DEVI CE AND METHOD TO REDUCE SI MULTANEQUS SW TCHI NG

NO SE Backgr ound Si mul t aneous swi t chi ng noi se
(SSN) is one formof noise that can exist in

el ectronic systens. SSN can be caused by a substantia
worbevoosBs dri vers switching in the sanme di r eB¢T/0$2006/025245
within a short tinme window Effects of a substantia
nunber of 5 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
the el ectronic system For exanple, disruption to

vol tage | evel s of power and/or ground planes in a chip
can prevBENVICBQIND METHOD YOREBAUCEAIMGLHT AYEOUS
correctly. If alogic 1 output 10 froma gate array is
| ower than the nini mﬁW&TCﬁQ@@OF%i c 1 at an
inverter, the logic 1 output nay not be correctly

i Baskgwonndd by the inverter. Likewise, a logic 0 from
the gate array above the maxi num al |l owabl e |1 ogic 0 at

t he i NgghiRhedwS Whikhitsidide (BBNRR oherfoiménoies that can exist in
indetermnate result. Traditionally, attenpts to

QRS R SbinAKENI Y B ¥RRed by Siubstbiiel symiemof ddyveibswitching
drivers/pins, differential signaling, skew ng the

t N e hNeSon SAmRMRShOf titlewigddy. Bifehsf aadshtmgal number of
resistors to the circuitry. However, these may be
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propagate as noise throngh both active and inactive drivers.

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 ouiput
10  from a gate array is lower th.an the minimum allowable logic 1 at an inverter, the
logic 1 output may not be correctly interpreted by the inverter. Likewise, alo g‘ic 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
15  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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WD 2007/ 005484PCTf US2006/ 025245 Sunmary The
present invention is directed toward addressing

si mul t aneous switching noise (SSN) by seeking to
reduce net transition energy of sinultaneously
WRi2b@W0H§ dri vers. Various enbodi nents of thRCHFREesIRS245
i nvention provide nethods involving 5 an encodi ng
protocol to reduce the nunber of proximlly-I|ocated
drivers changing values during a transition froma
first state to a second state. By reducing the
cunul ati ve nunber of value changes during a
transition, the cumul ative current change may be

r BEEMEY 3l ong with the simultaneous sw tching noise
effects. Also, a reduced cunul ative current change can
al so regipeseNahiagen flditedtetowaniaddresgnpumdlid@owrsiiohing
power planes of a chip, thereby mnimzing potentia
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spi kes. According to one enbodi nent of the invention,
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prOV|ded The nmet hod i ncludes readi ng val ues of a
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obt al ni ng a proj ected value of a 15 second state of
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cunu ative effect of a transition of each of first set
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prOJ ues' o e second state of the first set
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one va erlng the proj ected val ues of the
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ol se cumif ative effect. The alternate set

of Vcﬁjl ue uetévvﬁaﬁ%&h?g{ ﬁe@e first set of bits as the

S ate I'ng a first designator in at
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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

20 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.



first word and obtaining a projected value of a second
state of each of the first set of bits. Afirst

swi tching noise cunmul ative effect of a transition of
each of first set of 5 bits fromthe first state to
WReIWeewAt state is determined. If the firstPEUIEANHIAZS
noi se cumul ative effect can be reduced by changing the
projected values of the second state of the first set

of bits, an alternate set of values is deternined,
having at |east one value differing fromthe projected
val ues of the second state to reduce the first

swi tchi ng poise cunul ati.ve effect. o 3
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ternatively, 15 if the desi tor i

v ahugelstivf effepiccan be sqdug@tby&bgiﬂliggﬁﬁ goﬂ elé‘t}& r‘]’g‘élei‘s ﬁfte'h% t%eg‘glhdd
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perform ng the nmethod descri bed above. L
switching noise cumulative effect. The alternate set of values is written to the first
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10 set of bits as the second state, and a designator is set in at least one bit of the first
word. Also according to the method, the bus protocol includes reading the
designator in at least one bit of the first word. If the 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,

