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-1- ACMXS Driver Field Enbodi nents of the present invention relate to

driver circui %@oooﬂﬁ'ﬂsmre particularly, to conplementary npé-g{,sgg,xj.,glﬁ"
sem conductor drivers for driving transm ssion |lines. Background Fig, 1

illustrates in a sinple fashion an I/O (input/output) driver (buffer,
transmtter) 102 communicating with receiver 104 via transm ssion |ine 106.
Transm ssion |line 106 may be the physical |ayer of a bus, and has a
characteristic inpedance Z[err]. Driver 102 and receiver 104 are CMOS

(Conpl enentary Metal Oxi de Sem condycCMOS Driverui ts. The i nput inpedance of
receiver 104 is approximated as infinite. For exanple, the input of
recei ver 104 may be one or nore CMOS gaFiedd Suppose driver 102 has or is

transmtting an el ect,r qnaaneti,c wave. travel i in the direction denoted by
arrow 108, It the PGSk RS inyBRES i iverSirlls, BT (0 4o, ¢ hen
a reflected waygricitaly, 1BcORpeRtRary hetahQidd seBbAdabol e Freiviny arrow-110. |f
t he inpedance of driver 102 is not matched to the characteristic inpedance
Z[err], then amwsmissionlbfdsected wave will again be generated, but now
traveling in the direction of
Background
Fig. 1 illustrates in a simple fashion an I/O (input/output) driver (buffer,
transmitter) 102 communicating with receiver 104 via transmission line 106.
Transmission line 106 may be the physical layer of a bus, and has a characteristic
impedance Zo . Driver 102 and receiver 104 are CMOS (Complementary Metal Oxide
Semiconductor) circuits, The input impedance of receiver 104 is approximated as
infinite. For example, the input of receiver 104 may be one or more CMOS gates.
Suppose driver 102 has or is transmitting an electromagnetic wave traveling in
the direction denoted by arrow 108, If the input impedance of receiver 104 is not equal
to Zo, then a reflected wave will propagate in the direction indicated by arrow 110. If

the impedance of driver 102 is not matched to the characteristic impedance Zo , then
another reflected wave will again be generated, but now traveling in the direction of
arrow 108, There will be many multiple reflections, and the electric and magnetic field
vectors at any point along transmission line 106 is the vector sum (superposition) of
the transmitted field vector and all reflected field vectors at that point. This -
superposition of the transmitted wave and the reflected waves may cause signal
degradation, such as ringing, which may limit the speed at which digital data is reliably
transmitted from driver 102 to receiver 104.

The first reflected wave can be reduced by terminating the receiving end of
transmission line 106 with a receiver or stub having an impedance matched to o .
However, this may require the use of an off-chip resistor, and furthermore, power may

be wasted due to ohmic losses in the resistor,



arrow 108. There will be many multiple reflections, and the electric and
magnetic field vectors at any point along transm ssion line 106 is the
vect or sum ( sition) of the transmtted field vectoc.?ﬁg; -
reflected fi‘gpgs;@g@t ors at that point. This super positionﬁo tﬁ?i‘ss,_
transmtted wave and the refl ected waves may cause signal degradation, such
as ringing, which may Iimt the speed at which digital data is reliably
transmitted fromdriver 102 to receiver 104. The first refl ected wave can
be reduced by terminating the receiving2end of transnission line 106 with a
receiver or stub having an i BpeftiBesceiptiat afithed Drawhigwever, this may require
the use of an off-chip resistor, and ftdr,t her nore, , power, may be wasted due
to ohmic |osses ifi8t aP@%’i"é‘t‘@‘Fshatmn of 9 driyer inqommunication wigla rgseiver 8Vary awi ngs
Fig. 1is a pghQhi@ich link, widld 1Fé {eQive? s bt Abdcldilio a@_ﬁm&m@.@! onwth a
receiver over a transmssion [1Ine, ere the receiver 1s not matched to the
t ransm ssi on | i neFigH ig an 2mbaliratnt efthe gieseptinvaitioh.he present inventiom Figs.

3a and 3b are approxinmatjons to the enbodi nent of Fi % 2 for two
Figs. 3a and 3b are approximations to the embodiment of Fig. 2 for two

particular sets of conditions.

Fig. 4 is an embodiment of the present invention having a programmable output
impedance.

Fig. 5 is an approximation to the embodiment of Fig. 4 for a particular set of
conditions.

Fig. 6 is another embodiment of the present invention.

Detailed Description of Embodiments

Embodiments are described for I/0 drivers having an output impedancc that is
approximately independent of the output voltage, and which can be adjusted based
upon the rail voltage and the chatacteristics_ (channel length, width, etc.) of various
transistors. This allows for matching the driver’s output impedance with the
characteristic impedance of a transmission line driven by the I/O driver. If the output
impedance is matched to the transmission line, then an electromagnetic wave that is
reflected toward the driver will substantially not again be reflected, and therefore signal
degradation is reduced, thus allowing for faster, more reliable digital data transmission. -

