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DEVI CE AND METHOD TO REDUCE SI MULTANEQUS
SW TCHI NGNO SE Background Si nul t aneous swi tchi ng noi se

w@ 3Bpoi484 one form of noise that can exist in PCT/US2006/025245

el ectronic systens. SSN can be caused by a substantia
nunber of drivers switching in the sanme direction
within a short tinme window Effects of a substantia
nunber of such switching can include dips or spikes in
the voltage supply to the chip and can propagate as
noi se through both active and inactive drivers. In
extrene cases, SSN can prevent proper functioning of

vor 1 ageDPIEEAE RO TPIERL L SIMUPEASEOSS | |

can prevent |ogic ci%ﬁgfféynﬂﬁp$tﬁgﬂctioning

correctly. If alogic output froma gate array is
$oa§r tggn the mininmum all owable logic 1 at an

~ the logic 1 output may not be correctly
interpreted by the inverter. Likewise, a logic O from
t he gsineulanedy saitobiag hbise (BN isonea foronefsiadse thefi aan @xigt 1
the inverter could result in an inproper or

LIBUESBE SYsnplse ISRBétntbe chigdi By DfdstaytialatuithepdSditivers switching
addr ess 'SSN have invol ved physically spreadi ng

?;Irtjpng g‘%ﬁé gi.tr&ﬁi’on% {24 9151%# ﬁ%le%@iﬁ&‘é\kf.i RfFects bEMGIHEtAnfie]l number of

ween éroups rivers, and/or adding

G  B  teBEUE B 55,70 o o
Srno(]j)/a(g)a{te 35 rrxrcPilseet)}(rir(Euéhbe)t ne]tc%vg %gcli( 1an Icg € Er%/[e%g ective. Sunmary

In extreme cases, SSN can prevent proper functioning of the electronic
system. For example, disruption to voltage levels of power and/or ground planes in
a chip can prevent logic circuitry from functioning correctly. If a logic 1 output
from a gate array is lower than the minimum allowable logic 1 at an inverter, the
logic 1 output may not be correctly interpreted by the nverter. Likewise, a lo gﬂic 0
from the gate array above the maximum allowable logic 0 at the inverter could result
in an improper or indeterminate result.

Traditionally, attempts to address SSN have involved physically spreading
drivers/pins, differential signaling, skewing the timing between groups of drivers,

and/or adding resistors to the circuitry. However, these may be detrimental to

performance, cost, design margin, and/or complexity from a packaging perspective.
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The present invention is directed toward addressing
si mul taneous switching noise (SSN) by seeking to
WO eaoes4get transition energy of sinultaneousl BCT/US2006/025245
switching drivers. Various enbodi nents of the present
i nvention provide nethods invol ving an encodi ng
protocol to reduce the nunber of proxinmally-I|ocated
drivers changi ng values during a transition froma
first state to a second state. By reducing the
cunul ati ve nunber of val ue changes during a
St‘{n%:@ﬁi on, the cunul ative current change nay be
Teduced, along with the sinultaneous sw tching noise

effects. Also, a reduced cunul atiye current change .can
al so Theduesenyigveniipa is ﬂxy‘@qt%ﬁowﬁréa@&@ﬁ%&ﬁﬁ“‘éﬁ?&?‘@?gW‘&‘a’mg
power planes of a chip, thereby mnimzing potential .
Hoiger (PN by seking tomeduiconst tansition epergyad siray paeysly switching
spi kes. According to one enbodi nent of the invention,,
BiveRt hoghidiue endbedinednBbfshepret an anestievwptoviiemgethedsgevalging
provided. The method includes reading val ues of a

d Jn%&diﬁ% ghﬁo&fl trdibiécSthe $8bEY ofrbsinililydodatedsdriveny changidg
obtar ni a projected value of 'a second state of each

of Lhe flrst s i f |01 DY ke th
@{lﬂﬁi:@ppg gsht‘eafm? glé %JE))PPA bkt sthtelth bSbeonits Y réikH@ the

atransition of each of first set
of hits fromthe first state to_the.se : '
Sndihe b g vaiee PR Ruferiiafions HRARIAVE chident
cunul ative effect can he reduced by changing.th
draopenesdevedused ammeridh e sopgtaney SeSVB?CT’g}%e‘g’fﬁeregﬁe“&etAlso’

of bits, an alternate set of values having at | east
orguval cemdativeeouirregt dhaoge eanenljorsfees Maﬁ%ﬁﬁ%at&m frhground
second state is determned to reduce the first '

SN/ &GRS pliics 6f € chitpl thérelemedifrzing pdtestial improper logic

functions due to voltage dips or spikes.

According to one embodiment of the invention, a method for reducing
simultaneous switching noise is provided. The method includes reading values of a
first state of a first set of bits of a first word and obtaining a projected value of a
second state of each of the first set of bits. A first switching noise cumulative effect
of a transition of each of first set of bits from the first state to the second state is
determined, and if the first switching noise cumulative effect can be reduced by
changing the projected values of the second state of the first set of bits, an alternate
set of values having at least one value differing from the projected values of the
second state is determined to reduce the first switching noise cumulative effect. The
alternate set of values is written to the first set of bits as the second state, and setting

a first designator in at least one bit of the first word.
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alternate set of values is witten to the first set of
bits as the second state, and setting a first

waele®rgoEsor in at | east one bit of the first PCT/US2006/025245

wor d. Accordi ng to anot her enbodi nent, a bus protoco
to reduce transient noise is provided. The nethod

i ncl udes reading values of a first state of a first
set of bits of a first word and obtaining a projected
val ue of a second state of each of the first set of
bits. Afirst switching noise cunulative effect of a

t r ans ddoRfin@fo AREter embbiint, adius pfotbid $o fadnoe trivsichi neise is
state to the second state is determned. If the first

p?ﬁ%h&i? i gL NOISE iR Rdaus R oF - a6t shee sRABRE Gt bYbits of a

anging the projected values of the second state of

he first t .of Dbit. f S fits® set of
bt upid e abBhnilk agrtifer S SRR B, et P it oct o
the projected values of the secopnd state
it o b et oot Sumdabl offeer 8 Lrpiich dtabEBHAS: Lhtr
set of values is witten to the first 3&% bits .as_.
hitscfrane hsriarsstate éo therrgeand riale Bistegmuined. Jhfheitpstavifchingpoise
one bit of the first word. Also according to the
ceidlaiie dffeet tmsereduasd bl changingibe praigetedyalppreot the second
designator in at |least one bit of the first word. If

§ihie of B fHBERe061 bits, a@bilterhdte setlof enlvat & dtrmafedybdvirgsatileast
read fromthe first set of bits and determ ning the

gx'f{eoﬁa%é ffteMARL HEH b P%d}&t&ﬁ@@m oF tiad ®ceid dthre té fedate thetfirst

Its fromthe alternate set of val ues.

