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5 TE ﬁﬁaﬁi &IELD The present invention generally
relates to out put buffer circuitry, and nore specifically to a
slewrate controlled output buffer cirCTart. 10 BACKGROUND ART

Qut put buffers found in integrated circuits provide an interface for
driving external |oads, both capacitive and inductive. External
capacitive | oads 15 typically consist of the bonding wire, the pin,
conduc- tors on the printed cPesaripbdand, and the input capaci-
tances of the gates to which an output buffer is coupled. The

i nductive load usually conprises the series Earasitic i nduct ances of
t he power supply &BBOyPELAY SLRWsSRATECONTROLLED| QYTPHE BUFEBR buffer which
in turn are coupled to the external power and ground rails on the
printed circuit boar d. Wth traditional output
buffer® (i.e. an in- verter chain), output transistor sizing is
const r ai nedrEcHNECAL DYENmer ati ng characteristics. This | eads to several

probl ens: unaccept abl [ | r | t he

si mul t aneous swi t chi n%h%f&rrhagn%/ﬁ%u p‘ﬁ%}% g%r?&gffyiﬁ%%??%meégomr supply
noi se whi croutput thuffer aipcwitinry, and rore dppsifically ceeramagnetic

| nter fer enGey Juiced e ik rifl 10 Witlut daifr £k (EfR AR £ A1 €.

I nductive swtching nol se appears as an unde- st red under shoot or
overskbot in the internal power sup- ply or ground voltage rails, as
t he buffer sAUKERENDS WRT rent to or sinks current from an externa
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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
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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-



sanme power and/or ground rails are subject to the switch-

-2- I ng noise of active circuits, potentially causing spuri-

ous transi wapseResde t he i nputs of the non-switching cir- PCT/USPY/EII94  *
Secondly, switching speed is degraded since the noi se narrows the gap
between the power supply and ground 5_,voltage Ievels. Inductive .
swi tching noise is exacerbated whén there is sinultaneous swtching’
of two or nore cir- cuits. Prior art solutions to

these probl gAy hBekedef activeedietbidtkhepstentiasWneaubihgakphpg-cost of
abandoning 10 _TTL cg%Batlb I g,.alo g mntg t he added gﬁnalt .of having
to provi de GHScYFRESH Pssatp#b v&PPHg . OA thfppanggwit 1ngp¥6ﬁéh isto
SLOM/dOMﬂ %baitsnn-sacbhdﬁygfswmechﬂpguspged iﬁsdégrh?eg sinocei sher, bgt at
the cost o in N$i. - jon t | - endent ;an

I ncreasi ng P§g¥5r§5?r§§g éh%gﬁ??oﬁegggg9.£gg ﬁo@&r §n98i9 gﬁ@i?ﬁﬁ?ﬁdis
requi r&d whvolitpgevilevels.| odnductivei swdpehilegt neiee iat exacerbatedd

out put signghenTBRere is Biﬁﬁﬂténéﬁﬁg'gggécﬁiﬁﬁLﬁf'Ewéeéﬁgﬂoie &gl a

m ni num .anount of silicon I's nee

t ement the circurt. 20
SUMVARY OF FHELSNVENTI ON _ _ ~ A first enbodinment of the output
buffer of the _ ppgsoept artvedlutilohBCtudehess pRODlefikagfctage! i Sing

first and secqnd.inverters, each havin n_pnput termnal 25 coupled to
the i nput nEQAUGHRBNERB,PREPET FHARgar BBE ot Ehe, &6RF.GF abandentRtver ter
dri ve$ot he TODt coinpghibidityn along withuther addedt penaThy ofichavipgt
transi st orssar . d,} | onfig ygn.to the

out put nodeta Srsgg?etﬁg %ﬁ?#gr?bﬁsgagggg??vgaggg %éok‘A giﬂb}g %éovided 30
bet ween t hePE@RFRr isutpuslevddcwWndthretusnren| timeeafothe outpuhe out put

transi st or sgwiBeningdeeakse80b Q! Buth8tU8he cost o¥Ohh¢ffgSHCBraRgi-it is
mai ntai ned at a const he“time that an

t voltage uring nost of t
external |o B°Ba§é@?tgﬁeg 1s igag§dﬁﬁﬁ?8?ﬁ§ gPdd}QEﬁ%?§+ﬂ§ TR PECE-ri si ng
or falsi ng agation delay.

A circuit is required which provides a load
independent slew rate controlled output signal. The
circuit should be simple in design so that a minimum
amount of silicon is needed to implement the circuit.

20
SUMMARY OF THE INVENTION

A first embodiment 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.



35 transition. The result is a constant drain current t hrough the

active out sistor and thus a constant sl ew r at pCTAUS98/24394
i ndependen ﬁﬁ%}gﬁ%ﬁg out put | oad. - 3-

In a second enbodi nent of the present inven- tion, the capacitive

f eedback path includes neans for s3ftching a capacitive el enent

bet ween each of the con- trol gates of the output transistors. The
capacitive 5 el enent alread havi serves to recharge the
control gate of the 2% t“&’r"[ﬂ}g‘?eﬂ ag%ﬁ}% pLesent inyelmes the
response tlm f dHee amﬂt:hté ffeedbabi peth includess smédres pfapagat i on
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sﬁo&g a fi r%’f fbrit afP tg}}eute&u%ﬁm\%%e’} G4¢ hacoc%r%%c%mgv: '? h the

present i I’I\Aﬂrt‘i]l gates of the output Rizanistiars, pd@he anEﬁCimdbuf fer

[ [ 15
H g, B anc} T ’I% feé’&z})l ent CI drH/uQ%hﬁ%é”saexf\?éé Iw }% or

Fi gs. ar’e equi v ur|n erent
stages of otontnal gateitefhthe active output ’q:r@sgst}qq ust?fhl-%sl'a' schemati c