Before describing embodiments, we first introduce some terminology. A two-
element Boolean algebra is relevant to switching circuits. For any point in a circuit, the
term LOW 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



particular sets of conditions. Fig. 4 is an embodi nent of the present

I nvention having a programmabl e out put inpﬁdance Fig. F s an

approxi mati on nmbodi ment of Fig. or a particu arﬁgﬁu

cgﬁditians. Figa Eﬁanother enbodi nent of the present inven Fon E%Etalled
Descri ption of Enbodlnents Enbodi ments are described for I/0O drivers havi ng
an out put inpedance that is approximtely independent of the output

vol tage, and whi ch can be adjusted based upon the rail voltage and the
characteristics (channel length, width, e-c.) of various transistors. This
al l ows for nat&lnﬁﬁéaq\ﬁéfﬂﬁlﬁ)«gfeam&llOWhe compentiom thet foi 4rly givee nedeawithii £ sti c

d f A by the I/Odriver. If the output
: %:dgﬂgg ?s ﬁﬁ‘f E‘ﬁww t%SfrpgﬁgM@}lv fages. then an el ectromagnetic wave
that T of | ected oishsbol et i b SRRk 0k 393 1 O

reflected, and therefore signal degr ion 1S reduced al | owi ng for

faster, nore rtrhnsmhﬂsmndingcmleddmm (hdt&lﬂ@ﬁﬂ)ﬁ@d@fbvnﬁ@iﬁp@mdﬁﬂdlj bins@nt -
enbodi rrents we first | ntr duce sone term nology. A two- el ement Bool ean
algebra is rel 8‘6‘8%‘“‘??51 hep s frapsmigsiondige lsrbsmgéwnp&ams, therimpegnceof t, t he

f“ [‘. t B |
ol cmencs, and CRaRy e by e PR AT o kR LR AT M ik nto ne

ot her of the t wgproximately constant when the transmission line is being driven by embodiment 200.

;-

Transistors 208 and 210 are switched in complementary fashion with respect to
each other to drive the transmission line. Usually, when embodiment 200 is driving the
transmission line (e.g., it is not tristated), voltages ”» and s are such that they are

approximately synchronous and equal to each other, and they may be derived from a

common input voltage. In some embodiments, however, ¥ and Vs are such that

¥, transitions from HIGH to LOW before Vs transitions from HIGH to LOW, and

¥, transitions from LOW to HIGH after / "transitions from LOW to HIGH, so that
PMOSFET 208 and nMOSFET 210 are not simultaneously ON. Embodiment 200 can

be tristated if » is set LOW and /s is set HIGH.

The combination of inverters 212 and 214, transmission gates 216 and 218,
pMOSFET 220, and nMOSFET 222 is such that when /s and¥» are both HIGH the

gate of pMOSFET 224 is approximately at the output voltage Vo (i.e., there is a low

impedance path from the gate of pMOSFET 224 to its drain) and nMOSFET 226 is
OFF, and when ¥» and ¥ are both LOW the gate of tMOSFET 226 is approximately at

the output voltage Vo (i.c., there is a low impedance path from the gate of nMOSFET
226 to its drain) and pMOSFET 224 is OFF.

The approximately constant output impedance property of embodiment 200
can be understood by considering Figs. 3a and 3b, which provide approximations to Fig.

2 for the cases in which "» and ¥ are both LOW and in which"» and”» are both



Bool ean el enents. The particul ar mapping i nto Bool ean el enents depends upon
the technol ogy used, and may be different for different parts of a single

circuit. To ay@oghzsgal i ng with set term nol ogy, we shall sp&&,ﬁ#;g,i vol t age
is LOW(HGH) if it belongs to -3- the set LOW(H GH). W also tallow

t he convention that for any given node within a circuit, LONvoltages are

' ess than HI GH vol tages. Enbodinent 200 in Fig. 2 is part of an I/ O driver
or buffer for driving a transm ssion line coupled to 202 (not shown), and
provi des an xi mat el ,f;onstant - out4r)ut | npedance when the transn ssion
line is bei néﬁ’@ﬁﬁmww t Thegireyits of Figp Sa and b, bewevien dd inptamedeR00 when

"l ooki ng i ntq, d I . ' an r d.is, approxi mately
const ant. Me%n%bﬁgﬁ??%zr@ %Lg@gﬁlp%?‘%gﬁlﬁs&%lglﬂ%g dri® gﬁ-ﬁ@%ﬁﬁéﬁ? ﬁ@?& 200.

Transi st ors 20iagld o i aMONTERS96 470, SRIBh GRS S Bt fof ooPect

to each other to drive the transn Ssion ’I'i ne. nt 200

i s driving t hie iduies o the pMIOSFETSin(g. 8b. IniFlg, BE, thdih +trviaﬁ§f@ttcﬁ& afd QF t ages
[err] and [err] are such that they are appr oxi matg y sync rofiots and equal
to each ot herbM@BKET R@8/isaithe gewundpotersdl.f r om a conmon i nput vol tage. In some
enbodi nent s, home\‘:er rLerrJ’ farch [err] are such that

or purposes of finding an approximate expression for the output impedance of

the circuit of Fig. 3a when transistors 210 and 226 are ON, let /s denote the drain-
source current of nMOSFET 210, and fs2 denote the drain-source current of
nMOSFET 226. Let Zo denote the output impedance of the circuit of Fig. 3a. Then the
output impedance is given by

Vo= Zoulyg + 145)-
Noting that the drain-source voltage (Vbs ) of NIMOSFET 210 is equal to¥o , and
assuming that the threshold voltage of nAMOSFET 210 is much less than Va4 , then an -

approximate expression for the driin—source current of nMOSFET 210 is given by
Vol

Iy =B, Vs -2,
dst ﬁl dd" o -2—-

where P 1 is the beta for tMOSFET 210 and we assume that nMOSFET 210 is in its

linear or nonsaturation region. Transistor nMOSFET 226 is configured to be in its

saturation region when ON, and provided its threshold voltage ' is much less than e

an approximate expression for the drain-source current of tMOSFET 226 is given by
B Ve
Iy = 72—[Vo "‘VT]I Uﬂzlo—»