Al .nat i.vel if t ' i ,

AL LAl AR OB LoDl L e i
tate of the fi t.of bits. .A j

S i et B Pl BT P b R Bt
transient noise in a digital circuit .s séem i

pioedsi Alsdl acrding depherasthpd éléea‘l?}}sé’r??@a‘?ldﬁér/lﬁ & f&%‘fﬂ‘ég 8y

perform ng the nmethod descri bed above. )
designator in at least one bit of the first word. Ifthe designator is set, the alternate

set of values is read from the first set of bits and determining the projected values of
the second state of the first set of bits from the alternate set of values. Alternatively,
if the designator is not set, the values of the first set of bits is read as the second state
of the first set of bits. According to another embodiment, a computer readable
medium to reduce transient noise in a digital circuit system is provided. The
computer readable medium has code for performing the method described above.
Another embodiment of the invention provides a method for reducing
transition energy. According to the method, a score representative of at least a
plurality of binary transitions is determined. Each binary transition is from a first

state to a corresponding second state. If the score indicates that more than half of the
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Anot her enbodi nent of the invention provides a nethod

for reducing transition energy. According to the
woreaohoes48eaa score representative of at | east a pCT/DS1006/§25245

of binary transitions is determ ned. Each binary

transition is froma first state to a correspondi ng

second state. If the score indicates that nore than

hal f of thefirst states of the plurality of binary
transitions differ fromthe correspondi ng second

states, the values of the second states are inverted
fﬁﬂ@ta@eﬁﬁh&ﬁlﬁhﬁfy bbis@l trafkidosedifforfrsmahe soragsponding sepond
to a plurality of bits corresponding to the plurality

glftesb{}f%%%eg b8 EdoRh Statdsfard Hﬁeﬂ&ﬁd\m&{gnlaﬁ)r $edet. The

nator 1s witten to a bit associated with the
ur aI I, t f
sBrordA e b R SR B Sl th e b binary
nvention pr d t d t
ot P e B SRS T B Bl ek e
for determining a score representative of at. | east a

the pluaality of bits dormesapdinesadhg PlyFity eERiRaTyitRgsigions.
transition froma first state to a correspondi ng

seconAl fintler emhodinweteithe grventigreprovidgs IdéVIV@tQJ@§“‘"§ftraffﬁ@nt
second states if the score indicates that nore than
adefin @fdigibe cihduitsdystetat B ddvidetinclpdasmadain Joratetepiniring a score
transitions differ fromthe correspondi ng second

ARVRITOVA L af PorsCédch Mehady transition from
g%lg%%ﬁvg???ﬂeﬁg@%:orﬁ ndi cgt gs t%at nor e a?}r,]an hal f

3 ﬁrg& g[%teft(la %églargsﬁaﬁ}u%ﬁ Qo Stabd dHaahédn¥ f9finbidias }he values of the

Fromrthe cor r espondl ng second
A e TSR s SV 0 e
rret hod i ncl udes reading val ues of a fdngsgecg}l states Means
plurality of binary transitions differ from the corresponding
are also provided for setting a designator if the score indicates that more than half of
the first states of the plurality of binary transitiong differ from the corresponding
second states.

Another embodiment of the invention provides a method for reducing
simultaneous switching noise. The method includes reading values of a first state of
a first set of bits of a first word and obtaining a first projected value of a second state
of each of the first set of bits. A first alternate set of values is determined, wherein
the first alternate set of values have at least one value differing from the first
projected values of the second state to reduce a first switching noise cumulative

effect. The method also includes writing the first alternate set of values to the first

set of bits as the second state. This method can also optionally include reading the
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a first set of bits of a first word and obtaining a
first projected value of a second state of each of the
wo poogomet of bits. Afirst alternate set of vBETIES2006025245
determ ned, wherein the first alternate set of val ues
have at | east one value differing fromthe first
proj ected val ues of the second state to reduce a first
swi t ching noise cunmul ative effect. The nethod al so
includes witing the first alternate set of values to
the first set of bits as the second state. This nethod
el Rsfe &40 of oaladd fyorh Mgl fudeset efbitngnd desdriniising dletprojeetee
set of values fromthe first set of bits and

WelES T Rbod dhte ope&h%%?edﬁeéaééﬂ 81 Bits RoMmaAEORL: skahae 0ft of
each of the first set of bits fromthe first alternate

VA Lthpgf c\églld%hes gb el%glr ,{nQntaE g&ﬁgﬁte?fg%?ﬁﬂgﬁl%mnﬁto reduce

0 reducé transient nolse in

|taI CI S emls r ovi.d
Friefbrdes i aﬁél%ﬂ% ROl PEETCL Sy SRR fof Bélforming
Description _of the Drawi ngs The invention will be
thpprtieask deeréhediah@vedescri ption herein and the
acconpanyi ng drawi ngs, in which |like reference
§H§§ﬁ8§°1 mﬁlle?ﬁe PadkilesSame parts throughout the

Pivmvs—gl—gm‘g" is a schematic view of an

environnent in which an illustrative enbodi nent of the
pr eseThe investivinivoill tempphienifed théd-depariptich hegeia ahd dwchar t
of a nethod according to an illustrative enbodi nent of

d6mpRYARE tRRKing@Nh Whigh! lige fefbrenée ¢Hapvehardferab e samtepads
according to another illustrative

throughout the different views.

