; €3eb63_../0L0262T63COHWD 02/ 27932 PCT/ USUl/ 303G3 OUTPUT BUFFER W TH

rel at es tworeedoeszng i nput/output (1/0 noise in integratedpci/usuizngs(| Cs)

CHARGE- PUVPED NO SE CANCELLATI ON FI ELD OF THE I NVENTI ON  Thi s invention @

and nore particularly to inplenenting a charge-punp 5 synchronizati on noi
cancel I ati on method and apparatus. BACKGROUND | NFORMVATI ON Tradi ti onal

di gital CMOS Oeormle BRMFFRWIEHACHAR G- PR AVIPEDIORS RIOARECEELI TEEAN NI ng
transceiver |logic) I/ O buffers cause consl derable power supply noi se upon
swi tching by generatkﬂgasubstantial delta current/ delta time (di/ dt) 10

transients. Paclk&BEDi

HEINCENTIGDS common node noi se on the common

vol tage (Vcc) and source voltage (Vss) lines. At the sane tine, a finite

-

L4

amount of | oW pang fivkhin FANBE mgﬁi%g{p@(y& At gﬁgngéeeﬁl Hidgisegnt | a

node noi se on the on-c

i d.b [ h t i,t uat |. wh I t
of “si I con Gelle 2fCEkci BT Brcshe GecrHGRepiSE fo GtsapirRg

I p power sup affectin i se margl rocess

capacitors that are typically required to r_educe noise. The additional
area redui rEichIgnizatien ygise sancelphen methodwnd appasatys. nuch as hal f or nore of
the allocated area. Figure 1 illustrates a basic GIL circuit 100 having its
out put coupled to a 50 i ohmbus termnated at both ends. On-chip )
decoupl i ng capaBACKGROUNIRRUKEQRMATIOHUct ance 120 and 122, and I/ O pad
130 are al so shown. The output circuit could be other types of circuits,

such as CMOS ( cUoglitioRalidagival GMEE (€othplente@kirg anealCdx@de senbidbndaldtory@s chosen
in order to sinplify this exanple. t WO U2/ 27932 PCT/ US01/ 30363 Noi se

occurs whe
Figure 2 s

R G RY b R DR D UE e AR bR B R bl Ve

when the output transjitions fromhigh to |ow., Current wll ranp. in the s
YRS SIS D e R Sibsnt delip curgayietia ume {0y dBe drop 1o

i nduct ance
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transients. Package inductance causes common mode noise on the common
voltage (Vec) and source voltage (Vss) lines. At the same time, a finite amount of
low-pass filter capacitance from Vcc to Vss causes differential mode noise on the
on-chip power supply by affecting noise margins. Process scaling and bus speed
increases have led to a situation where large amounts of silicon area at each I/O
slice are used for passive decoupling capacitors that are typically required to
reduce noise. The additional area required for decoupling capacitors may take as
much as half or more of the allocated area.

Figure 1 illustrates a basic GTL circuit 100 having its output coupled to a 50
ohm bus terminated at both ends. On-chip decoupling capacitor 110, package
inductance 120 and 122, and I/O pad 130 are also shown. The output circuit
could be other types of circuits, such as CMOS (complementary metal oxide

semiconductor), but GTL was chosen in order to simplify this example.
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external Vss as well as a dip in the on-chip Vcc-to-Vss voltage. At worst,
noi se wll occur when all outputs of a GIL bus switch at once. Another

met hod t ovoezemae2 out put noise is as follows. For every datPE€THig01/30363
transmtted, one can transmt a redundant conplenentary bit as well. Thus,
1o doubling the output circuit area, power and nunber of external
connections. This al so assures Low noi se because of a steady current

requi renent. O her methods, such as coding, assure that extreme cases of

| ar ge nunbers ofy;l; J LRI : e . BRI EF
DESCRI PTI ON OF Nééé%%\ﬁ%\l@% s&EEF‘Eu %@?"e;‘%ﬁf*reﬁﬁ%?? g%gglgmgo o1 i Rt o ng
transcei ver, .Logi.c L) circuit i.gure jllustrates the GIL circuit of
.Figure 1 mqlgﬁ'ah}ﬁ“égﬁi}OWBW? P%fhstﬁ?ﬁgjlfﬁené?igd\ﬁf%‘r‘éﬁ? FriGEal 3?3813'&5%9% anci ng
current for the GIL circuit illustrated in Figure 2. Figure 4 illustrates
the GTL ci reden theroutpgtiransitigns fiom igh tnlewn Cwaenterill rasp v instheow t o hi gh
«transition. 2 WO 02/ 27932 PCT/USOL/ 303G3 Figure 5 illustrates a sw tched
capaci t or dnduoctahcd 2 tapgterhaid/sa beedwanof Ay dturansing atvwlagp dwep tesuppl y.
Figure 6 illustrates an enmbodi ment of the invention having a charge punp
noi se cancelddhhPsd Arwli ks QHIﬁI)i;r'ltthe E?&HI;?XZ@%&VMJI?& €S AR WiIrfiCkoidb agr am of

an enbodi nent show ng scal eability of a'charge punp f'or noise cancell ation.
Figure 8 ill ystrates an.embodi ment..qf, the invention inplenented in a system
navi g mul (P ek PR PR AR A G SRR ™5 1 T ustrates a T ow
di agram of an enbodi nent timng the charge to pu to_the antjcipated

transi ent. DETAAMNMheEgefodtp orduteoutpRiariseds ag |Epr egerytdada b a et hod

and apparatus for reducing noise by using an active charge-punp circuit.
Referring tioarishettedgoresn tearsnpt areduadbodiomepiemenfary bit as medhtThos, wi | | now
be described. The exenplary 1s enbodi nents are provided to illustrate the

inventign adwhisiiguhd olGlutRecGiRafdal Pofleddind hllinbbiNG bB@nSICBBe@fonshThis
invention. In oné enbodi nent of the invention, an active charge punp

U ML AT 0 LR AR AR BB o Gffoagt o "9

noi se. Since charge 20 punp_capacitors exfperi ence, a Iar/%ar vol tage swi ng

than passi VCHEE spfingngpsure that extreme cases of large numbers of 1/0s flipping from 1

to 0 or 0 to 1 do not occur.