15  ifthe designator is not set, the values of the first set of biis 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 medivm has code for performing the method described above.
Another embodiment of the invention provides a method for reducing
20 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 balf of the



Anot her enbodi nent of the invention provides a nethod
for reducing 20 transition energy. According to the

nmet hod, a score representative of at least a plurality
of binary transitions is determ ned. Each binary
WOasieen is froma first state to a corr esHorbI2AYg 025245
second state. If the score indicates that nore than
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states of the plurality of binary transitions differ
fromthe correspondi ng second states, the val ues of

the second states are inverted and a designator is
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the first set of bits as the second state. This nethod
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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 first sct 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

20 projected values of the second state to reduce a first switching noise cumulative
effect. The method also inchades writing the first altemate 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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WD 2007/ 005484PCT/ US2006/ 025245 first alternate set of
values fromthe first set of bits and determ ning the
proj ected val ue of a second state of each of the first
set of bits fromthe first alternate set of val ues.
WocHr#¥gt t o anot her enbodi nent, a conput er PEEHS9P025245
mediumto reduce transient noise in a digital circuit
systemis provided by way of code for performng 5 the
met hod descri bed above. Brief Description of the

Dr aw ngs The invention will be apparent fromthe
description herein and the acconpanyi ng drawi ngs, in
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of the invention. Detailed Description Various

e thsaerthaddescrbed ghvepr esent i nventi on address

si mul t aneous swi tching noi se by seeking to reduce the
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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 éccording to an iltustrative erebodiment
of the invention; and

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

embodiment of the inveniion.

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 aﬁrst state to a second state. By reducing
the curmulative number of value changes during a transition, thg cumulative current

change may be reduced, along with the simultaneous switching noise effects. Also,



a reduced cunul ative current change can al so reduce

vol tage fluctuations in ground and/ or power planes of

a chip, thereby mnimzing potential inproper |ogic
functions due to voltage dips or spikes. In an
WDI2087t00884 ve enbodi ment, the present inventi BEI/US209038R45
wth a Static 5 Random Access Menory (SRAM 100 and a
Field Programmabl e Gate Array (FPGA) 200. Figure 1
illustrates an exanple inplenmentation using nultiple
SRAMs 100 wth a single FPGA 200. In the illustrative
enbodi nent, each SRAM 100 is a 36-bit device. An extra
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15 operations, to seek to mnimze the transient

ener gy caused by changes in the |ogic val ues during
transitions. In the illustrative enbodi nent, a scoring
process may be used. Wth reference to Table 1, scores

WOSIEDPHEBt | shed for each type of |ogic transPE¢T/ByR006/025245

bet ween the previous bit value witten (regardl ess of
whet her it was previously encoded) and the projected
bit value. The scores are intended to 20 approxi mate
the switching noise effect of each of the bit

transitions, if the transition were to occur fromthe
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Bit Value Score 0 0 0
and the designator bit is set 340. I the companson 310 determines that the

switching noise cumulative effect can not be reduced by altering the bits to be
writien, then the projected values are written 350 to SRAM 100 unchanged, and the
designator bit is not set. Likewise, when the SRAM 100 is read, the designator bit
of each word is read to determine if the corresponding 8-bit word needs to be
decoded. The method 300 is performed for each word in each of the SRAMSs 100.
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 chanlgesl 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 writien (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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1001441 10-1 5In the exanple of the 8-bit word,
the nost extrene scores possible are +8 and -8, which
woul d represent all the bits transitioning one way or
the other. A score of O represents no net transitions,
WRSPE/0548b 1 transitions are bal anced by | tBCTUS2006/025245

transitions. In the illustrative enbodinent, if the
total score for the bits is > +3 or < -3, then the
designator bit will be witten, indicating an encoded

transition and 10 encoded bits will be witten to the
SRAM 100 for that word. If the total score is <

indicated in Table 1, the direction of the transient voliage effect is also represented

by the score, as the 0 to 1 transition has a -+1 score, while the 1 to 0 transition has

a -1 score,
TABLE 1
Previous Bit Value Projected Bit Value Score
Written
0 0 0
1 1 0
¢ 1 +1
1 0 -1

In the example of the 8-bit word, the most extreme scores possible are +8
and -8, which would represent all the bits transitioning one way or the other. A
score of 0 represents no net fransitions, where 0 to 1 transitions are balanced by 1 to
0 trapsitions. 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 ]:;)lrocess 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.



