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Cur r ent n¥s¢ PR AYitahing hytgenerating substantial delta current/ delta time (di/ dt)

10 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 Vec 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

15 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
20 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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5 inductance 122 to external Vss because of di/ dt, causing & %ﬁ ages drop
to external Vss as well as a dip in the on-chip Vcc-to-Vss*“vol e. At
WOr st , wipd$8932Wi | | occur when all outputs of a GIL bus mwitshi/zaiezonce.
Anot her nethod to reduce output noise is as follows. For every data bit
transmtted, one can transmt a redundant conplenentary bit as well. Thus,
to doubling the output circuit area, power and nunber of external
connections. This also assures | ow noise because of a steady current

requirenent. her nethqds,, such as.codi.ng, ,assur.e that extrenme cases of
| arge nunber SNBPE PFEEs HeBhe SRS AT g S B oAt B eur - Bra BF
DESCRI PTI ON OF THE DRAWNGS 15 Figure 1 illustrates a basic Gunning

t r anscei bigh- Figpre 2(sbpws the pathithat qurgnt &10rpm the extgrea supplydakesci rcui t  of
Figure 1 with a high to lowtransition. Figure 3 illustrates a bal ancing
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the GIL circuit of Figure 1 with a balancing current for 20 a | ow to high

transi ti guctambe izi%'%x?é}%_Vs\é\@eQa?r{s%ﬁéﬁfd'ﬂQEhH% Ywiags drbgy e 5 illustrates

a switched capacitor circuit for applying a balancing current to a power

supply. Fiqure.6 illustrates. enbodiyren f t inyention having a charge
e, ot SEATRYE 1o fTi § o ietbe BIERI VRSl itdne Rt Tares a b1 ook
di agram of an enbodi nent showi ng scal eability of a charge punp for noise
cancel | avilbeccurpdenallputpuisof ﬁ&ﬂgsb%‘ﬁ“él%ﬂii%m of the invention
i npl enented in a system having nultiple chips and an input/output bus.
Figure 9 il ustothéemethod tovedlicegigpatafoisis eshdidwse For everynigtd bie charge 10
... punp to the anticipated transient. DETAI LED DESCRI PTI ON
-) transmitted, one can transmit a redundant complementary bit as well. Thus,
10 doubling the output circuit area, power and number of external connections. This
also assures low noise because of a steady current requirement. Other methods,
such as coding, assure that extreme cases of large numbers of 1/Os 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.



. The. invention generally relates to a nethod and apparat us f‘[ﬁ;] rﬁ}z\i &@g
noi se by using an active charge-punp circuit. Referring to é E ,
exenpl avy ozemkodi ments of the invention will now be deseci/6al/30363e
exenpl ary 15 enbodi nents are provided to illustrate the invention and
shoul d not be construed as limting the scope of the invention. In one

embod ment - of plage & QANatAY sARNEE EAYRIGNAT G BHEPpGIEAbAlahsing SynChr oni zed

wi th known nol Se-creating events, s as switching"froma hig state to a
| ow state, in the output huffer to cancel output noise. Since charge 20
punp capaﬂ:lf’iem?ae&?)‘@fef%%é’ ‘a | arger voltage swing than passive decoupling
capacitors, the use of charge punp capacitors are nore efficient in

cancel ling output noise than decoupli ¢apaci tors and use nmuch less chip
area (appr oxiigaret jlushates AR £RB ‘ﬂf%og'%éér) .mﬁPﬁg?‘é‘ngaichf‘%tPr‘%ﬁ%s bal anci ng
current i/2 3 0 7 MAR 2005 WO 02/ 27932 PCTI USO /30363 320 flow direction in
t he ci r cunotse cdricaBaticat fod GIA. detgatr e 2 for a high-to-low voltage transition.
The on chip differential noise on Vss to Vcc occuring (due to di/ dt) from
the high-to-low transition can be cancelled out if a balancing current, i/2
320, &l owi ng FiguidrilRppaes h dlodk degiimnf af embadihenashdeingprdleatdity Bal anci ng
current 5 i/2 320 al so reduces the common node noi se on Vss by one hal f.
Current iofgd;ggeg&ﬁ( ) nBb@ERsa1BRogdJuUal and opposite amobunt of common noise
on Vcc, thus edi stributing the coomon node noi se and, at the sane tine,
cancelling the differential node noise entirely. For ease of discussion,

t he Vcc and gy . i i/ 2 320,
. and not an iﬁ%&eaﬂﬁg%%@ﬁgﬁpgﬁﬁggfgﬂﬁé ?@%ﬁ%&%‘p}?‘? gﬁéte?lg?ta%g%tg%{:i ng. For

conpl eteness, Figure 4 illustrates a Igwto- hi gh voltage transient applied
to the c?‘?‘ﬁﬁ%fnqlﬁlP]Gﬁ‘%Pétaé‘éaF‘ﬁ“F‘FtZB'ﬁ%’“’é Yhd the bal ancing current 420. It
shoul d be noted that decoupling capacitor 110, acconplishes part of the
desired flow of current opposite to the output transient, although this
may be far fribgwied illgstadtes arﬁ@wdhgr@mtofa@embﬁé@ma@@@ugmwmaci tor 110 is
represented by the

10  pump to the anticipated transient.