BRIEF DESCRIPTION OF THE DRAWINGS
15 Figure 1 illustrates a basic Gunning transceiver logic (GTL) circuit.
Figure 2 illustrates the GTL circuit of Figure 1 with a high to low transition.

Figure 3 illustrates a balancing current for the GTL circuit illustrated in

Figure 2.

Figure 4 illustrates the GTL circuit of Figure 1 with a balancing current for

20 alow to high transition.
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capacitors, the use of charge punp capacitors are nore efficient in
cancel I i ng out put noi se than decoupling capacitors and use nuch | ess chip
area (appvoxpmaaiely one thin d of the area). Figure 3 ill wstrmabesosbal anci ng
current i/ 2 WO 02/ 27932 PCT/ USOL/ 30363 320 flow direction in the circuit
illustrated in Figure 2 for a high-to-low voltage hansition. The on-chip
differential noiggeRB iifisdis ¥56iARUEbBE Lt orkpplihe LA ,

hi gh-to-low transition can be cancelled out If a bal anci ﬁg current, i/ 2
320, flowi ng _in.the ogpqsi te1 direction of i 210 can be applied. Bal ancing
current i/ 2°850tEP 8ROPEIGERRYt he conmon mode noise on Vss by one hal f.
Current i/2 320 (di/dt) places an equal and opposite anmount of common noi se
on Vcc, thus redistribyting the conpon node noi se and, at the sanme tine,
cancel ling the cﬁ‘Wéﬁé—ﬁF?% esAgRRnbRsEEnkRithe BventiqnBaving a creeiPe®is si on,
the Vcc and Vss inductances are considered to be equal so that i/ 2 320,
and not an neiskinaeibdion for WEL ghtped val ue, is appropriate for bal anci ng. For
conpl eteness, Figure 4 illustrates a | owto-high voltage transient applied
to the circuit illustrated in Figure 2 and the bal ancing current 420. It
shoul d be not ed Higuare 7dBastriied abloclagiagranoof dnldinbalimenidhiosfieg sqabeabilif t he
desired flow of current opposite to the output transient, although this my
be far fronbfjgﬂagf@lgum & 15dide dafidilati6n.acr oss decouplizzg capacitor 110 is
represented by the Tollowng equation: Ic = C dVc/ dt. The current from
passi ve decoupling capacitors only flows at the expense of differential

vol tage drop acr UL : |4 ] : ] 20
capacitors can nlgg'%re tsl(}'gﬁce t@soaa}&ﬁ%@1g§#f§rtlé§ﬁvgﬂ@cﬁglﬁiﬁg§&gﬁgﬁ%ﬁ#?y dFﬂgel'guce t he
noi se with l.arger .and | arrger .area devoied to the decoupling capacitor.
The passi veﬁ%}’é’%gbﬂﬁl&ﬁcb@ﬁéﬁ @Blml?‘ét??‘hqﬁ&ﬂé‘hgtl y inefficient because any
beneficial current flow nust be associated with a voltage drop across the
capacitor plates. The voltage drop corresponds to an undesired on-chip

di fferential volligge Aiflepraies adew diagrampsf an gmbedimey Hining theahargehi pset s
designs, including the next genes anon I/ O (Nd O, use nmassive nunbers of
decoupl ihg pampad ey amtivipattdibtrhsisnpower supply. Often, a |arge area of each
on-chip /O slot is devoted to decoupling capacitors (typically WO

02/ 27y32 PCT/ US01/ 303C3 200- 409rPAIPED PEdORIPTIONEr ef ore, consi derabl e
area is devoted to power supply filtering. Figure 5 illustrates an

enbodi ment using_a sw tched capacitor to produce the synchronjzed current
f1 ow necessary thesaventian ganerally islatesdnarmetbgd ppd gappiatus fosredudinghs. The

transi ent bal.anci ng_currept i.S.. lied.at .a @iV I e | di rge node,
correspondi lﬁogls?n%’ ggﬁgﬁﬁ‘-alcg‘v've ﬁ%gg% e nC%&llbt ' ir%!fef{alggctfén&@sﬁsg"{} gs’%%,%g r%ég ults
when swi t cherhBédifn@sof the ivegition tveillioghbe désatibedV Thidexeatplagyves from ri ght
to left. This novenent corutects capacitors 530 and 540 in series. The

conpl eméht agpbedistemtyrreavevided toiHughate the inengan pRd shapldaat e sortteds upon
switch 510 Vi fromright,to |ef and switch 520 noving fromleft to
right, thus@gﬂlﬁg&tﬁﬁac%paegogéb?g}vsené and 540 to power supply Vcc 550 in
paral |l el . When the capacitance of capacitor 530 is equal to the capacitance
of capacitor 54Qn dnbentbielimgat gUhpingntiys, @ ativousargé eungl ¢iagétss acr oss t he
capacitor s to sw ng between Vcc/2 and Vcc. Because of this |arge voltage
swi ng, the gchgantizad withdmowa nqiseepang &vepss syd %ﬁﬁ"‘flghl‘lﬁé@“f%lﬂlgbapaci tors
of a given Sh&lo HERAAL Rind AN YARLAGR AL baARRORU! BRRE fd@psi ents due
to larger capacitive voltage swngs, It is possible to cance e out put

noi se inoa piipl@padt@sekpaienush hggaasdiage seagohah ipagsicadeoupting to filter
t he noi se. Each_ output pad is considered as a separate unit. Therefore, the
noi se produeciigrsehienisp afichirge PBRPERag e dregnp¥e efficient in cancelling

output noise than decoupling capacitors and use much less chip area

(approximately one third of the area). Figure 3 illustrates balancing current i/2

3



20 separate circuitry for each pad. Thus, one skilled in the art can
readily seen that the present enbodinent is scal eable for output noise
cancel | atwon2/2732 cancel out put noi se using an enbodi i nent pafi/ushe3ednyent i on
havi ng charge punp circuitry, local circuitry is set up to anticipate power
supply noi se about to be produced. Therefore, the charge punp circuitry is
synchroni zedg E@#&r&@&ﬁ% tH@éﬁ%MﬂQé&&@& H F&'ﬁ?@z fdi\th{igﬂ%-@oxb Koftagé ©
transmtted through an output buffer of a chip, the data bits are typically
transnmi t t edransitionp |T[bvelqméupmffq:reuslsalmmsa 0tV ss éo ¥ce atcuringdHue tady dbuf f er s As

a result, the dat amfor a n out s.several bits, deep
any one ti ﬁ’é’m%PFeﬁé?‘ Wt%@“&&l‘%“é@ &H$@U§QB?&@W%% By BS01) 303C3