represent atdyfyses tn&frédtlfbldé& Qﬁﬁé%@ﬂﬂm@foﬁiﬁ{@tﬁtﬁ?é&? ide Besent

I nven- t1on |ﬂ,g edetran5|t|on 20 Figs. 4A
and 4B ar e IQYRNSit'he lay. wavef orns respectively for the
out put buffer of the pres- ent i nvention and for a classic output

gg]:jf gﬁ? ar er#ﬁﬁaaqw%{#ﬁedﬁ{ Q%a&ﬂ%ﬁ éé (r)gspect ively for t heFiogfputSA

buf fer of the presentFigweh-shows atfxns*armnhmilmrm axBian cengput buffer,
duri ng a f 4 {% 1n ac%ﬂé@ % gxi]esent :mventlcfﬁg 6 is a second
e bu

enmbodi nent sé) er resent 1 nvention. 30
Figs. 7A and 7B are SH¥4d a'%’ed-ﬁ/\/aﬂ/eﬂ‘lﬁ‘?@f}w%sthe buf % F1FFRihcPBperation

of the cirgeig. of wiikeh 6Gis fitivélved in falf4TWimf gide ansans Dbion.
15 Figs. 2B and 2C are equivalent circuits of Fig.
2A during different stages of circuit operation.

Fig. 3 illustrates a schematic representation
of the three regions of operation of the present inven-
tion for a falling edge transition.

20 Figs. 4A and 4B are simulated gate and output
waveforms respectively for the output buffer of the pres-
ent invention and for a classic output buffer, during a
falling edge transition.

Figs. 5A and 5B are simulated current waveforms

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:



BEST MODE FOR CARRYI NG OUT THE | NVENTI ON 35 Referring tO Fi g.

1, the output buffer circuit 100 in accordance with the

i nvent i on WORAPREdes an i nput node vi for receiving a ﬁr&? 93’? SI gnaL
The i nput node is coupled to the control gates of four transistors:
-4- P-channel transistors P2 ang P3 and N-channel transistors K
N2 and N3. Transistors P3 and N2 are coupled as an in- verter 11, and
transistors P2 and N3 are coupled as in- verter 12. 5

The out put p@-fcﬂan&)fear tiehsistarisy @2 lapd Pen st N-chanmedr ¢£rRAhsdsdods, whose
drains are Go V ansi stor P1
N2 %mﬂﬁ%&%ﬁ P3 and [Iﬁ"ra]rt rans tor%%l% Gt

I s coupl ed to source o I's coupled to
ground pot enerter Il:t iand tnadsdehors PRatndofi3; raéi?slcﬁu@rleﬂlﬁss i®supled to

10  the drRigkerofrdransistors P3 and N2.  Simlarly, the ~contro
gate of transistor NL is coupled to the drains of tran5|stors P2 and
N3. 5 Ehe iteut ofc duffere 1% A5 fEiyess byt trapsts-

tion a feegheripibaina Igmmdse dradts Wre rdodptletdﬁetocmh:lpmh tode gate of
transi st or h@ﬁ%udes ac

ok
capacitive ere ﬁfBFFf sg ﬁFBBFa§§°52F3eéﬁ couﬁlegquuY nghv[err] and
t he controlthgatspuxice refh diranmistior N1 is coupﬂed:cm:t gx:totmrd plotepr-esent

i nventi on, “cap act ual
capaci tor a’e\?llce %{et &6?1&03 (?ea\}:leces 3 err § er § ﬁn téﬁt?jg to be
di st il®gui sikde draing rQ;‘fmttl’-Wél @@;jaé‘lzt-an hhﬁl#é-ﬂen fihe present in

transi stor JdareAs gdt@ @(Qiﬂﬂn%ls%oﬂ: n11 shoWoupleddd @le drainEhof
parasitic ate ca aC|tagﬁ Ein r] for output tranS|stor N1. 25

Still furt N3t t he pr esent I nvention, for reasons
which will becorre cl ;arrthert im accordiintausditin tihe presienandnsiem~ P3 i S

sized so thal] !y Wedeaback gt Grich YRPR R o,8b She!£BREESION N2 1N

15 gate of transistor Pl includes a capacitive element Cg.
Likewise, capacitive element C, is provided between
output node v, and the control gate of transistor N1l. 1In
the context of the present invention, a "capacitive ele-
ment” is meant to refer to an actual capacitor device

20 (e.g. devices Cy, 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 Cg 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



manner, transistor N3 has a WL ratio greater than that 30 of transistor
P2. The SWe dohksa0Si zi ng of the devices depends upon poeussEriamul ar
application. As an exanple, the transistor sizes used to generate the
wavef or rs shown in the figures were: N1 = 120/0.8; P1 360/0.8; N2 =
2/24; P2 = 6/24; N3 = 10/0.8; and P3 ~30/0.8. 35 Turn now to
a di scussion of the operation of the circuit of Fig. 1. Consider the

case of a fall] . S he..i np i gn a_tipe _prior to
such & pifarerion 00 EMFoRELL Gu RS, PPlhent cPaRslRlE
in saturatiBh dsdfebly ON|apdGee Yoad, capapitorr@nsistaltarged tdP¥W,is fully

ON and so l?ra &@ngltOélﬁlfééiylng?ﬁéﬂ@éngpy[fér%FF apd. Qféﬁﬁi%hus

Simlarly, nsi st or ansi s-
keepi ng out ¥R¥ ¥3ah§|§¥orth35|he?ang5°utP%6nt€6%ﬂB§F?ﬁgNtPInstb%e