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

the expression for the output impedance yields

1749 Ve
Vo=2, BV "ﬂl.;_"’ﬁz.zo_-



[err] transitions fromH GHto LONbefore [err] transitions fromH GHto
LOWN and [err] transitions fromLOWNWto HHGH after [err] transitions from
LOVto H GH S0 13PMOSFET 208 and nMOSFET 210 are not spghhéssiags'sl y ON.
Enbodi nent 200 can be tristated if [err] is set EONVand [err]is set H GH
The conbi nation of inverters 212 and 214, transm ssion gates 216 and 218,
pMOSFET 220, and nMOSFET 222 is such that when [err] and [err] are both

H GH the gate of pMOSFET 224 is approximately at the output voltage
[err](i.e., there is a |ow i npedance patfd-fromthe gate of pMOSFET 224 to
its drain) andifitiidbBaEdf Rdeistoss 205 knd 226 drevdnFivichly mhtckedding @enbled dy 8 ,kiglah LOW
the gate of nMOSFET 226 is a 1proxi mately at the output voltage [err] (i.e.,
there is a IOV\tthWGaXR!@SlpaVIJgdﬁromthe gate of NnMOSFET 226 to its drain)
and pMOSFET 224 is OFF. The approxi mately gonstant out put i npedance
property of enbodi ment 200 can be undgy st by considering Figs. 3a and
3b, which provide approxi mations to Fig. Véor the cases in which [err] and
[err] are both LOW and iwch [err] and [_errL are both -4- H GH,
respectively. The AYEH appysdisplayed aquation, the ey ppedense abhe s

of Fig. 3a (when transistors 210 and 226 are ON) is approximately constant (i.e.,
independent of Vo). A similar analysis shows that the output impedance of the circuit
of Fig. 3b is also (approximately) given by the above displayed equation, provided the
betas are matched.

In another class of embodiments, drive transistors 208 and 210 may be replaced
by a first and a second plurality of drive transistors, respectively, so that subsets of the
first and second pluralities of drive transistors can be selected so as to provide a
programmable output impedance. In this case, to match betas, transistors 224 and 226
would be replaced by a third and a fourth plurality of transistors, respectively, so that
the proper subset of the third and fourth plurality transistors can be selected, depending
upon the selected subset of the first and second plurality of drive transistors, so that
the output impedance is programmable and approﬁimatcly independent of output
voltage .

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, sp0nn, sn0, and snOnn, on lines 404, 402, 408, and
406, 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 s»n0 are each HIGH, then transistors
410, 412, 414, and 416 affect the output impedance.



enbodi nent 200 during logic transitions of voltages [err] and [err]. In
Fig. 3a, the input voltage to the gate of nMOSFET 210 is [err], the rail

vol t-age, V\hig@"b’?’ﬁﬁl so the voltage of the sources of the pMA§bifizd N Fi Q.
3b. In Fig. , e input voltage to the gate of pMOSFET 208 is at the
ground potential. For purposes of finding an approxi mate expression for the
out put i npedance of the circuit of Fig. 3a when transistors 210 and 226 are
ON, let [err] denote the drain- source current of nMOSFET 210, and [err]
denote the drain-source current of NnMOSFET 226. Let [err] denote the out put
i npedance of the T¢ determinedhe gtitppt iBpedanth swhert 48 andisniudre ¢ach El@H@nsidergi ven by
[err] = [err err, i t hat e drajn-source voltage (Jerr] ) of
nMOSFET 210 éﬁdil}vh%v‘%]gg?ﬂ%,m%ﬁo“r%?g{&wa‘é s H'étfyl? Figeuitof Bignhead bool t age of
NMOSFET 210 i s nuch,.less .than_[ery] then gn approxi mte expression for
the drain- soﬁefpée@e‘ﬁ?ﬂtfyetﬁ? CIEFI““H&ESF%LC&%E?@ %i%ﬂs‘?ﬁz{%ﬁ‘qd]zgﬁ be mpiched \where
[err] i's the Jheicok@bs AMREET b Qs Bkt 14 WA TS s inits
| i near or nonsat u(r)atison region. Tr ansfsst%fﬁm ?ét 'S %geﬁlﬁlgegﬁér ed to be

in its satur @, Qhed £gQinilix anklgds Niscased ariy yRRY ;ﬂetaﬁjfxbiahﬁﬁ:l%x@ssy&lf&age [err]

I's much less than [err] an approxi mate expression for the drain-source
current of nkeSkipht b@edaree,gi ven by [err] =[err]

Ze =
[F+5. Vs

Clearly, by utilizing a plurality of transmission gates, select lines, and matched
pairs of transistors, the output impedance can be programmed as desired and made
approximately independent of output voltage.

Fig. 6 is an alternative embodiment similar to Fig. 2, except that one less inverter
is employed, but now the voltages at the gates of drive transistors 208 and 210 are
essentially identical and are not separately controllable. It should be appreciated that
the transient characteristics of the circuit of Fig. 6 during logic transitions may be
different from that of Fig. 2.

In some embodiments, the drains of the nMOSFETS that are responsive to the
output voltage o may be first connected to electrostatic discharge (ESD) resistors so as
to help reduce damage due to electrostatic discharge through output terminal 202. For
example, 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 o .