-cl ocked i s afshoWyin i b és&@\eﬂn%@@@n@fflzﬁb%aﬁaégp he.tsaml &osdeed,

circuits can be added to e pipeline reflectin know edge of the data
about to reAZh2Q dlso patirced thesenonerc mickls nosa ont Vs by fanedialfa rﬂdm&mau{ 232he

t ransi ent o] t o occur the pad. One enbodi nent of t vention
triggers tﬂg /éﬁbﬁléfxfﬁ %e%‘?i\?@‘g B&%te@m%tggcqnﬁm@&lr}%qed’é‘ Cl! Yhe out put
transi ents £8isaahitR) ?h@@bﬁ&cﬁ%%&é hetsé 9Rd, al R &nde hﬁlleuédhﬁal]ﬁgtﬁkpw an

enbodi nent using charge punmp circuitry reacts to a data change about to
occur at t hbfferentislt modenfideentirely. nEorrepsd ofi dlmdlaman, the viec and MBsInp

St at usOOPrepare for rechargelQDi schar g echa,r e (Figure

4) 11Pr eparé‘g aﬁqeé@ﬁ%?cﬁﬁlcgeéﬁ?@@e%agiﬂé‘ 1}%3&9 "Id:x‘i‘%tsandﬁ BHBBEH ment  of

the invgntiog HL%H 1k, § g HMOSIH‘%{PE\% or a GIL circuit. Power supply
ical v

i nduct ances 6 620 e typ ues, such as 1.5 nH There are
two sets of capaC| tor pai rs 630 and 635, 640 and 645, respectively. The
capaci tor pai r s Foapompletdress Figurad ﬂéluﬂ’tm’awrbm—mt-lyigh yobiege transiemannel net al

oxi de sem co d.n Jve-cha met al oxi d e conduct or
(NMOS) capd®i 18$§° lﬁﬁl%%ﬁ%?fgﬁlsgf ‘iﬂfW‘ ﬁf‘?éanf?%‘f“ébq’ﬂé%@ g]nd rechar ge
pul ses. Parghbiiidost fstell Mt deusl dagﬁélto? 9¢d 'a@Eb?nhﬁslﬂ-Q BartRE tRLGEsiRe

di scharge pulse is innerently I e fficient thah the recharge pul se.

Ther ef or e, floid obdurrdre opppsitd todthe eutpsit hrosissia althoughpihicimey be ey fdexsi r ed

di schar ge dl/ dt and | ess capacitance is necessary for t recharge di/
dt. Secti oddeo [hh SyitRgt 26¥0sF Serouy 186?H’8é?bF°b§f10cléﬁ?Rf8Pﬂ§?<gﬁ&F hes70 and
control si 20 recharge over available tine by use of slow

i nverter c??l%l tﬁ'%oe&u%hﬁe' gate of the recharge field effect transistor s
(FETs) 615 and 616. One skilled in the art will note WO 02/ 27932 PCT/ U
S(11 /31 13d8=tGdVchdher type of switching devices may be used ot her than
FETs for recharge. Section 605, having recharge and di scharge controlled by

control si 'cu§19eg\t alath s’;}xfeociec&ilﬂi}@%aﬁgﬁtogggmo%s Hthe SkpisL B a Taster

di scharge and rec arge an uppert's
differential voltage drop across the chip’s power supplies. Therefore, decoupling

20  capacitors can never cancel out the differential noise, but only reduce the noise
with a larger and larger area devoted to the decoupling capacitor. The passive
decoupling capacitor is inherently inefficient because any beneficial current flow
must be associated with a voltage drop across the capacitor plates. The voltage
drop corresponds to an undesired on-chip differential voltage drop between Vcc

25 and Vss,

Many current chipsets designs, including the next generation I/ O (NGIO),
use massive numbers of decoupling capacitors on the I/O power supply. Often, a

large area of each on-chip I/O slot is devoted to decoupling capacitors (typically
4



It should be noted that addi ng passive capacitance to an enbodi nent using
the charge punp does not r educe noise. On the contrary, the addition of
passi ve caparptance excites resonances. By using an enbodipgavisovasscsg a
charge punmp circuit at each output, di/dt noise can be cancelled out. The
charge punp circuit is timed to source 1 o current into, or sink cur rent
from power208upppif er b@puel IMiRfefor) cdridticpalile aantis decstad a6 poiver spplgh t he
output either high or low Therefor e, di/ dt transients are snoothed out
and the outfBtsringas a unit, is | ess noisy. Because the charge punp acts on
its capacitors ul an intrinsically efficient way, wth a | arge voltage

swi ng (conpared S i g&q%' y i,ted on the
.chip for noise &%@%ﬁ@tﬂ %Itg?lt&blf]ftrl g%lggs. {ttugﬁ@e%(g&r%%geé acﬁglgcsllce&ft???&ueﬁcﬁg by
passi ve capheisymdhtenized euireni o hgcadsargltobalahc@ theploismagenbmtetbpoptguthed in
as little as one-third of the area by using an_ epbodi ment 6 of the present
cinventidn HEADSHPNS. dbstesisohpalaneiag spgent 18 ppplied ahacsivenl{@r The scal e

out puts andy; : [ afe) I LhSHbA andl BMEEMVis thusLr ates a
i et e R T e i e T
circuit. Cinesulidwhen switclabHehioveofromilaft do rightlasdiBivéich 526 nsdvies &rommiight
Circuit 701 can be used on any integrated ci rfbigist bus requirig the output

of binary dadet Fysimeyquent connacts capaqitars gpand oHswFerss al % copr ocessor or

chip set co ] t Qrggg i i or
controller Jﬁ%\g&%&&ﬁ giﬁ@ﬁeﬁyﬁﬂ%h%cttsw I ﬂrtg%qc:) nlcgléltst c?t? 1@3{ reuit 701
can al s@ i nfweiedhaBI1® Mbiihgdidie kighbtocleftpaideswitch 52000 vinigdiuia lefetd @gltpm access
memory {DRAM), level 2 (L2) cache, accelerated graphics port (lAGP),