Figure 1 is a schematic view of an environment in which an illustrative
embodiment of the present invention may be used;

Figure 2 is a flowchart of a method according to an illustrative embodiment
of the invention; and

Figure 3 is a flowchart of a method according to another illustrative

embodiment of the invention.

Detailed Description

Various embodiments of the present invention address simultaneous
switching noise by seeking to reduce the number of proximally-located drivers
changing values during a transition from a first state to a second state. By reducing
the cumulative number of value changes during a transition, thg cumulative current

change may be reduced, along with the simultaneous switching noise effects. Also,
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nunber of proxinmally-located drivers changi ng val ues
during a transition froma first state to a second
state. By reducing the cunul ati ve nunber of val ue
changes during a transition, the cumul ative current
change may be reduced, along with the sinultaneous

swi tching noi se effects. Al so,a reduced cunul ative
auwedwend cahalatee carend Clsange eshuglso vatlutageltdge docmatiom s ground
ground and/or power planes of a chip, thereby

Rhdofb& Rl RRE %lﬂhlcﬂi[g , {hefb9 Rehinhie@igGotantial 1&@’11?% Useid O
vol tage di ps or spi In an illustrative enbodi nent,

tﬁhlfct@ﬁ@&@é% \}Oﬂ%gg]glk/pggr kelgsed with a Static Random

Access I\/Em)ry O and a Field Programmbl e Gate

Array

ol o q‘ﬁ?stor%t Vi o o SRR 5 B8 Tl sype
GA 200 the i e nment S M

R Aposss MPRORATRAND i@d argoﬁfl%row $Qaitntey

desngnator bit with each 8-bit word, as _described in

(EP @A 20 eFiapre bilustpteyn pamplrinplemertation yang multiple

enbodi nent is provided as an exanple of an -

iISRA M sk0 sviithersimgle BRGAASd ilnghat illoftrative einbedmedngeach SRAM

wi || be apparent that the present invention may be

use ik b 4-Bitalevice e Avakirg bit iviisedlag aidesiphatoslyis éthwaengtbit word,
circuits. By way of non-limting exanples, RAM and/ or

% séécgeﬁi gﬁfuﬁﬁacde‘talpbélm ewiteade fuskitide &ﬁ@dﬁle&u@ﬁrowdw

as an example of an implementation of an embodiment of the invention, it will be
apparent that the present invention may be used with a wide variety of electronic
systems and circuits. By way of non-limiting examples, RAM and/or Application
Specific Integrated Circuit (ASIC) dies may be used.

With reference to Figure 2, the illustrative embodiment of the invention
provides a method 300 for use with a scoring process to determine if a switching
noise cumulative effect for the word being evaluated can be reduced by encoding the
bits in the word before they are written. This method 300 compares 310 the
previous word actually written to the SRAM 100, 8-bits in this example, and the
projected values that are anticipated to be written to the corresponding word bits, 8-

bits in this example, of SRAM 100. In the illustrative embodiment, the comparison

310 may be performed by a scoring process, described in greater detail below.
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Wth reference to Figure 2, the illustrative
enbodi nent of the invention provides a nmethod 300 for

WQIs@70di4Be a scoring process to determne if a BOU/USIN06IORS245

noi se cumul ative effect for the word bei ng eval uat ed
can be reduced by encoding the bits in the word before
they are witten. This nethod 300 conpares 310 the
previous word actually witten to the SRAM 100, 8-bits
in this exanple, and the projected values that are
anticipated to be witten to the correspondi ng word

bi t s, wh fhites réferenbé o Bixam, € the torfiileba 000 deterrhines that the
illustrative enbodi ment, the conparison 310 nay be

@ﬁ&hﬂg}@%%ﬁ@ﬁ@%@& Rh BE S&RicedBy § Chitpe ih FhelfiRab 8¢
et al elow. Wth further reference to Figure 2, if

i SPROl PR L BERL SRR or i Pl SRIG: Apks

ange |

hits to be wjtten, su by reducing, a t,i
WhiRarrolshen BB e A eetrb POBRa s 0N Too,
proj ected val ues are encoded 320 before bejng witten
BEche desgraar bids sei3d0t kiethe eempaisen s 1B dptepaingg thaglhg. | 1

t he conpari son 310 determ nes that the swi tching noise
owitohirgtnoise cafrfudadtvecdfechan noebe reduessdyaltesing dhe bigs to e
bits to be witten, then the projected values are

Wittésl, en3nd picfechiIAMIILAremeiltam §saito SRAM hE eiehigred; and the
bit is not set. Likew se, when the SRAM 100 is read,

?(%?%n%@)? bE AR e 1tikShisE apkenRE JRIAM N 6AE refd, did @siina®r bit

e corresponding 8-bit word needs to be decoded.
R LA
TR oo 00 BB B3SO 60
Optionally, multiple designator bits may be used and any number of word bits may
be used in connection with each designator bit or bits.

The comparison 310 may be performed by a wide variety of techniques, such
as, for example, communications system theories, statistical or other mathematical
operations, to seek to minimize the transient energy caused by changes in the logic
values during transitions. In the illustrative embodiment, a scoring process may be
used. With reference to Table 1, scores are established for each type of logic
transition between the previous bit value written (regardless of whether it was
previously encoded) and the projected bit value. The scores are intended to
approximate the switching noise effect of each of the bit transitions, if the transition
were to occur from the value previously written to the projected value, by providing

a representation of transient voltage effects caused by each logic transition type. As
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of techni ques,
st
oper at i ons,

such as,
W@ yBreosdsheori es,

for exanple,
atistical or other

conmuni cati ons
mat hemaPC TEHB2006/025245
to seek to mnimze the transient energy

caused by changes in the |ogic values during

transitions.

are established for

In the illustrative enbodi nent,
process may be used. Wth reference to Table 1,

each type of logic

a scoring
scores
transition

between the previous bit value witten (regardl ess of
wsleatrsk ini Hableels ther divechos bftheimosient)volinge ¢fifst pradjoarcpedented

bit val ue.

The scores are intended to approxi nate the

byithecdeoregasthe ao éftfaasitionhaeaeh sadre thigldaht 1ttd anBinkition fas
if the transition were to occur fromthe val ue

prevéopelsly witten to the projected val ue,

by

providing a representation of transient voltage
ef fects caused by each | ogisgitg ansition type.