Various modifications may be made to the embodiments discussed above

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



where [err] is the beta of nMOSFET 226. Substituting the above two
expressions into the expression for the output inpedance yields [err]=[err]
[err] -b5- I‘R,ow§3§et as of transistors 210 and 226 are suwbbiugdenaadsky

mat ched.and denoted by [err]} then the above expriession yields [err]. As
seen fromthe above di spl ayed equati on, the output inpedance of the circuit
of Fig. 3a (when transistors 210 and 226 are ON) is approxi mately constant
(i.e., independent of [err]). A simlar analysis shows that the out put

i npedance of the circuit of Fig. 3b is atko (approximately) given by the
above di spl ayeddditpnat deyives payohei iskeded: Yetwebr vaisusodesyitroinas and devicroinler ¢l ass

of enbodi nents,, drive f.ransistors 20 nd 210 ma e replaced by a first
and a second p|am"§|e¥‘$9f£"8?mﬁ?’1‘kf’ét ’f‘?t‘éﬁ‘?gy g*eaaﬁ'gg %F’ég%eéagltff‘?ﬁé'gﬁ%%%‘a?‘ t subsets
of ‘the first angseanptmal bt ﬁhb&dc&ﬁb%sﬁ%@ka}éﬁod% BPRindi Bl ofififhrddGs Sl ected so

as to provide a programmabl e out pu ce. Inthis case, to match
bet as, transi stdidss, dhagge a6 voltage levels, or buffers may be inserted between various -

nodes, terminals, and devices.

' For this reason, we give a precise definition to connection. We say that for any

objects 4 and B in which a voltage is well defined, an object 4 is connected to an object
B if they are connected together by a transmission line, or equivalently, a waveguide. A
transmission line or waveguide is é’ny structure for guiding electromagnetic waves. Part
or all of the transmission line or waveguide may be non-metallic, such as polysilicon.

If objects 4 and B are coupled to each other, then they may be connected to each
other as discussed above, or other means may be employed for relating the voltages of
objects 4 and B, such as diodes, buffers, or other active or passive circuits. For these
letters patent, we shall define a relationship between voltages as follows. We shall say
that the voltage of an object 4 is related to the voltage of an object B by a strictly
increasing function if the following holds: There exists a non-zero voltage interval (a, b)
and a function f'strictly increasing on (a, b) for which V(t;) = AVa(t1)), where V(t,) is
the voltage of object 4 at time t, and Vp(t;) is the voltage of object B at time f,, where £,
> 1y and Vx(1y) € (a, b). The time difference f, — t; may be a function of Va(t;). In
practice, fis actually a function of more than one variable, but we assume that these -

other variables are held constant in the above definition.



woul d be replaced by a third and a fourth plurality of transistors,
respectively, so that the proper subset of the third and fourth plurality
transi stors Gagpggsisel ected, dependi ng upon the sel ected Sgrasbymadast he
first .and second plurality of drive transistors, so that the out put.

i npedance i s programuabl e and approxi mately i ndependent of output voltage
tvo An enbodi nent belonging to the previously described class of

enbodi ments is illustrated in Fig. 4, ere correspondi ng conponents in
Figs. 2 andoﬁ pa\(e the sane nuneric labél. In Fig. 4, signals, spO spOnn,
sn0, and snOM"®%n |ines 404, 402, 408, and 406, respectively, are select

signals, where sp0O is the |ogical (Bool eamy—conpl enen i spOnn and snOis
i

the |l ogi cal conpl enment of snOnn. |If sp0 a ummﬁi‘“\ hen transistors
410, 412, 414, and 416 are OFF and the ci:‘I ehaves as

enbodi ment 200 of ARdriyer dmprisingver, i f spO and°snb are each HI GH, then
transistors 410, 412, 414, and 416 affect the output inpedance. =-6- To
determ ne the out gHjudy gnce when spO and snO are each H GH, consider the
case in which voltages [err] and [err] are each LON so that the circuit of

Fig. 4 can be a drive pMOSFET having a drain connected to the output node to drive the

output node HIGH; and

an pMOSFET having a drain connected to the output node, wherein the sources
of the drive pMOSFET and the pMOSFET are at substantially the same voltage, and
the pMOSFET is controilable to couple its gate to the output node so that its gate

voltage is substantially equal to the output node voltage, wherein the drive pMOSFET

and the pMOSFET are matched.

2. The driver as set forth in claim 1, further comprising:

a drive nMOSFET having a drain connected to the output node to drive the
output node LOW; and

an nMOSFET having a drain connected to the output node, whetein 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 are matched.



represented by the circuit of Fig. . of transistors 210 and
226 be matched and denoted as [errq,Mgﬂml"mgm;ﬂFf transistors 412 and
416 be matcheqva asignoted as [err]s en aw xalr anal yspsr/espeliascussed
earlier.yields the approxinmate expression for the output inpedance, Jerr]
Clearly, by utilizing a plurality of transm ssion gates, select |ines, and
mat ched pairs of transistors, the output inpedance can be programed as
desired and nade approxi mately i ndependent of output voltage. Fig. 6 is an
al ternative enbodinent similar to Fig. 2 except that one less inverter is
enpl oyed, but how tThe dgwirasggbforthin ¢lgim I fiwther comprisingie transi stors 208 and
210 are essentially identical and are not separately controllable. It

shoul d be appr eci ataditstiriaddtortchmnetted Rsthealtput hadeact eri stics of the circuit of
Filg. 6 during logic transitions may be different fromthat of Fig. 2. In

some embodi ments, thgive hOYFE? hatififa Biiebintsed Olle MitGesis@tPonsi ve to the
out put voltage [err] may be first connected to el ectrostatic di scharge

(ESD) resistors so as t e reduc mage, due tq el ectrostatic discharge
t hrough out put ter rﬁsﬁ‘éqn(aé%?wﬁ%'}ngée{?(atﬁp e 2o |’g"’.n82, a ESD resistor may be
connect ed between the_drain of nMJSFET 210 and node 228, and . a ESD resistor

may be connected betiEPSEE dhayingp dragy copmaeist fortho segond fesifiggwhepeipmthe However |

the resistance values of the ESD resistors are
sources of the drive tMOSFET 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 are matched.