conhol | er HbBS corrdcing capacitorpfemd 540 te pevwsheerply Mor P50 impaghelt ed dri ve
el ectronics {IDE), general purpose input/ output (GPIO. Wth the scal eable
char ged- punp I/ L.gt. . 30363 (i.e.
nunber o bits, ;gl\$ﬁe%§eeé§fg%§1gh&19%§¥%g@ﬁ%%&%g%ﬁ{%ﬁ%aﬁ%ﬁ&%fe bit per
pad) does nalpacitdresdl, hechargegnmeping\cedie aflows ithdvdltagesadrobs thie capadtorsThi s i s
because each 1/O unit (the bit sliceg) takes care of its own noise
conpensat i dﬁ.swm&géme@,wﬁ% agééﬁcg.aﬁgqapﬁ@oﬁs %’lsflé%&ﬁ yojtage SWIng. 8% enent at i on

on a 64143 i tre%lﬁ%lé%&ﬁ&@tr%ﬁ&t?&ﬁlﬂp iga IQ%e fgi’"yﬁaa%it&%icf?%ﬁ%(ﬁg}.igﬂ ﬁ\gl%j}ssegl | the

bits swmtch si € nol se conpensatior’is arrange
noi se conpesfaht hdvantagaciiarger cafrent trarisitenididhie telasged cepaditivavditagasi ng
passi ve decoupling capacitors. Figure 8 illustrates a basic system 800

i ncl udi ng cfVipga iBisossihlefo gameeb thegiipry naisgina sueller exeathangsimgand chip B

820 i ther. h h . - / | 40 . . OF
520 o B SEARE Ik e BRI o
uni di r ect i angdpatite hingti Mhefdforepthe oieprdd8dddl inehchipad Al cana¢llddewith

el ectronic conponents, such as the exanples illustrated i1l Table 2. CH P A
810CH P2B sepaptephirusydeieashmody Thyntansiskilledrpshe atcsy mpdilsseerctBiy (64

bit addres g\/%H . c Mkl { O control I er hub
PCl  out put :%{%:I e e(% %@?%eﬁﬁgsf%ﬂ%?ﬁ%b@%g?gﬁﬁ%génpose c} 'O (GPIO Table 2.
One skilled in the art will note that the conponents illustrated in Table 2
under Chip A 81T carmhc&iuppi 183 wsing e embodisend,of divdiny baftiort hevingnponent s
listed in Table 2 are not exhaustive. Al of the conponents |jsted in Table
2 would h a\f@arge pump circuitry, local circuitry is set up to anticipate power supply noise

about to be produced. Therefore, the charge pump circuitry is synchronized to

25 cancel noise upon occurrence. When data bits are transmitted through an output
buffer of a chip, the data bits are typically transmitted to a pipeline and pass
through several latches and buffers. As a result, the data stream for a given

output pad is several bits deep at any one time. Therefore, the data about to be

5



I/ O bidirectiona

t he
al |

except for the first entry.
GVMCH woul d have a charge-punped 1/O not the system nenory.
WO Wa0h272832 PCT/ USOL/ 30363 system woul d suffer

fines swtching at once. In the other entries,

a cC

In the first entry,

only the
In this case,

| ess HoTousoeB6met s of

har ged- punped I/ O

could be inplenented on either ox both Chip A 810 and Chip B 820. Transient

current,

di {18¢kedGaRNEANC INER HhEhAle@

Bf o idatd akvit BRké AgcksE cREuitn
enbodi ment of the invention using a charge punp circuit at each output.

The

circuit is eavhepddedstedhe pipeling eeftecting ghe lgrowlpdge ef the data ghoyito xeeh power

| th . i .t h -
ToEPL W 8 e BTSSRy AR &

Ther ef or e,

.l ess noi sy
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intrinsicaIF

y efficient way,

thr | ow.

unit, is
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51 may occur to those ﬂ
t is claimed js: 1

shown and™ descri bed,
I Pepadd fby diskhdrhed i n

n_apparatus.

conpri sing: PCT/USOL/ 303G3 an output buffer coupled to one of a plurality
of output pads; s a power source couplabletlo the one of a plurality of

out put pads;
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20

a first pair of capacitors coupled to the power source;

Figure 6 illustrates an embodiment of the invention using a charge pump

scheme for a GTL circuit. Power supply inductances 610 and 620 may be typical

values, such as 1.5 nH. There are two sets of capacitor pairs 630 and 635, 640 and

645, respectively. The capacitor pairs can can be such as enhancement type

positive-channel metal oxide semiconductor (PMOS) and negative-channel metal

oxide semiconductor (NMOS) capacitors. The capacitor pairs supply the

discharge and recharge pulses. Partitioning into two distinct sections is done

because the discharge pulse is inherently less efficient than the recharge pulse.

Therefore, all of the capacitance is necessary to produce the desired discharge

di/dt, and less capacitance is necessary for the recharge di/dt. Section 660,

having recharge controlled by control signal 670 and control signal 680, slows

recharge over available time by use of slow inverter circuits on the gate of the

recharge field effect transistors (FETs) 615 and 616. One skilled in the art will note

6



a second pair of capacitors coupled to the first pain of capacitors and the
power source; a first pair of signal sources coupled to the first pail of
capaci t oreQ 0d2m3and a second pair of signal sources coupl edTiwsoi/Bessecond
pair of capacitor s, wherein the first pair of signal sources and the
second pail of signal sources control discharge and recharge of the first

pair of capggi 6&51313@»3?% é@itEﬂﬁg%%@ﬁ@QnﬁgiI% REd 6&%?%&1%]?&%& AlflafgeOm t he

power source to ca out noPse caused by one voltage and “a current
swi t chi ng tSeatisn 608, haingThehappand tisshafe comtirollelt] bydvatmi sigonksIfanthe

vol tage sw tchi and rrent jtching_transient is known before reaching
one. of t he SIERCLTERS 6P, EAliToE QYA & ARt (R DIEE ARG SPRIIED PP 3. The
appar at us Qfecgdbdn. 1, Wherein the first pair of capacitors and the second
pair of capacitors are one of positive-channel netal oxide sem conductor
(PMOS) and negati ve-channel netal oxide sem conductor (NMOS). 4. The