Consi der nex@nlagnaﬁ@ﬂsng|@mpo§t§ﬁe,|nput si g- nal to the | ower .
vol tage level. In su ? satuat tra SIStO£ FE I NS to turn OFF
grfRst &nd

and transistor P3 be er n?ﬁgtﬁyﬁ Ef?nf} AR s E?Br ’&~ begi ns
to turn OFFdD tomhhéelbwensvelbag@Zldmglns In suchuatsitéetboh,that tran-

t P3, t - th N2
th Késls e?ronger Fé%éiﬁésté %@ bFF' and ffaﬁ %?ofepzn%eikﬁirean
great er thahoh@unmeNQ rk%kﬁﬁlse, tram$uet9r NIheegims ctoetern 0®FEuch
sizinggis thgiié h@raif;é‘lséér P2 a5dd fﬁ’s ﬁdﬁé@”s'cg%é’élitﬁﬂﬁ'&é’ﬂ Pl in

t he case of ransttion urn aster than the "ac-
tive" outpnﬁlﬁF%Félg?ohN%ngﬁ%lya¥@35%|%¥%rs¥ﬂ$d|§°tﬁh%EdP3 is sgyen-
Conversely, w tii€n NS cand 1@3r1§|§'ﬂréﬂigé!§|ﬂh9ﬂ pxhel.e. theiwﬁptive out put
transi stor wi || %gﬁg €1$?ster t han n 20 o 2@2 % out%

transi st or *ﬂ 17 2 S JRrprIrea eﬁB han N2 <3p h%g CP2. This is
an |nportantlwshwct The cmnseqmemuseuflsmchbsrann@ ssicthat atise stim- Si zi ng

ser ves 5" Diehe: dolifblsCor CtlaftidERE PE IR Dol LAY

S|stors P1 an | ogi C eve ans I ONS, |sd+£t|ng t he
circuitry wﬁa%hlegntxen%1¢h9m)nglkbg%uxma%EF fastex thamsthe ohaehe

circuitry Wy edr COREPRE StFads Net &8 0fnamely transistor N1) 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 P1 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 N1 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-



transitions. The falling edge circuitry of output buffer

100 conprises: output transistor N1, feedback capaC|tor %e% 30,
transi st orwP392@49 asiti ¢ capacitance C[err],, and out put 1
capacitor C[err]. These elenments are shown in Fig. 2A The wavef orm’
shown in Fig. 3 schematically illustratgs 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 dmves kikewn iconstant cumrpnt aantce,) rahiitginig Rtlge paras a
swteh in thg 00ate cafftiddite ) 308! ShBisferds I SRLL1 Ao80 §nd Lhus

s'1ike a
const ant cureaghesdthe cchrashoidyakkagamet N1. Injthe mpantimeaci t ance
Cerr] of tdfnsd NOidNorf)! ithd FerdHirg voltag‘é@h%c%@evt Ragshge! d

voltage of N1. In the rreantl ne, sl nce I*ncreasi ng
voltage at hERERAPMAING Jacrease ip b tBEREAY; ﬁeﬂhéﬁka%mWPErr]

through f eecj,pac krhapsiné csquation€] 6f r{he T\?@tidt&x@?@t?@d@]ﬁf atdag
vari ation at err out node vjerr can e
e "EHE U ey, cap bt dRLBYRRANY

det er m ned. érr](t) for node v[err]

I'S: 10 The time fundtsior ¥ i(x)=-for hode v, is:

Egqn. 1 derr] wher e
Clerr] is the total capacitance node v[err] and | is
t he cxﬂrent provi ded by transi s- 15 tor P2

Cerr] = derr] Cerr] G}qn;r)] [err], iqueljlr]
Cerr] + Jerr] C

where C, is the total capacitance node v,
and I is the current provided by transis-
15 tor P2

CenCp

St g

20 The time function v,(t) for the output node is:
t) =V, + o . t Eqn. 2
vo()_nbmvg() gn.
25

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 C,, the gate voltage at node v, continues to rise

30 until output transistor Nl begins to turn ON. Conse-
quently, the output load C, begins to discharge through
Nl. At the same time, capacitor C, also begins to dis-
charge through N1. This tends to slow the rising voltage
at node v,, which in turn reduces the current in Nl. The

35 rate at which C, discharges through N1 depends on the
size of the load capacitance C,.

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



20 The tinme function v[err](t) for the output node is:

vierr]( t dyoodBidl . + Cerr] V [err] Ean. 2 25 pcr/us9esnd3vs
Referring to Figs. 2C and 3, operation of the out put buffer in.region

B and the correspondi ng equi va- lent circuit are shown. As P2
continues to charge capac- itor J&Tr] the gate voltage at node
vierr] continues to rise 30 unti | output tranS|stor begins to turn

through - 2ndponRbifentay ke shibtencodh 1% '“Sg%eg& RIS

char ge t hr owdAINresnls tionén aqugﬂahranm stsERQWMQEeaghe dischatrgeode

Qerr]’ di ScEarenot FApablttss G Rrdudi et erafiistyr qr 3 81 W
capaci t ancebgianced by the ChargeCFéﬁﬁ]thGW@méﬂst@EnPﬂnueQMM§ B& char ged

by trag-  equilibk@um;2th&hvs1tages atonodeSe t L, eota@élgététvafés glerr]
the ¢urrent in NI.'This feed ?