DETAILED DESCRIPTION

The invention generally relates to a method and apparatus for reducing
noise by using an active charge-pump circuit. Referring to the figures, exemplary
embodiments of the invention will now be described. The exemplary

15 embodiments are provided to fllustrate the invention and should not be construed

as limiting the scope of the invention.

In one embodiment of the invention, an active charge pump circuit is
synchronized with known noise-creating events, such as switching from a high
state to a low state, in the output buffer to cancel output noise. Since charge

20  pump capacitors experience a larger voltage swing than passive decoupling
capacitors, the use of charge pump capacitors are more 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
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. fol]owing equation: Ic = CdVc/ dt. The current from passivé qug);glpggiugg

)

capacitors only flows at the expense of differential voltage drop across

t he chiwos2pmser supplies. Therefore, decoupling 20 capacrtigsos3Geen never
cancel out the differential noise, but only reduce the noise wth a larger
and | arger area devoted to the decoupling capacitor. The passive

decoupl i | IS .4 F?ﬂ%i i 'g}',penj Y- i cial
current g?%\?lv%%n%%% Oieugsd%%%:l?a e hgﬁ%t%}?g% tagé&gﬁggﬁg%?%gggﬁhe capaci tor
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02/ 27932 iz2 Fo0RRD 2edRBs tHRCHHUTSA 7308 63is2 0046 By phe half. Quirent )/2 3P0er ef or e,
considerable area is devoted to power sug&ly filteri ngv Figure 5
i | | ust r af{did dirplacaseaiegiat anfopRPse IROLBHRICORHPAR NPISE ONYY 5riBdEce the

synchr oni.zed Sl 8ithe LLQWASEERS AN Ly DRIRNGRIfe ahafAefgr at ed by

out put nsi trPons. ransi en I"anci ng curr pplied at a

gi ven |/ Qifickbgtisliasdansice bmeely. ok eRRVIdiRYssich, AhdVehandVisd r ansi ti on and
i/2 fromVss to Vcc results when switch 510 noves fromleft to right, and

swit ch 52@luntansss fregiensidgrad toths equpkso thal id2 330 emdmot ap imdrtancgapaci t or s 530
and 540 in.@@r%es The copg%ltege tary. recharge event fromVcc to Vss on the
capacit or&igted Falugyts RPPECRIRS 1K Mving fromright to left, and switch
520 moving fromleft to right, thus connecting capacitors 530 and 540 to
power supply NeCcordbletefesaFiglukel illndhatestalewaafdgh valhag winstapaci tor 530 is
equal to the capacitance of capacitor 540, the charge pur’g)i ng cycle all ows
the vol t apekedatortys sirewid ilusiatad igrtigure 2 and the balancing ctirrent 420. 1

should be noted that decoupling capacitor 110, accomplishes part of the desired
flow of current opposite to the output transient, although this may be far from
15 ideal. The current Ic across decoupling capacitor 110 is represented by the

following equation:
fc=CdVe/dt.

The current from passive decoupling capacitors only flows at the expeﬁse of
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 Iarger and larger area devoted to the decoupling capacitor. The passi-ve
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 Ve

25  and Vss.

Many current éhipsets 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



~, to swing between Vcc/2 and Vcc. Because of this large voltage swing, the is

resulting di/dt transients can be quite large for capaci to@foﬁﬂﬂ Biggen

si ze. Begaysm®3z of the advantage of l|arger current transpenusogdingsi 0 | arger
capacitive voltage swings, it is possible to cancel the output noise in a
smal l er area than using passive decoupling capacitors to filter the noise.