+4 and > -4, then the designator bit will not be
witten and the bits witten to the SRAM 100 for that
word wi Il not be encoded. The goal of the

scoring process in the illustrative enbodinent is to
Weausaoitke transition energy when there are REAYS2p6{025245
changing in one direction by making 15 transition bits
static and static bits have transitions. In one

i npl enent ation, the encodi ng process can be autonmatic,
with the use of the designator bit to override

encodi ng and permt un-encoded bits to be witten.

In th t Lllustrat] di t he desi
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Val ue to/from SRAM Current Designator Bit to/from SRAM:
5 péftepyitiqn ip the designator bit for encoded transitions.

TABLE 2
Previous Designator Bit | Current Designator Bit Action
Value to/from SRAM to/from SRAM
0 1 Do not encode/decode.
Non-encoded transition.
1 0 Do not encode/decode.
Non-encoded transition.
0 0 Encode/decode.
Bncoded fransition.
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 pinouf and on
the FPGA die. In su;:h a configuration, the present invention may provide a greater
10 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 anothér illustrative embodiment of the invention a scoring process is not
used to determine if encoding is required, as each transition is encoded to seck to
15 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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Do not encode/ decode. Non-encoded transition. 1 0 Do
not encode/ decode. Non-encoded transition. 0 O
Encode/ decode. Encoded transition. 1 1 Encode/ decode.
Encoded transition.

WO 2007/005484 PCT/US2006/025245

state 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. A first aliernate set of values is
determined 430, 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 440 the first
alternate set of values to the first set of bits as the second state. This method can
also optionally include reading 450 the first alternate set of values from the first set
of bits and determining 460 the projected value of a second state of each of the first
set of bits from the first alternate set of values. This embodiment may be used in
combination with aspects of the other embodiments, aspects or alternatives
described herein.

Various embodiments of the invention may also include looking ahead to

s

more than just the next state. 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 varjous embodiments of the invention involving

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

-10 -



According to the illustrative enbodi nent, the word

bits, and optionally the designator bit, may be very

| ocalized to be |ocated close together in a pinout and
on the FPGA die. In such a configuration, the present
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Vari ous enbodi nents of the invention may al so _include
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exanple, in determning the desired val ues to be
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corresponding to the state changes. ‘

encoded form, of the remainder, of the segment, Therefore, any new segment written

to that location minimizes the switching noise cumulative effect, as a benign word is
written to bits containing the same benign word (or another word, the switching
noise cumulative effect potentiaily reduced by the 10101010 values), while the

20 remaining projected values of the words of the segment are known and any encoding
may optionally be used to minimize the switching noise cumulative effect relative to

the words after the first word.

-i1-



Vari ous enbodi nents of the invention can be used in a

w de variety of applications. Exanples include, but

are not limted to stored nmedium date, real-time 20
data, or conbinations thereof. Wiile not limted to
wasew/00580| vi ng sequenti al | y- addressed nenor PCT/US2006/025245
applications of various enbodi nents of the invention

i nvol vi ng non-sequential changes in nenory addressing
may- benefit froma wide variety of nmenory managenent
techni ques. By way of exanple, the techniques may aid

in correlating the value presently existing at a

That WEmBpens P bR siieal ey BB b vk bl O
representation of the transition by know ng the |
i e e S A e
S 6 Bopk FoPLRIPS SP NGB PA PG (5 bur. ERBPElEs RER ghe

whil e al so receiving real-tine,.c , I jring a
nd¥iesRigENSAtiogan emféw%ebqt W%BW@%%?E‘?@? ﬁlﬂf ASICs! A
non-limting illustrative exanple of a nmenor .

