; qr e3epnmi' x6THM 10 March 2004 WO 02/ 09h31 PCT/ US02/ 15261 Cl RGY MaFRAd% A
CONTROLLABLE SLEW RATE Background of the Invention Field of the Invention
[0001 J The present invention is directed to integrated circuits and, nore
particularly, to output or interface circuits driving output signals in
whi ch the siWf0249383hst be controlled to meet custoner or PERY§EF3P
specifications. Description of the Background [0002] There are many types
of output circuits. One type of output circuit, drive circuits, or drivers
as they are commonly called, are used in a variety of applications.
Typically, the driver $BEUL HAVINGA CONTROLY, B SLEW RAFE cuit or ot her
circuitry where signals are being manipulated at very low | evel s and
circuits or |oads which require high signal levels or |arge current |evels.
For exanple, drivers are found i BackzgrounssofttheBsventionenory devi ces as the
interface between the internals of the nenory device and the external
circuitry - mcroprocessor, etc. In such an environnent, the driver is

typi cal | y usedFitld oftheiavehi@wndata pad to a first voltage to represent a

l ogic level | [%gg a seco_a}d voltage to represent a logic |evel 0. The driver
typical Iy nustlV83Ur ce sufierEssentineptionisdireeiediodntegratadopiceniss aadamorebl e at t he
data pads to tya I e hs : : by

ot her types ofFr ?tgcg?jasr& %%@%2%@&%@@%{&@1@@9% PF@E&@W%&%@@Q%?‘?I ize a
pair of out putraigmusebe cemimilsd tor mee oustomer dr inglustpesprtidications. conpl ement ary
fashi on. For exanple, the data pad may be connected to the first voltage

t hrough an n-type transistor and connected to the second vol tage through a
p-type transi Descriptihest theBackpraduhd transi stors is on, the other 10 March
2004  PCT/ Uﬁg 6@2261 transistor is off. In nodemcircuits, both
transistors § of f {OCH FORADHPEEAf JUIBHEHCIYItE.cORE (vPe aheuipUt ETOBY] \Wien
designing drivers,_ it is necessary to insure that the transistors turn off
as qui ckl'y as 95¥8SitgHits, Qrodrversias they grecormpeonly ealted; a5p usdan @ vaatyof r ansi st or s
are on. if both transistors are on sinultaneously, power will be wasted by
current fl ow BgPlisatiensynl tritaly+theddves aess as andnteriscabetweenca logigaircuitonathierage
source. Such currents are referred to as "crowbar currents". Al so, because
of hi gh oper atciragjtry pdedssigials dre being masipulatetl at vérindow texalsiand circuits or loadsi dl y
change state. [0005] The rate at which an output transistor, the output of
an anplifier, whicH fequioshighigndl levelsior targd cuneht levels.aF sriexB@ifle] dtiveisar® Of an
input signal is referred to as the slewrate. As illustrated in FIG I, if

a step pul se ifSundnRWhrié i@ typedlof EeRIR) devicedlastB tritérbRE betiWathk RfterRhlt BEfeshoul d
ideally be a step pulse as illustrated by the dotted Line in FIG 1.

However, t her gndnfory @B¥icd b the ektbSA ci&m%yaﬁﬁfafdgg&%&owew th @‘gh%t put signal,

and that rise time or response rate is fefer to as the ew rate. The

slew rate is Lhg SRR il dﬁ@?isltgrélﬁag?rﬁgedt%d&-i%ﬁg{&%ifaﬁ%@%?ﬂjs[tﬁétaégg age over

time. (0006) Another phenonenon occurs t reven utput signal

frombeing a en.n e result. .of the o t. signal
over shoot i ng ? éésg :ﬂ\t}]aal?)glvcgf\teggég(\i/ggeﬁbejﬁdsv&?ééér Qor\e/:gﬁ,egef%g}qg%feyﬁg. #‘Eg’f‘v‘?fol t age
val ue, the output .signal apprgaches the fingl voltage ejther exponentially
or i th some. ALY TR SRR Surenl 1o slenas ABiohlsct e CHAGAS e

bet ween t he edge of the applied step function and the point where the
circuit out puft?¥dsigneicaptlengthyglonshyses of fo,besensed byathergupes pf loads. ¢ ar get

vol tage value. Slew rate and settling tinme present the circuit designer
with conpetinfPW8si gn cPripear driverieuistymipally utidize a peir of eutpytdrive trensistars ual | y
increase settling tinme because a fast slewrare may result in a substanti al
over shoot i ng d¢signed telegdratedn & coraplementary ashiom. Fopdxample, the data pad may be

.
« w3 ey R ARNIPR /1D

connected to the first voltage through an n-type transistor and connected to the second

voltage through a p-type transistor. When one of the transistors is on, the other




WO 02/ 09531 PCT/ USU2/ 15261 vol tage value. Therefore, there if Qhidbods
tradeof f between slew rate and settling tinme. In many applications,

i ndustry or individual consumers will set values for slewrate, settli ng
time, as well as other paranmeters. [000p U.S. Patent No. 5, 838 191 entltled
Bi as Gi rcui t WOIRYEi7#% ched Capacitor Applications ("the ~19/PC 5261

i |lustrates aH2®iSiRRiP 8ffofn BOESP CliFYits; bth ‘r%ﬁﬁﬁ%t’éﬁ offdp aliemihedataned and
process variations by maintaining a constant settling time of CMOS

oper ati onal affplePdiveegata. An adaptl ve bias circuit allows a dynam c tradeoff
between the slew rate and the gain bandw dth product which allows the

out put of thel{09p&f at i onWhemdgdigringdrives, § &triebessavytthinsure thattheatransistors

predet erm ned precision. The 191 patent discloses a current source

provi di ng t hetsno# a€ YaicRIPtas bossiblP ds tOhvoid Mo sitedtionsvHea b tratisisteis arat
effective current densities. A resistor is coupled between the pair of

transistors wgj! ﬁbBﬂhQFﬁn@ﬁ%rseﬁQ of? Sinfuli8ndoBsty, PoWer will GORALEN Dy Rirfft AWiRENT 1S

drawn. In that manner, the voltage di fference across the resistor
effectively i C ir of
transistors w rtggg)e%%%{sgo?%{a%g%drngtohrg ge a'h%‘%l egcg&rggr?ué: cu:[rQrﬁs 008] U.S.
Patent No 5,61 ntrolled SI ew Rat e and
UsPatent NETtAg o GVt by %ﬁi&%ﬁiﬁe e e
di scl ose a nethod a app par at us for uffer circuit having a

