yersiidngimay béqual to the

out put nodg.vol tage if QN and the drain voltage of the nMOSFET is
subst ant i acﬁfrﬁ‘/”’%‘c{a[fg? ”i"(‘)o&:'lé' gut put node voltage if ON.

In some embodiments, the drains of the nMOSFETSs that arc responsive to the

output voltage Yo may be first connected to electrostatic discharge (ESD) resistors so as

to help reduce damage duc to electrostatic discharge through output terminal 202. For
examplc, in Fig. 2, a ESD resistor may be connected between the drain of nMOSFET .
210 and node 228, and a ESD resistor may be connected between the drain of

nMOSFET 226 and node 230. However, the resistance values of the ESD resistors are
chosen so that under normal operation, the voltage drops across the ESD resistors are
small enough so that the voltages on the respective drains of the nMOSFETs are

substantially equal to the output voltage Yo

Various modifications may be made to the embodiments discussed above

without departing from the scope of the invention as claimed below. For cxample,



19. The driver as set forth in claim15, wherein the drain voltage of?1 N8V 200
PMOSFET i swhebgizsed to the out put node voltage by a strictl pCTmesaasisng
“function if the pMOSFET is ON; and the drain voltage of the nMOSFET is
related to the output node voltage by a strictly increasing function if the
NMOSFET is ON. 20. The driver as set forth in claim18, wherein the driver.
provi des a current conducting path between output node and the high-side
node havi ng an i npedance Zo~~ (p) substéntially given by -12 21 NOV 2002
1 1 1 _ addtilonal deviodsPhayZie ifsertied ibktvider various@opdd BhbihaBnghd dveicedaSRET ar e
both ON and the drive nMOSFET and the nMOSFET are both OFF, where Z, and ZP
are the i npeasmdsdipienthitigut patopivibEFERgmgdheihevepMIBAEIPN. Fersgrewplevel y; and
wherein the driver provjdes g cgrrent congucti ng path between output node
and t he |owléqsaéh%d6%%°vinﬁ@ uigdibirgetisAEedipaes, O FNSISFSEMEUEd S gi ven by 1
_ 11 --+zout(=) 22 Zn if the dnive n ET and the FET ar.e both ON
and the drlél&)é“p FEEC ézﬁaoutshrgﬁ% °hPe cﬂ%fnﬁy&:ﬁsc%ﬁg}ecwﬁ YAH8"zn are the
i npedances ngdes! REnidhls VAJUMASEET and the nMOSFET, respectively. 21. The
driver as set forth in claim15, wherein the drive pMOSFET, the drive
NMOSFET, the pMoGHATs reasod, b giveMBSE&de dfin@tionab ebadchi@t. a8e sd2hatTbeardr i ver as
set forth in claim18, wherein the drive pMOSFET, the drive nMOSFET, the
pMOSFET, afbicethd anfiBSRERhighay eolinge dhwell Befingd, anxdjecTh és ehnngased iganobiect orth i n
claim19, rein the drive FET, the drive nMOSFET, the pMOSEET, and
The. mvsFed ek Srecongate b ge e A2 UR0sHYIsiARyling et Ay VAR BuptieveRgde A t he
driver co I Si:0d. fi Lnput. node: ond i nput node.. a driye pMOSFET
to provi derandliffenfodomBveb e s P Fiufedbre et BRH T e faiy 1

hi gh-si de BPQEOP(HE Yr_a.h{r‘ﬁ%n 51’3\.\/51/0%7{&& %gq)rein\ﬁﬁ-t E}%Egcﬂ a5 pgﬂgmc%n.dr ai n

voltage is substantially equal to the output no t age; rrve nMOSFET
to provide a culfejicieanadGtardgouphddioReEVERE, HBE RY ittt b ddfecdiloadiow- si de
node only if ON, \M'J1erein if the drive nMOSFET is ON its drain voltage is
subst ant i alothgr axdisdussed abore, ubhet meackemaybd agelpyedifdr rel@ibg BV AGEE of pMOSFET
to provide a current conducting path between the output node_and the high
si de node GRiegtsidrandNB, suplyasdipdasshetiers.or oHsy peive ot passlve GircuibnBachesty pat h

b h d he | iLd d ly if X i h
M
vol tage r e'tl?]ng% Jo@laé@gf W&tﬁ&& A”i??&at\é&"t& ﬁ%lg%f?%gcfog Shlobfekd ¥ bt El%{rf‘cg I ng

function. a to haVe a drain voltage relate t he out put no vol t age by

a strictly jhdesraTuRdiondNGk ifeibwihg hlas:MThefd existPiiionrReevoitgainavaighiHge
| evel representative of a Bool ean el enment X belonging to a two-el enent

