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" present i W26 generally relates to output buffer circuitty,
specifically to a slewrate controlled output buffer circuit
ART Qutput buffers found in integratedjd rcuits provide an ﬂwgu
driving external |oads, both capacitive and inductive. Exter

| oads typically consist of the bonding wire, the pin, conduct ors'®$Kst he
printed circuit board, and the input capacitances of the ga ' an
out put buffer is coupled. The i ndtiféécvr%]ﬂt%.aoqx usual l'y conpri m@mﬁ”wm@mm&s
parasitic inductances of the power Suppl*y ‘and ground |ines sup

" output buffer which in turn are coupled to the external power alf%% ound
rails on the pri i Gigol sRAKhTRVddhTHANIED UpGr i ByErpRffers (i e.
an inverter chai%), out put transistor sizing Is constrainedF y DC operating
" characteristics. This |leads to several problens: unacceptably high current
peaksgwhi ch occur with the sinultaneous switching of many output buffers;

i nductive power plLy_noi se which results in |arge voltage drops, and
eIectronagﬁ@%ﬁgIﬁﬁgeFﬁgﬁgnce due to high output edge switching rates.

| nductive sw tching mhiesgpresgaar in¥enajonndenerad lynderlswas tar over shoot

in the int p upR! o] a raid.s, t,he buffer
suppl s oot BYTg et Rrbulcr dug, Bere Spec Tt iy, ?¥ e esulting
noi se vol t agewrsahgr gontriod Lednpukpps. bRiffer| girguidtswi t ching circuits

whi chgyshare the same power and/or ground rails are subject to the switch
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) Output buffers found in integrated circuits
provide an interface for driving external loads, both
capacitive and inductive. External capacitive loads

15 typically consist of the bonding wire, the pin, conduc-
tors on the printed circuit board, and the input capaci-
tances of the gates to which an output buffer is coupled.

The inductive load usually comprises the series parasitic
inductances of the power supply and ground lines supply-

20 ing the output buffer which in turn are coupled to the
external power and ground rails on the printed circuit
board.

With traditional output buffers (i.e. an in-
verter chain), output transistor sizing is constrained by
) 25 DC operating characteristics. This leads to several
problems: unacceptably high current peaks which occur
with the simultaneous switching of many output buffers;
inductive power supply noise which results in large volt-
age drops, and electromagnetic interference due to high
30 output edge switching rates.

Inductive switching noise appears as an unde-
sired undershoot or overshoot in the internal power sup-
ply or ground voltage rails, as the buffer supplies cur-
rent to or sinks current from an external load.

35 The resulting noise voltage is harmful in many
ways. Firstly, non-switching circuits which share the
same power and/or ground rails are subject to the switch-
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*transiti %ﬁh&i@e i nputs of the non-switching circuits. Secomnghs 24394

. switching spéed I's degraded since the noise narrows the gap between the
power supply and ground 5 voltage |levels. Inductive switching noise is
exacer bated when there is sinmultaneous2swi tching of two or nore circuits.
Prior art solutions to these problens include reducing the signal sw ng,

but at the cost of abandoning |0 TTL conpati bili along with the added
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t hat
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first enmbodhemnthefet he sumpltabebberswitthiéngr efentwoi premprenciimel udes an

i nput stagg a§P8pPrising first and second inverters, each having an input
term nal coupled to the input node of the buffer The out put term nal of
each inverter drivesPERBIcaRtrsplubiensftanthespuprobassssisclutge t wo

out put trapshsEPh§ ah@ s&gﬂh@dswmng ceﬁavatdfﬁbncﬁgefb&ua%bhaan&a the
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grn 5

| oad capacPt8A¢ RaPdPHg Pﬁﬁndgﬁpﬁg of Fggl a%tP%falling 35 .

transitionswihehlagutrans1atonnsbantadrnhe costeptf hhwaughatMGaasﬁFve J

Ot pUL 1 apgi gt PLn@ndybRus 21 6aRSLBRL LAY LALC 1HIFEALInNARREDIBAL Of the

out put 991 secon I ment o he pfe
i nvedh®i on, agﬂéleapééﬂﬁyve f eedback path includes neans for switching a

capaci tive el ement bﬁtu@eeugecmsoieahsréen&thhggkgslaEstBelauaput
transistors. .The ﬁﬁggc ive ' | ready ' hayi ng.a ch rge, serves to

prechar ge +REeRSH £y EFchEOHgEPi%eguPHGP r §49P8tor . TRRi s i ncreases
t he responsErtume shouﬂd bet pimphef irr dasdighhss thaer & tliaimuepagati on
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of an outp fer rn-accordance w €sent” i nven 2A is a
port2@n of the buffer circuit of Fig. 1 which is involved in a falllng edge

transitiongylfiakv96r #BrantivEferabf equivalent circuits of Fig. 2A during

different stages of CI rfg.lyj:lstt gg\bggtllmgnt of the output buffer of the
present invention includes an input stage comprising
first and second inverters, each having an input terminal

25 coupled to the input node of the buffer. The output
terminal of each inverter drives the control gate of an
output transistor. The two output transistors are cou-
pled in a common drain configuration to the output node
of the buffer. A capacitive feedback path is provided

30 between the buffer output node and the control gates of
the output transistors. The feedback controls the gate
voltage such that it is maintained at a constant voltage
during most of the time that an external load capacitance
is charging or discharging during a rising or falling

35 transition. The result is a constant drain current
through the active output transistor and thus a constant
slew rate that is independent of the output load.



. Fig, 3illustrates a schematic representation of the three reg B
* operation of the present invention for a falling edge tran g§ FZ%@
" 4A and 4BWO ¥ at ed gate and out put wavef orns respectl

out put buffer of the present invention and for a classic output buffer,
during a falling edge transition. Figs4.5A and 5B axe sinulated current
waveforms 25 respectively for the output buffer of the present invention
and for a classic output buffer, during a falling edge transition. Fig. 6

is a second enbodi nepg @fséds@naumubdbméﬁerogf theeppeesar! inveanti on. 30

Figs. 7A and 7B are sinul at ed stra t he operatlon of the
i foui ¢ of Celr EherSrPacThFVenoeaBeck, hath: LR he gl on of 1
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coupl ed as an |nve and transisto are coupl e
i nverter |oreasesThBeoLepRONsEe Bumﬁepflbbel§u§PPFeh0§feFr@@§:ﬂh@ﬁs P1 and
N1, whose @sabpRs fhE ?ggggggtignoagmgy node vo. The source of transistor Pl
is coupled to Vpo whilTe the source of "transistor N1 is coupled to ground
potential. The control gate of transistor Pl is coupled to 10 the drains of
transbstorBRPBFanﬂszPSiromaFlyHEt brAwWANGSBOl gate of transistor Nl is

coupled to the drain ir tqr her. or dance
with the present invgﬁglon Qﬂékge bgégé ?ﬂb5§&WFB 3t%hoé§n%ﬁl o the
control 15bygéferoint aaqgrdancemlthcItbaepraseapaanvenmamrrent CPp.
Lijewi se, capaci ti vepghempal 160a, pb?tREAY bECUnRELIPER OW MY, RO va_and

tHe control gate of transistor NI he cont ext he present invention,
a "capaci t Fig-eleWBheh i§ h@&ﬁﬂvﬁé A8f ar fad lingaedgs teapsditien - devi ce 20