control | ed sl BREESAVORNeHRBSIZOTS S0 2P Y%@Gﬂl tional standby power to
achieve the slewrate. A feedback path fromthe output is coupled to
transi stors c®8P?li si ng Hvedﬁﬁﬁéwéwhlaapumﬁ transtsiQp the epRtafen maﬁ@erf erthder
coupl ed to a capacitance. The charge rate of the capacitance and the size
choi ces of t heutpytafisiciscat Hllawe agbange i state ohan inpeldiignekispefetred o as thetstest t he
hi gh-to-1ow and |l owto-high transition rate of the output. 10 March 2004
WO ( 12/ 09aa3lraRCHAsUBOR{atdic FIGOD 00 stép thilseainpot toNfr eardfld  anlafilifiar, enti t | ed
CMOS Tri-State Control Circuit for a Bidirectional 1/Owth Sl ew Rate
Control (the thed 9 opgfuestiould by bekGlepipalse as ilflistatdbe thealoedliedh FOGr cui t
whi ch pulls up an output node using an NFET device. The digital circuit is

part of a CMXE RbRewdr] &k id\R¥ie BhilRdHsa i@ dssdeiafd Swiftthe 6QipUNEgrAY and®that

rise time or response rate is referred to as the slew rate. The slew rate is the slope of
the line and is thus represented by voltage over time.

[0006] Another phenomenon that occurs that prevents the output signal from
being a perfect step pulse occurs as the result of the output signal overshooting the
final voltage value. After overshooting the final voltage value, the output signal
approaches the final voltage either exponentially or with some damped ringing. The
settling time is defined as the time between the edge of the applied step function and
the point where the circuit output settles to within some stated percentage of the target
voltage value. Slew rate and settling time present the circuit designer with competing
design criteria. For example, a fast slew rate may actually increase settling time

because a fast slew rate may result in a substantial overshooting of the desired final




a tri-state node and for data node operation. [0010] U S. Paj®emkrdN32008,

| 72,522 is entitled Slew Rate Controlled Pre-driver Crcuit (the 522
patent). In the 522 patent, a digital CMOS pre-driver circuit pulls an
out put node ue and down with accurately controlled rise and fall tines in
the threshol YO g?"dﬂ Resi stors.independently set rise and?FHUFO%PHEL rates
whi | e additi ondl W‘agﬁl%@f@i thereit &iﬁg}' %%P‘é@beé}‘{@ﬂﬁl%%ﬁ%l?g@%?ﬁ“@)&l‘t"ﬁ&t
node. The additional devices turn off before the output reaches the

t hreshol d r egiBAnany@pnlicajiony, mdugsgt rrirdingual somsgmersamillisst wahes foratevoRizs
Circuit with Crow bar Limting Function (the 766 patent). The " 766 patent
di scl oses a CMeslingring.fas evellgis othai parametedsi ch crow bar current is linmited
during a transition state where one transistor is being turned on and

anot her transi[§007] i s beisgPdiant Neds,03,191 i BiReShtiicfor Swithal Caphcifrr CUi t's
directed to this problem the need still exists for an output or interface
circuit havi ngagglicadtind 34Bd! 191 phidue’] MuStratébthh leRaniB1& bih &irdiGt tBAt BinpEAsBRL | NG
crow bar currents, and inplenmented with a mninmal parts count. 10 March

2004 VD 021 09513 SUATRS Yol B85V NS RGRA ISR G203 | 0013

The present inventron is directed to a Circuit 1o ucrn out put

signal at an t reof i S Lo.ap .l pput, signal at an iaput

t hereof. The ?ﬂrdgjuél pte%ggﬁcfgm ﬁ%%rg"l eg‘%ﬁ?%‘r" ggggg%t{ﬁgatﬂlowsgdgpw&;rag?oiffgui t. The
present invention, in one enbodinment, is. rised.qf first switch for
connect i ng thg’egﬁéteﬂﬁlfe 5?‘8” ?%? ?r%st e5?”‘Pgﬁév‘gtggg’égméﬂﬂahal&%‘cfhﬁm%?@é & or
connecting the output to a second voltage source. A first control switch is
provi ded for toRFEFiIARR! gmplifigrdo sottle ithigia cepain predetemainsd presisione The gi9d | evel of
the i nput signal while a second control switch is provided for fumng off
the second swipaht diaclesss pengent seureqprovigyigdhe samelcusentitoa ppinglitransistpral . An
integrator is responsive to the input signal for turning on one of the
first and secdwadinggiffertiestideive cuireny demsitidse Alresister ik couglledobetwenn theyprit ofsi gnal .
[00l 4] The present invention is also directed to a nmethod of operating an
out put ci rcui ttranfistolsavitilefeonhantd ergl dfithextesistong a seaantbias\curedne i deonn datthang
first and second voltage sources, respectively, to an-output in response to

the | ogic | evehsnef, (R oltigudiffelegdedcrosd HRe réskdi@efeétbveBOiNBiches the@harlghén St eps
of [0015] fum ng off the one of the first and second switches which is on

in response t Qn&r&RedHABcthikel JTeHepalrRf Sangidtors WRth réBEdt 6 tetiiptbaturk QM pltess
integrating the input signal; and [0017] turning on the one of t}i)'ue first

and second swighessWhi ch was previously

[0008] U.S. Patent No. 5,619,147, entitled CMOS Buffer with Controlled
Slew Rate and U.S. Patent No. 5,877,643 entitled CMOS Buffer with Controlled Slew
Rate disclose a method and apparatus for a CMOS buffer circuit having a controiled
slew rate at the output using no additional standby power to achieve the slew rate. A
feedback path from the output is coupled to transistors comprising a differential pair.
The transistors are further coupled to a capacitance. The charge rate of the

capacitance and the size choices of the transistors are used with the feedback path to

control the high-to-low and low-to-high transition rate of the output.