-7- ?nggconse uen&hﬁ
will result OFn“BAMESEPFb nF?P&PBswﬁ8P§t9H5 &P§Eﬁ§r&?eratl°“rgfe of
capaci tor Ckher putputubbafferpanot dansegtion BH. is bal anced.by the

charge rate of transi Py T a | al
node v[err] (i.e. the§%§F8 égthgie BoléagF ?g%ﬁghg Sggﬁffn énﬁu%?g%onstant
duri ng oper&tﬁbﬁlétor N1 behévsat@gkebafpensrantunuregnmnssnrce,
Si nceyphe ggbﬁefalc&agear eBRERANE0BALRAL: s gaut The fa112R3ha! gbrNy behaves

| i ke a cons currént source gener a constant output sl ope.
The fall tifk@lftdpgaedge trPBFPFHS“eHQSrF¢QF§|ﬂFoEeFﬁ§F§ﬂUr§°P§r9él?éctIy
controll ed in thisnfaBhiohashi on. As in the case of

operation in region ons f QoL t he vol t and

the tinme function 15AAS §PeFP?(F?s%oPEOBPﬁHP ﬁ88e19[€F9?gBaﬁ'bgg8etern1ned

The st andarégquations for the voltage a node v, and the time function
i5 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 I, = 7’“ " (Vg = Vpy)? Eqn. 3
where:
Ky, is the transistor gain of N1
Vo i8 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 = Vpy + INYE;:

Egn. 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:

Egqn. 5

d
dv, I
Yo



guadratic equation for nodeling transistor activity in saturation is

used for transistor N1, nanely: 20 err i
(Verr] 2 wopereso Egqn. 3 "lsgméﬁere .
Klerr] is the transistor gain of N Merr] is
the threshold voltage of N1 25 -8~ I[err], is the
current in N1 From whi ch t he constant gate voltage at
node v[err] is: 30 Vlerr] = V[err] Vierr] +
I[err] &nd. tHe current in transid%omxﬂﬂli@riunl V[err] i's
constant because Nl gate charging (by current I) is fully conpensated
by the dis- 35 charge of the output |oad, |eading to:

| = -Cerr] dv[err] [err] Eqgn.
5 d[e&rJ_ , Eqn. end the
current in transistor Nl is: I[err] = -(err] +
Clerr]¥% dv[err] '"Egn 6 5

Eqns. 5 and 6 can be used together to recast Eqn. 4 as:

Cp + Cen
o ” I‘—c:;“
10 Eqn. 7
. V.oV 21 | (S * Cay)
¢ N Ry Cry

The time varying function v,(t) for the output

15 voltage is determined as follows:
dv
I=-C 2 Egn. 8
™ g,
V.(t) =V, + B .y - t -
20 o(t) = Vpp co+q, e ;;; (t - t,)
where:

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

25

Cl -V, _

 C, being taken from Egqn. 1;

V., is the constant gate voltage expressed in

30 Egn. 7; and
'y 13 3 " cm
the integration constant is Vy, + ———— - Vg,
Con * Cy,

35 which takes into account the overshoot induced

by the feedback capacitor during operation in region A.



Egqns. 5 and 6 can be used together to recast Eqn. 4 as:

Clerr] + Gagydohe3so I[err]= 1 C erptrRisesrs43940

[ err ] Egn. 7 The tinme varying function
vierr](t) for the output 15 voltage is determ ned as foll ows: '

| =-Cerr] dv[err] gn. 8 20 —9- Vo(t) = V[err] + [err] (t -
tlerr]) wher e: t[er] is the duration of

Leaion Aand is eaval it ARgeage w, represants LR bonrsys Selfabtlss | ST
Eqn. 7; andbe applied to the outpuy mr@gxsaxstm dndmamrder \Yeerdils<++ Cerr]
V[err]  35charge the outfiitcidadkes witR &CEBHBEaﬁEei?¥§éSEﬁ°E bRguged
by the feedt%ack ca%atméa%r bdeursleré %rtattlh%n Jurt]:pru?:g slope is constant
5 and depends only on internal elements, namely the charg-
ing current I provided by transistor P2 and the capaci-
tance of feedback capacitor C,. The current I,, through
output transistor N1 during the discharge is adjusted to
the load C,, so that the slope of the output v, is inde-
10 pendent of the load.
Referring once again to Fig. 3, operation of
the buffer in region C continues with the gate voltage at
node v, continuing to rise after the load capacitor is
fully discharged. The gate of output transistor Ni,
15 therefore, will continue to rise until it reaches V_
providing at that time full DC characteristics.
From the above equations, the propagation delay
t;z and the fall time t,, can be deduced. The propagation
delay is the sum of the. delay in region A t, and the delay
20 necessary for the output to reach one-half of the supply
voltage V,,, thus:

Cy+C Coy V
t :M _F.E-.._E .
BHI T Ve + I 3 Eqn. 9
25
The fall time is measured between 90% and 10%
of the output variation, thus:
30

c
o = 3 * 0.8V, Egn. 10

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,.



The vol t age

V[err] represents the control voltage to be applied

t he out put tranS|stor N err] in order to dis- char ge

derr] wi t VRO, ant sl ope in a given time. It can %e seM%
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0 necessar or the outp to reach one- e sup
r??eQ?ﬂEK capacitor is shown in region B gyhegre the @&he 9

ml&q@awrﬁhﬂlet veea Y06 dH%he condtardthgAd 9}511:-
tﬂr‘]‘ie'Eq‘?Pe e FE¥9T (iR %’sgqqutﬂferﬂéuto‘%#p% nodq e &8 put
.constant for all capacitive loads. The effects of the
load capacitance do not come into play until the device
is operating in region B. As shown in Fig. 4A, the load
capacitance C, determines the time it takes for the charg-
ing and discharging of feedback capacitor C,, to reach
equilibrium, as evidenced by the onset 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
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-
pacitance C, and the channel resistance of Nl1. 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
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
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

full

ced.
] and

ply
25
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Turn now to the waveforns shown in Figs. 4A and 4B. These wavef orns
show t he ehae9/263ke age neasured at node v[err] and t h®OHIBRAPH| t age
measured at output node v[err].