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;

a drive nMOSFET to drive the output node LOW, wherein if the drive
nMOSFET is ON its drain voltage is substantially equal to the output node voltage;

an pMOSFET; and

an nMOSFET; wherein

the drive pMOSFET and the pMOSFET are to provide in combination a current
conducting path from their sources to the output node where the draitt-source voltages

of the drive pMOSFET and the pMOSFET are substantially equal to each other and



‘chosen so that under normal operation, the voltage drops across the ESD-

resistors are snmall enough so that—the volt on the respective drains of
t he nMOSFETsw@gbfezsibst antial 'y M&Mﬂﬂ@%ﬂut vol t agectnesvpA4dssvar i ous
nodi fications may be made to th cussed above w t hout
departing fromthe scope of the tnvention as clainmed bel ow. For exanple,
-7- additional devices may be inserted between various nodes, termnals,
and devices in the above enbodi nents WI t hout materially changl ng their
overal | function. For exanple, voltage" rops na be introduced by
resistors, dis@atsanddrajn voliagesofthe p Ed &fee"éfbséﬁ’ igioewal to exrhoteneply var i ous
vol tage | evels, or buffers may be |nserted bet ween vari ous nodes,

term nal s, aifbothews ONgandFor t hi s reason, we give. a precise defi nition to
connection. W say that for any objects A and B in which a voltage is well

defined, an obj ecthe [ifivd IMOSFED anitkthié mosea"aa:eabpmfdeﬁutoinuiﬂaﬁunaé&reﬁonnect ed
t oget her by a transmssion line, or equivalently, a vvavegw de.

tr ansmi ssi on ohidigfy (gfﬂﬁxﬁgmeﬂgodr&s?@%e S{ptiGiotld Shd:Obe .gaagcee)gﬁggteg omagnet i c

waves. Part or a e transm ssi on ne or waveguil de may
non-metal || Cof alu%nve nﬁVIBgi’%f & AMOSFET are substantially equal to each other and the

gate and drain voltages of the nMOSFET are substantially equal to each other only if

both are ON.

5. The driver as set forth in claim 4, wherein

the drain of the pMOSFET is at substantially the output node voltage if the
pMOSFET is ON; and

the drain of the nMOSFET is at substantially the output node voltage if the

nMOSFET is ON.

6. The driver as set forth in claim 4, 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 pMOSFET is related to the output node voltage by a

strictly increasing function if the pMOSFET is ON.



If objects A and B are coupled to each other, then they may be connected to
each ot her as discussed above, or other neans nmay be enployed for relating
the voltages qf,ohhssts A and [err], , such as diodes;—buffe pETUSnPBHET
acti-ve or passive clrcuits. For thesﬁ"m we shaII define a

rel ati onshi p between vol tages as folll mwp y that the voltage of
an object Ais related to the voltage of® ah obj ec by a strictly
increasing function if the followi ng holds: There exists a non-zero voltage
interval (a, b) and a functionfstrictly-lhcreasing on (a, b) for which
[err] =[err] ([@rr])Thedieeras fet forth i claibriv; whedeinahedrive pMOSFET, the dfivet i e [err]
and [err] is the voltage of object [err] at tinme [err], where [err] > [err]
and [err] ([ enmibSFETNBe BMOBFETd@ HRMMOSIIT dre malchiéd, ] MY be a function of

[err]. In practice, [err] S actually a function of nore than one vari abl e,
but we assunme that these other variables are held constant in the above
definition. -8- 1 claim 1. A driver conprising: an output node; a

drive pMOSFET haV| nﬂ)% drain connected to the output node to drive the
e driver as set forth in claim §, wherein the drive pMOSFET, the drive

nMOSFET, the pMOSFET, and the nMOSFET are matched.

9, The driver as set forth in claim 6, wherein the drive pMOSFET, the drive

nMOSFET, the pMOSFET, and the nMOSFET are matched.

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

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 naMOSFET is ON its drain
voltage is substantially equal to the output node voltage;

an pMOSFET 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



out put node H G4, and an pMOSFET havi ng a drain connected to the out put
node, wherein the sources of the drt+ve pMOSFET and the pMOSFET are at

subst anti al |y, gane vol t age; ~and pl\/DSFET i s cont r op¢TalEIINIE coupl e
its gate to t%e out put—node s ‘§\ gate voltage is substantially equal
‘to the output node volt \& he drive pMOSFET and the pMOSFET are
mat ched. 2. The drn@