off in response to the integrated input signal. [00l 8] The {y@arAt2004

i nvention, when inplenented in CMOS circuitry, provides a sinple circuit
wi th mnimal conponent count, while still providing slewrate control. By
insuring that the transistors connecting the output to voltage sources are
turned of f qWPIRPYS3land turned on nmore slowy than they ar @Cg{ﬂsﬂ%ﬁzﬂff,
crowbar currents are reduced or elimnated. [0019] O her enbodi nents of the
i nvention contenplate the integrator being conprised of a variable or
programmabl e current source used to charge a capacitor conprising part of
the integrator. In that manner, nore control over the slewrate is

provi ded. When the present invention is inplenmented in conjunction with a
e e S, (BORIVAC Od5st PALR AR 6163, M ARAA IALS TiRSLRECLAR iRk

along with the onents conprising a nmenory device. ose, an

d t d £1.6S,: S0 0Q4 2/0931 .. PCH US02/ 15261
&Y?nbgg:;p:pen F?Ebdﬁ{ef%ﬂ%nabggc“r’ﬂmp %‘%?aﬁ‘f e?rﬁ%&)ﬁg%f%grp&ﬁnﬁhﬂzgﬁi @rﬂag‘& peari ng
h i nbel ow. Brj. De Lption of . the Draw 0Q20], F [ t
vent fon o bEIGLASE § ClFHLH RS0 LA PyPHn9ge Pkt NRET gRucen e

invention will now be described, for purposes of illustration and not
linitation, in dgitalahestispamiof s CMES prsrdrivar bryine talaneed delaysifer omipgogipf]
FIG 1 is graph illustrating slew rate, overshoot, and settling tine of an

out put circuit;atficd@emodt @d foridstaanade opkratiiragr am of a nmenory circuit in
whi ch a driver constructed according to the teachings of the present
invention nmay Heouged; [ ANRRatdnt No. & 17552Y1s ehtittedrSien RardiwreliedPridriviee
driver of FIG 2; [0024] FIG 4 is an electrical schematic of another
enbodi ment of acighuiey&ie ‘s_mgaﬁ e IR chex62DpalediOa digitAlleMbS FrbLtRest catuit fls
present invention; \énd [0025] FIG S isﬁa bl ock di agr a?nﬁof a systeﬂsrr’gﬂ

| ncor por ati ng (e RaRE. P vlvifl decurkeet XeREON 4 Rnd bull i eher T ed
Enbodi nent s [0026]‘1{% G e2 i ustrav%les aumam)ry device 10 ?ln |1ch t he

out put circuit tgrfesﬁorfc? {J?rfo?é %tsis{.ops;/ xﬂg%ﬂe'?%g“g&t%e Qﬁc?ﬂil sim\?ralie@%ﬂﬁfe aﬁﬁm%

recogni ze that the output circul resent 1nvention nmay be used in a
nunber of devi ther than.the nenory device | 0 ildustra in.FLG 2.
The memr y. devicoBORgeriors Sty ferB R dschee &R ohptt dedey The B el g o o
of illustration to Provi de a concrgte e anﬁlg of. where the present

i nvention may BWO0ET psiorsdhe qyfputreas %*rthgﬁ’é‘?f dIF&ONr ecogni ze that the nmenory
device 10 illustrated in FIG 2 has been greatly sinplified. Those of
ordinary skill [P®Idhe artU. '}Talteﬂﬁé‘@o@%?@féééﬁS‘BmﬁFerMgngIEﬁ““&lﬁle?mE’dﬁﬁonents
are necessary to produce an operative nenory device 10. However, as such

ot her conponentlsmgmpRingdopihpdse petenth Thes'766€ patent disslosefrmieMOQamplifier of t he
present invention) such conponents have been elimnated for purposes of
clarity. 6 1 @irlvhsit ochwBi0B 4row bar current is limited during a transition state where one

transistor is being turned on and another transistor is being turned off.

[0012]  Despitea number of circuits directed to this problem, the need still
exists for an output or interface circuit having an adjustable slew rate, while
minimizing or eliminating crow bar currents, and implemented with a minimal parts

count.




WO 02/ 0" ) 5531 PCT/ US02/ 1S2Gl [0027] In the menory device 10 @f mEick2084 @
plurality of individual nenory cells are arranged in an array which is
divided into a first array quadrant 12 and a second array quadrant 14.
Array quadrant 12 is serviced by an array |/0O block 16 whi uadr ant
14 is servi C¥Q%BYSEH array 1/ block 18, pegel?[rlrngé o O bl Okﬁ/ﬁ%@ﬂézr?g 18

pl ace data read fromthe nenor arrgg/ on: & data rexs path 20. The first

el ement of th a read _path 20 is.a .data read nux, 22. The data read mux
22 determ nesefq(ﬂgadata tI6C REFSEN BLYENHQ! léaitr?ﬁﬁetdﬁﬁtaCHQ?IE?%QF‘?J;‘F"‘E&“P‘r’fp?tesponse
to control si Q%ﬁhﬁat%%tﬁ?%ek}éfiﬂ rés?bﬂseﬁ@&ﬂinﬁh%é@@ﬂitraﬂ'inﬁhrtlfdf'éotf. Pk The data
out put buffer Z4 outputs the data to a data pad driver 28 in response to a
data out cont ciFuit may beembodiedtier ciamalepin@ daivpraircuits The present invertion, fad DQL
to either a fir [ o zond. v r:Vssq, sent a
[ogrc Tevel » o8 bBbafhdFEe Parptied G4 TisGulhon K i 8 oubill BT ° 2
readerfvm;jl I r@@tg@d& so@rdehzal agedoypiwiadh ﬁmmnngctidggimtﬂ:ﬂ tmi;] bdcoh?]wcétage pl Er alj
ity o ata pa rivers 2 8 servicin a pads 1.thrqu DOn. The data
pad driver 28SPEFRsALHS]GABEPHHED Hﬂ?‘%&%ﬁ%‘%&%@%ﬁ ﬁfﬁkﬁsﬁ[ﬁ%dweénﬁ’&sﬁ/\ﬁ"l | be
descri bed in %eelegz%nc@e%ﬁthbiﬁiﬁfﬁwwhﬂ%k&oﬁ@&dm&mMf?;dwfea%n&n' 0028]
Conpl eting the description of the menory device 10 illustrated in FI 2,
wite data pabfftBes¢congrswitthdadespaire tohiedesicilgvel of therinmyt sigmal. (Anistegrathat a i n
buffer 34 whic¢h | n th n : i f . trol
cireuit 36 DT TH T digTg OB B Rty th of e e Bl SEARMLALARE 1D o
whi ch i s undeidepdndinposit the logid lewel dfitha input sSignabux control circuit 40. Fromthe
data wite nux_ 38, data_js input to.the array |/ O bl ock 6, 18 and
ultimately \MiTqué;ﬂ i nt ofélFPﬁﬁg"gH’eYﬂ?%ﬁﬁ‘§ a@%?“%ﬁJtPé%egﬁqqs?épﬁfa&%@br ding to
addr ess i nf or gR{puP BiréBCSHNEGpONaviriEYand €¥dohe swicheé\coiROling filseand eedohd!
circuit 41 is responsive to control signals such as, for example, 1LrS, CAS,