A5|nd|cated in Tam

e 1, the

|rect|on of t he transi ent

W o WaWaldlal

heli 16 Si ‘W%lﬂ%i tilo

AT A

-1 score. TABLE 1

V\,hlle tﬁ%orfto

n_the pxarml e

of the 8-Ghit wor d,

he mpnst Oxtreme s

LesADDSS|%Ie

are +8 and -8, whidh would répresent all the bit&
transitidhing one way or thelother. A score of 81
representis no net tiransitiong, where O[to 1 -1

transitions are balanced by 1 to O transitions. Li the

illus tive he total score for_the

bits ﬁ the e&%“ﬁre 02 a“"gg]tt H@ﬁ‘f"tt{%‘%m&éfsﬁi"&ﬁ%’@éf‘oﬁ posgihle age8
witten, indicating an encoded transition and encoded
prd 5, which veildwapeesent albthe fbits SRAsarIEE e wesher thaother. Af

the total score is <

score of 0 represents no net transitions, where 0 to 1 transitions are balanced by 1 to

0 transitions. In the illustrative embodiment, if the total score for the bits is > +3 or
< -3, then the designator bit will be written, indicating an encoded transition and
encoded bits will be written to the SRAM 100 for that word. If the total score is <
+4 and > -4, then the designator bit will not be written and the bits written to the
SRAM 100 for that word will not be encoded.

The goal of the scoring process in the illustrative embodiment is to reduce
the transition energy when there are many bits changing in one direction by making
transition bits static and static bits have transitions. In one implementation, tﬁe
encoding process can be automatic, with the use of the designator bit to override

encoding and permit un-encoded bits to be written.
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then the designator bit wll

not be

witten and the bits witten to the SRAM 100 for that

wowerd/ood4B4 not be encoded. The goal
process in the illustrative enbodi nent

of

t he scoPCTYS2006/025245
is to reduce

the transition energy when there are many bits
changing in one direction by making transition bits

static and static bits have transitions,

i mpl ement ati on,

hi one

the encodi ng process can be autonmatic,

with the use of the designator bit to override
encodintfe e ellusirati verebaiigient, tictdesignatbebinmial tsenplyibe 1 to

t he present

illustrative errbodl ment ,

t he desi gnator

Bbfca b csd ARl otd BRs &r b @ inﬂiﬂaf@io%—&ﬁ@@&?@oﬁ&ilﬁt@ Wlie&la@iﬁfe@

to indicate non-encoded

dE3L40RE b IR Lo

word bits.

yvvayo

Al ternatively,

nillfifi%e ?Igrelg)?é% fﬂe%&r&gﬁgsénrcb&ﬁg

t he

N D I e

transiti ons TABLE

pirpeiiionciathe depignator §itgpy encod

designator bit,

oroat or

2 According to.the

the present

illustrative

YpitiWsal 1y the
may be very localized to be |ocated

cl ose together in a pinouiagig on the FPGA die.
such a configuration,

In

i nvention may

UVI UC <Al "_
al
Lo lb

F%‘BH Pﬁm- i

" ’Fré’%f Dsa*%gg@p“%

cI ose spgbl ng. Accg
process can nore cl

Id.I.IVE

t he blts‘¥%gated

y the use—of

brdi ngly, the cunul
osely represent th

dt i P8 ok gpqofg/decode.

dren-epqod g fransition.

physi cal leffect. In another @Il ustrati veDerobeiaedeideestde.
the invention a scoring process is not| Non-encoded transition.
0 0 Encode/decode.
Encoded transition.
1 1 Encode/decode.

Encoded transition.

According to the illustrative embodiment, the word bits, and optionally the
designator bit, may be very localized to be located close together in a pinout and on
the FPGA die. In sueh a configuration, the present invention may provide a greater
benefit, as the cumulative offsetting physical effect of each of the bits located close
together can be more effective by the use of close spacing. Accordingly, the
cumulative scoring process can more closely represent the offsetting physical effect.

In another illustrative embodiment of the invention a scoring process 1S not
used to determine if encoding is required, as each transition is encoded to seek to
reduce the switching noise cumulative effect. In this embodinient, as illustrated by

way of example in Figure 3, a method 400 includes reading 410 values of a first
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used to determine if encoding is required, as each
transition is encoded to seek to reduce the sw tching

woeioseosasdrul ati ve effect. In this enbodi nent, BGI/US2006/025245

illustrated by way of exanple in Figure 3, a nethod
400 includes reading 410 values of a firststate of a
first set of bits of a first word and obtaining 420 a
first projected value of a second state of each of the
first set of bits. Afirst alternate set of values is
determ ned 430, wherein the first alternate set of

vialewga fisset el bitsasstfironeordahnd ebdidife42hg fitst projediad value ofa
first projected values of the second state to reduce a

§s%c5ﬁ& st JFGREINGE OIS sGTwhiat Wvlsedifentiie scthevamaédied
al so includes witing 440 the first alternate set of

:etlélel n%cg 23 W6 difh Ble £6L ftﬂfé['na % #e% oP@alfl + ave %P%gst%'hégglue

hod can al'so optionally Inc e reading 4
t first alternate set of values fromthe first. set
Sittene S hedBramhierion g o he Bl SR Todiha By
second state of each of the first set of bits fromthe
syitdhingneise pemulative effigct. Ahemethoda]se 1aeindesi e 4%{}115 gfst
used in conbination with aspects of the other
elttroae seifyalues pethedirgsetxfthas nathoseeondesiae Bhig nithed ¢an
Various enbodi ments of the invention may al so include
hRe kbtichaildacudoreating 450 e firstsdltetrhte sxf valtie feom Moy first set
exanple, in determning the desired values to be

WEbitd £1 deerbd?GinB b6 tiRSprbjeeted 95108 df 5 bddoRd sAfyoRRacoof the first
process may al s0O consider projected val ues

SAIESHPI0N 80 AR RULL 138 Shalisre ot e
Sompidlitn SiBaepets Pmg Do Lo Ridimalis. il ANRHAA0E
described herein.