(e gs devices C-" apﬁg@piamhahzcs&@ eqtzdvat.teagwili@d:ﬂtrsoraﬂ e quarasitic
capaC|tanc§§ |nherentI§F§res§ i_n transi stor .devices. .For exanple, Fig. 1
n C

shows in pRAnBBItPAdbAFEEFRECSEAPES QhaSAESHIL BRETA *out put transistor
N1. 25 Still furtherFmg.aGcmldasteaWeshatBehpmaxantremmaﬁannntﬁan reasons
which will d

th oh vt 1| pBeSRECCRLER cuBbhe, Beocupdtoiekven UG Fid: o zed 50

tranS|stortABnh§§raavfélﬂéﬂgoeésea¢§ﬁnﬁﬁéﬁophat 30 of tranS|stor P2. The

spechpi c sizi ng of the devuﬁesnéemgn@&eu@qamtﬂaqelaargut@ﬂaafd PRigwation. As
an exanpl e, tranS|stor Siz sed§§6 enerat t'he wavefqua shown in
/

R AR A IR 8 AT = igput butder ohalie Gisa- ng
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t he CIrCUIEFQHAEBQeP%e QQQEEQ% hhe case of a falling transition of the

i nput signa priofr fo such a transition, transistor P3 is OFF
and transistor N2 |sFlg§ 85A BBA20B WDEOS/ANEEAT cRCTUYSSSIY 48HE L MS

25 respectively for the output buffer of the present inven-
) tion and for a classic output buffer, during a falling
edge transition.
Fig. 6 is a second embodiment of the output
buffer of the present invention.
30 Figs. 7A and 7B are simulated waveforms illus-
trating the operation of the circuit of Fig. 6, for a
falling edge transition.

BEST MODE FOR CARRYING OUT THE INVENTION

35 Referring to Fig. 1, the output buffer circuit
100 in accordance with the present invention comprises an
input node v, for receiving a digital signal. The input
node is coupled to the control gates of four transistors:



in saturation and thus fully ON. Thus, output transistor Pl is2f8iIF§B @802nd
* so | oad (\\98%\/5&396 CL is charged to VpD potential. Sinmlarlpcrusesnd®t or P2
is oFF and fransistor N3 is ON, thus keeping output transistor N1 in the 5
non- conducting OFF state. Consider next the transition of the input signal
to the lower voltage level. In such a~4rtuation, transistor N2 begins to
turn OFF and transistor P3 begins to turn ON. Likew se, transistor N3
begins to turn OFF 10 while transistor P2 begins to conduct. Recall that
transi st oPsCPNNR YeANSiFFQEs £% and &P nd Mirchannel sErapgkitehsin N2 and
N3 is strangand M@ PArdnsistdis Wi damd s ofe RSowplediBagxgnoiwat er than

N2 and P2_respecti.vely..The canseque of h.sizing |s,that.the "in 15
active" oUteﬁ L &éldsiaé}%rt’ﬁ'}sﬁstl %%laqqﬁsbﬁea’é%s‘éog?iﬁdfﬁfl1‘%‘9
transiti omermel If2urn OFF faster than the "active" output transistor

(nangly transistor [ V. ely, 34 € .a rising
tra?sgi tion, the "i nggiel v@é%{ﬁ?% Ci%\ll'.lrfa]‘:rc]‘ésilns o? #ﬁ c\i/\%‘ﬁé{gu?gafﬁia—ﬁ%%%t er than
20 ~ the 'tassi Pd" and gk, twhoss drain ane eoapley voroutpet nEdéei ng
stronger than fge dBufcleS 0N trARAERBY 39PEE Rudilly Ity {7l v decause

such transistor sizing serves, to elimpate a shc‘)lt clrcui t°current between
out put tr &He SOESPPLIF MMSIRFINP I ok COwRted t tangreppAspPoteRs 25

i sol ating ttif&_ﬂ..ﬁi "He tdc}hw“c:bp_fbmlgéﬂ@réﬁéiéf@r eplg%érg&l)l?géai vos fromthe
circuitry i controls rising e ransitions,. [ edge

ciréQit rytg‘/?é gﬁtaﬂﬁ’ts lﬂl‘lf fterrarﬁ)’ogqc%'?%re?ie@golﬁé puts%’PﬁﬁEFSYOrgﬁﬂ, f eedback
capaci t or conerad0 gatnBttaram?i stpar adl tis coppled ahoetReedraians ofit put

| oad capaci.tar. T ts are shown in Fig. 2A. The wavef orm shown
in Fig. BQZSC%ES%H%OCra%]ﬁfiﬁ%;@:ht es three periods of tinme during the \

operation of the buffufther infageordpnerevithnthei presgst REAERT Ng t o /

Figs. 2B aRénd. o redsdsde péei Sfx.q:rf@ﬁt;%@@ PEge NPI N Ahd &BirA and is
shown in the equivalent, circuit of E‘? B as a switch i n the open
posili on. %gﬁfsttofraw-"r*smf FsaAlF 8% arcePacstbEe elopend| 96340 2 8 FEB

2002 PCTNFIKerAd, -dapadikive Elemdnthe)eif, provibedt betveeapaci t ance node
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the context of the present invention, a "capacitive ele-

.ment" is meant to refer to an actual capacitor device

20 (e.g. devices C, and C,,) which is to be distinguished
from the parasitic capacitances inherently present in
transistor devices. For example, Fig. 1 shows in phantom
the parasitic gate capacitance C, for output transistor
N1.