. appar at s of cl dt should bhsptedrthatwslding passpe qapaditagice tran embediosengmding t he
second pair_ of. signal squrces are tined to,coincide wth antigcipated
Gt | oviRB SRER AR AP TR Sigaiiia 21 e SREES e AdUiBER PR RENE 1 af m
1, wherein LbGckddcs exBitsehastégnal sources and the second pair of signal
sources are tined to coincide with current flowtransitions. [0 6. A system
conprising: a first chip having a first buffer coupled to a plurality of
out put pads; a dicesing ahembadimeny havigrodwrgrprap et ai¢acloutpptural ity of

one of inpuj.,and outpu ads, js a-bus,coupled to the first chip and the
second chi p‘%l/ gpf‘?lf'%fgb{é? Eang?ﬂecda%%i { Srcgalcggfﬁlné%af%ulglsl tosSSHFcpe; a second
pai | of capagidmistolUiphietuirentttanf pdvedr d@@Fﬁeﬂ.‘o @GRRASAI TRSrafchtt he power

source; 11 WO 02/ 27932 PCT/ USUl/ 30363 a first pail of signal sources
coupl ed t o ndgesshiy &t switdhrtheoutpyaithevhigh catev. Therefore, di/dt transients are

smoothed out and the output, as a unit, is less noisy. Because the charge pump
acts on its capacitors in an intrinsically efficient way, with a large voltage swing
(compared to passive filter capacitors), less area is required on the chip for noise
15 reduction purposes. As an example, noise filtering by passive capacitance circuit
having a value of 200pF can be accomplished in as little as one-third of the area by
using an embodiment of the present invention having a charge pump. Therefore,

it is much easier to scale outputs and the associated noise reduction circuit.

Figure 7 illustrates a basic block diagram of an embodiment containing a

20 charged pump I/O circuit. Circuit 701 is a self contained, scaleable, bit slice unit.
Circuit 701 can be used on any integrated circuit bus requiring the output of
binary data. Typically, circuit 701 would be used on a microprocessor or chip set
component with a data bus that communicates with memory or controller chips.
One skilled in the art will recognize that circuit 701 can also interface with other

25  components, such as dynamic random access memory (DRAM), level 2 (L2) cache,
accelerated graphics port (AGP), controller hub, peripheral component
interconnect (PCI), integrated drive electronics (IDE), general purpose
input/output (GPIO). With the scaleable charged-pump I/ O, the width of the bus

7



a second pair of signal sources coupled to the second pair of capacitor s,
s wherein the first pair of signal sources and the second pair of signal
sour ces owoteets2di scharge and recharge of the first pair paff/csapaeics or s and
the second pair of capacitors to and fromthe power source to cancel out
noi se caused by one of a voltage and a current switching transient in the
first chip.s4. : i [Wah } b, he
second buf f(é'rz' I%u-gﬁgerr?f%trlltg'r%?je E%E?‘#g%ti’ ytgll%" ﬁlﬁbgln%@rﬁi) %ﬁlﬁf &ftl)é:,l%ﬁlg g%nﬂ%&) The
syst em of cdasmot efféal petformammepevesiifigll bits switchlatpaice. Fhisdapemusoeahcoupl ed

to the power source; a fourth pair of capacitors coupled to the third pair
of capacit Q‘é‘hlaffgﬁ@ltﬁbﬁgrtalé"éﬁﬂf‘eﬁf Hoova piee SOIBB?I?S"‘EPH-S'@HB?FS%‘”E( Fces
coupl ed to &Qﬁaﬁiﬁiygrgﬁdﬂ Qe pﬁﬂ?fé‘n{éf?ﬁétiona&g o 64 ot SBﬁ!daté)%usgwgﬂﬁi .
sources coupled to the 1F3’urtﬂL pafr of capacitor s, erein the third pair
of signal smoetthaes aawibetpdroblenuwhbn phbits sivitch gined th2madeuoagensatidniol s

-di schage and recharge of the thin d p air of capacitaors and the 12 WO
U2/ 27932 p@ﬁ@%@)ﬂ%@%@&%ﬂ@ﬁiﬁ Gomensatpys Peraanplishad avif wﬁ S power
source to cgasel j GAHGE: fod Vol tage and a current

swi t chi ng t@gﬁsiaéﬁ%y‘il%q%Egsssecongu%%%gg ?& system of claim®6, wherein the
bus is one of bidirectional and unidirrectional. 10. The system of claim6,
wher ei n one of tHigured illugatesa basic sgptem G0¢ inchuting shipt 4 Bihghir BA2J,end i s

of ot ai m 8. BT e & SRR SR ekt th v S B bR D g o
Lransi eqt | Su0kRGNEBRLATE ohBAGHY Sl HaE Al Bd-pRPHIO BAfinYfledBRich? 1] O S!

chip. 12. The system of claim6, wherein the first pair capacitors and
t he second Jpa §30@hn bapaddiretionaree bidieeatibngplo STHip Ve8ldhwmandnddlip BéR6awke de

sem conduct or (PMOS) and ne\%ﬁti ve- channelﬂsﬁ?t al ocrj\gf bjem' conduct or ( NMOS) .
13. The syst&FHBHC eqraporeits, gHeh a1 theexamp ytiaded nokablegacitors and the t

s fourth paiTgfCapacitors are one of posi{Tve-charutetr metal oxide
sem conductjor (JPMOS) and pefptd gy charul el petal oxi dgggnggsmduct or
(NMOS). 14.1 The systemof claim6, wherein the first pair of signal sources
and the seclond jpair of signal sources are tined to coincide with
anti ci pat eq Hi qh.gmphics and memory controller hub System memory (64 bit address)
(GMCH)

2 GMCH I/O controller hub

3 Microprocessor GMCH

4 1/ O controller hub PCI outputs PCl slots

5 1/ O controller hub General purpose I/O (GPIO)

Table 2.