Various embodiments of the invention may also include looking ahead to
more than just the next sta’;e. For example, in determining the desired values to be
written to the bits as the second state, any encoding process may also consider
projected values corresponding to one or more future states beyond the second state
in seeking to reduce the switching noise cumulative effect of any or all of the
transitions corresponding to the state changes.

Various embodiments of the invention can be used in a wide variety of
applications. Examples include, but are not limited to stored medium date, real-time
data, or combinations thereof. While not limited to cases involving sequentially-

addressed memory, applications of various embodiments of the invention involving

non-sequential changes in memory addressing may benefit from a wide variety of

-10-
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w@e@70e484 i nited to stored medi um dat e,

Various enbodi nments of the invention can be used in a
w de variety of applications. Exanples include, but
real - t POBUSBINE)25245
or conbinations thereof. Wile not Iimted to cases

i nvol vi ng- sequenti al | yaddressed nenory, applications
of various enbodi nents of the invention involving

non- sequenti al changes in nmenory addressi ng nay
benefit froma w de variety of nenory nmanagenent

techni ques. By way of exanple, the techniques may aid
hBmE8 halagbinbgr thélgiyiak UByRisHERk iniplexihs tédhgiques may aid in
menory |l ocation with one or nore projected val ues for

St 'ﬁg @Eér\yalﬁéjﬁ%én@lﬁ’ exREAY bt MOmBriPREARIn with one or more

representation of e transition by knowi ng the val ue

;%[)J(%ﬁt%? LY 83T, tggen‘?% t&gﬁhgﬁﬁ@fﬁfﬁﬂl f&[tef&ﬁﬂ%ﬁﬁt%’&h of the

projec n whic
R?%{{S}L‘Icgtngqo ggn%tge{h\fis{fﬁhllenrpg%ggf}{ H’g‘ﬁ%'g giocaﬁgxa gcgrcogl arison

non sequential change |n menpry. addressin A

viish the nrpierted veivey @txfﬂalp &5 dn Wkléhﬁllné sigyatign ﬁ%ﬂ%bﬂﬁe include use of
managenent technique for use in conjunction wth

¥ sipfedusediurh odiilvesosreodiving eeal timatonpnandsclegeisn g amony s e

of an internal |ook-up table. In this exanple, the
$cq@bntiapclizalt én insmeseaddressitigor e the first word of a
segnent of words, along with the nmenory | ocation that
corr eﬁ%ﬁ‘iﬁnf‘tﬁgﬁl‘l‘@st&h{/@ txanldlo0f mehensegh@itinent Rehnique for

stored word in"the | ook-up table may be encoded or

: ﬁ%qnf% rjg G With ?Q?%e gg)ro&rﬁéﬂ%f t%@gﬁ@ﬁt‘icﬁ?ﬂ%%%e 8 of an

gnent 1s enlgn word, such

R T T
%ggdogfeadsegnegg gfe\{f]gr(c)lg acllong with the memory location that corresponds to the
first word of the segment. The stored word in the look-up table may be encoded or
non-encoded. At the memory location corresﬁonding to the first word of the
segment is a benign word, such as, for example, 10101010. The memory locations
of the remaining words in the segment contain the words, in encoded or non-
encoded form, of the remainder of the segment. Therefore, any new segment written
to that location minimizes the switching noise cumulative effect, as a b‘enign word is
written to bits containing the same benign word (or another word, the switching
noise cumulative effect potentially reduced by the 10101010 values), while the
remaining projected values of the words of the segment are known and any encoding

may optionally be used to minimize the switching noise cumulative etfect relative to

the words after the first word.
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15

form of the remainder of the segnent. Therefore, any
new segnent witten to that |ocation mnimzes the

wGemMorobE48g noi se cunul ati ve effect, as a beni gPCTHOSIH06/625245

witten to bits containing the sane benign word (or
anot her word, the swi tching noise cunulative effect
potentially reduced by the 10101010 val ues), while the
remai ni ng projected values of the words of the segnent
are known and any encodi ng nay optionally be used to
m nimze the sw tching noise cunul ative effect

r el at Embodimehize iy phesent irentidremby be tisedorsch. Hasipodtpednt s
of the present invention may be used as a bus protoco

ShAREBHFtHRYsé Bf«‘aﬂiﬁ?ﬂtﬁe 8iotRigrana teBrrespoading decdtting techniques
correspondi ng decodi ng techniques to seek to mnim ze

@%Qeﬂmﬁﬂmﬁ%@sﬁ BhSn PR thESHTPELSnAEs HiSRe @F the

he present 1nvention can I nclude, but are not |imted

to, FPGAs.and ASI.Cs. .Enbodi nen f pras

PR TSRy amg o o G R P B R ptes.
autonmatic test equipnent. It i nderstood that .
BEbPAARSnE RISHS PP TRentpromen gBAPE SRechiyropRection with
i npl emented on a wide variety of electronic devices,
patomatcitest dopinmpens.e tas irdpritery] hakvarions prgodiments afithe
and that the various nethods can be inplenented in
haenhiareapbe soflemented on aavidemiatpdf dacttdnée doficesTpasticularly
illustrative enbodi ment, inplenentations and exanpl es
hREE L @I Ra thideiRBithy, kiid thatthie wariauwtnmaihbdd ¢anitid ng.
The present invention has been descri bed by way of