-10- Wavefornms are generated foaRivarying output |oads: 10 p[err],
30 pF, 100 pF, and 300 pF; for an output buffer in accor- dance with
the present invention shown in Fig. 4A and for a cl assic output

guf ]1: er showa:unre?ntg prwlllél Of éAcah%@mS outlpﬁianhff*f%% sRASwnhh e E%OQQJ 035 A -
of operati.Qn. | nsi der
first Fig. 5’% q:\egg that ttﬁé "18a ﬁ?’é&%@ﬁ@ﬁscéﬂ}aé:#op%%m in

regi on B whaate,hdhgattdime for dilscharges sfimply Beiagr as&hhcm‘ldnhe:fconst ant
gate volt- a%g% e s I t he t de vierr] is
%el I capamotit ?eﬂ dg%k{%ﬁ 1? f a8 18%" he' [a

constant for a ects
capaC|5anceSd@“héﬁtéoﬁﬁaﬁnﬂarﬂﬁéyd@@?ﬂﬁlﬂﬁeoﬂeﬁhgeload capecawen@a.ng in

region B. As shown ina & sifall Bpckeddtion, thENBELRAYRRICHCHEage! of i nes
the tine it ta§¥5 f or ?éc?a?glhg ofgpaggback

capaci t or F@ﬁ@ﬁ 1nven%é&9|p§bgpg a§§ ePWdén@é& BF Ofe onset of
the flat poabout elgmmqnasfchhebv[seeh h@vebnpﬁtlng the output By

f ff i t hout
the T eedbac kYR TEHE, A F38 202 2pHAB o REREER 10, 50cFidhends oPEt 1]
elnnsuOinstéﬁbaﬁb@ushycult of thasppaSEnMganEpuuonrahswstarrﬁﬁubenbdiately
I nto satu- renEa g%h gg%ﬁ%q§§ﬂbl h t&ﬁes §39Feylfﬁkr@3{'”“m

conduct|V|ty the rate at t e out put
functi on of PERK Pﬁ%@scGﬁsﬂéﬁﬂmééﬁlﬁ@ésﬁy thé peadbeasega in Figi-t 3Bae

Clerr] and the chareslt &eau&haaceagabwhtym@ étr@w betterr gb% therefore

wll vary with he Sep%eltlve oad, since he channel resistance
remai ns conSM& Fig. 5A shows that out put buffer 100
produass a " constrhet fdregoingr déstussibhanddeessebltHyr bpgraper ati on

T endi ng C¥iBR Be e ButpaR! pagkbyBhiihy hoeditifpRtahY Ry,

depending on't ecause o
t he di schar §adt sge fosusgs oanthechatiipBsbadf of thet hufferecdtrcuiisryoad. A

larger |oadipgviiepidtea®3heFig. 1. A similar analytical treatment
is possible with respect to a rising transition which
20 involves the upper half of the buffer circuitry. It can
be shown that for a rising 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 P1 - 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,



charge stored, will discharge nore current in a given 35 anount of tine,
while a smaller |oad having a smaller charge stored will discharge

| ess curr eWO $@63hat sane amount of tinme. The result PGIUESEBHYfant
slewrate re- gardl ess of | oad capacitance. In contrast, the drai n
-11- current profile of a classijg-output buffer shown in Fig. .
5B indicates that the | oad di scharges at the maxi num rate, the time’
for discharge sinply being a function of t he amount of charge stored
in the | oad eilther dxulthe contropl gatiews aetgitattnarsiastoleEndmehen t he
| oad capaci t‘?‘?ﬁ?ﬁ J servation, the propagation
del ay o p?ag:s%rﬁf out(.Pl{ | '3%: | SJ |A£Arre§ﬁed by a fact or of

about eight, as can bOpezatign afphe mincwitodqutshown inwRiaf.orbrsis n
Figs. 4A ands#ifh)diehes iy éﬁ'&hﬁ? oPAild 11Gn alﬁB’r%%?% é Clldoee the

present_invention ShOWS a reduced current ‘'samne act or.
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depicted in tfd % eloﬁ Si redrér rﬁﬁtﬁh;?g:lhet atgne of %uq_%iﬁ:l ible with

respect toarlsm%tran&tlo volves f of the
buf f erd&i r c(FRaNE1s|ar &dn is heldatswexe tbrYattrfa@rSwﬁqI’sN'ig tangndhei on, the

sl ope of thejate voldWsyedidH) ottiputde rainsIWtH N104e WeAld lat Szetr%eb?a
Tdrn now to

dl f_th t I
Fig. o Tor FTEREONY ap%%@'&é%al 35 £02es 00 30K AL FOGenTant? on

Transi st or s heélld &3\@;\.(1 - N3 are the sane as those conprising
out put buffer 100 od| nt, shown in Fig, 6 |ncludes
an i nverter 202 os%éﬁ' 6:u'g°f -SEI;\S'SE gd t Fﬁplfterl‘?ddéﬂ\}’[seftp

Transils or RAGAN &ransdstosr Fdnande durindsgt OFFheranstistlor3®4. gate of
out put 1T angudciivedpatd A neuN] peCill O, tA¢ potentil1ds! QoG vIerrl-
Transistor Nd has a . bfirst term
cannot rJ.se above -V.,,, the threshold voltage of P4. The
reason is that, under these conditions, node v, is the
source node for P4. Recall that conduction occurs when
20 Vee >= V.. In this case, V, = 0 - V,, where V, is the
potential at node v,. When V, reaches -~V,,, any tendency
for node v, to rise above -V, will turn OFF P4. V,,
therefore, stabilizes at -V,,,. Similarly, it can be
shown that in a rising transition scenario Vv, will not
25 rise above (V,, = 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



coupled to the control gate of output transistor N1 and a second
term nal GEYRbSe4s 0 node V[err]. The gates of transis- PCTVUS9828394 and N4
are . tied together and coupled to the out- 35 put of inverter 202. A