Each out pob4pags per &apal)daheficne, ®nSRIRAHLN &ell B devoldPiRS A& sulphp®y NOI se
produced by each pad wil'l be cancelled with 20 separate circuitry for each

pad. Thudilteping. skilled in the art can readily seen that the present
enbodi nent is scal eabl e for output noise cancellation. To cancel out put

ocal o cai t P TeSH e Snfod MURPLARP AN R BE R T o b

produced thelReichi&iged duitert fiongRedatbapy & balatick tie hGiss yarediaraibgashtpat 25 cancel
noi se upon occurrence. When data bits are transmtted through an out put

buf f ef ofransitieng, The\eandent Ualansing airreps isapplipd at agivendy O e a pi pel i ne and
pass t hh?é.iﬂgraz%{g%eaLm'rgé,_-.%ﬁﬁ:%'oa%@ 1?1951‘1{%%139@1%“% J88Yb el Wﬁﬂna{z(@p stream for
‘I'sTseveral® bits®deep ny 3

a given Outp@t pad’Is several®bits at any one’'tine. Therefore, the
dat a abowuésullie witenivitch SR GRRE Frodledio 3 Tht 2aridGGh i WBI03R6RS fedackeed i S

known. Wth the know edge of the data about to be clocked, circuits can be
added t ota l¢&- gihpemorement ¢onpedtp gapasiorsdfiand §60 bt saries. dhea about to reach

t he pad. These circuits can er ef,or anticipate.the transient about to
ocour - i TREETSRT AR Re ST oFe e B R oIRfE. capaci ¢ ve
charge PsRRcR5R) fz{é%ﬁﬁsﬁéﬁﬁgfh!@&le@@aﬁ\d Eﬁi&ﬁszmbpﬁf%ﬁéﬁﬂéﬂt?@ﬁghﬁo achi eve
noi se cancel |l ati on. Tabl e il lustrates how an enbodi ment uSing charge

) punp ci r uistcoyneatngt@padtas B3t and sdngevaysupplyd/wdS0in parallek out put . D'
(data, time n)D'+i (data, tinme n+l)Punp Status OOPrepare for recharge

10D schar ge (‘Elih%ylliﬁe g)a?pag&anl:\)e(:%% Eggacgtgli' 83§ eflll}lal to the capacitance of

capacitor 540, the charge pumping cycle allows the voltages across the capacitors
to swing between Vce/2 and Vec. Because of this large voltage swing, the

15 resulting di/dt transients can be quite large for capacitors of a given size. Because
of the advantage of larger current transients due to larger capacitive voltage
swings, it is possible to cancel the ocutput noise in a smaller area than using
passive decoupling capacitors to filter the noise. Each output pad is considered as
a separate unit. Therefore, the noise produced by each pad will be cancelled with

20  separate circuitry for each pad. Thus, one skilled in the art can readily seen that

the present embodiment is scaleable for output noise cancellation.

To cancel output noise using an embodiment of the invention having
charge 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
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11Prepare for discharge Table I. Figure 6 illustrates anJefb¥AR 3885 of the
i nvention using a charge punp 10. schene for a GIL circuit. Power supply

i nduct anges2m3p and 620 may be typical values, such as pcorBbi/sobbere are
two sets of capacitor pairs 630.and 635,.640 and 645, respectively. The
capacitor pairs can can be such as enhancenent type positive-channel netal
oxi de - sergsRpd kv PINER) the ReloNedlel of eh& AR RBbuIBIR! clocdkéd d8rcti@F1 conduct or
(NMOS) capacitors. The capacitor pairs supply the 15 di scharge and recharge
pul ses. Ranthetaddaﬂ hg therpipelinerefedirigitbe keewiddgest ithe diam@bmb@cag@@ t he

di schar ge e S inherently less efficie an th char uI se.

Ther ef or &2 B esteﬁércl'}ﬁi)%%]'ééﬁ’i T4 @H‘é‘é’égesn‘;h? %‘af‘fb‘e’ﬁtr c‘]’b‘E ?%89 atsier ed

di schar g d'drget B8P f SRRAFIHRAGR ¢ b Srs MR & AR fcRbr charge di /dt.
Section 3360 haei/Iflng reechar ge contr ol |§§ lgy c&?%r ol si gr%g 0 and control
si gnals 6&frcuits wizfide adthathg eutpug traaviantsablachipverpoioy came]laﬁors I'Takle nvert er

circuits o the gate of the rechar field effect transisto (FETs) 615
and 616, IcHusEies hew AyerRIRimERt Ying CHASEE PETIP SR 965 96 455 27032

PCT/ USO | ﬁ hato 9Lhe tﬁbé'%gﬁﬁ swi tching devices may be used ot her than
FETs for Cr ecééarﬂé)e ° ct %on 60 thavi ng recharge and di scharge controll ed
by contdol signal 690 and comtrol signal 695, balanhces di/ dt with a

faster dicddatagtinena) recharge Dmmdappamenﬁt)tl on 6>Bu1r6) $taﬂ5houl d be noted

t hat ad(ﬁ.g perss—l—‘vc CapaC: tante—to—an—erpedirenrt—us er the—char ge—pup-
does nof Iqr educe noise. On the\ ontrary, the addition fe aPeaPO“e&ar e
capaci t qrice excites resonances. By using an enbodi m=n arge punp

circuit {at "each output, di7/ ¢t noise can be cancelled out The charge punp

circuitfins timed to source 10fourrent into, or sink|Dischee (Figuse 3power
supplies.to counteract the cufrent necessary to switch the output either

high orjlow Therefore, di/dt|transients are snpothed out and the out put,
as a un{P, is less noisy. Becwai‘;use the charge punp | Recharge (Figure 4

1 1 Prepare for discharge

Table 1.