25 Still further in accordance with the present
invention, for reasons which will become clear in the
discussion below, transistor P3 is sized so that its W/L
ratio is greater than that of transistor N2. 1In like
manner, transistor N3 has a W/L ratio greater than that

30 of transistor P2. The specific sizing of the devices
depends upon the particular application. As an example,
the transistor sizes used to generate the waveforms shown
in the figures were: N1 = 120/0.8; Pl = 360/0.8; N2 =
2/24; P2 = 6/24; N3 = 10/0.8; and P3 = 30/0.8.

35 Turn now to a discussion of the operation of
the circuit of Fig. 1. Consider the case of a falling
transition of the input signal. At a time prior to such
a transition, transistor P3 is OFF and transistor N2 is



. haves |i ke a constant current source, charging the parasitic gan]FEB 2002

- capacitance C~' of transistor N1 until node v9 reaches thepdfniesBReiod

vol t age HOR2638%, ¢ he meantime, since N1l is OFF, the increasing voltage at
node v9 causes a corresponding increase in vo through feedback capacitor
Cue,,. The time equations of the vari abron at node vg and at the output
node vo can be determ ned. The tinme function v9(t) for node v9 is: v9(t) =
C~1t The tine function va(t) .for the output node is: volt) = Vpp + CC-'C
~ vg(t) Egm shtRivdtizs Fn@StiRes efulby M. Fi Bsus 20utph 3, topesigtan of the

out put buff.er. | ' h r | equ val Lrcuit are
shown. As 13(F;Z J‘céo%‘{lﬁ%egﬁ %ﬁ%%ef%gga%ﬁgg g,g?", q'ltéh\eé%g?g{geed\c/glot g@‘é at node
vg continpmtentidke MMilauiput tEARRLFEPHrPAILHLRFNsand EXANS N

Consequentdyy N6 OWNRUItH@RkEdpPRGT S8t bet i SRS S€ot hipugh e At the

sanme time, capacitor C-" also beginS to discharge through N1. This tends to
sl ow% he MATRPRAANTENS LEMB®ATG: which in turn reduces the current in

N1. The rate at whi aforfFider diextathestianoighoiNlofiepieadinput tdig-si ze of

t he | oad capaci t ance ..no e continhues_to_be charged transi stor P2.
This tends F%jghft#é??gh%ﬁi#éﬁea?eﬁﬁgé vﬁ? suc %[?gﬁ?ig and
consequenttrandiestoor rhtbéqimd . tdhtsrhecefPaghd etfansisiodr PRsheging an

equi libri er Lsch C | o gh out put
transi sto%i{%ﬁb%én?’é%g%%é g%gﬁafégégfgﬁ%fg?%%% oruggm%us at
equild bri umilgctyansbgeohtPhoeegi@s(foecorducat cRe@A1hgkhat t¥amrsi stor

NL) remai ng; £Qbsd s, e | g3 OPERAL PONapl §08cQUEBUENRETHET1d 00cidnLegion B.
Since the gate volt maj ns const ant outgut transi stor N1 behaves |ike

age r
a const ant9e%irtian %gu?% N3ehBratrARIST cbhdRaRt 7 otit put PREGWEL The fal
tie for ardedds ngf epyeand an3i arengkbetet otkanhsNpeah&cPd yreopécol | ed in

the vol t agerte Bte TA SFaR EFROEPAE PAnSErBnovBi ey For tBHEpEe ot vo can be
det exsri nedacfiiee St antiputl tpanishstoreqtaanshstor Rbdehi higet cassi cf oa
activit gSif?)%ﬁf@ggggQ%giHﬁfdwim mﬂsbﬁ%a&ern@ﬂ&hythe&;& 15 20 25
tive" output transistor (namely transistor N1l) is turned
ON. Conversely, in the case of a rising transition, the
"inactive" output transistor N1 will turn OFF faster than
20 " the "active" output transistor Pl turns ON by virtue of
N3 being stronger than P2. This is an important aspect
of the invention, because such transistor sizing serves
to eliminate a short circuit current between output tran-
sistors Pl and N1 during logic level transitions, thus

25 isolating the circuitry which controls falling edge tran-
) sitions from the circuitry which controls rising edge
transitions.

The falling edge circuitry of output buffer 100
comprises: output transistor N1, feedback capacitor C.,,

30 transistor P2, parasitic capacitance C_, and output load
capacitor C,. These elements are shown in Fig. 2A. The
waveform shown in Fig. 3 schematically illustrates three
periods of time during the operation of the buffer for a
falling edge transition.

35 Referring to Figs. 2B and 3, transistor Nl is
OFF at the beginning of region A, and is shown in the
equivalent circuit of Fig. 2B as a switch in the open
position. Transistor P2 is in saturation and thus be-
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N1 V, ~
t he const

( Vv

?? gat e

V2 g TNL) Egn. 3 where: KNL is the transistor? §aFBBo2002
hreshold voltage of N? INL is the currentpgriusdg2izsem whi ch
vol tage at node vg 2 Vg ~G VINL + IN1 N1 Eqn. 4 At

equilibrium Vg is constant because N1 gate charging (by current 1)
fully conpensated by the discharge of-¢he output load, leading to: dvo | =

S

C~-dt dvo do C~- Egn. 5 W 99126340 g 2 8 F E B ~ 2002
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reaches the threshold voltage of N1. 1In the meantime,
since N1 is OFF, the increasing voltage at node v, causes
a corresponding increase in v, through feedback capacitor
Cw+ The time equations of the variation at node v, and
at the output node v, can be determined.

The time function v,(t) for node v, is:

I
Vt=-——'t Envl
o(®) C, q
where C, is the total capacitance node v,
and I is the current provided by transis-
tor P2

The time function v, (t) for the output node is:

C
Vo (t) = Vo + EFN—iLC:—L v (t) Eqn. 2

Referring to Figs. 2C and 3, operation of the
output buffer in region B and the corresponding equiva-
lent circuit are shown. As P2 continues to charge capac-
itor Cy, the gate voltage at node v, continues to rise
until output transistor N1 begins to turn ON. Conse-
guently, the output load C, begins to discharge through
N1l. At the same time, capacitor C, also begins to dis-
charge through Nl. This tends to slow the rising voltage
at node v,, which in turn reduces the current in Nl. The
rate at which Cj, discharges through N1 depends on the
size of the load capacitance C,.