f eedback capacitor C[err] is coupled bet ween out put node v[err] and

node v[err]. As will be discussed =138 ow, transistors P4 and N err]
serve as a switching el ement to selectlvely coupl e one end of
feedback ca df@'ﬁgéﬁ§ﬂstor N2 turns ON.  This SIOVldes a qui REOntréf_

either to the control qgte of out put tranS|stor
gate of out fFRe gate ot N1 {or P 1 igydhe icdF &% @ TdiSrtuit 200
shown i n Fi q.n96 transition) Bdfdrd Qﬂéta:zfarrsiwﬁoxofpzﬂ(m y. tund loN espects,

except ; the fal.l owi.n ect si der allin tran i tion.
The cond| ti 5 i% Jxrartq}r&]gifer SAE O%ya,pge% g‘ ‘al  at
i nput rode vher rc]utmt\/[]eraq C,Toan, beganstst dischlﬁrge at aNSeanMeE4 are

E Erenggt eO\IVO\%}I-‘tl d‘{ﬁ' lsﬂ %l}(g %#D%S ranS| ;Lt aﬁ zer O%Equent | 4

transi st or mi,rqmd: theFlg- logatc@mqlmgﬁﬂ@f: &hqomrqgaa@mno:demm s held
at zero by jg durc%@' Stite inPbr %Hét%rﬂﬁg%t@&;a'&lw Rile RRAGRY €rr]

S hel d at Verr], out put of I'nverter 202 is

zero, thus tRF&¢hagging Pﬁ"g egval; é:l%l%ldqirfyaﬁ’&qe&sﬁrﬂg ath thesi stor M.
Qoser yg t hateidlddidu BT Rig.s INfdhahRoigatld aiolaiagwdib Hezich the cannot

ri se above - the threshol val f age of . P4. on |s t hat,
under theseR c}{ﬁ?&’l E S, Jﬁ‘&?ee V[ s"idtsen%ﬁ’eg tha%: t}l 8&‘1?0855%
Recal | ttmu ﬁnadhank(napanmnar\ﬂbeﬁSZGeglig@ble]again%trtbe vahuehoﬁ case,
Vierr] =0 - ' & S & ng vierr].
When V[err] rea?L énﬂgﬁ' I‘émy %eﬁéﬁiiylng 398% Eéiaé erg? to rise
above -V[enﬂrqnﬂgaQMﬂﬂtd§i3M1$5‘ﬂhﬁﬁﬂnﬁ t heref ore, stablllzes at
-V[errqs Simlarly, it can be shown that in a rising transition
scenario V[err] wll not 25 rise above (Vferr]-Vierr]).
When the transition occurs, tranigs;%r N4 tQ{ns thus transferring
the charge at feedback capagift er_.EL.eLE]V F t e tatle of oBgput 11
transi stor N1 through a process
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
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, N1l) 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.



known as charge sharing. Thus, the gate of N1 can be 30 precharged to a

| evel close to its threshold voltage by appropri at el e .

f eedback S¥PAY?EH® Cerr]. I n accor dance 3#%&9&35@
invention, N is fully - turned ON prior to transistor P2 turning O\I.
This is acconpl i shed by sizing tkR&4P-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 transitjon, i nverter 202 will go high before

transi stor Rioterthatoprecharging adkfa hpsa eliigiingteds thie ioversheeti nverter

Wi ll go | owgthat exists at the onset of the fall:.ng t'r%%sn:lon P&y e
transi stor N2 turnss‘g\l This prO\i’l des g qui ck recharge of, the gate of
Fi%e r}

NL (or P1 i F¥RRiG s- g current; Tides Of FdSer dFSi st or
P2 (N2) turnsldd\ show ted mmmaeymswnmtseoﬁbuWaﬁmm t he

gat e, t er. | | sgharge. at earlier
time during #ﬁ) Qranséa(}gegd %o(:%]ﬁpiﬁ%ﬁ%% #%ﬂ%f §P‘ é{ﬁ t of Fig.
1. Consequerhiffen hlOhy opagati on del ay i s reduced. The gain on the
propagati on del ay due |4

: ({(tfbﬁ asp ec:Fi:r Qﬂh@ %ﬁ%b' ﬁ%e gotfoftl @elzay

necessary, W|th the 1 CII‘CUIt of ate volta e to reach

t he then Frefucrd 1axpa %rﬁmmmgmtm ophél\lélcm-of Note
feedback Caﬁﬁfé tﬁr&lﬂ Sommg.gldohﬁew@nléstfe@a%a\é@d WQpakitor c, tae out put

I he fol
oad Qo] Sl dfld ¥ WS H ST Ok ¥ 'S wpson WBER Welilat o
Vierr] [errdapadiporsl,, C.. Capac:.tors conswieera: li“ﬂ;e area as

Mt is the t cﬁﬁ%&léﬁ% tﬁ%%s%fstors. For examptlr énS| i &gstcrag%gﬁ%&? P4 in

t he case of in the
case of is roughly 25 x 55 M in sineg-t r Phisy whdle the circuit
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 uM 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.