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

10. 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 (INMOS) capacitors. The capacitor pairs supply the

15 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

20 recharge over available ime 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
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acts on its capacitors in an intrinsically efficient way, QWft MAR Rél0Sge

vol tage swing (conpared to passive filter capacitors), less area is

requir gdo ¢dnfole chip for noise is reduction purposes. AscEvs@xapgl e, noise
filtering by passive capacitance circuit having a value of 200pF can be
acconplished in as little as one-third of the area by using an enbodi nent

of the pftﬁa%%@fleri D ggﬁ%@?%%@ggc%ggggwss er tﬁmpg%pfog Tecﬂafrgé.s much

easier to scale Iated nolse reductron citcuit. Figure
7 i1 ust Ga¢esh ASPRSIkg Mchalgedindgtiadhadfe datelitdHy temtioleniahédl agl a 20

charged punmp I/Ocircuit. rcuit 701 is a self contajned, scal eable, bit
sl'i ce unicontrd)signail 695 balagges diddtwith afastandischrrgryang reghaige dtA? UBRY r equi ri ng
t he out put of 66§i nary data. Typically, circuit 701 would be used on a

m cr opr oCEEEB %Sr chip set component with a data bus that conmunicates
with nmenory or controller chips. One skilled in the art will recognize
that gircuit KGhoeldrbealcged tint edflmgepassitdcaytahitancdfo an empordindrst,usingch as
dynam ¢ random access nenory (DRAM), level 2 (L2) cache, accelerated

gr aphi cs HbHargoNapyp dOSREPLICREFS RYBC- PeriHHEEEY CohPeERT ©f PATEconnect
(PCl), i L IV onics (I DE), general purpose input/output
(GP1O. %ﬁ%lﬁcgedegg%‘%selggﬁﬁ%%rged- pump 1/O the width of the bus 7 WO
02127932 0 7 MAR 2005 PCT/ iSO /30363 (i.e. nunber of bits, as represented
by the nunberBphsinghpeimipaiinentiveibg & chwge padlp cilossatreath efifpact
performance, even if all bits swtch at once. This i_s%cﬁecause each 1/0
unit (t héisitmoiseicam e rapcelied grb Hre shargepimp sirewt BHPEh A1  Ther ef or e,

.. the ca j . ' ead e ' it or 128 bit

) data lguskgmrg%td}' @R%Mave gyfﬁgﬁégogkﬁﬁ%ﬁdﬁﬁrgﬁitﬁg%m&%tch since the
Noi se ConpRBSAE) tofwitch thrrguapgisditer highyorliot. TAksefore} di dntasdentsapensat i on is
acconplished wmth much |l ess area than by using passjve decoupling
capaci t ofmopthgd cat and fhe tpyt @g aémb"a?il%ss'é’??yeﬁe%@e%ﬁmmu ip A 810,

chip B 82 : _ ,gﬂ} oY &2‘55&:5‘% er both
have cha?cgtéaﬁ%gﬁ#zgcﬁﬁpﬁ% %}g I rrpagxénte twéﬁ?}p%}% carll ga\sle ar ged- punp
|/ O 840 {comippe@togshssiké Blter 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 1/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



bus. 830 can be unidirectional or bidirectional. Chip A 810 and chip B 820
can be electronic conponents, such as the exanples illustfaf dAR 20Fabl e 2.
CH P Avdefdiok: B 820 1graphics and nmenory controll er hubcBystesmseenory (64
bit address) (GMCH) 2GMCHI/ O controll er hub 3M croprocessorGVMCH 41/ 0O
controller hub PCl outputsPCT slots 51/0 controller hubGeneral purpose 1/0

(GPIO Table 2. Mn killed in,t r ] t 0 ts
i1 lustrat léédnlmﬁfl A Flél%Z aigepgﬁg gl)rce% %eku%%éré%%ﬁ%ﬁt%ﬁgs,ﬁg bcﬁgirlg;%ga?ever sed,
and t hat dobensifReNsHtSmanst een ifRilladl svikhatt@noat Tiax bdbestise@aclh | of the

conponents listed in Table 2 would have 1/0O bidirectional except for the
first endfQunit{therkit slice}takeneary of Bhpynimpiseqompengpiiar Theyiore, Biear ge- punped