Bool ean al gatafiynctiod /sinietly incrdabiag oMUBHRE Tor whiclo iplr2 & f ia(th Newbac drd,)iinput
node so as to be O\, to have a gate . ) .

the voltage of object A4 at time ¢ and Fp(¢)) is the voltage of object B at time ¢, where 1,

>ty and Vp(ty) € (a, b). The time difference f; - #; may be a function of Vp(/y). In

practice, f'is actually a function of more than one variable, but we assume that these -

other variables are held constant in the above definition.



voltage related to the output node voltage by a strictly increasing
function, and to have a drain voltage related to the output node vo|2£&QV%W2
a strictly increasing function if the second input node is at a voltage

| evel representative of a Bool ean el enent Y belonging to the two-el enent
Bool ean al gebra. 25. The driver as set forth in claim24, wherein the drive
PMOSFET is ON only if the first input node is at a voltage |evel -
representatiye of the Boolean elenent X, and its source voltage is related.
to the hi ghYS1his “RBE X0l t age by a strictly increasing function if ON; the
drive nMOSFET is ON only if second input node is at a voltage | evel
representative of fhe Boolean elenent Y, and its source voltage is related
to the | ow $ide EANOMPHYBE by a strictly increasing function if ON; the
PMOSFET has a souf é@pitabdeage rel ated to the hi gh-side node voltage by a

strictly increasi fuy ion if - the nMOSFET has a source voltage

Tl ated to the I 8l HEONIA L “B‘ﬂ}lnS\Ct%dttPilf:}l‘?toluﬁPuf %Fé%ifwﬁ@hef%we?wﬁ i f
ON;, the drammGModidage of the pMOSFET is related to the output node voltage
by a strictly increasing function if ON, and the drain voltage of the
NMOSFET i s rel at 88M Fﬁé“”&ﬁ% ?oﬁftamrFBEi‘&C%FOttgb%“twn deg e e ORErsed dieng
function if 4N pMOSFFNghdARd pNOSEST &€ bt shbstdnfialiynth€ baicoRage, MacEpMOSIEr dr i ve
pMOSFET, the driv NnMOSEET, the pMOSFET, and the nMOSFET have tchqd
betas. -14 comrollaliglo coppoisente 1 thaonipyinodg so Gietiiigalg valiaee SUREr ot #iie with
a mat ched dttiewafput ddde voTRié) dthe@Ngd diSiePYIOSTHTL @B e MO FE Tdhaivy faphddSktd. t 0
excite an el ectromagneti c wave propagating along the transm ssion |ine; and
coupling a pMOSFET to the transmssion line to be in its saturation region
so that the2conbiThatiivenasakt fohieindildime, fubSibhpasitk: t he pMOSFET, when t he

drive pMOSFET is ON, Rr.ayj an appr.oxi nmat e mat ched i dance to, the
transm ssi on Iinégh%%@V§¥hngg“§Ff€ nﬁ%ﬁgﬁﬁ#xgﬁ@“@ﬁ&"ﬁﬁ%ﬁ%é?%ﬁévkmhﬁgﬁhed
betas. 28. Thav;m#hod as set forth in clanp 27, further conprising:
switching ON a dri FET tq excite an el ectromagneti c wave praqpagating
al ong the trans nﬁgﬁf‘oﬁ%}é@g %\ﬁrﬁmccwrﬁﬁeﬁ&’ tﬁe ﬂ%ﬁ’gﬂ’ P gerf’ﬁéhet Sroh\rﬁgsrﬁ?g’fi on

i ne to be idfivd iIMOSERL&RItthOIMOSEE Dire Stsubdtaitiallyni@e cmrebionadel ad thd nNIOSFEIT isve
NMOSFET and t he FET, when the drive .n FET is provi de an