WE, and OF, t yolageoueces HespoeiivElyute as Qe i rawenisdo thsylogicdensts S av it on of
the data read t \ ¥\ GRpL se! 30, data in buffer enable
control 36, aﬁgldglatcg{}\/\xﬁ%b%&?mc?ﬁ ontd?)gfh%%pgTﬁe array 1/0O blocks 16, 18

t oget her wi t h[0¢i&]dat auméecbHthe bnedX theiist anddeccmdsaitehasavhignis onémd/ wri t e
control 41 conprise peripheral circuyi for Lng i nformati on between the
array quadr anf pi‘és,e@&ch%&?et‘%k’gﬁa{f‘ée 8&@%%{@@’%. [00291 In FIG 3, an
out put ci r cui fo0i%] conshiepatifgthaapat sipm; and t he teachi ngs of the present

invention is illustrated. The, out pyt c$frcuit 44 ma¥ erformthe function of

the data pad 9Wér 2gumingpntheenueptithp frsiand secopd syitehles Whigh waspreviQiisly 44 has
an i nput 10 iR EQRABApUrGEAYS02/ 15261 pin 46 and an

i nput / out put Bgﬁhzgs.p%'ﬁ}'%éo\c{)ﬁlgu%’?padABg% connected through a first swtch
50 to a first [@Sfage sdlepesSRinvengor, when impigmentedsio GMPStcigenitry psovidasm of a

ptype transistqr. .The d.48 .. Qs witch 54
to a second v&rFARs °§r8§??:vétﬁ§8{uﬁl\f\lﬁ{w§ﬁp(lﬁ’%&? Elﬁxgt?%%liée-lglg g‘rﬂgh%g Thteessecond
switch 54 nmay cortsl. Bieinfuinptindt theriransisippaonnegtisg the ontpulteevoltagesourees arage
source 52 and the, second, vol { age.source .56 e i tative of
first and secdWaed 8Hiw¥q é‘i‘i{“gﬁeg%&‘%rf é}gw%ﬁﬁ%ﬁr%iglﬂﬂé@ﬁf@?@ 8 is
responsi ve t o chRénts BRUEdeB ofélimiited.i nverter 58 is connected to the out put
pad 48 through the series conbination of a resistor 1;6{0 dac %c.i tor 62.
The inverter 5@019esi st Qthgembedigiaisafheddventioncoptem ?'ﬁgfl]%lf’gﬁgla\?ﬁ%i &fe

i ntegrates an i : il al i i b @fxbe b cdasitgs! r cui t
44 a0 1 nol uGREBHseEbENAaRE L bR faiivle ARtk e i o e L s by &
p-type transi sbmprisihgeattodtisiigegratosinthas mndﬂamﬁﬁt@nﬁpme%ﬁﬁgdﬁfédﬁ to a
control termnal .of. t tansi sto . r 1 : t he
vol t age sourcé’rqﬁlé‘,?edanﬁﬁﬁn @SRfels%ﬁt“ vg?%nnfgluﬁ@gx%%ggﬁg g‘ﬁﬂﬁ %%@P?E%ﬁ%nggf 46. A
second controwesl%,ttﬁgvﬁﬁ)dssrggmgﬁmdmigamﬁmm;belfd)lricmﬂcahmgtwiﬁltbty an n-typeI
transi stor. The transistor as a drain termn connected to.t contro
terninal of tfeMPPRAGNS %QTBPHSW,*‘%erg%rﬁrc%é‘cf'ems?ra?f‘38%ﬁ@‘&a8{§g o"“gPB'%ﬁas: and a
control term nal connected to the input pin 46. The control term nal of the
transistor 54 is additionally connected to ground through a current sink 69
while the control termnal of the transistor 50 is connected to the first
vol tage source 52 through a current sink 70. The first control swtch 64 is
responsive to the input signal for turning off the first switch 50 while

t he second control switch 66 is responsive to the input signal for turning
off the second switch 54 as will be desCribed rmore fully hereinbel ow.

[ 0032J Conpleting the description of FIG 3, a source follower 72 which may
take the formof a p-type transistor has a drain term nal connected to the

control termnal of the transistor 50, a source term nal connected to the
pad 48, and a control term nal connected to the junction between the

a




10 March 2004 WO 02/ 09>a31 PCT/ USU2/ 152G1 and the capacitor fZmalch©osgur ce
followers 72 and 74 are used to switch on the transistors 50 and 54,
respectively, as discussed nore fully below [0033] The circuit 44

di scl osed her ei 0, ahor ks on the basis of a sinple RC integra {,/Ug'zplg%'lt. By
el i m nat i ng YHerbEairdonal, oBLal &a&f_tﬁm'erénlesrs@%a&%n@f 9&%0.
replacing it with t'he 1 nverter, pai r conponent count i's cohsi derably
reduced. For BNEBbelp®.circuitry, linearity (and hence the need for high
gain operational anplifiers) is not needed. However, where |large strength
drive is required the output devices need to be controll.ed to prevent
crowbar currents. [0034] If we assune that a low to high transition has
been received at the input pin 46, the transistor 66 sw tches on

di scharging the control ter ni el eseniption ofithe Dsawings t her eby di sabling any
crowbar current through the output pair of transistors 50, 54. In addition,
t he out put of [Q0R@] i nver FarthEgresnhinyendiontabeeasily undargood andireadilyprasticdsegi ns
to di scharge t.hr ough r.esi t ial..of node 2 falls,
trans: st or - 720epcery AT HERSE b bethod BorbloR8 B R BT o or “s0)
The gate of tlimitstic, of cdurcadivitls the fpilowihg Higeres; viliepdiki st or 50 begins to

conduct there connect first yol tage source 52 to the d 48. Pad 48
assunes a vol E‘%&H poten‘lt:‘lr{]:gl1 isgraph ugirating slerrate; oershoph P%@g?ﬁg%?’é‘@%?nl ess
the vol tage dg@puraed@es transistor 50. That |lifts the potential of one of
the plates of the capacitor 62 thereby providing negative feedback to node
2. Consequent [0p22} he neliGrirs ableck diagramaf ampesnasyi cisenit ingviiecadissra pr oduct