One skilled in the art will note that the components illustrated in Table 2
15 under Chip A 810 and Chip B 820 can be reversed, and that the components listed
in Table 2 are not exhaustive. All of the components listed in Table 2 would have
1/ O bidirectional except for the first entry. In the first entry, only the GMCH
would have a charge-pumped 1/ O, not the system memory. In this case, the

8



| ow and | owto-high voltage transitions. 13 WD 02/27932 PCT/ USO1 /30363
25. The systemof claim8, wherein the third pair of signal sources and the
fourth paveoomb79st gnal sources are tinted to coincide w thpartusoi/pabed

hi gh-to-1ow and | owto-high voltage transitions 16. The system of claim§6,
wherein the first pair of signal sources and s the second pair of signal

sour ces ar ybieffPRoh R §ifffed fdsd Eroth biflectsbf AMinds! sitchir@@idnc®NE thé bthethe system
of claim8, "wherein the third pain of signal sources and the fourth pair of

si gnal sourenédesan ehatgrdgunopesbi/(Etaidd beimpiamertted an eithersonhash€hin g, A

met hod co hSI NG, .1 nding data to an output buffer; determ ning data to
be cl ockeg‘@’&gf?pl@??%@gnd controlling a charge-punp circuit to conpensate

.for a voltage transition fromone of high-to-Iow and | owto-high; wherein

L

noi se resul ti ng Thariera cudlehB @t/ dy edithd dadidelidd z&@aaubﬁ)@htibﬁ nedkigelibest 15
before occurring by the charge punp circuit. 29. The nethod of claim 18,
wher ei n 5t heansgrabpdimenp aft thelinyergionyisingss chaygp PHEWwscirqyétat epghherguih B er

present. dataads LIS oHRR Bhnd (uh of QISLELE HBRERA he A BIRCORS PUTP

y
circuit for recharge froma power source i e presen a t he

future dat aoahteradt the b@ieritrle@ed drlswitdAhe YudF@ddgiPor I0uRClhaeRPs ddgder m ni ng

whet her a change from present data to future data is a high-to-1low
transi ti on;trafissmtsargismpotiest ewfangethp ontpwi ascuimit tipleshisoispwBecayseithee i f a
change frorp present .data to.future data is.a high-te-|low transition;

et erni i ngTaHSRERD - eiainge riahrdial it Rl AR whr R b

| ow-t 0- N ghatgeaidsiale @wmq]@ﬁﬂpdrga B¢ phdiey el @Rp MRS, Cdsk Gitalis fdquitnetiier pover
source to cancel noise t resulted fromthe transient if a change from
present datwigegefluctiorepedosed s a |l ow-to-high transition; to deternining
whet her present data and Future data are in a high state; and

Figure 9 illustrates a flow diagram an embodiment controlling charge
pump status based on anticipated voltage transients. Pump status is either
prepare for recharge 910, discharge 920, recharge 930 or prepare for discharge 940.

15 Since the data about to be clocked is known, it can be seen that the voltage
transient can be timed with the recharge or discharge of the charge pump

embodiment.

The above embodiment can also be stored on a device or medium and read
by a machine to perform instructions. The device or medium may include a solid
20  state memory device and/or a rotating magnetic or optical disk. The device or
medium may be distributed when partitions of instructions have been separated

into different machines, such as across an interconnection of computers.

While certain exemplary embodiments have been described and shown in
the accompanying drawings, it is to be understood that such embodiments are
25 merely illustrative of and not restrictive on the broad invention, and that this
invention not be limited to the specific constructions and arrangements shown
and described, since various other modifications may occur to those ordinarily

skilled in the art.



preparing the charge-punp circuit for discharge to the power source if
present data and future data are in a high state. 20. The nethod of claim
19, wher avo02/bm3st ep of di scharging the charge 1s punp ci PEayuso1/30363
synchroni zed with a transient about to occur at an output pad. 21. The
met hod of claim19, wherein the step of recharging the charge punp circuit
is synchronized with a transi ent abo@wiAm®eccur at an output pad. 22. A
program st orage devi ce readabl e by a machine conprising instructions that
cause the machine to: 20 send data to an output buffer; determ ne data to
be cl ocked next Whatisclaimgdis WD 02/27932 PCT/ USOL/ 30363 control a
charge-punp circuit to conpensate for a voltage transition from one of

hi gh-to-1 ow and 4 ow %@ﬁ}éﬁgﬁ?gwi se resulting froma voltage h
ansition at an output is cancelled before occurring by the charge punp
circuit. 23. The program storage device of claim22, wherein the

.instructions causing q@_qm i it to
conpensate for a vol taggjgl ~angf7e?ic%ﬁpl?c?2%5@%8?%?%75%%_0?%%&\%%%% | owt 0- hi gh
further cause the machi ne to: deterp,ne whether present _data ang future
data aré in a | ow st 208wersgiesouplede the e A eIl of BRPRLBRSY ge f rom a

power source if to the present data and the future data are izl a |ow
state; determ ne whetlfgst paivobeagpecitore noypled énthedaveertsoufagt ure data is a
hi gh-to-low transition; discharge the chaxge-punp circuit to the power

source if a change f aGRrRIEPENLf Eiphaditd® cf)&l};ﬂéﬂ% dat farst paif ohéaPacit@rslaadw
transition; is determ ne whether a change from present data to future data

is a lowto-hi nghéﬁo%?E&ﬁrQEl; recharge the charge-punp circuit fromthe
power source to cahcel nois€ that resulted fromthe transient if a change

frompresent data to future data is a |owtQq-hi tr ansitjon, .20 determne
whet her present dat a2dHst Bait %g‘b‘"’étgﬁu’ﬁ%c‘?‘f?q%f?mg figgtpalr of(ARAGHTS \np

02/ 27932 PCT/ US01/ 30363 prepare the charge-punp circuit fox discharge to
the powtd sour cendf

a second pair of signal sources coupled to the second pair of
capacitors,
wherein the first pair of signal sources and the second pair of signal
sources control discharge and recharge of the first pair of capacitors and
15 the second pair of capacitors to and from the power source to cancel out

noise caused by one of a voltage and a current switching transient.