Cpq» however, continues to be charged by tran-
sistor P2. This tends to raise the potential at node v,

—



1 The tine varyi ng function volt) for the output 15 voltage is zl%t@gg Qm
*as follows; J? %3 C~ ~Egn . 82 0s Vo (t ) = VDO + C FrpcPhusostdd9s C-

t - tA) WR % 1 is the duration of region A and is equal to 25 Cl1 | y~ ,
Cl being taken framEgn. 1; is the constant gate voltage expressed in 30
Egn. 7; and the integration constant is74/Dp + CC''C"' VG E N L 35 which
takes into account the overshoot induced by the feedback capacitor during
operation in region A WO 99126340 _g_ 5 10 15 20 2 8 F E B 2002
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IThpr ovi dEdtﬁ%?llﬁltrfc@ﬁﬁl theD%h&&d;tet fi%t%alt&&mtﬁ??%ﬁ.s&foﬁ @@dbacﬂmﬁ@mpl tor Cue,
e curren rou put. ‘transistor uring char
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of the | oadf R&‘faefshlﬂtgaﬁtoma &Warirtslo dengtaht mgﬂ:rmg @perattion wf fer in
region Cc |nu e .vo t at, node v9 continuing to rise
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after the | The gate of output transistor
N1, therefore, wll cSarltqem]:élet @aneserqlr\:taqe memaéaxshesmm@rm,o\mmmgt at that

[ full
tinme fu anaﬁﬂa'lh ENSHdSved q_rg@%bq:tg,g,\éﬁ; ced Peht R Opagation

del ay tp-~, e fall tinme ts~, can he propagatlon delay is

the 38m of GENEXANIRT i GAGHIAN A QAR SLaPeel Fpend@dds &M ook IR out put
to reach Orleanam‘ @dg&&mmwlﬁmm iypedfectdy lconted ded Cr~rr
. VMaa | ~ | 2 f0 a 0. 8Vaa
in thls ashlon.
) As in the case of operation in region A, the
equations for the voltage a node v, and the time function
15 v,(t) for output node v, can be determined. The standard
quadratic equation for modeling transistor activity in

saturation is used for transistor N1, namely:

K
20 Iy = —;—1 (Vg = Vi )? Egn. 3

where:
Ky; is the transistor gain of Nl
Vm: 1s the threshold voltage of N1
25 I,, is the current in N1

From which the constant gate voltage at node v,
is:

30
2
Vg = VG = VTNI + IN]‘?N—I- Eqn. 4
At equilibrium, V, is constant because N1 gate
charging (by current I) is fully compensated by the dis-
35 charge of the output load, leading to:
dv
I=-Cpy —=

dt
dv, I Egn. 5
c



Egn. 10 Notice that in Egn. 10, the fall time is independent of &9 FE8 2002
* out put | oge o6ke3sdurn now to the waveforms shown in Figs. 4RCRASIBIThese
wavef orms show t he gate voltage neasured at node v9 and the output voltage
measured at output node vo. Eqn. 9 The fall tinme is measured between 90%
and 10% of the output variation, thus:"8~ WD 99126340 -10 PCTNS98/ 24394
Waveforns are generated for varying out put | oads: 10 pF, 30 pF, 100 pF, and
300 pF; for an outpu ordapce _wi.th th resent i nvention shown
in Fig. 4A and for £%$ QQECCBEF 6pr£$“§ﬁ8%ﬁx'ﬁ”F *4B. Fig. 4A also 5
identifies the three regions A - C of operation |n|t|aIIy shown in Fig. 3.
Consider first Fig. 4A. The effect of the feedback capacitor is shown in
region B where the gate voltage is flat. Agv result of the constant gate
volt 10 age, the slew rate & the(€i gnGh)atstthe out put node voE@B-cbnstant
for adl capacitive |loads. The effects of the*load capacitance do not cone
into play until the device is operating in region B. As shown in Fig. 4A
the load \i capacitance Cz determnes the tinme it takes for the charg 15
ing and disghel g5 ngnef 6 f eeflbbekuganaebyetheretot ¢ecernh i 1§ yd.um as

evi denced by the onset of the flat portion of the Vg wavetorns . By
conparison, the waveform shown in Fig. <§B+q§ a classic buffer wthout the

f eedback capacitor shows 20 that Lhe Jatervertage reaches VDp al nost
|nstf@taneously, thus putting output trang®stor N1 i mredi ately |nto
saturation. Consequently, with tranz@;gpr Nicat oﬁnlnun1conducg V|ty, t he

di scharge rate at the out pMs ficte: v f the tinme constant
defined by the | oad ca 25 pacitance Mnd t he Thannel resistance of N1

The slew rate therefore will vary with the capacitive |oad, since the- ,
channel resistance remains constant. Fig. 5A shows that output buffer 100 '
produces a constant @halﬁlmurvenylng FoaBsishok, N&)dﬂbtngh@peﬁabuﬁn 30 in
regi | f - ad sts ifferent | evels depending on the

B,
Ioadfgl. nggﬁggégfgtﬂg e§3FP dfﬁs oﬁgogghaV|or the discharge tine is the

sane regardl ess of the size of the load. A larger |oad having a greater

charge stored, will discharge nore current in a given 35 amount of tine,
while a smaller |oad_having avsmall er charge stored will discharge |ess
current in that sanelafrofei time. The result is a constant &@8w Bate
regardl ess of | oad capacitance. In contrast, the drain
4 _ c’?N I
20 VR T Vet g Ve T gy (B
where:

t, is the duration of region A and is equal to

25

Cl - Vg ,

I , C, being taken from Egn. 1;

V. is the constant gate voltage expressed in

30 Eqn. 7; and
» ] . CF’N
the integration constant is V,, + ————— -V,
Conv + Co

35 which takes into account the overshoot induced

by the feedback capacitor during operation in region A.



. WD 99126340 -11 PCT/ US98l 14394 current profile of a classic outpPt HER 2002
- shown in Fig9 ?H indicates that the |oad discharges at thep¢pissaaassat e,
~the ti me V8774 3é?:harge sinply being a function of the anount of charge
stored in the load. The result is a 5 slewrate that varies dependi ng on
the | oad capacitance. As a final obsemgation, the propagation delay of the
present invention is increased by a factor of about eight, as can be seen
by conparing the output waveforns in Figs. 4A and 4H Referring to Figs. 5A
and 10 5B, the circulTheorolhagprBsarrpyeseiits othe oenteolt evattdgeutpent

peak by thgesgppifiaat 6. thBeohegutetraHEi8RbrPRIK iRCLPRIO tH WiH-Ze noi se.
As can be seen I'n Fi e current reducing capabjlity,is even better