/O, not _tRhe stem nenory. -ln.thi S t he 2/ 27932
PCT/ USOL ig@gagilytg%{egﬁfl oy ook aB8R Sn A di°Ll ob1k MR- AIE WENG2] 21032 ng
at onge. nbihive: Rileprobfddh Wik allbisbaraadGinetRe tdoité Lortipihsdtibe id npl enent ed
on either or both Chip A 810 and Chip B 820. Transient current, di./dt,
can be camengé¢debit by bitadtisw theneishgompensatjondeacemplishad withaaidhdats of t he
i nvention ufﬂ‘?’g a cha(rfge .QUHE Ci ﬁj{cluit at, esgch output. The circuit is tined
to sour c8TRHPFLRY UPRBFEHY S FREUPIPBSATF 8 t he power supplies to
counteract the current needed to switch the output high or |low. Therefore,
di/ dt _transFigaies dhtateatbasit spstendB0d indladmgidghi A 819, chipBis20, el | ess
noi sy. Because the chari'gggl p‘ij "exercises" its capacitors in an

3

i ntrinsi H4P bys 836 i Chipr 8 tmB 820 ¢y eifhga bot) haygehavgedwoRpaPed to
 PasSye bd hfiefBRAG Sy oh S MiEAnkel G 3096 s BRERL Y/ T O
) bus 830 can be unidirectonal or bidirectional. Chip A 810 and chip B 820 can be

electronic components, such as the examples illustrated in Table 2.

CHIP A 810 CHIP B 820
1 | graphics and memory controller hub System memory (64 bit address)
(GMCH)

2} ' GMCH I/0 controller hub

3 Microprocessor GMCH
) 4 1/ O controller hub PCI outputs PClI slots
J 5 I/O controller hub General purpose I/O (GPIO)

Table 2.

Onme 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
I/0 bidirectional except for the first entry. In the first entry, only the GMCH
would have a charge-pumped I/O, not the system memory. In this case, the

3



Figure 9 illustrates a flow diagram an enbodi ment cont rold?J 9 punp
status based on anticipated voltage transients. Punp stat |@‘

prepar evé @27p®char ge 910, di scharge 920, recharge 930 qrcpnsman;ﬁssfor

di scharge 940. is Since the data about to be clocked is known, it can be
seen that the voltage transient can be timed with the recharge or

di schar ggydmtheulghatierleRHDm FEeAUF Bl Hnes hhRcHIRP HEokED oM HERStherCan al so be

stored on a device or nediumand read by a nmachine to perform
i nst r uct eofuies, dithargkslypemped [/@dould baimplrmenidd o eidier dr bath$thip & nenory

device a ng magnetic or optical disk. The device or nedium
may be dgg[{ %&@%%n partitions of instructions have been separated

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

Wi le certai nr@maﬁiafﬁer@rmpat RBRADE cA\tBed R CHOBREIItRgUnAaHAg HBOYWN 1N the
acconpanying drawings, it is to be understood that sucCh enbodl nments are 25

mer el § i b eepbpdinhend of thesindiemiann weing pichaigeuorp cihatibateadh puipat Tom, and t hat
this inyvention not be |imted tg the. qprgpr!,fl ceonstructions and

For1if 1€ Hmed tn e & NORroT

ar r angenthta SABU Cand GeSerTbag” Fihee VAT 605~ othEY ~RodtRREatd ons may
occur t OcdiiiSActhd iciAthd Needkil lth Witk theup ﬁﬂngﬂ o 1w MifRere 36, Mhat i s

claimed is: 1. An apparatus conprising: an output buffer coupled to one of
a pl ur al fraysiegits @Iﬁqmmotbaﬂgut andweutpot aceunidlp lessinbisy t Becaonetlef t he
plurality of out fir pair.of. ca rs, coupl to the power
Pourc | stheBgeRtpaexBEEe didarebas B ahidtins B e PeRL FRB R 81 capact tor s
and yfie RAWSIIS UEh cénpared o %wiv@mtérlcg?&duo%@q@sgﬁﬁeaqe digr the first
pair of capacit %d a second pair gnal sources coupled to the
second pmlsemﬁucfaquaputmseﬁ wherein the first pair of signal sources and the
second pair of signal sources control di scharge and recharge of the first

pai 1 of " capagil oS Ak 1P, HE6PRT AR o L SARRG BL 8ol Al O t e pOWET

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 diécharge of the charge pump

embodiment.