of the resist ' T Al ues of those
conmponents, t e s@?cé%&%g%@%étﬁ%@e&%%c@hg?éfﬁhgéfe%%ggé‘%f&&[rﬂxga%gg}ﬁaé?{ on of the
circuit 44 mafp0BE] sumreFlizé iam dlaitticischeinBdSof thé driivergf BIG. 29ne of the first
50 and second SW tc whi cheyer .is on, inh response.to a.change in the
| ogi ¢ | evel ow%éﬂe inp&ﬁ%%ﬁd%%f}?w T%@%?Taﬁlﬁ?tga&?&ﬁﬁ'@n&f%e’?tﬁﬁﬁpn gnal ; and
[0038] tur ni ngbrGRu@ELaRbrdidiero fihd t8dchiids aNtle pREGIRINRAtIEWahE€hes, whi chever one
was previously off, in response to the integrated input signal. [0039] By
controlling t%@zaff t i & Rilg mblogledingramof 3isysiem mgorporating she memesy dgvick t he
integrated inpayssignal, the off times are nore abrupt and occur nore

qui ckly than e on tinmes. By insuring that the transistor which is on is
fumed off before turning the next transistor on, crowbar currents are

mnimzed or elimnated. S%fﬁgéﬁ‘%&'\ﬁ’[fﬁpl’ge%%e n%hg)'g?n%} PCT/ US02/ 13261

[ 0040] An alternative enmbo e present I nventiron is illustrated in

FIG 4. \Were ropri the sane_reference .nunera [ sed.in.FLG 4
as those used[olﬁz&Fl G g‘%ﬁrﬁéﬁ‘ﬁ%ﬁﬁ? H%?HP%‘?‘-‘ ed! ln%ﬁhéclhfstb%%‘gﬂ’éﬁfrg 't ?/f tFﬁe sanme
as the enbodipreght Rivefitida may taiiser Thvd eader SlivuildResgnidel that alstdoupur oizbuicett r ol
over the slew rate. The qutput circuit 7b illustrated in FIG 4 is

subst ant i al | ytheBEesedriRveadon fay bf peeditk a aumbsr of deyigesather fhap thg memeRycept ¢ hat
inverter 58 ide99) ifilRfatfdln PRY.S. PRRMRY BEREE V0 {iRstPat&BRIFYS. Pis thif f ers,
buff through butn. The buffers bufl through bufn represent a circuit

provi di ng a veneseatsiddoripurpeses of illhsiration o provide a wenarge gxamplholwvhaintheof t he
buffers are epabl .fe C t Pgmy r%ﬂ%er ont r ol
t he enabl e siér%gﬁnf)ﬁvﬁé'sontlgggiﬁe vdé{lggdgr@ g%clg?l% anﬂaﬁrggt 0 Itg%}t%qg%@Wr ate at
t he out put. Addviver@tilivetased ih FEG.RHaE been gredtly simplifiegih Tho$eofoodibaty skillrivpl aced

with an analog circyit havi a variable drive capability. Those. of

or i nary okt | e it il ook i SRS oBe SomroBiR & netrvdiy { W3G1cBlam,
equi val ent  t opddhRivR MRS ABaES1 0] ¥dwévet, lab sischiottie? domporfeht®serde nb lpbsd  The
present invention provides a. sinple circuit wth m njnal B&%g’gent count

whi ch enabl eswitheespeasip thauadersaniing @fithe Bresealinventionysiich gpm Yarly
suited for CMX3, G gl I d; the sequence of operation is such
t hat crowbar cu?%gﬁﬁékéﬁ%rPégﬁ%ggﬁgr limnated. Additionally, the

enbodi nent of FIG 4 enables the slewrate to be progranmmed so as to neet

i ndustry or custoner specifications. [0042] FIG 5 is a block diagram of an
el ectroni c system 140, such as a conputer system that incorporates a
menory device 142 of a type which may include the circuit of the present

i nvention. The system 140 includes conputer circuitry |44 for perform ng
conmput er functions, such as executing software to performdesired

cal cul ations and tasks. The circuitry 144 typically includes a processor
146 and the -nenory device 142, which is‘%oupled to the processor 146. One
or nore input devices | 48, such as a keyboard or nouse, are coupled to the
conputer circuitry 144 and all ow an operator (not shown) to manual ly i nput
data thereto. One or nore output devices | 50 are coupled to the conputer
circuitry 144 to provide to the operator data generated by the conputer




storage nedia (not shown). Exanples of the storage devices I4 a&ﬁcbobhne
correspondi ng storage nedia include drives that accept hard and fl oppy

di sks, tape cassettes, and conpact disk read-only nenories (CD ROVs).
Typically, the conputer circuitry 144 includes address, da conmmand
buses and a‘@P@&’R‘)rgg?lne that are respectively coupled to thésg{ggq'}gg@ dat a
and command buses and the clack line of the nenory device 142. [0043 ]

Wil e the present invention has been described in connection with exenplary
enbodi nent s t He020f , t hdséreohemorgideace/i GKiHIG. 2,2 glivaligrdf ivdivitual ecogny ze t hat

Var | attons. ar EeTEEATRRE LI B i W IS B A HE geta 2a Bt | on.
which is |ini tsegbndnimby Q¥adrive 140|ArRWqDAeIradt 3 Mservided byl aMay ¢ HER4 ehat is

clainmed is: I. Acircuit for producing as OUt% si gnal at an out put

thereof in respuleseray guadrantrifs sesvigridly aarmay VDripeck 18 eFhegrmay Y6hiledksilfg: a
first swtch faﬂ&1§?%§9%€a?&dti¥b‘?nﬁ+é%or§%%dﬁns%?att%%lgﬂg%zﬁpﬁgﬁista second

switch for connecting the output to a sec ource; an I ntegrator,
responsi ve t o ddment oftht dsiagerll patt 20 is b dataireag naed 22. fThesiataoeall mex2hd swi t ches

on; a first control swtgc esponsi ve to the i t.signal, for turning off
the first swi tdgf‘?.,rmﬁﬁﬁ% %@85?8 1’3’8RPPB!°“&’\‘/“ ‘ﬁ%ﬁu&%éﬁ&?gws‘%@cf’ﬁg’li nput
signal, for tuiakR@réfilced P 846 addd nfitd ofitfol cReuil D8 The dud butilt befradi p 1
wherein said integrator conprises an inverter responsive to the input

si gnal, and a outsisthedataiela date pprhéiven?8 BoRTPERIedE ajdatagut FensrobeifaitaN- sai d