Eopr oxt mat oS HINEB o kR T s mf ShEie.ans 1 Tes SlpiPafeopiae ar i ve
NMOSFET, t heerMpbhiole voltage;dvhierstn thBBMOSHET, the @ripdIGBERE hakepMasSERIE dnd
betas. 29. A drj onprising.. an out put node having an output voltage; at
| east one dPFJ%h%ﬁ%EQEQPW5W#%SWE§ | east one drain coupled to the out put
node to drive the output node H GH and at |east one pMOSFET havi ng at

| east one dgain gﬁg&h%gfﬁgt%ng.o t. tﬁgﬁgg%nyggrein the at | east one drive
pMOSFET and“the a east® Gne p are contrort abl e

a first resistor connected to the output node;

a drive nMOSFET having a drain connected to the first resistor;

a second resistor connected to the output node; and

a nMOSFET having a drain connected to the second resistor, wherein the sources of the
drive nMOSFET and the nMOSFET are at substantially the same voltage, and the nMOSFET is
controllable to couple its gate to the output node so that its gate voltage is substantially equal to
the output node voltage; wherein the drive nMOSFET, the drive pMOSFET, the pMOSFET, and
the nMOSFET have matched betas.

4. A driver having an output node, the driver comprising:
a drive pMOSFET to drive the output node HIGH, wherein if the drive pMOSFET is ON
its drain voltage is substantially equal to the output node voltage;
-8-



to both be switched ON so that: the at |east one drive pMOSFET and t??ﬁ@l 0
|l east one pMOSFET have substantially equal drain-to-source voltages; JP
| east one pMOSFET has a gate voltage substantially equal to its drain
vol tage, and the drain voltages of the at |east one drive pMOSFET and the
at | east one pMOSFET are substantially equal to the output node voltage;
and the at | east one drive pMOSFET has a first effective beta and t he at
| east one pMOSFET has a second effective beta matched to the fi
ef fective beta. 24myveMOSHAH ta dripgthe autgutgofie IA@,WAWperﬂnAfsh%@V/snMO%Tls ON

. AA, L AUSL' - g drain voltage is substantially equal to the output node voltage;
AE AFi m>BNSzt oi d M%’é‘ U_kca] caj ca]U] caj caU]pca] cal] ca] cal] ca] cal] ca] cal] ca] cau
] ca] caU] ca] ca] cat e a?]" aJjcaljcaUlcalcaljcalUcalca Gv w { gw e b !'*9d
{val gb] X] ca] ca] calmakertrcalead cal cal ca] cal] ca] ca] ca] ca] ca] ca]ca]ca]caJca]c
a] ca] ca] ca] ca] ca] ca] ca] ca] cRab ”I}ﬁ r@]éca' V&RN-1 " +:
AJ>GHLzupkf a\ V] U] ca] cBF YRy eaiEht hﬂ%? 51]1‘:a]eécar_rrea}iw]cealjoaat}%wea]tcaq c
a] ca] ca] ca] ca] ca}&ah@p path GRMGAdiCR18] © Al ClphNRIde Whbte theXirkinSodree voltages of

TE(tw ~yt oj e [ Vkf a\ \qd]éca] cag %:ca ]ca ca] cal caLa a] ca] ca] ca%J] ca] caU

] caV] ca] ca] caU] cﬁle Q]‘&f"@]i@aﬂﬁﬁ] by eMPeBFt ar euys aulldapk% @8l ether e e gate

" =SLIE” &&& ZESEGUKEER Vbitages c(f%ﬁe(pMMfeaT A6 édbﬂ{éﬂflﬁh? aquikioahorl diles a1 Mvoml teal cal

ca] ca] ca] ca] ca] caV] ca] cal ca] caV] ¢ cal caV]ca] caV] ca] caV] ca]caV] ca] caV]c
a] ca] ca] ca] ca drive pMOSFET and the pM SFE are ON; an