The above erﬂbodiment 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 artt.



to cancel out noise caused by one of a voltage and a current swtching
transient. 2. The apparatus of claim1l, wherein data reprﬁaerf’#i ng e of
the voltage switching and current swtching transient istpuf At efore
reaching one of the plurality of output pads. 3. The apparatus of claim1,
wherein the first pair of capacitors and the second pair of capacitors are
one of positive-channel netal oxide sem conductor (PMOS) and
negawh%ﬁég\lﬁ%g%l nmetal oxide sem conductor (NMOS). 4. The apparatus of
claiml, erein the first pair of signal sources and the second pair of

si gnal an spBEE&E SoRRingd Med to coincide with buffered data representing

hi gh-to-low transitions caused by a discharge of the first and second pair
of capacitors and | owto-high voltage transitions caused by a recharge. 5.
The appdpubuifer ofupel & onedf a phelitgiohowthvwepddsr st pair of signal sources and the
second pair of signal sources are tinmed to coincide with buffered data

r epr @ B SPgctppletto the & of thamiralilyehutp padk: syst em conprising: a first chip
having a first huffer coupled to a plurality of output pads; a second chip

et nair Ay FOr OO,

havi RGP ECTiT C'Eﬁ‘f“"f"ér?"e“c‘durﬁ%_‘d“w“a“pl urality of one of input and output
Pads; < ZohSar & SHBLALL 100G fd fistoal Bl BpaRELNEHSFEAAL.GRLP: @ Tirst pair of
capacitors”coupl’ed to a power source, B second parr “of cdpacitors coupl ed
to t Bfrsf dokic of sighd Sourths 6ARRE kd ME FrsBRfl of BpabiRVEEnSOUrce; a first pair of
signal sources coupled to the first pair of capacitors; and a second pair
of s& ggrahd snuf cigrsal eaukek ecupicd tb the ss@m0 palr gfakpacddrs,capaci tors, 10 p 7 MAR 2005
wherein the first pair of signal sources and the second pair of signal
sour weeaseig et firgl Ipair @f g@ﬂ@hﬁcgeﬁeamdd theesshendgpairof sighad spurpest cophiel disgiargsagrici t or s
and TR J1ediry &7 ofpPachyaend Be §2q08d ARLHCARAFIA R B 38 BRRAWEESOWSS cancel
out REPEE! WhIRELHIPIN OB PT Avaligderang @ cHrert aVIEINe EATS'& t ching transient in
the first chip. 7. The systemof claim®6, wherein the first buffer and the
SeCOQdThQLng?%tugro? oBE 1 0finédin AR pRLE i oﬁepﬂgf t‘f%%@%tcw 5 curnt The

F ehel NHr

SYSt &cRihg ClraHsEhO.is T B KeRITPT Feabhlish It thePidral®f  SPRARLE Ofadis.cOUpl ed
to the power source; a fourth pair of capacitors coupled to the third pair
of capacitors and the power source;

3. The apparatus of claim 1, 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).

4. The apparatus of claim 1, wherein the first pair of signal sources and the second pair of signal
sources are timed to coincide with buffered data representing high-to-low transitions caused by a
discharge of the first and second pair of capacitors and low-to-high voltage transitions caused by a
recharge,

5. The apparatus of claim 1, wherein the first pair of signal sources and the second pair of signal
sources are timed to coincide with buffered data representing current flow transitions.

6. A system comprising:

a first chip having a first buffer coupled to a plurality of output pads;

a second chip having a second buffer coupled to a plurality of one of input and output pads; 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;
a first pair of signal sources coupled to the first pair of capacitors; and

a second pair of signal sources coupled to the second pair of capacitors,

10



a third pair of signal sources coupled to the third pair of_ ca acrhg
a fourth pair of signal sources coupled to the fourth pai B bff tors
wherein the third pair of signal sources and the fourth pair of S|gnal
sources controls discharge and recharge of the third pair of capacitors
and the fourth pair of capacitors to and fromthe power source to cancel
out noi se caused by one of a voltage and a current smﬁtching transient in

the ﬁzﬁ&&ﬁ‘l‘ne L alr 9 sidilPs¥RE SR fb i%l §of [ SJuRel RERKSy écﬁ;géé‘&nq‘)f
bi di ffdrhO fchalfd 'pécﬁ’(ﬁrrs'aﬁ@ﬁ‘r t@rg‘t ndcf ofH tHe &l& n data
represa él&ﬂn&g@cé@ﬁsed BYEon¥ @f éﬁ’eﬂggesﬂMd l"ré‘rg sﬁl&.‘ﬂnn@%ﬁﬁéﬁ in tSMrétehipng transi ent
is buffered before reaching one of the plurality of output pads of the

first chip. 11. The systemof claim8, wherein data representing one of the
vol t agknesydtere bi clgmBnethaein trerirst bigter brohthe gecondhgieeare ong otanfifiret buffebarcor e

r eachi eidpubheffenf the plurality of output pads of the first chip. 12. The
systemof claim®6, wherein the first pair of capacitors and the second pair
of cgpacit m“nghm“gqnguwﬂn géjtlve channel netal oxide sem conductor (PMOS)
and negatYve” CHatingl et 870X tte  semi conductor (NMOS). 13. The system of