I nverter and t . T ' ' | ' e rat or
compr i ses-a var Sl arvek 28 el bikhla BOL 6} AlE & ARISE EuflofPldlnbELsg

bet ween t he i riney oaiNdsq, erepresguit logic 1eTéié 1'toralogic lofel L0 aresp&tively,dnvther ei n

said first swt |.S -Qne of an.n-type fransi.stor and.a.p-type.transistor,
and wherein szﬂag%éielcoﬁk? & efg’lr’}l{effo%ﬁzé’t qtafypr EWBQWF%M% ISO%/»gxflhg}%aa p-type
transi stor, sahfaletylofdath paddiiidroPRidryicingdma padsDQ R tFouhBQR.OThedsd pad
conprising a transistor having one term nal connected tgl%ﬁontr | term nal

of said first dExprZShiorgs apimepaTtanigaof fhe nresaptdRyestion and w eﬁ‘iﬂb,egﬁf\d a.
control term at&g@ﬁﬂ%%%bte%“ﬁﬁic‘énﬁﬂ&%ﬁk&i@ﬂl&sﬂi dcircuit additionally
W it

conprising a second source follower conprising a transistor having one
term nal connd@d28dl t o a Coopleting thedesdription of the miemosy devier Khitlusitatedan EKgond

orm il o] Sl B 15 BT R SRS i 1

i ncl udes a ci rwtidh is adérnie conaiobef adunrihbafferdnpblt contral eirtuit 36. Data from the
data in buffer 34 is input to a data write mux 38 which is under the control of a data
write mux control circuit 40. From the data write mux 38, data is input to the array
I/0 blocks 16, 18 and ultimately written into array quadrants 12, 14, respectively,
according to address information received by memory device 10. A read/write
control circuit 41 is responsive to control signals such as, for example, RAS, CAS,
WE, and OE, to produce the various signals needed for proper operation of the data
read mux control 26, data out control 30, data in buffer enable control 36, and data
write mux control 40. The array I/O blocks 16, 18 together with the data read path 20,
write data path 32, and read/write control 41 comprise peripheral circuits for moving
information between the array quadrants 12, 14 and the data pads DQ1 - DQn.
{0029] In FIG. 3, an output circuit 44 constructed according to the teachings

of the present invention is illustrated. The output circuit 44 may perform the function

‘of the data pad driver 28 illustrated in FIG. 2. In FIG. 3, the circuit 44 has an input




- iz 10 March 2004 6. A nenory device, conprising. as array pbrdhemosy
cells; a plurality of pads; and circuitry for noving information between
said array of nenory cells and said plurality of data pads, said circuitry

including a plurality of drivers each servicing one of sai s, each
driver conprV&i%§?3 an input for receiving an input si gnagcﬂ%ﬁzﬁgg}gt | east

first and a second logic levels; a first .swtch for connecting one of said
output pads to a first voltage source representative of the first |ogic

| evel ; a seco ] : tdon o I . vol t age
Sour ce 1 epr oot D e ot ERLREL 4" he B b BR's Rillekl BuABHARES"Y | DT
on one of sai sitdhr ¥ toanfthssediagelsemiet5SZhabe first swisghodsmay take e foragofa pevel of

the input sigpal; and first .second control switches far_turning off one
of said fi rst‘mﬁg%%%%d%ag%gé%?%%@%%ﬁ' ropgh a serop §\83$¥é 4103 SeFRY) ogi ¢
llevel of the {dRigk s&ir8N8d, which ihRis CREW yrobRY ITHR sedon@ls@/iteh 94 WRGkAKethesai d

integrator conprises an inverter responsive to the input signal, and a
resi stor and ®rogjasinttype ensirkart dde firkt yeltage souses Skband thesetondivaliager and sai d

output P20, O HISARINI-01.58 Hlafl A RAIRRI bR AR

conprises a vari e dri‘ve
bet ween sai d j0OpR} and Aaiighestett §RUis rd3pehsive.to THednpat piyr 46. dBhel ineertef 5&isai m 7 or

8 wherein said first switch is one of an ntype transi stor and -type
transistor, a?ﬂﬂ“’ﬁﬂ%‘% @.Wﬁ Suipyt @@c‘@ﬁ@ﬂ%ﬁ ‘SE ﬁe"?/eg CYRRINGHONOf 3 fesisiar ?Q st or
and a p-type $hpadiedr3b0The $Rleftelsd, YRIstor 0] dap&NBH 62 for@HRMh@fafbr ¥hichUr Ce

follower conprising a transistor having one termnal connécted to a control
termnal of siafegratesaninpylisiggl avgilabdediaput®inibaal connected to sai d out put

pad, and a Co@b‘%g' ter rﬁ*ﬁ@éirc%ﬁﬁg%?sb?&lﬁd%? §?i}-s§’ GRS 64 Wl n{i&ib‘éef
additional |l y Tonprising a Second source follower conprising a transistor
havi ng one t emnipleraéntedbpe pitepk transatoc.oTihe tednsistor 64 had a dhirstermingd eommeiteswi t ch,

S SN ST N TS M WS T A
source 52, and a control terminal connected to the input pin 46. A second control
switch 66 is provided which may be implemented by an n-type transistor. The
transistor 66 has a drain terminal connected to the control terminal of the transistor
54, a source terminal connected to ground, and a control terminal connected to the
input pin 46. The control terminal of the transistor 54 is additionally connected to
ground through a current sink 69 while the control terminal of the transistor 50 is
connected to the first voltage source 52 through a current sink 70. The first control
switch 64 is responsive to the input signal for turning off the first switch 50 while the
second control switch 66 is responsive to the input signal for turning off the second
switch 54 as will be described more fully hereinbelow.