2. The apparatus of claim 1, wherein one of the voltage switching and
current switching transient is known before reaching one of the plurality of

output pads.
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present data and future data are in a high state. 24. The pr ogram stor age
device of claim 23, wherein the instruction that causes the machine to

di schar gsvo bembmar ge- punp circuit is synchronized with a pcansiesBernbout to
occur at an output pad. 25. The program storage device of claim 23, wherein
the instruction that causes the machine to rechar ge the char ge-punp
circuit is synclu onized with a hansi ent about to occur at an output pad.
to m.A3S AY(r. A R A[F&B appitafusiif &lafth 1, AherediNthe/fist pai pf cafmcitdds @ndAhe ANr . A,
O ghlH Ovj b+.y ~ytoje [V]c<a] cRa]ca] ca]ca]ca]ca]cal]c

a] ca] ca] ca]s@@drRP]Jé&%ﬁ@dp%eﬂt&@]a%ﬁ@&%ﬁak%ﬁﬁmﬁ&tﬁp&ﬁa& saheshd@diss all cal ¢

rDrﬂvI a cacacacacaca
] ca] cg] ga??kﬂ%@fkﬁ gg T%%f%%) glr\ﬁ%]clél’%;d’c‘e5’19 %&?Wé rrhcl‘Y] ] ] c!a] c!a] c!a] C
a] ca] ca] ca] ca] ca] ca] ca] caj] ca] ca] ca] ca] ca] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
. ca] ca] ca] ca] cal! r3>Z,

MERE it Sl %mw%ﬁem&m kit piheesin don st paiy ehsigngloarecst ead ca) cal
ca] ca] ca] catha] ca] ca] cag ca] ca] ca] ca] ca] ca] cajc Jca ]calca]ca]ca]cal\ &&' K''
((()o) ) *n* sthe second pair of signal sources are timed to comcide with anhc1pated high-to-
+++, +, -/ 0o/ /0a001C2| w mhc”Y]]] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]c
a] ca] ca] ca]lﬁﬁzlﬂrﬁblb&aicﬁhi]gha]ouak@ﬁ}.ﬁﬁﬁcﬂs] ca] ca] ca] ca] ca] ca] ca] cal C222
3t 3w33336444) 5z555J6661727%8. 82889nD999" .t :: | wgkfa\ W] ca] ca] ca] cal] cal] ca]
cal] ca]l ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca] cal] ca]ca]ca
| ca cal : | <<<#=n3=>[ >qrz3ER2RH@UERIA PAMAACBRBASCHES GEk Ak Iokldck Laal cal cal

c

ca] ca] ca] ca] ca] ca] ca] ca] c™al] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal ca]ca]ca]calc

a] ca] ca] cal.gal.cal DD%?EEBEF E
F}:FG}_GG]GG-l] ?ﬁﬁﬂﬁcﬂ"é‘i Sl{ﬁrfar[%? r)%&n% Fﬂejd]f]oc éé hc ’é‘S ‘]’ca] caJ ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caj ca] cajcal!l.J~JJKb
KKKDL VL L L L Ltynsiiaan®a NNNNS O>0000¢ Pz PPQVQY vl gb] X] 1] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca] ca] caU] ca] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal
VQQQ RXR*"RaR] RzRRS<SSSS%I x TTTT#UWJUU' VgVWWWWKW WA wr | gb] X] ] ] ca] ca] ca] cal] c
a] ca] ca] ca] ca] Cmﬂ ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caUl] ca] ca]
ca] ca] cH] cal WN ey erprsigr f s[[[[\/\{\\\>]]1]2Q**{vql gb] X]]] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal ca]ca]calcalc”a]c
a]J ca] ca] ca] ca] ca] ca! "~* _n T ahaaa+b| bbbb] ] *Q**{ val gb] X] ]] ca] ca] ca]
ca] ca] ca] ca] ca] ca] ca]adalsi]qfclaheﬂpga]fn‘@l]lué]e@a])%lal]?éa? é@]ll;ia b’ac]f@al}lélat] ca]ca]calc
aJca] ca] ca]cal] caO ghi K-1 ,10%& ()- | MLO%& ()- | SMLOY%& () -
109&' () - &916¥4%: () - | " 8109 ()-10% ()-1Hi K- YZ10%&' () - 109%& () | 109%& () -
109%&' ()-10%& ()- MO%&' ()-1 @10%& ()--0vjgH) &0%&' () - &10%& ()-s$nTLO%&' ()-
10%&' ()-&10%&' ()-10% ()-10%& ()-b+dE) &10%& ()y/ 10%& ()-36910%& ()- F4:10%&
"()- 1 L-109%& () - +1Q%Rcdnd (fhl%ga/&ng)a s‘ée%@lﬁ)ffel@%&pl%dl@%ﬁslﬁﬁaﬂy of one of
10%& ()-'&610%&R' ()-310%& ()-110%" ()-1109& () -

input and output pads;
15 a bus coupled to the first chip and the second chip;
a first pair of capacitors coupled to a power source;
a second pair of capacitors coupled to the first pair of capacitors and

the power source;

11



{\ =8109910%&' ()-10%&' ()-!Yl 3%0%-& ()-4! 110% ()-9 10 10 10*S10%&' () - SX
*udE{\ =&10% 10%&' () - Z" 10%&' ()-910%&' ()- mlO%&' ()-F310%&' ()- 10%&' ()-IE

dE{\ =8&10% 603082 () - (10%&' ()-OYULOU& ()- i s10%& ()- F 10U&/(Sn1/363610%& () -
uj _ @109%&10%4& ()- 10 10 107 109%& ()-!{I3 10%"& ()- Fl@O%&' () -

F.S109& ()-' r DdEj _@10% 10%|& ()-  10%% ()- yl0%& ()-f 10%%& ()-

1094 () - 3" 10%! ) - YRt DR st pair of capacitors
10944& () - Ls109%44& ()- 10%4& (5- MLO%& ()-j EdE] _@&10%
+10%4& () - (109%H () - L' F" 10%%& () - %10%1& ()- $ 10%%& ()-

a second pair of signal sources coupled to the second pair of
capacitors,
5 wherein the first pair of signal sources and the second pair of signal
sources controls discharge and recharge of the first pair of capacitors and the
second pair of capacitors to and from the power source to cancel out noise caused

by one of a voltage and a current switching transient in the first chip.