%@@B{eﬁted ﬁ{‘ﬁ%ﬂ%gliefdr%éﬁ@v&%r%rb@m%{aiﬁ@h psfof the
exenp [

ary enbodi nents w suggest thenselves to

ski | ,l %‘ge ﬂfutsjcrg’t%/neserﬁbr})d'irﬁgff‘t, {rﬁﬁ!arge%ﬁ(;}g Yha QQBﬁ'ﬁl%é Aeld £E0

t he

meant to be illustrative and not limiting. The present invention has been described
by way of example, and modifications and variations of the exemplary embodiments
will suggest themselves to skilled artisans in this field without departing from the
spirit of the invention. Features and characteristics of the above-described
embodiments may be used in combination. The preferred embodiments are merely
illustrative and should not be considered restrictive in any way. The scope of the
invention is to be measured by the appended claims, rather than the preceding
description, and all variations and equivalents that fall within the range of the claims

are intended to be embraced therein.
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spirit of the invention. Features and characteristics
of the above-descri bed enbodi nents may be used in
w@ooonioosd on. The preferred enbodi ments are nePEl/YS2006/025245
illustrative and should not be considered restrictive
in any way. The scope of the invention is to be
measured by the appended clains, rather than the
precedi ng description, and all variations and
equi valents that fall within the range of the clains
are intended to be enbraced therein. Wat is clained
is: 1. A nethod for reducing sinultaneous sw tching
noi se, conprising: reading values of a first state of
first. sat. of bits of a first word; obtaining a
V@F%FE%@%E%G%Iue of a second state of each of the first
set of bits; determning a first swtching noise
cunul ative effect of a transition of each of the first
set of bits fromthe first state to the second. state;
land i methedforieducing sipwitaReos S EChipEHPSe i CYRPLF 8t can
be reduced by changi ng the projected val ues of the
secomehditgavaduesfofaifastisiate of abrst 8t ofpits of HBIEMRI%i ng an
alternate set of values having at |east one value
di f f @btaigng b rojedial wiwi eft edonbitaesf efich dfghe Grsd et of bits;
state to reduce the first switching noise cunul ative
ef f eQleteriidibd B 8rs BRitclih@nsisd eurbetatiod effek uEs trtusitidreof each
first set of bits as the second state, and setting a
' T [ ' - doge first
O&HGZ{%rSg&% Lﬁﬁg@ngélﬁggb %I%t %Fgﬁ%d%%%ﬁﬁ Srﬁée%%’ &&lg npri si ng:

rbie? g iiﬂ&e\é%gtgsgvgﬁ ﬂ\%glpge rclsirtnurc'atti% %ftg& c&n BE ?é?ﬂgeéﬁ}; clpafnging the

projected values of the second state of the first set of bits, determining an alternate
set of values having at least one value differing from the projected values of the
second state to reduce the first switching noise cumulative effect, writing the

alternate set of values to the first set of bits as the second state, and setting a first

designator in at least one bit of the first word.

2. The method of claim 1, further comprising:
reading values of a first state of a second set of bits of a second word;
obtaining a projected value of a second state of each of the second set of bits;
determining a second switching noise cumulative effect of a transition of
each of the second set of bits from the first state to the second state; and
if the second switching noise cumulative effect can be reduced by changing

the projected values of the second state of the second set of bits, determining an
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obtaining a projected value of a second state of each

of the second set of bits; determning a second
wGemMorobE48yg noi se cunul ati ve effect of a transiPCDOSWN6/025245

each of the second set of bits fromthe first state to

the second state; and if the second sw tching noi se

cumul ative effect can be reduced by changing the

proj ected values of the second state of the second set

of bits, determ ning analternate set of val ues having

at | east one value differing fromthe projected val ues

afbrmbi28 B ET@MEEsHaing at Rasiods oelut diffampdinetn shd frojected values

noi se cumul ative effect, witing the alternate set of

of ﬁ{de%%é?ﬁcpstﬁtg %o r&dulé! e%@&m@ Lwhitisg asisk laﬁm%ﬁ,@l@@ dffsdtabdting

second designator 1n at |east one bit of
e PSS @ﬁ%e%ss %st% B0l Bt afthR s ERghd SMCLEN Sl
not set. 4. The erein determ ning

Sﬁ?Pnéld(eéllgﬁ%Ff’éms%tleaé’f OQF lh%@ﬁ?)?e&\‘?’f‘%glg\rl\é;n al ternate set
of values in the formof an,inverted set of bits of
the first set ofbits. 5. The nethod of claimi1,
wherein whether the first sw tching noise cunulative
%f f ecThecmethbé of eldine 8dwhereiddhefirst destignsjonimsstigad thegeeond
than half of the values of each of the bits of the
destegibtosisaioesaf the first set ofbits differs fromthe
proj ected val ue of each of a corresponding bit of the
second state of the first set ofbits. 6. The net hod of
claimb5, wherein determning an alternate set of

al u | [ ©1cknifl a¥ AlteR5teist dhankr m
57 anTeDEpESE sBind; hRbER R g oY fh e’
provides an alternate set of values in the form of an inverted set of bits of the first set

of bits.

5. The method of claim 1, wherein whether the first switching noise cumulative
effect can be reduced is determined by whether more than half of the values of each
of the bits of the first state of the first set of bits differs from the projected value of

each of a corresponding bit of the second state of the first set of bits.
6. The method of claim 5, wherein determining an alternate set of values

provides an alternate set of values in the form of an inverted set of bits of the first set

of bits.
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of bits.7. The method of claim1, wherein witing the
alternate set of values is perfornmed through cl osely

wo omanedspi ns on a chip, each pin correspondi NRECT/USH06/025245
bit of the first set of bits. 8 The nethod of claim
1, wherein witing the alternate set of values is
performed through circuits on a Field Programmuabl e
Gate Array die. 9. The nethod of claim1, wherein
witing the alternate set of values is perforned
through circuits on a Application Specific Integrated

7Gi 1 cypt nflitRd oF@laihhe wWiRtdMOGiflhg eleailidinbie sdhef eilnes is
reading values of a'first state of a first set of bits

of- a fig s ' ' Loy to a bit of
duticd bl oty BT FEEUT AoRb e RS
readi n alues of a first state of a first set of bhits
t}%ﬁi%ét?@?i’g?‘ks\mrd i nvol ves reading 8 bits froma 36 bit
device. 12. The nethod of claim 1, wherein reading
values of a first state of a first set of bits of a
first word invol ves reading data correspondi.ng to,

8aut offbinethakel dajui hrvdierein Waiting ke @%ﬁ%ﬁs%f‘)fé’%éﬂﬁ?ﬂsl,
further conprising: reading the first designator in at
peffafhedmoughicirofits drea FickdsProgmnunatae fiafe Ahay fier st
designator is set, reading the alternate set of val ues
fromthe first set of bits and determ ning the

proj ected val ues of the second state of the first set

Pf b "131% éé‘@?ﬁa ??nﬁ%@A { SkaLie wiftingQhe ¥@drH@8 setld.valideis

rret ho further comprising, witing the

L S e R R L R SO e

10.  The method of claim 1, wherein reading values of a first state of a first set of

bits of a first word involves reading a Static Random Access Memory.