[0032] Completing the description of FIG. 3, a source follower 72 which may
take the form of a p-type transistor has a drain terminal connected to the control
terminal of the transistor 50, a source terminal connected to the pad 48, and a control
terminal connected to the junction between the resistor 60 and capacitor 62. A source
follower 74 which may take the form of an n-type transistor has a source terminal
connected to the control terminal of the transistor 54, a drain terminal connected to

the pad 48, and a control terminal connected to the junction between the resistor 60




-13 10 March 2004 10. The nenory device of claim8 wherei mERah\@o4abl e
drive circuit includes a circuit having a programmabl e output current. 11.
A nmet hod of operating an output circuit of the type having first and second
sSwi t ches con‘ggcti ng first and second vol t age sources) respgc@b\é)ezhé%ﬁﬁto an
out put in re¥WPIREE 3o t.he Logic levels of i t si gnal %} od
conprising: i n%“z{gt%%ﬁpﬁ%‘?%rhéé' ig[lrki)%ﬁ?ur%? *éﬂ%‘i’?“?%ﬁ'i%&%ﬁgs"g‘f%ﬁi‘@c OHOE and
second swi t chegamsfsfors 50 srebpnR&Pedtivelyea disopssed mogtally béled. t ur ni ng one of the
first and seco wi'tches on in respon to the integrated input_signal.
12. The net hodfbgﬁ]cl ai mmef‘W%ﬁ%ﬁﬁaPﬁg?‘gﬁe%wg s PR g 0agss phasimpleRC ang
second swi t chegepfdor Srefdl By RAmMAting e Eraditbidt byjerhdiaal &otifRdr SMeRlintb PPy the
first and seconde%svg t.CI’Ci:_eS '0?1/. TS. x% et hod o?ercl alm1 11?jﬁereeienn s%*ig@g step
of fumi ng one @fd replacifg it stithathe invedern@VO& farteemponent sound isrdoasiderehly when Bot h
of the first and secend ] es are off. 14  .The neth of. claiml |
wherein said Srteg%cegf 9%@&@%?5&&%‘%’ li"ﬁiﬂfi’ %%ridd'ﬁg?e tgﬁgﬁ%ﬁggi“gﬁgmgt ep of
charging a capgmeidtiehalviniplifirspisapt acsded)| Movesver, @ilere largt Strenlgiie driet ibeduiréd cl ai m
11 wherein said step of _int eq%rati ng the input signal includes the step of
charging a capdtPrERt 4§viass BesAdP PasPmErotied fogrgvent,crowhar CaTR@Ehod of operating
an out put  ci rC(‘ri]ibM]Of t her L¥RGUIREAY 16w fotligPRshsitich&fal BébnSébdivel @BHeONNect i ng
first and second voltage sources) respectively, to an output in response to
t he | ogi c | eveinput@in 4 thenpartsissir@haivitchea prldiseharging therepntrditermind afri ng of f t he
one of the firgt d cond_sw es i i | ons .a_ghange in
Logi c | evel oftr %gfrsiégf“ﬂsiie@eﬁgldgsggh e%?zﬁ%)iu'r?aﬁﬁ%%ditﬁﬁ% S egoril “}8%% 1&:fum' ng
on the one of tdneisfors S4, 5anth sdkiiiuig thewuipahwfahsrnverter 58 shrgey statd Slosh Kigth td n
response to the integrated i nhput si |, 17. The thod of claiml 6
wherein the st/ “HCl braiRfgo Sischarge l’:‘g{‘gﬁit@tﬂ“@lﬁwﬁﬁ?f o} gi?lR}“qnﬂgr?TPH‘? 4tep of
turni ng Oni 185! RandTRbMOOst s 16! BhdcldWBRALE thefsle 8F RihsBtorSUNMTRIgRL | S
carried ou

of transistor 50 reaches a point where transistor 50 begins to conduct thereby

connecting first voltage source 52 to the pad 48. Pad 48 assumes a voltage potential

equal to that of first voltage source 52 less the voltage drop across transistor 50. That

lifts the potential of one of the plates of the capacitor 62 thereby providing negative

feedback to node 2. Consequently, the maximum slew rate at the output 48 becomes

a product of the resistor 60 and the capacitor 62. By controlling the values of those

components, the slew rate can’be controlled.

[0035] The operation of the circuit 44 may be summarize as follows:

[0036] turning off one of the first 50 and second 54 switches, whichever is on,
in response to a change in the logic level of the input signal;

[0037] integrating the input signal; and

[0038] turning on one of the first S0 and second 54 switches, whichever one

was previously off, in response to the integrated input signal.

[0039] By controlling the off times with the input signal and the on times with
the integrated input signal, the off times are more abrupt and occur more quickly than
the on times. By insuring that the transistor which is on is tuned off before turning

the next transistor on, crowbar currents are minimized or eliminated.

.9-




when bath of the fast and second switches are off. -14 1 4 |
9. The nethod of claim 16 wherein said step of integrating ?‘rgémléﬁguzt%@gl gnal
i ncludes the step of charging a capacitor with a programmable current. 20.
The met hod of cl ai m 16 wherei n said step of integrati ng the | ~%’ut Si gnal

I ncl udes t hav 553 ito 5261 _
/ NW NW NW NW u&; I'N / ;1 #wleﬂﬁvpﬁr q@%ﬁf&iﬁg\/mve lon is1 stra

' *3BbhdSa| wr mhd Y] ogtheRl.eabeadts, atix@@a}m]aﬁﬁhe@mﬂ&raahfalse@imdl gad gadecal caj ca
U] ca] cal] ca] ca] ca] cmlj cal ca] c"aU] ca] caL%aal ca ado~
#nBUB% "' 0' <' Beed)in Elf.q3. dibg gl é%@@éﬂ‘%@}%‘é(]@%}%%é‘}eca] caJca]ca] ¢

TSPt g%%@%&@%&?&{é%@?%t@%?%%&% AR Bpnire v Bl B o o
(l:J]a]cggci]uclzﬁ]uaa]rhMm@}maﬂcump&alhl]stratb@ oefIGaf csedubsthoa]ly s saaie@atb]e@a]:ma}‘ba] ca] ca]

zZqz~zzz)[ 8] U %f%ed N BIG 3 sreest thet ipyenter 88 praiesisier 89 bayebern ieplegsd iR 241 ca ca
| ca] ca] ca] cal eaies 8t Gak&alvwal ﬁ?dn@ﬁbﬁﬁx%@bﬁﬂé& @amcm'dh bemresrbsem aagrcaigbbbf f g
ggghi j j \ knbnnHo{ 0| 0000 pt E%J)pzupj e~yt og}iw§ca ] ca] ca caU] C E}‘ca] ca] cal ca] ca]

::%J]lg oa/.]y\/; a] ca] p@}/@a]gcmywp revglte Bedatie 1@&}@%}}%}1@&1 eH eht}féfai 8%] ca) Qrk