cl ai gy, ertarcstaa.ttrf;@o@tthtc%@ blerQugapaci tors and the fourth pair of

capacitors are one osit ve channel metal oxide seni conduct or ( PMOS)
and aedal paltor ehRoRed cdrsregtotﬁathd@pau&ﬂ%;;a@.wyatoqae bR urcel 4. The system of
claim6, wherein the first pair of signal sources and the second pair of
si gnhathird paitefeigsalan@cdd avegled t0 tfeahinipattef vdpbtitolsufidider ed data representing
hi gh-to-low and | owto-high voltage transitions. 15. The system of claim
8, whisudh prindhsigndh seuicesgpyplesito diedeiath Paipofrcepacitea’ad t he fourth pair of signal
sour ces are trned to coi nci de mnth buffered data re resentrn hi h to Iow
and YV 'b‘%ﬁf-" r‘h%‘p Oqfts?t? so\zr%‘c:}.l d rth Ra_rf %3,
C Or: [ L

Cl ai ﬁ] WL cﬁ ehca?.raﬁe% y?gﬁ jﬁlné nd c%grc{ \%%givn %ﬁ%g)cﬁ Cﬁalr Of

naI NEoUr Ce Ara t0 col el ﬁ ere data repres nting
current flom1transrt|ons. 17. The systemof claim8, wherein the third pair
of s9.gnabysEAUSIGREN 8 ghetdiethé BUY it Bndddibldiredtiosd) gmAlnidisaieraies are tinmed to
coincide with buffered data representing current flow transitions. 18. A

met hod conprising: sending data to an output buffer;
10. The system of claim 6, wherein data representing one of the voltage switching and current
switching transient is buffered before reaching one of the plurality of output pads of the first chip.

11. The system of claim 8, wherein data representing one of the voltage switching and current
switching transient is buffered before reaching one of the plurality of output pads of the 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 fourth pair of capacitors are
one of positive-channel metal oxide semiconductor {(PMOS) and negative-channe! 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 fo coincide with buffered data representing high-to-low and low-to-high voltage
transitions.

15. The system of claim 8, wherein the third pair of signal scurces and the fourth pair of signal
sources are timed to coincide with buffered data representing high-to-low and low-to-high voltage
transitions.

11



determ ning data about to be clocked; determning a state of j{]e\ﬁgﬁt?ﬂus
determ ning a change of state for the data, wherein the data s

high state and a | ow state; discharging a circuit if the change in state
of the data is fromthe high state to the |ow state; and recharging the
circuit if the change in state of the data is fromthe |ow state to the

hi gh state; wherein noise resulting fromthe change in state is cancelled

bef que 'I?'n £t£ljnnog c% wRétl lellte r¥.t cg\' of s? n5|Cé6LFces %gd t-gh%cg%t &Qr f\%{;{; ffill ai m 18,
Wher? uibed GleGih{ly (gbgnc Q t?fte?ed utrérﬁﬁow tr. Et%ﬁgn ning e
current ata an next ata ar e |n st at e; prepari ng the CII’CUIt for

recharge froma power source if the current data and the next data are in

t he 11 OwWeSiyétbrd; of @Rine BTivherBig thd) @lirb air af elgmngeuteoad e fowrhr @it ofdiinal t o t he
next salatea afedimgd o @ihcide with tuflerainiaia reresentirgi codra flow tignsitioes.ci rcuit to the
power source if a change fromcurrent data to next data is a high-to-low
transition; determ ning whether a change fromthe current data to the next
dat a'§ §r%ﬁt*F‘-‘t9\fv‘9'B’6”“%'ﬂggh transition; recharging the circuit fromthe power
source .t o cancel that resulted froma transient caused by the
Iow?%'d'ﬂ?g]ﬂa raé'rPé'FthllB'ﬁfff a transition by the current data to the next data
i's adgégwngn dQ{a%'BosEtrt@HiéI&dﬁQ determ ning whether the current data and the
next data are in State; and preparing the circuit for discharge to
the paRhingQWiREorthe ddte current data and the next data are in the high
state. 20. The nethod of claim 19, wherein discharging the circuit is

Sy ncéetaminngc charide ohsthtedovsheatzta, wberain thealatads onerof athighrstatesdrpiuit loy stdtet hat i s
caused by change of the current data to the next data is a high-to-I|ow

t r ang$ahpeing EPQCQ\MN]%@ESQGZESE*P%W#@?%MTQW the high ptatedo therey €848 ane€char gi ng t he
h h t t ot t