5 relirleplieants ol desRPSECOTSon BBY RO B6 Fod iR EBRC PO
various enbodi nents of the invention includes t use
ofautgmatio tasrapipment. | lisrmgderstoadhihat variquy spkodanenispidhe ¢ he
| ook-up table is used to store the first word of a
s dgyrtion wiy hpimdementesify awidR VEtREY pEslestspric e dcsso RaTp ALY
corresponds to the first word of the segment. The |
sttbossdising fagid switchieglcisedtryyang sk ke yagous aedinds gatbor
non-encoded. At the nenory |ocation corresponding to
t hieapldnrested iphaddwidre pheofiwement combingtipe et wor d, such
as, for exanple, 10101010. The nenory |ocations 15 of

10t he r erfEeiitusyativered®oflimenh énpleyaprions enf exeplgs dotRi S
i n encoded or non-encoded form of the renuinder, of
t heeme grieitustder afioptlimiing. Thowrswytrinqentianhag keendgscribed
that location mnimzes the switching noise cunul ative
ef fewty ofazaaplbeni grdifmtionssndviriations efshbexempiasn emberdimgnts
the sane benign word (or another word, the switching
nowilbsuggustihernsehas of Skilded qotispayinitizb Gyldvathovedtpinjing from the
10101010 val ues), while the 20 renai ning projected
v abpigisof e ifthatiovor Riatueds antl ehsageristies afitiee donvadesgribedany
encodi ng may optionally be used to mnimze the

15S WerhBdiAgnt Dk wodil aibieatioh.f Tod prefetred embodimenth ere merely
words after the first word. WO
200050094 SARETHIYD3ORE/ 0D 284S rirdotich inany srapf Thdgeope of the
present invention may be used as a bus protoco

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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standard by the use of appropriate encodi ng and
correspondi ng decodi ng techniques to seek to m nim ze
SSN anong conductors on the bus. Exanples of use of
t he present invention can include, but are not limted
to, FPGAs and ASICs. 5 Enbodi ments of the present
i nvention may al so be used ¥n connection with
automatic test equipnment. It is understood that
vari ous enbodl ments of the invention may be
Whaips elsine@® on a wide variety of electronic devices,
partl cularly those using logic switching circuitry,
and ,t hods, idd?
har AvEEoU T AL RSB A n TR e
illustrative enbodi nent, inplenent atl ons and exanpl es
her edznliry galueaof a tigstbéate lof adirstatat vébis df & éitst womdt i ng.
The present invention has been descri bed by way of
exanpl e, and nodifications and var| at| o Ol(w
exeRPIEFNISMINAS M EQTeRRNAEGRRSONT SRt |e@e§ fhe first set of
pitski I 'ed artisans in this field without departing from
the spirit of the invention Features and
characteristics of the above-described 15 enbodi nents
may dbtermgeny i M S@Te| rm:tresﬁntatT\m qbr af deasid aephwdlityrent dinary

B BoE b A R TR % R ecom

stdte: be nmeasured by the appended clainms, rather than the
preceding description, and all variations and

equi valents that fall within the range of the cl
ar e ifithe speredndigatss thﬂ&fﬂatee@‘aﬂﬁ‘é’ﬂfé?fﬁhe firsg states of @‘e plurallty of
h I 0
oifge, BRI Pl B DRHe oBietRig Serbit SERAD Ayerting the
valitestof tiod secdndﬂatasandosfetmg 8 debkigaafdarr st word;
proj ecting values of a correspondi ng second state of
each ?If the first

cofidhp PR apa e Biiste i dhete tap iAERT T Brl Befbsof the

Iﬁréﬁt?s ot RSy @ARBitiIBh et rfrdisi tHeORofreapdriding f s¢cdind states
tate to thé correspondi ng second st ate;
resetting the designator;

writing the second states to a plurality of bits corresponding to the plurality
of binary transitions; and if the designator is set, writing the designator to a bit
associated with the plurality of bits corresponding to the plurality of binary

transitions.