1] 1e1911123: 4<4c4f 444%6@@&@655@%@@%@@@% %3 podbkindoMbing@dnCadugadical ca
] ca] ca] ca] caV] ca] caV] ca] caV] ca]1 V] ca] caV] ca] caV] ca] caV] ca] caV] ca] ca] ca] caV
] ca] caV] ca] cal c aconspdting pgrh from their sources to the output node where the drain-source voltages of

=C====>>>>>>| 27! @M&ﬁﬁﬁ%@ﬂ&@hmm%@k]&% Ceq]a@ed &al 68d:Gad rksa] caj

ca] ca] ca] ca] ca] ca]ca].ca]ca]ca]calca calca]ca ca ca cal cal ca] ca! CCD
6 DDDDUEEEDFf FFG; and drain volitages of the iMO F are substantla Iy equal 0 each ot er only if botli the

GGEIHHI TI JJKK™ KKKigMe{ vk M st ivi@$Bedre aNca) cal ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! gMgMV N1N<N
DNJ NN

CaOO000P| Pr PPPP) @%%D&Zaﬁgalf&mﬁﬁ‘ﬁmmamﬁé}a{ﬂl d_Z]]ca]ca]ca]ca]calca]ca]ca]ca

cal Ca] Cal Ccal] Ca C cal ca calcalc”alc cal cay|C
RGN e L E i ——

YIYYZZZZ( Z+5&Za£ZZZU[ [ | wr mhc”Y] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c”a] ca] ca] ca]

ca] ca] ca] ca] ca] ca] ca] ca] cal cal ca cajcalc cal \\z]*Q

e e TR Bt ONE SRR TR iEhe Bhedrodl elpeSs barolgPirea La]

ca] ca] ca] cabsa] ca] ca] ca] cal ca] ca] ca] ca] ca] ca] ca] cal] ca] ca

WV] ca] ca] c*a! ueeelLf gf f f +gJggghJhVWhhi i uiij H jjj Hkkk<l ~I || <} xsnid_Z]]]calc

aJ cal calcalcalca]ca]ca]calcalca]calcalcalcalcalcalcalcalcalc

a] ca] E:a] Cﬁ]]ﬁs\]‘] ﬁa]“&edrﬁra:] &a]:ﬁal]tlﬁax]m}l@a\]vmiem . l ca] ca]

nznno[ 000 iUl < ca] cal ca] ca] ca] ca] ca] ca

ca] ca] ca] ca] ca] C é%r&éﬁlt‘&éﬁ %‘kl]] é%l%’l%]gnrglatedﬁltodh'e Julplut n(]de V])lt g]e%ylistnl:t

a] ca] ((:;3.] ca])g?]gc/saﬂ 5 gfahdiah ﬁgﬂl&;ﬁ\]loal]misccm ;and® YlO%&S((j )E&Olilal/gy& () 9

109%& ()-!" %e 0 -.9.

Toog: () - 1008 (FeCEmaEs o HE QSIS B g Pesup i egobig bYa suicty

xmbC3( Fc 10%n8&chsing fhfktidh ifiRyRAOOBRL s)ON6109& () - 3L109Y& () - 2S109& () -

gz[ <nbC g1l0%2&' () - : 109%& () -

10908 ()-!S%0Y& ()-!0S%0%& ()-!S%0% /& () - WdENC 10908 () -3

10968 () - Z109Y&' The BivEOILIS forkh in claim 4, wherein the drive pMOSFET, the drive nMOSFET, the
pMOSFET, and the nMOSFET have matched betas.