g. 5A th
for smal | eFPRESEs the50%RBUF 01T Ry WAk (A FRS eskeRet R dp8t¥efon of
the out put thnbf er tdueangbé &akhi BHatr €Rei bueputasdope fiecudastant he bottom
hal f g; t he Quffer ﬁircuitr¥ 100 deBiiteg in Fig. 1. A sig%Lab anal yti cal
treatrent PBAp8EBERAE WPL¥ PRsHREFTPALLELPDERSSy  BARLLY o FNGhCORTET i nvol ves
t he upper liagf catreheé BDupfevidedchbyt tyankiistam P2 ahdwthehataphai-a rising
transition o] e ' ol t agg At t pyt -no IS the sane
regar dl esstgbgghékcgggg?#gecﬁgggggg 1\'Ieti‘fn %glv‘\e/ tcc‘)ﬁ#i g.q: ér‘]‘ .g&%&d@zcussi on
of a secondugpusnisanseatosf Nl hdurangnthendischagriget assapgjusted amd N1 - N3
are the saggega 08€ CLWPFHSE Nhed f Lg%t' Rro.4sl-j >
enbodi ment ms%ﬁoan?raihn Fi g 6 %ﬁ%e?%? %/lfer%? 2 Zﬂ)%o‘ge lisﬁplt?t-m‘ijs coupl ed
to i hBut nbaBRAeNt PLakBPsiBRAP4 has a first terminal coupled to the control
30 gate of output trregeskt@hgPénaadagasacesdrigl,Mnabpegrrlieh of node v=.
Transistortﬁ4 gagfarfLrst t erm pal %gUEIed to th cont%olwgﬁﬁe of _qut put
transi stor *RE SHATE s3BoRGILBP Nt nSPRESNBPEAYEE nbRE FateTiR LTRSS &
t nansi-st or poRé FpAcOUL Erwing etb toige heftendtheubpbad ¢capadktonti85 put of
inverter 2Q2. apagyLo I d utqqut node vo and
node vr. Agaﬁﬁélkgggﬁ?géﬁgéedebél %?gtkzngﬁgpgﬁstgghgﬁgQﬁ% ?@Hve as a
swi t 8Ri ng &hereAcreo WalécEPRELPUEOLP| EisReuand lofitf seabhels Yapacitor CF
VD 99/ 26340 -03242ng EEBrnd00R:iRETEHSIBHR4RAA GRS skackhe control gate of

out put transistor Pl _or the coptrol gate of output transistor Nl.. Operation
of the circuit 200 sho@R FReFRROVE PIuatiPRgr tHe: REOPRFALICTOMASRAY 1 in
all respectg, endephe5f&dl tiweefol] vamopbaspedice®onsTier ppopabhtign
transition, ngi L VS ri o.the transition_are; ,th entia
at i nput nggggsii%squcggﬁhhg,kpgaﬁgﬁg o%é %Eﬂlﬁg,Aaﬁd daFgétgFggg ON,

whi | 0t r ansiesessarp3 fop2 thgngukpusr §oOFFactopneahedif] pf the Farplml t age of
output to Lparaiget 9 Pkhug:hel d at zero by transistor N2, and the gate

vol tage of output transistor N1 is held at zero by transistor N3. Pl is
therefore ON and output node vo is held at VDO The out put of inverter 202
is zero, thus turnl5 ing ON transistor P4 and turning OFF transistor N4.
Cbserve that although P4 ig O\, €hetphieptialrat Vggde of canno ris% above
-Vtp" the threshold voltage®?®f P4. The réasonyis That, under t é

cond2sbi ons, node of is the source node for P4. Recall that conduction
ocgurs when 20 V9s >= Mt . In this case, V9' =0 - Vt, where Vt is the
potenti.a 1 at node vt . Wen V= reaches -Vtp4, any tendency for node vt to
ri se above -Vtp~ wil Theyfaldrtipe i meggaredobetwaeshiflitz @ndatl Q¥ P9,
Simlarly, dft then ke patovari@dion) ahuissi Ng transition scenario Vt will not
25 rise above (VDD - Vt~~) Wen the transition occurs, transistor N4 turns
ON, thus transferring the charge at feedback capacitor CF to the gate of
out pgb transistor N1 through a process known as charge sharing. Thus, the
gate of N1 can be 30 precharged.to a Egyel setoits thresﬁohd %QLtage
by appropriately sizing the feeéﬁﬁck cmrpacitor’°’CP. I n accorda 8 wi'th the
“invention, NA is fully turned ON prior to transistor P2 turning ON. This is
acconpl i shed by sizing the P-channel and N channel tran

Notice that in Egn. 10, the fall time is independent of
35 the output load C,.
Turn now to the waveforms shown in Figs. 4A and
4B. These waveforms show the gate voltage measured at
node v, and the output voltage measured at output node v,.



35 sistors of inverter 202 so that they are faster than P3/N2 and2ﬁbﬁﬂ3 ZMZ
' Thus, dur iwrglegehsl |ing transition, inverter 202 will go hi PETIEMEREM
-transistor P2 turns ON, and durlng arising transition, the inverter wll

go low WD 99/76340 PCT/US98/24394 -13 before transistor N2 turns ON

This provides a quick precharge of the g%te of N1 (or Pl in the case of a
rising transition) before the transistor P2 (N2) turns ON and begi ns

h [ t ' t .5 th t _l,0ad begi
o aPschar (RSt GmEa it CGOREEL PR IR Ey iRg. SR BUE bt APeRE LD Che
gﬁffer circi0tpbf HQ.pH, {EQSQQMepryforhenpoupggatbuﬁfdelay ascoedeﬁd.

e gain o e i §$n€ e
dol ay nececiaice APPROSHS Probedy BHGeheiol®sRbRE ThOFDS.| 3a°RHR £be |0
reach the p@é@ﬁ%ﬁ@%cv%mﬁabé byHfer dshewg @ﬁa?lﬂhe4§aluElGF #Recaigedback

capaci or CGidéstiedés gthé etR8aé NpégibAsVAl Uecobft BpepHtREh hﬁ&élﬁhlythe
foll ow ng expressjon_for fhe propagation delay is obtained: 15 CF 1 CL