2. The method of claim 1, 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.



if the score indicates that nore than half of the
first states of the plurality of binary transitions
differ fromthe correspondi ng second states, inverting
the val ues of the second states and setting a

desi gnat or; if the score does not indicate that
nore than hal f of the first'¥states of the plurality of
binary transitions differ fromthe correspondi ng
second states, resetting the desj

3. wr i Thegathed shelaina 1Swgfag§n §gtttggF;h%pgﬁlgp?t%pomp(lges matching
the” ﬁgﬁﬁﬁaﬁa Cibnﬂﬁe Bré\ﬁk?uspbé&ghét‘oy \féflue;b 'r?ﬂar bésbft@z@stﬁe' @88Signator

nat or deSi gnat or
coumrlaeé.mtatczim&;g)meacﬂmgmtommthe iplaries| preylog$ dpsigpator value.
correspondi ng to the pl ural ity of binary transitions.

et hod | of aml r.c ri.sing: . r ' .
4 ¢ hehdiimdosedtee frRtighanaire e doiE PR YERy oy Rho:
transitions; reading the designator corresponding to
then‘ﬂal G ok tdét@ifmtﬁin@aé Yoot e plelseRttive 1f atdleashe plurality of
3 of claim1l, wherein setting the designator
bmanyrmar@é@narataam hinarkidransitiogn £e6Y at st iwtatprieva gggresponding
or val ue and resetting the designator
Seg(g'ﬁjpg[lg @s mat chi ng the designator to the inverted
previ ous designator value. 4. A device to reduce
tr aﬁﬁéa@:@tfoﬂﬁiv%ﬁiriglth@ wilges of thel seuont Qatese'frthe score indicates
conpri s ns for eter nin

o SOTE ool vt SEMRELS o605 BN B o o biary
tra'h&i%eﬁé HriiNfhe ﬁgﬁlﬁep'o?%\)é fbr Fﬁ@ﬁ'ﬁlh@fﬁ} tfrél%ﬂléhsf i Sﬁe pladiRy of

to a correspondil ng second st at e, s fo
biriany dransitigns h@gmt@eﬁiaoﬂhewsgbﬁ%wall@t@t%glﬁerrem%b%(ﬂe@ the

A e e e

tramgdiote nunber of low to high binary transitions in
the plurality of binary transitions is greater than

e bl e ual e 8 LLETS0CE BLAREN LG D e o

thé Caﬁffér‘én!:@% D&k Mhé raabdr 8RRigh to low BIRAYStraMsitions and the
ting a designator if the score indicatées the

n@mwﬁ lewvtgl hig lpmaWetransaltl@meﬁb@%et%'éh af Ringnynikansitigns is

| el bel @high t
orbh i GRARARE Xl BE ) GarBd foRGeB R yhbel rticn o
higf Bingrt iremsitiorss @ ttearurhibemoftitv tabsobinaey transitorss, ande

di fference between the nunber of high to high binary

: {ZE&H;{E? reasggtgfght en eré?q%%g%;lf Vgctpg% lg}%f%aﬁ | nft‘{?yabsolute value
ofglﬁé't Rte ibbtwdish BEORBmLRHIE Mg td v W Yigskidhseand the

difference between the nunber of high to | ow
nLhmhﬂIrqf low 4 igh binenaiienaitiensninripe Pluplity & birgns tigrsitions is not
ar, S [ f iah bi
gr??t%[] §I¥?r¥ gr?engg)%élﬁlgétdl'ffgrewag Iﬂtﬁégﬁ ttl?}éé ng[)nt%r %éﬂgh to high binary
trﬁsﬁtfﬁsmahbemwﬂmndfmmmm;nalfy thargditians. hi gh bi nary
transitions and the nurrber of lowto | ow binary

transitions. ﬁVI ce of claim4, further
conprhes,qiqﬁ@ce of c!alm 4 “further comprising:

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

transitions;



15 means 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 i nver1t5ed.

means for reading the designator corresponding to the plurality of binary

transitions;

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

indicates that the values of the second state were previously inverted.