Ut pUERT PRASHG! SR ROt SRErG S Fars el PEln aaia, e I8 S5 data

s awﬁe?&‘ﬁ E@sé‘tegmuﬁgf f?é?ﬁlrtttecﬁu?g%ezlg V%é?@ﬁac% V\ﬁeﬁl@c} btors HERIH cfﬂb&%naor%%ﬁ%&% readabl e

medi g@contai ni ng 1 nst execut e cause
t he machine to perform operations conprising:

19. The method of claim 18, wherein determining the state further comprises:
determining whether current data and next data are in the low state;

preparing the circuit for recharge from a power source if the current data and the next data are in the
low state;

determining whether a change from the current data to the next data is a high-to-low transition;

discharging the circuit to the power source if a change from current data to next data is a high-to-low
transition;

determining whether a change from the current data to the next data is a low-to-high transition;

recharging the circuit from the power source to cancel noise that resulted from a transient caused by
the low-to-high transition if a transition by the current data to the next data is a low-to-high transition;

determining whether the current data and the next data are in the high state; and
preparing the circuit for discharge to the power source if the current data and the next data are in the

high state.

20. The method of claim 19, wherein discharging the circuit is synchronized with a transient about to
occur at an output pad that is caused by change of the current data to the next data is a high-to-low
transition.
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sending data to an output buffer; determ ning data about to be cl ocked,
determning a state of the data; determ ning a change of statﬁ fﬁ‘% %E@
data, wherein the data is one of a high state and a | ow state, i% ﬂél ng
acircuit if the change in state of the data is fromthe high state to the
| ow state; and recharging the circuit if the change in state of the data
is fromthe low state to the high state; wherein noise resulting fromthe
change 43 SERLLof éaigﬁ >Glnkf ﬁé‘éaria‘? ift %%CéHa%e- @il 8 R%or&%dtvg&a circuit.
23.  {hRiAPRRAL scuP t_aaﬁoa{p[ﬁ € th écta%@la bﬁfa n%]g Bﬁﬂ@cdr@ﬁi HE RSN, when
exec ita6w-ByhigranbBeni ne, - cause the machine to perform operations

i ncl udi ng: determ ni ng whether current data and next data are in the | ow
state; preparing the circuit for recharge froma power source if the

cur r @t Addapgaraingl comprismgxé rohine-saadablen nodrigim |contaigib@tinstruciions mitichi whgerwhet her a
changxecpted b 2 machings cavpe thd maghipetotprdormeoperaiensomgriginghi gh-t o- 1 ow transi ti on;
di scharging the circuit to the power source if a change fromcurrent data
to né‘?@?'”aﬁgtat‘?@‘%'t%?ﬂﬁf-ef?o-l ow transition; deternining whether a change

fromdétgr%ingn%trc{? anatbmg{q(t) g? (t:lé)cktege next data is a |owto-high transition;
rechargi ng e crrcui f orh t he power source to cancel noise that resulted

f r onydertdiias] SAE ofGRYIGRY Dy the lowto-high transition if a transition by
the current data to the next data is a lowto-high transition; determ ning
whet bérmiinity scanaReItr sditfer tidhtd, hBeramtiic ¢4 8 0 6F d High die Bnddlostsaltee; and
preparing the circuit for discharge to the power source if the current data
and diseharging ta cgteutital the ehange ih biate ditrgllatiafren the4ighFiate lapdewstats; afd cl ai m 23,
wherein discharging the circuit is synchronized with a transient about to
occ ufechrainghtng gyl f s £hanoR 4t stete obthe d@a Isdipnthakystalt odhhigh#tent data to the
next data is a high-to-low transition. 25. The apparatus of c¢laim 23,
wner M abiie Rt Ford erieaes B b Pseies pEoG RERTARPL T Sip e T 4
transi ent about to occur at an output pad that is caused by change of the
current data to the next data is a lowto-high transition. 13

23. The apparatus of claim 22, further containing instructions which, when executed by the machine,

cause the machine to perform operations including:

determining whether current data and next data are in the low state;

preparing the circuit for recharge from a power source if the current data and the next data are in the
low state:

determining whether a change from the current data to the next data is a high-to-low transition;

discharging the circuit to the power source if a change from current data to next data is a high-to-low
transition;

determining whether a change from the current data to the next data is a low-to-high transition;

recharging the circuit from the power source to cancel noise that resulted from a transient caused by
the low-to-high transition if a transition by the current data to the next data is a low-to-high transition;

determining whether the current data and the next data are in the high state; and
preparing the circuit for discharge to the power source if the current data and the next data are in the

high state.

24. The apparatus of claim 23, wherein discharging the circuit is synchronized with a transient about
to occur at an output pad that is caused by change of the current data to the next data is a high-to-low
transition.

25. The apparatus of claim 23, wherein recharging the charge-pump circuit is synchronized with a
transient about to occur at an output pad that is caused by change of the current data to the next data
is a low-to-high transition.

13