11.  The method of claim 1, wherein reading values of a first state of a first set of

bits of a first word involves reading 8 bits from a 36 bit device.

12. The method of claim 1, wherein reading values of a first state of a first set of

bits of a first word involves reading data corresponding to automatic test equipment.

13.  The method of claim 1, further comprising:

reading the first designator in at least one bit of the first word; and
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15. The nmethod of claim 13, further conprising, if the
first designator is not set, |eaving the values of the
wo 2oosomes of bits unchanged. 16. A bus prot ocPCT/U82006/025245

reduce transient noise, conprising: reading val ues of

a first state of a first set of bits of a first word;
obtaining a projected value of a second state of each
of the first set of bits; determning a first

swi tching noi se cunul ative effect of a transition of
each of the first set of bits fromthe first state to
the seeRestHedbeator ik séthfeallingShe SWriAbsa0f Ralusefrom the first
curmul ative efféect can be reduced by changing the

I ojiect £ ARt firSedet of
Sgtf(%t}ﬁgs?g ggé%%&ﬁﬁazbgﬁei ter1 nast%gﬂgegstee%r%é SE/qgclefges havi ng

t |east one value. differing fromthe projected val ues
b%ﬁf%%a@élgswateﬁ%? e 4 r educe the first switching

noi se cumul ative effect, witing the alternate set of
values to the first set of bits as the second state,

and setting a designator in at |east gne bit of ahe

1 r stTheonethod ebaluing] 3, Hartrs sogwasine, Vrtiag thepsaiectss yalyes of
of the first word;if the designator is set, readin
thbecoahd etareaifeheshist ot of hituwsthé ficsrsettod bits psthesegondfstae.t s
and determ ning the projected values of the second
state of the first set of bits fromthe alternate set

of values; and if the designator is. not set, reading

fqe Vﬂ&ﬁ?ﬁg& ?f Q&ind hi,%g‘gaibqoﬁfslaﬁeifg?ifil%e tiRedsesand is not set,

state of Irst set it conput er

%&%gg Iﬁ:eva ue(sj Iofl {Eetfﬁstrs%{jgtcbqtstdnéﬂzﬁflg@@.t noise in a digital

16.  Abus protocol to reduce transient noise, comprising:

reading values of a first state of a first set of bits of a first word;

obtaining a projected value of a second state of each of the first set of bits;

determining a first switching noise cumulative effect of a transition of each
of the first set of bits from the first state to the second state;

if the first switching noise cumulative effect can be reduced by changing the
projected values of the second state of the first set of bits, determining an alternate
set of values having at least one value differing from the projected values of the
second state to reduce the first switching noise cumulative effect, writing the
alternate set of values to the first set of bits as the second state, and setting a
designator in at least one bit of the first word,;

reading the designator in at least one bit of the first word;

3
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system the conputer readabl e nedi um having code for
performng a nethod conprising: reading values of a
wo poosmogate of a first set of bits of a firstPeDUS2006/025245
obtaining a projected value of a second state of each
of the first set of bits; determining a first
swi tching noise cunmul ative effect of a transition of
each of the first set of bits fromthe first state to
the second state; if the first switching noise
cunul ative effect can be reduced by changing the

Proj g6 q?ﬁ{?{a?&%s &, bhEns e aNdrrateddee oPaltiddefrdnn theet firsisdet of
of bits, determ ning an alternate set of val ues having

bﬁ% allacﬁggfélggglﬁlg\{% gtSJg@ﬂteﬁfvﬁfugg‘ gt fe QB AR RS Of 86 g suRlfbes

0 reduce the first swtching

noi se cunul atjve effect, witing the alternate set of
W&@‘@@ft{s’a’aﬁf@t?ﬁe‘fﬁg B of bits as the second state,
and setting a designator in at |east_on it .t he
firstf thedgsigraterds APt sehEcading 'g‘ﬁ Yelyes %t?‘gglr?qégtsq%btﬁ &t
of the first word;if the designator is set, reading
s¢tdoad atateofthe éirg ¢t odbitval ues fromthe first set of bits
and determ ning the projected values of the second
state of the first set of bits fromthe alternate set
of values; and if the designator is not set, reading

1yhe Vﬁk&%ﬁu@f rehd®1d hbStns©ire@ice iahsieamoisedn aeligitall circuit
state of the first set of bits. 18. A nethod for

reducin i1 \StoR gerféledigs Antting a
S§§8‘r%é{hre§el"8%[{ g{eé?]%éaatd?(\g}ee o? {]g%h?ggg?é%ﬂglpg?rgl i tlyg of binary

transjtions,
comprising:

reading values of a first state of a first set of bits of a first word;

obtaining a projected value of a second state of each of the first set of bits;

determining a first switching noise cumulative effect of a transition of each
of the first set of bits from the first state to the second state;

if the first switching noise cumulative effect can be reduced by changing the
projected values of the second state of the first set of bits, determining an alternate
set of values having at least one value differing from the projected values of the
second state to reduce the first switching noise cumulative effect, writing the
alternate set of values to the first set of bits as the second state, and setting a
designator in at least one bit of the first word,;

reading the designator in at least one bit of the first word;
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each binary transition froma first state to a
correspondi ng second state; if the score indicates

wao bav/oomase than half of the first states of theCT/US2006/025245
plurality of binary transitions differ fromthe
correspondi ng second states, invert the values of the
second states and set a designhator; wite the second
states to a plurality of bits corresponding to the
plurality of binary transitions; and if the designator
is set, wite the designator to a bit associated with

the pfgheakdibat6f isRbt fea&i%g RS enthtd gt od valnes fomriad fifsyset of
of binary transitions. 19. The nethod of claim18,

fur DRI 8L B ' eGnd t BBSHbits

‘ b&# a%‘{q ggtﬁﬁﬁlgg{% t? !)3/ B%? ec&@ﬁ\g‘%& tOIf g}% ssi%t I on s?t% Fgg%i fﬁg t he
desi.gnat or corresponding to the plurality of binary
ff%ﬁ%@‘?&ﬁé@ﬁ tﬂg}éﬁf‘?snﬁn he val ues of the second state,
if the designator indicates that. the.values of.the
secorifithsidgpigngfer s n6F & IS%FQP%/" ergBies 8 Hﬁ'f .rStﬁGg‘éﬁhlgeas ths
reduce transient noise in a digital circuit system
secomdrstae nfjtherfustrest ¢idritsdet er mi ni ng a score
representative of at least a plurality of binary
transitions, each binary transition froma first state
to a correspondi ng second state; neans for inverting
tdhe VARESoPfor tR e eRALLIGH Bi@gy,ichbniphieingcor e i ndi cat es
that nore than half of the first states of the