*a

“forth in claiml, further conprising: a
dri ve nMOSFET having a i i connected Iéo t he out put node to drive the

out put node LOW _and an nMOSFET havin drai n connect ed to the output
node, wher ei AiYaMQSTET-are systantially gaval fo cashretheriand the gajecand dragpottaggs of at

substantially the sane voltage, and the nMOSFET is controllable to couple
its gate to theeMOQSEET are substastinlly kqual ia eaclyether; adl t age is substantially equal
to the output node voltage; wherein the drive nMOSFET, the drive pMOSFET,

the pMOSFET, and 4dheMOSKEISF folpravide sMirfhiedbnducting Path Between the ButPitine@¢é as set
forth in claim1, further conprising:

and the high-side node only if ON, the nMOSFET and the drive nMOSFET

controllable so that there is a second hon—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, whe_r'ein
the drain voltagé of the pMOSFET is substantially equal to the output node
voltage if the pMOSFET is ON; and
the drain voltage .of the nMOSFET is substéntiﬁlly 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.



a first resistor connected to the onde\&drl ve nMOSFET having a
drain connected to the first 35’ nd resistor connected to the
out put node; aQQ [MOSFET ha ,mgﬂ’g JHI fect ed t o t hecgrRR®N435
resistor, wherern-t e sources of* t ke dri FET and the nMOSFET are at
supstantially 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 are matched134. A driver having an out put
node, the drivé} cofhedrivenagset forthin olaimp NOBkERin the fustiavdseeond timetiptatvalnode HI GH,
wherein if the drive pMOSFET is ONits drain voltage is substantially equal
to the output aedi&joral t age; a drive nMOSFET to drive the output node LOW
wherein if the drive nMOSFET is ONits drain voltage is substantially equal
to the output node vol tage; an pMOSFET; and an nMOSFET; wherein the drive
pMOSFET and the pMOSFET are to provide in conbination a current conducting

path fromtheir ce re, t he drain-source voltages
of the drive p Fléffh dﬁ‘a&taﬁé E‘W%gﬁ@%%w Eﬁfﬁlgt ﬁ*"ivglqrg/v’%dﬁ&‘ll i) each ot her
and

conducting path between output node and the high-side node having an impedance

Zu(P) substantially given by

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

the nMOSFET are both OFF, where Z1 and Z, are the impedances of the drive

pMOSFET and the pMOSFET, respectively; and .
wherein the driver provides a current conducting path between output node and

the low-side node having an impedance 4o () substantially given by

1 1 1
=4
z,my Zy Z7

if the drive nMOSFET and the nMOSFET are both ON and the drive pMOSFET and
the pMOSFET are both OFF, where 42 and 4» are the impedances of the drive

nMOSFET and the nMOSFET, respectively,

15. A driver having an output node, the driver comprising:
a first input node;

a second input node;



-10- the gate and drain vol tages of the pMOSFET are substantial |y equal to

to provide |Q, &ﬁpaﬂon a current conducti ng ath iGoofig4dE ces to
t he out put no Eli\cnirl ve nMOSFET and

ere the drain-source m Eﬁl
t he nMOSFET- are substantial ly equal to‘ l“m “ e gate and drain
vol t ages of the nMOSFET are substantial Iy équal to each other only if both

are ON. 5. The driver as set forth in claim4, wherein the drain of the
PMOSFET is at substantiall the out put -tbde vol tage if the pMOSFET is ON
and the drain of eHEGHRMES .t%prawdeasm%mrdmnpgm@b@twputhewgw vol tage if
the nMOSFET is ON. 6. The driver as set forth in claim4, wherein the
drai n vol t agenodé artdachighvid@i-totle ioslyri’éﬂ)h{;\ehhreimifuﬂraairiyupMﬂSFIEﬂ‘deONd{stdmje by a
strictly increasing function if the pMOSFET is ON, and the drain voltage of
the pMOSFET iwpltaglidhdstahtially BGuaPisitRbuipR dedewlthgge by a

-

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

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

an nMOSFET to provide a current conducting path between the output node
and the low-side node only if ON;

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
only 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
input 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 only if the second input node is at a voltage level representative of a Boolean

element Y belonging to the two-element Boolean algebra.



strictly increasing function if the pNDSFET S ) The driver as

set forth in claim4, wherein the dr|v ET r|ve nI\/DSFET the
pMOSFET, and t ET are matched.

claims,. where?'ﬁo e drive pMOSFET, m&& , the% ET, and t he
NMOSFET are natched. 9. ~The driver tvforth in claimé, V\,herel n the
drive pMOSFET, the drive nMOSFET, the p YMOSFET, and the nMOSFET are mat ched.
10. A driver having an out put node, the driver conprising: a drive

PMOSFET to provide a current conducting fd&t h between the output node and a
hi gh-si de node 16n| yThefdridk aswbteforth in clafm 1 §jevhelieinvtibe MMRBEEeboadinfll nbdes afdr ai n
voltage is substantially equal to the output node voltage; a drive nMOSFET
to provide a cugsamtnsdenducti ng path between the output node and a | ow side
node only if ON, wherein if the drive nMOSFET is ONits drain voltage is
substantially equal to the output node voltage; an pMOSFET to provide a
current conducting path between the output node and the high-side node only

if ON, the ET d, t he dr FET
P ND?? '?]r{' r%ver as set forﬁx 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

2ou\P) substantially given by



controll able so that there is a first non-zero tinme interval for which: the
pMOSFET and the drive pMOSFET are both ON, the drain-source voltages of the
PMOSFET and {%ew02315 12- drive pMOSFET are substantially egeplsdofadsich
other, and the gate and drain voltages of the pMOSFET are substantially
equal to each other; and an nMOSFET to provide a current conducting path -
bet ween the output node and the high-side node only i T and
the drive nMOSFET controllable so that there is a s 4“mmmuumﬁe
interval for which: the nMOSFET and _thd®ri ve nMOSFET+ aree Both ON, the

dr ai n-source voltages of the nMOSEET andleé_grive NMOSFET are

substantially equal to each other Z#® tfie gate and drain voltages of the
NMOSFET are substantially equal to each other. 11. The driver as set

ubstant i al 1 f et ST ST bACSFER bl TR 0N abd B AP HET vy ane

the drain volta he. n ET is.substantiall equal to the output node
vol tage if tﬂglﬁiﬁ%{é&'ﬁrp gotg%ﬁ;‘, Wwhere Z? and £, are the im%edagces of the drive P

pMOSFET and the pMOSFET, respectively; and

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

the low-side node having an impedance Zo (") substantially given by

1 1 1
oy %z

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

the pMOSFET are both OFF, where £2 and Z» 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 are matched.