VG + |F ~ -8 138 F39eqh-. Z Z where: 20 vt is the threshold voltage of
transistor P4 in the caseidérfaitsogrigangAli oThe afileddd bfi the case of

the precharstheotyr  EomErFot pachRaP i TReLoRe B ab o SBr RRS oo the
charge bui | delpage iﬁefbmtputAshatresumtsoﬁﬁthethenstanuigamé ¥ogt-1 as the
gatevgﬁpacr Q%'t@ﬂ&esi belpg 8???98dsﬂgﬁbﬂ epﬁhatbegphghseagoo AiéF”g

gl ng, erei1s efrectiv r Shown in
Flg 7A mhe?@n$¥a%§nf@é %ban@naclth@egépédee|tsgé efifeans| pfr thehes the

t hreshol d 3ﬁoa@Iéa§§c9£aﬁ@@ @atﬁai &5ﬁ88hﬁkarpﬁ8; ubit) 1d¥get aeigehar gi ng
by the feedback ca acltor hus, the onset t he falllgg edgﬁ Eccurs at a.
at *

time earlietStPRATRRIRRe %lF%ﬂ??no? Fi §S & °Hﬁdl§oFﬁ90p epdy is !
reduced. YEpOOL LEREE ¢ 14ieﬂ%£fhwm9!;llmbt:etttmkes)rm:ﬂﬂaﬂge nchattgo has

o ThiBLrd LhS &l aleohat §fhooKE Sk eeAbalRocaPaRl Bl LNe Rl [T ans ¢ on

in the circul drai n_current I"és oW al so show
t he |ncreas@@ulbbb@hgmveﬂésgvbﬂebeeéube@hﬁePnset of the flat por-

tion of the V, waveforms.
By comparison, the waveform shown in Fig. 4B of

a classic buffer without the feedback capacitor shows

20 that the gate voltage reaches V,, almost instantaneously,
thus putting output transistor N1 immediately into satu-
ration. Consequently, with transistor N1 at maximum
conductivity, the discharge rate at the output node v, is
a function of the time constant defined by the load ca-

25 pacitance C, and the channel resistance of N1l. The slew
rate therefore will vary with the capacitive load, since
the channel resistance remains constant.

Fig. 5A shows that output buffer 100 produces a

constant drain current in transistor N1 during operation

30 in region B, the current self-adjusts to different levels
depending on the load C,. Because of this self-adjusting
behavior, the discharge time is the same regardless of
the size of the load. A larger load having a greater
charge stored, will discharge more current in a given

35 amount of time, while a smaller load having a smaller
charge stored will discharge less current in that same
amount of time. The result is a constant slew rate re-
gardless of load capacitance. In contrast, the drain



.5 200 as conpared to the profile of Fig. 5A for output buffer 1(?08 FAﬁ@t«?«ﬂQ?

- aspect of th odinment of Fig. 6 is the reduced area of ghgusighgisstry on
silicon. ‘\\é?@éﬁgt the circuit of Fig. 6 uses one feedback capacitor CF as

10 conpared to the circuit of Fig. 1 which uses two feedback capacitors

Cue,, CFp. Capacitors consune a |arge-arlea as conpared to transistors. For
exanple, a 1 pF capacitor is roughly 25 x 55 I, rMin area. Thus, while the
circuit i of Fig. 6 uses nore transistors than does the circuit of 15 Fig.
1, the totenrzead pe@fided off a ifd FsErimeronipeluibuf ferstaiawns nigl IRkg ¢ han t hat

of the | alsgr iGidiCutes 1RSI 1k WP ca iy ANSHARAELIRIn TyPi cal WL
ratios for transistors N4, P4 are 8/ 0.8 L~M ahd 24/0.8 L~M respectively.
Sini | arly, Tk& 1t tAGsitdmsr Sofdschargs FARky being Lungtdal f snal i ;
e.g. 4/0. 8theMameunithe Ncthayelstdpddeimnthd 2/dhd, ~-Hd I¥sdne ¥ channel
device are Qeerred suf fhla%%ent for I’Ie\élg{‘l. t he srgal I&rpgag{]e caapam t ances of
transPst or §*R¥ XRkepk ViFie$ dep QN Yhe tGRARAPHEFETS i r cui t
conprising: a signal Ase@eifiinad midexWitiom, fihestpropeagdteior REEINE) havi ng

i nput and qQut 1hal s, i te t ] | ed. t e

si gnal recefg\lgi %glteng’ g?eg&sgé‘c‘)}n Eltllr‘lg\;lgr Serﬁigz%é.ﬁogiangfal%pﬁ] oafnd out put
term nal s, abpati gdghtie@d ¢an dsuFean thy t¢empaging rdoeioitepthode; a first
output tragaielrrmcPln BAGN M4 ratld A, Saeond 4 & drapls; t.d JR\dMy a gate

term nal coupled to the output termnal of the first 1nverter;_ a second
out p&P trarSirstde CECWHAYialy the RTSHfP S BRM Ehishaws ahdretiged) a gate

termnal ceupirefit! pelake BUiNE defilen fdtdd . t hens ecabdd @it &t a si gnal
out put node %Xo%rlﬁt&o i ch .the second term pal of the first out

ut
transi st or P§ BS & HERYEE W S%e oA kR pifeh rihdi G orRer e
coupl ed; attieacuapasitt ineeldcdanbadpateiahistf G9 éwen dmtemgidhe signal
out put nodg_ bagk tg_otata%.gate termnals of the first and second out put
transistors, rncluding third and fourth transistors (P4, N4) coupled in
seri &8 and connect edﬂ@%gmggai:@cwsxm Fddressanl Hee RPLAM put

transi stor caef dft Ainfed JutiRIt S 232)d oLy el Pﬂy@:ﬁg £k S8 - r ecei vi ng
node and gat%; of the third and fourth tr Istors. 2. The output buffer
| lb"gi

circuit of aBdhSR fapisss ©n Hde Rt t9hnhe iR {en ) ci LU B hannel
devi ce and10ioe depdertdump®id.s dnsi K wifNldr | snalytitedbmnedatteatitce. 3. The

prchannel 8 ersais ML BRFRIRT T tels i abvi e 4
The 20t put ibyol@escitheuinppsr dlaliindf \iike dhwffere ¢iratitrwer tEr darcl udes a
P-channel  devigg@unPthANEH IS transition, the slope of the
changing voltage at output node v, is the same regardless
of the capacitive load C,.
Turn now to Fig. 6 for a discussion of a second
25 embodiment of the invention. Transistors Pl - P3 and N1
) - N3 are the same as those comprising output buffer 100
in Fig. 1. The embodiment shown in Fig. 6 includes an
inverter 202 whose input is coupled to input node v;.
Transistor P4 has a first terminal coupled to the control

30 gate of output transistor Pl and a second terminal cou-
pled to node v,. Transistor N4 has a first terminal
coupled to the control gate of output transistor N1 and a
second terminal coupled to node v,. The gates of transis-
tors P4 and N4 are tied together and coupled to the out-

35 put of inverter 202. A feedback capacitor C, is coupled
between output node v, and node v,. As will be discussed
below, transistors P4 and N4 serve as a switching element
to selectively couple one end of feedback capacitor C,