25
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35



25 In addition, overshoots are al so reduced be- cause

of the prg&?ggg&gg by feedback capacitor Cerr]. The HRF9688R M0

el i nate charge build-up at the out put that occurs with the
circuit of Fig. 1 as the gate capac- 30 itance is being charged during
operation in region A (Fig. 3). Wabh precharging, there is

effectively no regi on A This is showmm. I o
where it can be seen that the gate,voltage instantly mms"ﬂ”m"”m
threshold 35 voltage of the output FL@84®Fstor (P1, N1) dud tH t # s

precharging by the feedback capacitor. Thus, the onset of the falling

edge occurs . at a_tine,earliterthan..n t.he . Gircuit of Fig. 1, and.so
propagati on Ltel a% ?'thgé'&cg)&f fter %xr'c:.'-m.l% compr:.?%.'ng. -14-
Not e t hat prechar gi ng aalsignadsreceiving aodee (Wigrshoot that exists
at theonset of the falldspaitny %jrtt leQN (ip3 havindClinbw! ala Fig. 1. The
drain gﬁrrent profi l e?.glfﬁ%itg.ﬁl ki 2 a|'§36)sh3v‘?ﬁ?gli cregsed

responsi ven@sspyt dexminads:,f the dnputderpdnadncanpded, tondhe ofil e of

Fig. BA for sqg,ﬁq_t_receivilﬁ@f el 00. Anot her aspect of the
enbodi mrent of "Fig. 6 is t.he r?%uceg araﬁa f the circuitry. on silicon.
Not e t hat the ci& &gcongr ipvgrier, (22 . H3d ﬁ"@@d’ﬂgcﬂ‘n@ &%r derr] as
10 conpaicpud tearndinalds,t thie Engutl terminals edpupled dedhek

capacitors d.errl,, er.r .. ijtors consune a |arge area as

corrpar]é’d to%%’ gc?re&"]ll?g%%?%ﬂpl e, a 1 pF capacitor Jis roughly 25
X 55 [err]Min area. Bhfdrsithoudpute tajansdisttor (Pl)ohaming Sixrsds ams e
transi st ors ghap d%sdiha 16 And g flel tekmin 'chuplied @@ required
of the forner ci rdgw t nﬁs a s?lﬁ%}cmsjgsrre‘ill Igear than tlhat of the latter

circuit becdipfe atput temmjpals©f,the, firste I0YSXESEGr . Typical WL ratios
f or transi st ors dVseddhdicatPut Trameilsoind Ny ha¥ibes MiMstespec-

ol 1 15 g, 21 SEq i Aan e L AAAY o gate s eEaivaY, cesRges o)
for the P-chanrthe cmtipnt deerdaatedf the segfohidciiawertter;driving the smal |
gate capacitances of 5 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
20 a capacitive feedback means (CFP,CFN;CF) for
coupling the signal output node back to the gate
terminals of the first and second output transistors.

25 2. The output buffer circuit of claim 1 wherein the
capacitive feedback means includes a first capacitive
element (CFP) coupled between the signal output node and
the gate terminal of the first output transistor (Pl) and
a second capacitive element (CFN) coupled between the

30 signal output and the gate terminal of the second output
transistor (N1).

3. The output buffer circuit of c¢laim 2 wherein the
35 first output transistor (P1l) is a P-channel device and
the second output transistor (N1) is an N-channel device.
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trg(r)m;;r?I\M andwl;;l M@g l _ .
- - recejyv e
| nt er nat | W99B34%kau on 19 March M“ﬁ!ﬁ:ﬂ@g@ %ﬂ@%ﬁ%ﬂbé. s

2-4 and 9-11 cancelled; original clains 1 and 12 anended;

remai ni ng cl ai s unchanged (3 pages)] -16- 1. An output buffer circuit-
conpri si ng: a signal-receiving node (Vi); 5 a
first inverter (P3,N2) having input and output term nals, the input
term nal cod4pl edThe bhtput buffegneirceiei of nglaimel wherein the

Corminal cobpPenFovenEeadba Ry sllther dnofiads ASEE M S The Tput

first outpufourthstzansigPdrs heR4 ¥4} icoupled in Sersasommdtern1nals_and
having a gaESnﬂééﬂbaabeﬁﬁégﬁeﬁhéogates of NEn&UE i éﬁgpf@%l the first

I nverter; second out put tran5|stor aving_ first 15
and se®ond ?EFHVﬁaF§aQﬁHSF%§$nga%dg%t 3ed i nvereex ocupledt he out put

Cerm nal ofbébﬁeéﬁcﬁﬂd siyg4l1SFéceiving node and ghﬁééﬂﬁ& e peiwr@de (Vo)
to which the gegourth transistors.

10
5. The output buffer circuit of claim 4 wherein the
first output transistor (Pl) is a P-channel device and
the second output transistor (N1) is an N-channel device.

15
6. The output buffer circuit of claim 5 wherein the
third transistor (P4) is a P-channel device and the
fourth transistor (N4) is an N-channel device.

20

7. The output buffer circuit of claim 1 wherein the
first inverter includes a P-channel device (P3) and an

25 N-channel device (N2), the P-channel device having a
greater W/L ratio than the N-channel device.

30 8. The output buffer circuit of claim 7 wherein the
second inverter includes a P-channel device (P2) and an
N-channel device (N3), the N-channel device having a
greater W/L ratio than the P-channel device.

35
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termnal of the first output MH tl ,rugf' mre first termnal of the
second oulwpgbestezamsi stor are RCTAPREPPYe

f eedback nmeans (CF) for coupling t he S|gnal out put node back to the
gate termnals of the ~first and 5?& ond output transistors, including
third and fourth transistors (P4, N4) coupled in series and

connected between the gates of the first and second 25 out put transistor

and a th|rd9|nvegﬁebuéggg)bggga&edlrcult gsﬁﬁggglﬁge S|gnal-rece|V|ng node
and gates of the thi nsi st or Cancel ed

nd .fourt
30 3. Canceleﬁn input ngde ¥ c%? gan %BtP“t node (VQ%e out put
buffer circuit of claam 4npherstagéhraving firsstaﬁﬂtﬁuéoﬁﬂanSIStor (P1) is

a P-channel ; deyl 62, an0s, 2, pb 3§ 2°8RGn CLhOLELE SV 4G ok Nidpl 2"

N- channel 6.
The ou$put bqﬁpbedctOCBhe bhputanads; wherein the third transistor
(P4) is a P-channel dgvecgnhahflelhe £bPUfPy t r ) is an