22.  The driver as set forth in claim 18, wherein the drive pMOSFET, the drive

nMOSFET, the pMOSFET, and the nMOSFET are matched.

23,  The driver as set forth in claim 19, wherein the drive pMOSFET, the drive

nMOSFET, the pMOSFET, and the nMOSFET are matched.




12. The driver as set forth in claim10, wherein the drain voltage of the
PMOSFET is related to the output node voltage by a strictly increasing

function if th M;E Tis ON; and the drain voltage of the, edas! S
relatedtothe out’put” node voltage by a strictly increasing function_if the
NMOSFET i s ON. -13- 13. The driver as set forth in claim 10, wher ei n
the first and second tine intervals are di sjoint. 14. T S set

forth in claim 10, wherein the driver provides a current cond ““
bet ween out put node and the hi gh-side nod@-having an |rrpe3 ngm ‘

substanti al | y @dvenApliver having an outpiit hodehthe duivey eompbdSIBEET an Ts ar'e
both ON and the drive nMOSFET and the nMOSFET are both OFF, where [err] and
[err] are the inpedafiespafnddgie drive pMOSFET and t he pMOSFET,

respectively; and - wherein the driver provides a current conducting path

bet ween out put nOdeaQé}gndinputnode;

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;

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

an 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 only if the first input node is at a voltage level representative of 2 Boolean
clement 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



t he | ow si de node having an inpedance [err] (n)-substantially given by 1
1 1 ([err] [err] if the drive nMOSFET and t he nI\/DSFET are both ON and the

drive pMOSEET fi]ﬂa%the pMOSFET ar ulﬂirl ﬁ l[err] P RhsdoRldsh are the
I npedances 0 dri ve nMOSFET gmflm m espectively. .15,

driver having an output node, the drifver conpr|5|ng a first input node, a
second i nput node; [err] -14- 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 itH-drain voltage is substantially equal

to the out functiorendy ifdhetsacpnd inputindde és ah WUSIFEET level representativeaf @Boolemt conduct i ng
pat h between the out put

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 ata 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 is ON only if second input node is at a voltage level - -
representative of the Boolean element Y, and its source vo]tége‘ is related to the low-side
ﬁode 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 bya
strictly increasing function if ON; and B
the drain voltage of the n/MOSFET 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 first transistor, the second

transistor, the pMOSFET, and the nMOSFET are matched.




node and a | owside node only if O\, whérein if the drive nMOSFET is ONits

drain voljt age is substan'éi ally equalh &ﬂlmmmﬂm’mjne vol tage; an pMOSFET
to provide a cyrr conducti ng pat ' 11l it noq;h?}g )
hi gh- si de nodewgr?ﬁ’é%lnf ON, and an nMOSEET¢t ot prrovisdesa curren g%ltr‘l'%ggti ng
pat h between the output node and the | owside node only if ON;, wherein the
drive pMOSFET and the pMOSFET are coupled to the first input node to both
be ON and have drai n-source voltages substantially equal to each other
where the gate and drain voltages of thelBMOSFET are substantially equal to
each other only if the first input node is at a voltage |evel
representative of a Bool ean el enent X belonging to a two-el enent Bool ean

al gebra, and wgr ei A nidiedder dvi9ing Ytahsmissida iné Weh 2 MK UrivéCthe fieb@d to the
second i nput node to both be ON and have drai n-source vol tages

substantial |y eghadsd,® each other where the gate and drain voltages of the
NMOSFET are substantially equal to each other only if the second i nput node

is at a voltage |evel. represent ati a Bool ean el enent Ybel onging to the
t wo- el ement Bg ol ea nsgfcéglg Ipi\f a E'nve pMC?SP%tl‘ to exc?te an e?ectromagnetlc wave propagati
along the transmission line; and
coupling an pMOSFET to the transmission line to be in its saturation region so
that the combination of the drive pMOSFET and the pMOSFET, when the drive

pMOSFET is ON, provide an approximately matched impedance to the transmission

line, wherein the drive pMOSFET and the pMOSFET are matched to each other.

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 an nMOSFET to the transmission line to be in its saturation region so
that the combination of the drive nIMOSFET 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

PMOSEFET are matched to each other.