&10%VE () - 10(%&)&*’{‘?)‘i ORI et 1A b OB (S CORTsd g IR S8Ral i G ovave:

(1110% & () - 1i#sQ88yie(a pra-AbiiaddiaNconttiivile §lew ra@/Mie(Outpul. ly, tieK@L 0%

igﬁ/"&l ?;Vl_ ELO g/l Bg%&&%@%@é)t&ough %ufr/f&goh( &Id(b)e r lace @:n an(al)xalgg( Z:m Omaxtlble “
drive capability. Those of ordinary skill in the art will recognize that such an analog
device is equivalent to the programmable device illustrated in FIG. 4.
[0041] The present invention provides a simple circuit with minimal
component count which enables the slew rate to be controlled in a manner particularly
suited for CMOS circuitry. As discussed, the sequence of operation is such that
crowbar currents are reduced or eliminated. Additionally, the embodiment of FIG. 4
enables the slew rate to be programmed so as to meet industry or customer
specifications.
[0042] FIG. 5 is a block diagram of an electronic system 140, such as a
computer system, that incorpofates a memory device 142 of a type which may include
the circuit of the present invention. The system 140 includes computer circuitry 144
for performing computer functions, such as executing software to perform desired
calculations and tasks. The circuitry 144 typically includes a processor 146 and the
memory device 142, which is coupled to the processor 146. One or more input
devices 148, such as a keyboard or mouse, are coupled to the computer circuitry 144
and allow an operator (not shown) to manually input data thereto. One or more output
devices 150 are coupled to the computer circuitry 144 to provide to the operator data
generated by the computer circuitry 144. Examples of such output devices 150
include a printer and a video display unit. One or more data-storage devices 152 are

coupled to the computer circuitry 144 to store data on or retrieve data from external

10
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storage media (not shown). Examples of the storage devices 152 and the '
corresponding storage media include drives that accept hard and floppy disks, tape
cassettes, and compact disk read-only memories (CD-ROMs). Typically, the
computer circuitry 144 includes address, data, and command buses and a clock line
that are respectively coupled to the address, data and command buses and the clock
line of the memory device 142.

[0043] While the present invention has been described in connection with
exemplary embodiments thereof, those of ordinary skill in the art will recognize that
many modifications and variations are possible. Such modifications and variations
are intended to be within the scope of the present invention, which is limited only by

the following claims.
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1. Acircuit for producing an output signal 2t an cutput thereof in response to
an input signal at an mput thereof, comprising:

a first switch for connecting the output to a first voltage source;

a second switch for connecting the output to a second voltage source;

an integrator, responsive to the input signal, for tﬁming said first and second
switches.on; .

2 first control switch, responsive to the input signal, for turning off the first
switch; and ' :

a second control switch, responsive to the input signal, for turning off the
-second switch. ‘

2. The circuit of claim 1 wherein said integrator comprises an inverter
responsive to the input signal, and a resistor and a capacitor connected in series
between said inverter and the output.

3. The circuit of claim 1 wherein said integrator comprises a variable drive

. circuit and a capacitor connected in series between the input and the output.

4. The circuit of claim 2 or 3 wherein said first switch is one of an n-type
transistor and a p-type transistor, and wherein said second switch is one of an n-type
transistor and a p-type transistor, said circuit additionally comprising a source
follower comprising a transistor having one terminal connected to a control terminal
of said first switch, a second terminal connected to the output, and a control terminal
connected to said capacitor, said circuit additionally comprising a second source
follower comprising a transistor having one terminal connected to a control terminal
of said second switch, a second terminal connected to the output, and a control
terminal connected to said capacitor.

5. The circuit of claim 3 wherein said variable drive circuit includes a circuit

having a programmable output current.

00431594.00C
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a plﬁrality of pads; and
circuitry for moving information between said array of memory cells and said

plurality of data pads, said circuitry including a plurality of drivers each servicing one

of said data pads, each driver comprising:
an input for receiving an input signal having at least first and a second

logic levels;
" a first switch for connecting one of said output pads to a first voltage

source representative of the first logic level; '

" a second switch for connecting said output pad to a second voltage source
representative of the second logic level;

an integrator for turning on one of said first and second switches in
response to the logic level of the input signal;'apd
first and second control switches for turning off one of said first and

second switches, respectively, in response to the logic level of the input mgnal

7. The memory device of claim 6 wherein said integrator comprises an
inverter responsive to the input signal, and a resistor and a capacitor connected in
series between said inverter and said output pad.

8. The memory device of claim 6 wherein said integrator comprises a variable
drive circuit and a capacitor connected in series between said input and said output
pad.

9. The memory device of claim 7 or 8 wherein said first switch is one of an n-
type transistor and a p-type transistor, and wherein said second switch is one of an n-
type transistor and a p-type transistor, said driver additionally comprising a source

~  follower comprising a transistor having one terminal connected to a control terminal
of said first switch, a second terminal connected to said output pad, and a control
terminal connected to said capacitor, said driver additionally comprising a second
source follower comprising a transistor having one terminal connected to a control
terminal of said second switch, a second terminal connected to said output pad, and a

control terminal connected to said capacitor.

00431594.00C
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11. A method of operating an output circuit of the type having first and

second switches connecting first and second voltage sources, respectively, to an

output in response to the logic levels of an input signal, said method comprising:

. integrating the input signal;
turning one of the first and second switches off in response to the input signal;
and
) tuming one of the first and second switches on in response to the integrated
“input signal.

12. The method of claim 11 wherein the step of tuming the first and second
switches off is carried out more quickly than the step of turning the first and second
switches on. .

13. The method of claim 11 wherein said step of turning one of the firstand .
second switches on is carried out when both of the first and second switches are off.

14. The method of claim 11 wherein said step of integrating the input signal
includes the step of charging a capacitor with 2 programumable current. -

15. The method of claim 11 wherein said step of integrating the input signal
includes the step of charging a capacitor with a variable current.

16. A method of operating an output circuit of the type having first and
second switches connecting first and second voltage sources, respectively, to an
output in response to the logic levels of an input signal, said method comprising:

turning off the one of the first and second switches which is on in response to

‘a change in logic level of the input signal;
integrating the input signal; and
turning on the one of the first and second switches which was previously off in

response to the integrated input signal.
17. The method of claim 16 wherein the step of turning off is carried out more

quickly than the step of turning on.
18. The method of claim 16 wherein said step of turning on is carried out

_when both of the first and second switches are off.
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