N- channel devi ce. 5 7. Thga%ﬁls E%? 5%??% & é€%|alﬁll

wherei n t heterminal, cpupled, £er anneptpw ﬁ Ft%ﬁa§h§$td%%?%%t?Feﬁnéﬂd an
N-channel degreéRerNBavih§eaPdghanneerfienatecdayleéd €o the Gaepaer WL ratio

t han t he N-chgnn?b ?eV|ce 10
io an N-channel transistor (N1) having a gate
terminal coupled to an output of the second inverter and
further having a drain terminal coupled to the output
node (Vo);
a first capacitive element (CFP) coupled
15 between the drain and gate terminals of the P-channel
transistor; and
a second capacitive element (CFN) coupled
between the drain and gate terminals of the N-channel
transistor.
20

10. The output buffer circuit of claim 9 wherein the
first inverter includes a P-channel device and an

25 N-channel device, the P-channel device having a greater
width dimension than the N-channel device.

30 11. The output buffer circuit of claim 9 wherein the
second inverter includes a P-channel device and an
N-channel device, the N-channel device having a greater
width dimension than the P-channel device.

35 S ——————
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8. The output buffer circuit of claim7 wherein the second inverter

i ncl udes a P-channel device (P2) and an N-channel de ﬁﬁﬁggﬁm4the
N- channel W@92%34having a 15 greater WL ratio than the annel devi<ce.
9. cancel ed 10. Cancel ed 20 11. Cancel ed 12. An

out put buffer conprising: -18-a signal input node (Vi); 25

a signal output node (Vo); a first i il H3I N .avinb
an i nput term nal coupled to the signal input nnmnmlllﬁmr
havi ng an ol putAncpwtpat buffer comprisinga pul | -up transi‘st &r {PI) haV|ng

afirst 30 termnal fQi @gpﬁg&etgvf first potential, a second
term nal coupled to the s naI t put nod é fhd a control term na

coupled to the outputat%+ﬁﬁﬂﬁl°BFP¥Fen9¢?s(V°): i nverter;

a second inverter (PzahBirbaviﬂqegﬂetnppg ﬁi haﬁﬁﬁ?1ﬂg|lﬁ Ied to the
si gnal |npu£ node nd

a pul | 2down“BFEHRA tﬁ?u?ifa %%v?hﬁ %?9??@ input n @? éh%¥€#n%5|ng coupl ed

to a secondhavtagtaaloutput terminal; - 22 -

second term nal coupl gp % €§ ?fgggis prv%%EQH§V1ﬁQ contro

term nal coupled to t ern1na secondslnverter and
a capaC|t|vbernbu%hcﬁopabﬁlmﬁv¢ﬂgpbe@ab@catfh@stSPOtemtbmbnta(ﬁﬁvomﬁd

Zﬁ%tgghg?egﬁggﬁfﬁﬁf cOlp1é82to the szgnalcéﬂéﬁﬁé'ﬂﬁa@|eﬂﬁ@taha&hfﬁbﬁ-f'rSt

10 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;

15 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 coupled to the output terminal of the
second inverter; and

20 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 between

25 the control gate of the pull-up transistor and the
control gate of the pull-down transistor.
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si gnal output node, the switchin ﬁultlvely coupling a
second engy@i9kddq0 capacitive el eﬁ“mmml n “m to eit REA/UNNY2438ht r ol
gate of the pull-up transistor the 10 + cdédntfol* gate of the pull-down
transi stor. 13. The out put bufﬁﬁr of claim 12 wherein the

swi t chi ng nmeans includes a third iAverter (202), a P-channel 15
transistor (P4), and an N-channel transistor (N4); the third inverter

having an iqaut &%@Ub%% d%o%ﬂk%grt%ftQQalm 12 QQ@En'EﬂﬁtsQ&Q%hQXb) and

further having an ,out rmnal coup ﬁhto control gates

P-channel afi¢ans an%“ﬂ%énﬁeﬁhﬂF5n§P§F6F§r ﬁﬁ@zﬂwaﬁs?spbﬁ§HEAV|ng a connDn
20 drain mmtslt@r (2499uEnd @h uhehan@banmhnbﬁen&rst(m)- the coupl ed

to the contr t.e of .the. pull up t r,ansi ce of the
N- channel F§ﬂ§g€95¥ 53@%]@5”98 input %85??8?193§39é?dt ghﬁl-domn
transi st or @mﬁnanlmnpnnnmmde (Vi) dmdliummhncchavﬁngeangoaupnted to the
second end 5 R out put
buf f er CIrCUI &i cqnéﬁgﬁw%&g%ﬁt%h@”%%&egcﬁ% t elﬁvg gﬁéﬁngﬂgdes 2

P- channel d&vﬂ&@n@nsytam@saﬁt@@s, Nheh&mnasieﬁwrsehemng aheommohanne
device havi @gadn conn@cRdbn; W 's g0 o’f.h%ﬂet Bﬁcy‘aﬁﬂ@ﬁ‘.ngkaﬁgih‘ﬁﬁr

15. The out put huffer circui't of _claimi14 wherei cond inverter
i ncl udes a PORISetoydhe: copsrel, gaten °f thenpuddnnel tgappdstorhe

N-chaqgel dquilgg @N\Zouiewe @F dhe N-chbafnkedr tWhhshistbe tbaplbhaetB- ehannel

devi ce. control gate of the pull-down transistor (N1); the common
drain connection being coupled to the second end of the
capacitive element (CF).

15
14. The output buffer circuit of claim 12 wherein the
first 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.

20

15. The output buffer circuit of claim 14 wherein the
second inverter includes a P-channel device (P2) and an
N-channel device, the N-channel device (N3) having a

25 greater W/L ratio than the P-channel device.
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