8. The driver as set forth in claim 5, wherein the drive pMOSFET, the drive nMOSFET, the
pMOSFET, and the nMOSFET have matched betas.
9.
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FF10%& ()- MF310% & ()-&p dE4/ 10 fyl0ls- 10%& ()- |+ -
10%& ()-1) 1 10%(& ()- 37 M0% & ()-33 &10%& ()- ¥4 10%& ()--tdYNC 10 fy1 :
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a drlve pMOSFET to provide a current conducting path between the output node and a
high-side node only if ON, wherein if the drive pMOSFET is ON its drain voltage is substantially
equal to the output node voltage;

a drive nMOSFET to provide a current conducting path between the output node and a
low-side node only if ON, wherein if the drive nMOSFET is ON its drain voltage is substantially
equal to the output node voltage;

a pMOSEET to provide a current conducting path between the output node and the high-
side node only if ON, the pMOSFET and the drive pMOSFET controllable so that there is a first
non-zero time interval for which: the pMOSFET and the drive pMOSFET are both ON, the drain- .
source voltages of the pMOSFET and the drive pMOSFET are substantially equal to each other,
and the gate and drain voltages of the pMOSFET are substantially equal to each other; and

a nMOSFET to provide a current conducting path between the output node and the low-
side node only if ON, the nMOSFET and the drive nMOSFET controllable so that there is a
second non-zero time interval for which: the nMOSFET and the drive nMOSFET are both ON,
the drain-source voltages of the nMOSFET and the drive nMOSFET are substantially equal to
each other, and the gate and drain voltages of the nMOSFET are substantially equal to each other.

11. The driver as set forth in claim 10, wherein
the drain voltage of the pMOSFET is substantially equal to the output node voltage if the
pMOSFET is ON; and

the drain voltage of the nMOSFET is substantially equal to the output node voltage if the
nMOSFET is ON.

12. The driver as set forth in claim 10, wherein
the drain voltage of the pMOSFET is related to the output node voltage by a strictly
increasing function if the pMOSFET is ON; and
the drain voltage of the nMOSFET is related to the output node voltage by a strictly
increasing function if the nMOSFET is ON.
-10-
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1 11

Zoa?) Z1 Z,

if the drive pMOSFET and the pMOSFET are both ON and the drive nMOSFET and the
nMOSFET are both OFF, where Z, and Z, are the impedances of the drive pMOSFET and the
pMOSFET, respectively; an;i

wherein the driver provides a current conducting path between output node and the low-

side node having an impedance Z,, (n) substantially given by

1 1 l

Zon®) Zz  Zn

if the drive nMOSFET and the nMOSFET are both ON and the drive pMOSFET and the

pMOSFET are both OFF, where Z, and Z, are the impedances of the drive nMOSFET and the
nMOSFET, respectively.

i5. A driver having an output node, the driver comprising:

a first input node;

a second input node;

a drive pMOSFET to provide a current conducting path between the output node and a
high-side node only if ON, wherein if the drive pMOSFET is ON its drain voltage is substantially
equal to the output node voltage;

a drive nMOSFET to provide a current conducting path between the output node and a
low-side node only if ON, wherein if the drive nMOSFET is ON its drain voltage is substantially
equal to the output node voltage;

a pMOSFET to provide a current conducting path between the output node and the high-
side node only if ON; and

a nMOSFET to provide a current conducting path between the output node and the low-
side node only if ON;
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u&' () - wherein the drive pMOSFET and the pMOSFET are coupled to the first input node to

both be ON and have drain-source voltages substantially equal to each other where the gate and
drain voltages of the pMOSFET are substantially equal to each other if the first input node is at a
voltage level representative of a Boolean element X belonging to a two-element Boolean algebra;
and

wherein the drive nMOSFET and the nMOSFET are coupled to the second mput node to
both be ON and have drain-source voltages substantially equal to each other where the gate and
drain voltages of the nMOSFET are substantially equal to each other if the second input node is at

a voltage level representative of a Boolean element Y belonging to the two-element Boolean

algebra.

16. The driver as set forth in claim 15, wherein the first and second input nodes are the same
node. -

17. The driver as set forth in claim 15, wherein the element X is the Boolean complement of

the element Y.

18. The driver as set forth in claim 15, wherein

the drain voltage of the pMOSFET is substantially equal to the output node voltage if

ON; and

the drain voltage of the nMOSFET is substantially equal to the output node voltage if
ON.
19, The driver as set forth in claim 15, wherein

the drain voltage of the pMOSFET is related to the output node voltage by a strictly
increasing function if the pMOSFET is ON; and

the drain voltage of the nMOSFET is related to the output node voltage by a strictly
increasing function if the nMOSFET is ON.