2 8 FEB 2002 -16 device (N2), the P-channel device having a greaed MEB 2002

"ratio than t channel device. 5. The output buffer circpqfngbssabas m 4
_ wherein tWQ@@ﬁgﬂd i nverter includes a P-channel device (P2) and an

N- channel device (N3), the N-channel device having a greater WL ratio than
t he P-channel device. 6. An output buff¥a-conprising: a signal input node
(Vi); a signal output node (Vo); a first inverter (P3,N2) having an input
term nal coupled to the signal input node and further having an out put
term nal ; @iher e tikdsterterol mate0f euepyt rexansistenl P1oprbthag

coupl ed to @irsl PAENSE ButpueeertsiSEsE "R, coupled to the signal
out put node, and a control termnal coupled to the output term nal  of the

first inverter; a secRRFIMRN1F e REYCHLY 200 S e uEnt Bifr nél 1€oupl ed
to the si grsaﬂl\xﬁi)mﬁutmoelee ?qukéwit hef hﬁg% ng i;lﬁl_é)lll Ptiés @%ﬂ&paékcépﬂuljl - down
transi stor aving, a first termnal,_for being.c ed to a,secon
pot entd al , é?rsegb%df?g}?ﬁ’ﬂ?ﬂ %%?ﬁﬁ"g]d t oﬁﬂad%irgﬂafagﬂf’b%ttﬁﬁﬂg}%éﬂﬂ'a
control terthenatorodinplens t nsthepoivputot ehenl tranoitite seeondhéenverter; and

2 capaci t | ve,dgcbherlo pol b aYLage 3y CRRY L Vangl LT ) apd it Lo ng

means (P4, he capaci tive elerent "having & firs coupled to the
si gnal out pl&, rive, P4 Rre\iuemedOfeavkiiertsensistors yP2oubRi ngnd second

end of the \gapacd tope, elm&%@éﬁeﬁl ythe §5£@e&01@£g&08frehtpa£e of the
puII-uop transi stor or the conirgl gate of the pul|-down transfstor. 7. The
b

out pkO buf fErAFLiEA KE Whdreld 2he?ehP RN RERPEEFROF 2 ugerdathsi rd

i(nv;arteL (mh % vo R &a v ol t s i 6t s {H¥or nndigmé\hl@haanellargrapsi ﬁtor
N4); the third ... -minverier, havin n.input_termpal, coupled to the
si gnal i nplt® Sd’es‘i‘?ﬁ)&‘ghd #ﬁr’(%eﬁ]ﬁg@fﬂﬁea(ﬁHoﬁ?‘gu?u{I%‘ﬁﬁ ﬂ%ﬁec&p]tsed to
control gathesldfat hg.P-channel and N-channel transistors; the transistors

havi ng a conmon dr ai n&gﬁg NF A4 o he, Ps n r Lstor
coupled to the cont r(r;fﬁgate o‘%@'??lfe Jﬁﬁ??fﬁ%rt%%%s?sst%gpt?PT?hu% gggbce of the
N-chdfnel tihOINtorarsipied P and ternidy QBF etbiansheteu| Nddown

transi stor di¥ldrvd NenSONADENSkGh Np£ONBESH | OPh8ehhge kLR €8t t RoliBevsecond
end of the carFaC|t|ye element {CF). 8. The oqutput buffer circuit of claimé
the poRreahRld

wherei n t h&EaMME TH5Rr #ROVE netYudes AR08 P2y Bha ahRe
N-channel deedscen (N2)thabte khdémnukésdegonéihbonsg wode eef eis Wie rati o than

t he N-chan [ 9 out f Cj ' cl al ein the
second | nverkﬁ%lrd@él(nlg ?J%efsogh_%bha%%{:a?%e{:/ﬁég %éﬁ#héﬁg&éné’%%gn%f%devi ce,
the R&handkk WevVee (MB)LHEiFRFSr gfeateP W V. atiexe fanish&he- channel

;jf\f ;\e béﬁkpri%a\lx%ﬂ% f\"%‘@\(né’@e ApF. Avthe3 V) rBabhefa-d. . A3hy AtedElcy
Sx~xsnga\ VU ¥a]ReqF chUtabics @R e hpc Midduiic 85Fc 2d-ca]¥sa] ca] ca] ca] ca
]ca]c?LEngahgﬁé£@§§J?%F§§t9r@%gT§}Favg@Licst?ila€§¥E i%a?anLﬁi Ul ca] c*a] ca
?gg¥iajca]égﬁ§§§§giﬁ€a}% %Lﬁ%%}%g]Eﬁ%éé}téﬁkcsgggafia] a] - c%?%
al] ca29 ca] cajam ghove (Vy, - Vi, ).
When the transition occurs, transistor N4 turns
ON, thus transferring the charge at feedback capacitor C,
to the gate of output transistor N1 through a process
known as charge sharing. Thus, the gate of N1 can be
30 precharged to a level close to its threshold voltage by
appropriately sizing the feedback capacitor c,.
In accordance with the invention, N4 is fully
turned ON prior to transistor P2 turning ON. This is
accomplished by sizing the P-channel and N-channel tran-
35 sistors of inverter 202 so that they are faster than
P3/N2 and P2/N3. Thus, during a falling transition,
inverter 202 will go high before transistor P2 turns ON,
and during a rising transition, the inverter will go low
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¢ kkk - 0. 000306320@)00FOGOVOZO\ 0" 0dOf OhOr Ot 0{ 001| vakf a\ W epiYhisosiaed ca] caU
caU] cal)ca]c

aU] cal] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] cal] caU] caU] cal] ca] ca] c*rall$1&1*1- 141
1111111111222A2f 222222222222yt ni d*XS] calBea] c”a] ca] ca] c*a] ca] c”a] ca] c™a] ca]
ca] ca]cal ca] ¢ a] ca] cal] ca]ca]ca]c”a] ca] ca] cha]ca] calcal]ca]cal]ca]ca
2>3F3H3P3T3g 3h3q3x3{ 3} 3333333334444@HANATA444| wgl f a[ Vi d*XS] c] cal] ca] cal]
ca] ca] c*a] ¢ E%@ﬁFc59?65}§5P€a¥%“§ﬂ{6§]@E}ca@?éﬁ]EéQWéﬁfﬁaﬁﬂ@H}@ ] c*a] cal] ca
| cal] cal cal ppabhakgatetddnd- 8&9&96§>EL9¥8£9F9UQE the: casBBEBBdI g1 ¥Lgb\ W d”
XS] c]]cal ca]ca % Lg ]g g%
aU] caU] ca] ca€a é?& E§ FEAFRa %afEaafééEfﬁaf%aQN%é]Eurns ON
aU] cal ca] cahda&KlghNaNbH& wvaymmy YAYFYhyr gabkW d” XS] c] U