7. The system of claim 1, wherein the first buffer and the second buffer

10  are one of an input buffer and an output buffer.
8. The system of claim 1, further comprising:

a third pair of capacitors coupled to the power source;

a fourth pair of capacitors coupled to the third pair of capacitors and
the power source;

15 a third pair of signal sources coupled to the third pair of capacitors;

and

a fourth pair of signal sources coupled to the fourth pair of
capacitors,
wherein the third pair of signal sources and the fourth pair of signal

20  sources controls discharge and recharge of the third pair of capacitors and the

12



Y' 10%4& ()-S?dE:/ 10H 10H5 10%4&' ()- 310%4& () - 2&10%4& ()- sO010%4& () -
10948 () - & 1094 ()-2xY:/ 10HY 10% & ()- 10% & ()- 910% & ()-L 10% & ()--
"810% & Wo 84PMsR ()- 10H#tdE:/ 10H %40% & ()-"10% & ()- BO¥SL(}0363

10% & ()-10% & () - GL0% & () - 6#rdE: / 10HA@ 10% & ()- 93@L0% & () -

0S10% & ()-*10% & ()-1( 10% & ()-& 10% & ()- r3>hC

10Ht 10% 0& fonrthPHiras¥ chpadtofd e din-the ﬁi&r §ourcd €5 cahidel ol noke Yadsed) - >%;
aBbC 10H 10% 0& ()-10% 0& ()- ! 10% o( o0& ()- 10% o0& ()-M 10% 0& ()-M F

198 98 02 % g RBeilhi Vb ek B A0 ot gl 1% 0 O

"10% 0& ()- . 10% o0& ( ) & Y10% o0& ()- +MLO% o0& ()-#7$8%$9%: $F$U$$$bC

10" 0y5310% b& () SLoSAP R SHABE OFR OV S tectnebaad () s

10944&' () -
0 unidirectional.

5 10.  The system of claim 6, wherein one of the voltage switching and
current switching transient is known before reaching a first output pad of the first

chip.

11.  The system of claim 8, wherein one of the voltage switching and
current switching transient is known before reaching the first output pad of the

10  first chip.

12.  The system of claim 6, wherein the first pair of capacitors and the
second pair of capacitors are one of positive-channel metal oxide semiconductor

(PMOS) and negative-channel metal oxide semiconductor (NMOS).

13.  The system of claim 8, wherein the third pair of capacitors and the
15  fourth pair of capacitors are one of positive-channel metal oxide semiconductor

(PMOS) and negative-channel metal oxide semiconductor (NMOS).

14.  The system of claim 6, wherein the first pair of signal sources and
the second pair of signal sources are timed to coincide with anticipated high-to-

low and low-to-high voltage transitions.
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& () - 888888L 1S2C | :10%
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F1 10% Q% & ()-1C222 3q3r 3s3t 3] [NA4 10' G% 10" G% 10 G% 5S 10% G% & () -

310% G% & () - flP10%lbesgstem of glaimassdwy@n the first paivobsigaal sour@s38d444| [ : NA4
10 ,10% 9%&' ()- 10% %& ()- 310% %& ()- &@10% %&' ()- 3"10% %&' ()-) 10%
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%! () - (#8$898. 82889dCHR" 10% & ( 2@ 10 109 - [ 1098& (
-9109%8&' () - 'i-f*ef@% &ap)of signg é‘é@@@‘ﬁﬂﬂ% ‘(C*é‘%d% OW) rangitigigy 7¢: &) ()-
10% ?$' & ()-10%-10$10% &61098& ()- 4109%8& ()- ] <<<|[:vWAP" 3

109% ?$' & ()- '10% 2% & ()- . 10%°?2%$' & ()- @0%'>$ & ()- s10% ?$' & ()-

Y109% ?$' & () - <#8n==> pghqd capaprising: @ 0% ?$' & ()- 10% ?$' & () -

410% 2% & ()- yf 10% 2% & ()- 10% ?$' & ()- 10% ?2$' & ()-g>>>0r?22* @[ : vVUAP"
. @0% 2% & () - +FL0%s@fifig(data ol@PbdBuBbffer; F(! 1096 28" & ()- & 10% ?$' & () -

$10% ?$' & () -*@@aNf AzA{ Al A} Al [ NAAP"10' ?$' 10" ?$' 10" 28 610% ?% & ()-
410% ?$' & () - 310% ?Yeferbnlinin Jd%talg% &oéﬁeﬁ)nex( élﬂ'i/@ ?1§d&

}AAAA/QABl[ NA4P/éLSO 9@ 10918 ()-9 3" %ta&() 10968 () -
F&1095& 210958 BB— NA4P 10 09 Y10986& ()-
10%% ()8 Y 10%6& 8 C?Ig{% “Rh“ﬁ?@“& &f@rw’%e& @fb‘ﬁ() NA4P" 10
+- 1096&

transition from one of high-to-low and low-to-high;
wherein noise resulting from a voltage transition at an output is cancelled
15 before occurring by the charge pump circuit.

19.  The method of claim 18, wherein the step of controlling further

comprises:

determining whether present data and future data are in a low state;
preparing a charge-pump circuit for recharge from a power source if

20  the present data and the future data are in a low state;
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(-10%&' () -

s$! 1096& ()-& Y 3"109%6& () - F109$& ()- Y 1096& ()-

D5EBECEDEEEFERECEVUAP" "10% & ()- &10% & ()-10$10$10$ 71098%& () -
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20

determining whether a change from present data to future data is a
low-to-high transition;

recharging the charge-pump circuit from the power source to cancel
noise that resulted from the transient if a change from present data to future data
is a low-to-high transition;

determining whether present data and future data are in a high

state; and

preparing the charge-pump circuit for discharge to the power source

if present data and future data are in a high state.

20.  The method of claim 19, wherein the step of discharging the charge-

pump circuit is synchronized with a transient about to occur at an output pad.

21.  The method of claim 19, wherein the step of recharging the charge-
pump circuit is synchronized with a transient about to occur at an output pad.
22. A program storage device readable by a machine comprising
instructions that cause the machine to:
send data to an output buffer;

determine data to be clocked next cycle; and
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5 23.  The program storage device of claim 22, wherein the instructions
causing the machine to control a charge pump circuit to compensate for a voltage

transition from one of high-to-low and low-to-high further cause the machine to:

determine whether present data and future data are in a low state;
prepare a charge-pump circuit for recharge from a power source if
10  the present data and the future data are in a low state;
determine whether a change from present data to future data is a
high-to-low transition;
discharge the charge-pump circuit to the power source if a change
from present data to future data is a high-to-low transition;
15 determine whether a change from present data to future data is a
low-to-high transition;
recharge the charge-pump circuit from the power source to cancel
noise that resulted from the transient if a change from present data to future data
is a low-to-high transition;
20 determine whether present data and future data are in a high state;

and
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causes the machine to recharge the charge-pump circuit is synchronized with a

transient about to occur at an output pad.
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