Pl ur i bhifihe s@&%ﬁgﬁrés@ﬁ@iﬁ% g 1684st b Blurhlit9 F bid@ry transitions,
corr esponél pé second states; and neans fof setting a
%fe;ﬁi? n%; tcl)'armslitflont ﬁlgmsé rgteste{tg 9)' £ @ér?e%p&nﬁltlg §Rbid EtQt%[‘ hal f

if the score indicates that more than half of the first states of the plurality of
binary transitions differ from the corresponding second states, invert the values of
the second states and set a designator;

write the second states to a plurality of bits corresponding to the plurality of
binary transitions; and

if the designator is set, write the designator to a bit associated with the

plurality of bits corresponding to the plurality of binary transitions.

19.  The method of claim 18, further comprising:
reading the second state of each of the plurality of binary transitions;
reading the designator corresponding to the plurality of binary transitions;
inverting the values of the second state, if the designator indicates that the

values of the second state were previously inverted.
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first states of the plurality of binary transitions
differ fromthe correspondi ng second states. 2 1. The
waleooes4efd cl ai m 20, further conprising: nmeansPEDUS2006/025245
readi ng the second state of each of the plurality of
bi nary transitions; neans for reading the designator
corresponding to the plurality of binary transitions;
nmeans for inverting the values of the second state, if
t he designator indicates that the values of the second
state were previously inverted. 22. A nmethod for
reduci ng sinul taneous sw tching noi se, conprising:
readi ng values of a first state of a first set of bits

foafi _ . e . . ) _
BlcohOE EEEAUGY I bR kst
det er m ni first alternat . '
A bbby B PRI SeEleobr ee phBtGeShay
al ues of .the second at d first. switchi )
tFidents GFRN ARMY G OnRER B LR g OResoning Yodeil i
alternate set of values to the first set of bits, as
t he geensdorsneerting e vaites ofibeneepndrstatesif thepsoreripdicgigs that

conprising: before determning the first alternate set
mbre\iedniedt ofthe Aishistates af teqiurdlity of binary transitions differ from the

corresponding second states; and
means for setting a designator if the score indicates that more than half of the
first states of the plurality of binary transitions differ from the corresponding second

states.

21.  The device of claim 20, further comprising:

means for reading the second state of each of the plurality of binary
transitions;

means for reading the designator corresponding to the plurality of binary
transitions;

means for inverting the values of the second state, if the designator iﬁdicates

that the values of the second state were previously inverted.

22. A method for reducing simultaneous switching noise, comprising:

reading values of a first state of a first set of bits of a first word;
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projected value of a third state of each of the first
set of bits; and before witing the first alternate

W@ 2107006548481 ues, determ ning a second al t er nat ePGEUSING/025245
val ues having at |east one value differing fromthe
second projected values of the third state to reduce a
second switching noise cunulative effect. 24. The
nmet hod of claim 23, wherein determning a first
alternate set of values and deteraiining a second
alternate set of values involve reducing both the
first obwidichh figst pedjsctedviiug aftd seeomd fteietof aach dfiibe fmt seidf
swi tching noise cumul ative effect. 25. The net hod of
glt@i m 22, further conprising: reading the first
al ternate set of values fromthe first set of bits;

andd etdﬁtreﬂj, ;\Hl'{% Fﬂ? AR RAE ST VXI%.Eé’Iﬁ e & léﬁf Qﬁ@vaﬁﬁ@&%fenng

of eac Irst set of bi the first

e set of , ut
e @m%{r% el i s s e v B YeRe PR iRping s
system e conput er readabl e nedi um havi ng code for
ﬁ%@?’@??ﬁ’ﬁ ek hod conprising: reading values of a
first state of a first set of bits of a first word;
obt ai Mriingzhe firs elternefp seitaf yalpgs tethe first seteafbifl a8 thersecard
each of the first set of bits; determning a first
afateer nat e set of val ues having at | east one val ue
differing fromthe first projected values of the
second state to reduce a first swtching noise
cumul ative effect;

23.  The method of claim 22, further comprising:

before determining the first alternate set of values, obtaining a second
projected value of a third state of each of the first set of bits; and

before writing the first alternate set of values, determining a second alternate
set of values having at least one value differing from the second projected values of

the third state to reduce a second switching noise cumulative effect.
24.  The method of claim 23, wherein determining a first alternate set of values
and determining a second alternate set of values involve reducing both the first

switching noise cumulative effect and the second switching noise cumulative effect.

25.  The method of claim 22, further comprising:

reading the first alternate set of values from the first set of bits; and
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witing the first alternate set of values to the first

set of bits as the second state; reading the first
w@bdoenomse set of values fromthe first set ofP@I/US2006/025245

and determ ning the projected value of a second state

of each of the first set of bits fromthe first

al ternate set of val ues.

determining the projected value of a second state of each of the first set of

bits from the first alternate set of values.

26. A computer readable medium to reduce transient noise in a digital circuit
system, the computer readable medium having code for performing a method
comprising:

reading values of a first state of a first set of bits of a first word,

obtaining a first projected value of a second state of each of the first set of
bits;

determining a first alternate set of values having at least one value differing
from the first projected values of the second state to reduce a first switching noise
cumulative effect; |

writing the first alternate set of values to the first set of bits as the second
state;

reading the first alternate set of values from the first set of bits; and

determining the projected value of a second state of each of the first set of

bits from the first alternate set of values.
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