L}cg!’ifg U]Cilafﬁé] é%;}@ gé%? Léléﬁ%l cag’ caU] aJr ag ag caanU]ecaa 5 éatrU] caJ ca] ca

NENSN) AO““bthmddﬁdqandbhpjp;hn&ytnpn éV]cpmpkraﬁcta]the buffer
alJcalca]ca a al eal ¢ c

a}ca{HCLLﬂLaE*Ea ¢ L g}g ] Cg @% ﬁ?l&% tﬁLYﬁé§geggxkon delay
A#A$A)AOMbyﬁcaafiaaedddeﬁPﬁ Whﬁly@@jé e\VPEPRagahjenafielay due to the

a] ca] ca] ca] ﬁﬁbéﬁh%@hﬁ%UlQala ahratsatRal aals&cnéazéa&sry, with the
caU]ca alca] cal] ca *+ #S

cal, C
100 ) - Egl%%& b o o" 6%4 %5’179'&1&30 (yoibm £P-103FR the 2\ behdB! A0
*SlO%AHAH&.pteaﬁ&$gk0%ﬂ&tébe3 dOf&Rderingd that the value of the

e )5 SR 0 e A i oo vatun o

8%& ()- >@Be:1\|a}1@pnxogz(>&d(°;s,ym &C(J)lomglfbmpl!eﬁ(z;orﬂm (9he " 3(y
1%&()-|3( 43@@(,), gegg eql0%& ()-11[ '10%

& ()-112°# /1? I#1o 10%#(#(&()-'x0|10%((X(&() R !
{Y70P3!L5n 38 10%\I1N1& ()-std 3$m( 10%')D& ()-S " 3$n(10%@& () - S3"
10% & ()-'n" ' 1098N& ()-1!5" " 109& ()-1rSA4"Y-10% & ()-f10% & ()-10% & ()-
10ff 10ff 10ff! " 3$m(10% f & () Sie 3%410%«@() \§§x ><‘V4[S4| WOR (& ()1
VA0UKX& ()-!" %O0%& ()- K © Egn.

where:

20 Vt is the threshold voltage of
transistor P4 in the case of falling
transitions, and N4 in the case of
rising transitions.

25
Y In addition, overshoots are also reduced be-
cause of the precharging by feedback capacitor C,. The
precharging eliminates the charge build-up at the output
that occurs with the circuit of Fig. 1 as the gate capac-
30 itance is being charged during operation in region A

(Fig. 3). With precharging, there is effectively no
region A.
This is shown in Fig. 7A where it can be seen

that the gate voltage instantly reaches the threshold

35 voltage of the output transistor (P1, N1) due to
precharging by the feedback capacitor. Thus, the onset
of the falling edge occurs at a time earlier than in the
circuit of Fig. 1, and so propagation delay is reduced.
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Another aspect of the embodiment of Fig. 6 is
the reduced area of the circuitry on silicon. Note that
the circuit of Fig. 6 uses one feedback capacitor C, as
10 compared to the circuit of Fig. 1 which uses two feedback
capacitors Cq,, C;. Capacitors consume a large area as
compared to transistors. For example, a 1 pF capacitor
is roughly 25 x 55 uM in area. Thus, while the circuit j
of Fig. 6 uses more transistors than does the circuit of
15 Fig. 1, the total area required of the former circuit is
still smaller than that of the latter circuit because of
the use of only one capacitor. Typical W/L ratios for
transistors N4, P4 are 8/0.8 M and 24/0.8 uM respec-
, tively. similarly, the transistors comprising inverter
20 202, are also small; e.g. 4/0.8 M for the N-channel
device and 12/0.8 uM for the P-channel device are deemed
sufficient for driving the small gate capacitances of
transistors N4 and P4.
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a first inverter (P3,N2) having input and output
terminals, the 1input terminal coupled to the signal-
receiving node;

a second inverter (P2,N3) having input and output
terminals, the input terminal coupled to the signal-
receiving node;

a first output transistor (Pl) having first and
second terminals and having a gate terminal coupled to the
output terminal of the first inverter;

a second output transistor (N1l) having first and
second terminals and having a gate terminal coupled to the
output terminal of the second inverter;

a signal output node (Vo) to which the second
terminal of the first output transistor and the first
terminal of the second output transistor are coupled; and

a capacitive feedback means (CF) for coupling the
signal output node back to the gate terminals of the first
and second output transistors, including third and fourth
transistors (P4,N4) coupled in series and connected between
the gates of the first and second output transistor and a
third inverter (202) coupled between the signal-receiving
node and gates of the third and fourth transistors.

2. The output buffer circuit of c¢laim 1 wherein the first
output transistor (Pl) is a P-channel device and the second
output transistor (N1) is an N-channel device.

3. The output buffer circuit of claim 2 wherein the third
transistor (P4) is a P-channel device anﬁ the fourth
transistor (N4) is an N-channel device.

4. The output buffer circuit of claim 1 wherein the first
inverter includes a P-channel device (P3) and an N-channel
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coupled to the signal input node and further having an
output terminal;

a pull-up transistor (Pl) having a first terminal
for being coupled to a first potential, a second terminal
coupled to the signal output node, and a control terminal
coupled to the output terminal of the first inverter;

a second inverter (P2,N3) having an input terminal
coupled to the signal input node and further having an
output terminal;

a pull-down transistor (N1) having a first
terminal for being coupled to a second potential, a second
terminal coupled to the signal output node, and a control
terminal coupléd to the output terminal of the second
inverter; and

a capacitive feedback path having a capacitive
element (CF) and switching means (P4,N4,202), the capacitive
element having a first end coupled to the signal output
node, the switching means for selectively coupling a second
end of the capacitive element directly to either the control
gate of the pull-up transistor or the control gate of the

pull-down transistor.

7. The output buffer of claim 6 wherein the switching
means includes a third inverter (202), a P-channel

transistor (P4), and an N-channel transistor (N4); the third
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inverter includes a P-channel device (P3) and an N-channel
device (N2), the P-channel device having a greater W/L ratio

than the N-channel device.

9. The output buffer circuit of claim 8 wherein the second
inverter includes a P-channel device (P2) and an N-channel
device, the N-channel device (N3) having a greater W/L ratio
than the P-channel device.