16. The driver as set forth in claim15, wherein the first and second

i nput nodes are the sane node. 17. The driver as set forth in claim15,
wherein the elenent X is the Bool ean conplenent of the elenment Y. 18.. The
driver as set Wworoode3iin cl aim 15, wherein the drain volt age POT/USIB44INOSFET
is substantially equal to the output node voltage if ON, and the dratn

vol tage of the nMOSFET is substantially equal to the output node voltage if
ON. 19. The driver as set forth in claim15, wherein the drain voltage of
the pMOSFET is related to the out put 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 HiGa strictly increasing function if the
NMOSFET is ON. 20. The driver as set forth in claim18, wherein the
driver provides a current conducting path between output node and the

hi gh-si de node having an i npedance [err]substantially given by

ZIN ~ oo
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-16- 1 1 1 [err] if the drive pMOSFET and the pMOSFET are both ON and
the drive nMOSFET and the nMOSFET are both OFF, where [err] and [err] are

t he inpedancesva; k&ﬁ drive pMOSFET and t he pMOSFET, respe {

wherein the driver provrdes a current conducting path between output _ node
and the | ow side node having an inpedance [err] ([err]) substantially given
by 1 1 1if the drive nMOSFET and the nMOSFET are both ON and the
drive pMOSFET and the pMOSFET are both OFF, where [err] and [err] are the

i npedances of the drive nMOSFET and the nMOSFET, respectively. 21. The
driver as set forth in claim15, wheggin the drive pMOSFET, the drive
NMOSFET, the pMOSFET, and the nMOSFET are natched. 22. The driver as set
forth in claim18, wherein the drive pMOSFET, the drive nMOSFET, the
pMOSFET, and the nMOSFET are natched. 23. The driver as set forth in
claim19, wherein the drive pMOSFET, the drive nMOSFET, the pMOSFET, and

t he nMOSFET are mat ched. -
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-17- title HII 11 fill 24. A driver having an
out put node, the driver conprising: a first input node; a second input

node; a drivevgddoddiET to provide a current conducting pat pdiRis¥eRisst he

out put- node and a hi gh-side node only if ON, wherein if the drive pMOSFET
is ONits drain voltage is substantially equal to the output node voltage;
a drive nMOSFET to provide a current conducting path between the out put
node and a | owside node only if QON, wherein if the drive nMOSFET is ON its
drain voltage is substantially equa¥6to the output node vol tage; an pMOSFET
to provide a current conducting pat® between the output node and the

hi gh-si de node only if ON;, and an n FET to provide a current conducting-
pat h between the output node and thdg | owside node only if ON;, wherein the
PMOSFET is coupled to the fi& i npyt node so as to be ON, to have a gate
voltage related to the outpu Sxode oltage by a strictly increasing

function,
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and to have a drain voltage related to the output node voltage by a
strictly increasing function only if the first input node is at a voltage

| evel represe i f a Bool ean el enent Xbelonging to a t t-

Bool ean .al gebp{":{;6 an 13\a/her ein the nMOSFET is coupled to the ﬂsegicl%%l%qigﬁput
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 - 18-
function only if the second input node is at a voltage | evel representative
of a Bool ean el enment Y bel ongi ng tostére two-el enent Bool ean al gebra. 25.
The driver as set forth ih claim 24, wherein the drive pMOSFET is ON only
if the first input node I|s at a voltage | evel representative of the Bool ean
elenment X, and its sourcel voltage is related to the high- side nod ol t age
by a strictly increasing f@8nction if ON, the drive nMOSFET is ON only if
second i nput node is at oltage | evel representative of the Bool ¥
elenent Y, and its sourc oltage is related to the | ow side node .@]tage
by a strictly increasing function if ON; ' g

BTk

410
-
]
Ii I
[ 416
I __/

3
%
; E[

SNg

404
408

SP@
i

SP@NN
402\"

P& f
[ ¥
[y
08‘~ 06
SN

SPONN 404

JQOB
=1
}210
Ii
402 S
I
A
| T
S
226
24
L
A\V4

220 \

206

/204 {}22
Vp & . 4
216
218

Vn



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

rel ated to. tRepsopes13i de node voltage by a strictly mcreasdd:l.?) Ma |on if
ON, the drain voltage of the pMOSFET is related to the out node vol t age
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
first transistor, the second transistor, the pMOSFET, and the nMOSFET are
mat ched. -19- 27. A nmethod f&6 driving a transmssion line with a

mat ched driver, the nmethod conprising: switching ON a drive pMOSFET to
excite an el ectromagneti c wave propagating along the transm ssion |line; and
coupling an pMOSFET to the transm ssion line to be in its saturation region
SO
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that the conbination of the drive pMOSFET and the pMOSFET, when the drive
PMOSFET is ON, provide an approxi mately nmatched i npedance to the

transm ssion | yespee¥perein the drive pMOSFET and the pMOSF sSofipsched to
each other. .28. The method as set forth in claim27, further conprising:
swtching ON a drive nMOSFET to excite an el ectromagneti c wave propagating
along the transm ssion |line; and coupling an nMOSFET to the transm ssion
line to be in its saturation region so that the conpination of the drive
NMOSFET and t he nMOSFET, when the dgfgve NnMOSFET is ON, provide an

approxi mately matched i npedance to the transm ssion |line, wherein the drive
NMOSFET, the nMOSFET, the drive pMOSFET, and the pMOSFET are matched to
each ot her.
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A CMOS input/output driver (200) having constant output impedance (Zo), the driver comprising a drive pMOSFET (208) and a
drive nMOSFET (210) for driving an output node (202) HIGH and LOW, a pMOSFET (224) having a drain coupled to the output node
and switchable so that its gate is coupled to the output node when the drive pMOSFET is driving the output node HIGH, and an nMOSFET
having a drain coupled to the output node and switchable so that its gate is coupled to the output node when the drive nMOSFET is driving
the output node LOW. The betas of the drive pMOSFET, the drive nMOSFET, the pMOSFET, and the nMOSFET are maiched so that the
output impedance of the drive is approximately independent of the output node voltage.