20. The driver as set forth in claim 18, wherein the driver provides a current conducting path
between output node and the high-side node having an impedance Z,, (p) substantially
given by
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s109%& ()-S'f [:)ll\gléqg‘ﬂg'} are both OFF, where Z, and Zn are the impedances of the drive nMOSFET and the
nMOSFET, respectively.

21. The driver as set forth in claim 15, wherein the drive pMOSFET, the drive nMOSFET,
the pMOSFET, and the nMOSFET have matched betas.

22. The driver as set forth in claim 18, wherein the drive pMOSFET, the drive nMOSFET,
the pMOSFET, and the nMOSFET have matched betas.

23. The driver as set forth in claim 19, wherein the drive pMOSFET, the drive nMOSFET,
the pMOSFET, and the nMOSFET have matched betas.

24, A driver having an output node, the driver comprising:

a first input node;

a second input node;

a drive pMOSFET to provide a current conducting path between the output node and a
high-side node only if ON, wherein if the drive pMOSFET is ON its drain voltage is substantially
equal to the output node voltage;

a drive nMOSFET to provide a current conducting path between the output node and a
low-side node only if ON, wherein if the drive nMOSFET is ON its drain voltage is substantially
equal to the output node voltage;
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a nMOSFET to provide a current conducting path between the output node and the low-
side node only if ON;
wherein the pMOSFET is coupled to the first input node so as to be ON, to have a gate
voltage related to the output node voltage by a strictly increasing function, and to have a drain
voltage related to the output node voltage by a strictly increasing function if the first input node is
at a voltage level representative of a Boolean element X belonging to a two-element Boolean
algebra; and
wherein the nMOSFET is coupled to the second input node so as to be ON, to have a gate
voltage related to the output node voltage by a strictly increasing function, and to have a drain
voltage related to the output node voltage by a strictly increasing function if the second input
node is at a voltage level representative of a Boolean element Y belonging to the two-element

Boolean algebra.

25. The driver as set forth in claim 24, wherein

the drive pMOSFET is ON only if the first input node is at a voltage level representative
of the Boolean element X, and its source voltage is related to the high-side node voltage by a
strictly increasing function if ON;

the drive nMOSFET 1s ON only if second input node is at a voltage level representative
of the Boolean element Y, and 1ts source voltage 1s related to the low-side node voltage by a
strictly increasing function if ON;

the pMOSFET has a source voltage related to the high-side node voltage by a strictly
increasing function if ON;

the nMOSFET has a source voltage related to the low-side node voltage by a strictly
increasing function if ON;

the drain voltage of the pMOSFET is related to the output node voltage by a strictly
increasing function if ON; and

the drain voltage of the nMOSFET is related to the output node voltage by a strictly

increasing function if ON.

26. The driver as set forth in claim 25, wherein the drive pMOSFET, the drive nMOSFET,
the pMOSFET, and the ntMOSFET have matched betas.
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28. The method as set forth in claim 27, further comprising:

switching ON a drive nMOSFET to excite an electromagnetic wave propagating along
the transmission line; and

coupling a nMOSFET to the transmission line to be in its saturation region so that the
combination of the drive nMOSFET and the nMOSFET, when the drive nMOSFET is ON,
provide an approximately matched impedance to the transmission line, wherein the drive

nMOSFET, the nMOSFET, the drive pMOSFET, and the pMOSFET have matched betas.

29. A driver comprising:

an output node having an output voltage;

at least one drive pMOSFET having at least one drain coupled to the output node to drive
the output node HIGH; and

at least one pMOSFET having at least one drain coupled to the output node;

wherein the at least one drive pMOSFET and the at least one pMOSFET are controllable
to both be switched ON so that:

the at least one drive pMOSFET and the at least one pMOSFET have substantially equal
drain-to-source voltages;

the at least one pMOSFET has a gate voltage substantially equal to its drain voltage, and
the drain voltages of the at least one drive pMOSFET and the at least one pMOSFET are
substantially equal to the output node voltage; and

the at least one drive pMOSFET has a first effective beta and the at least one pMOSFET

has a second effective beta matched to the first effective beta.
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