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DEVI CE BACKM@R6INBys 1. Field 5 The present disclosure relates to reducin
el ectronmagnetic interference (EM) radiated by a heatsink &fd/USHHi¥6s
particularly, to a circuit for at least partially reducing such EM. 2.
may be
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characterized as an interfering signal
el ectroni c equi pnent. Typical sources could be, for exanple, power-line

transm ssi ons, noise fromsw tching devices, and/or spurious radiation

from oscil | ghokgrdiMipsi gnal s may, directly or indirectly, contribute to
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reduce 15 degraggsgon in performance of an electrical device by EM, such

as generated froma second electrical device, electronic equipment
typical gy neets level.s set by the Federal Communications Conmm ssion
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thereby affected. To illustrate the

Thi s device %¢1ave its performance
concept, t P ow ng exanple may prove hel pful. O course, one skilled
recogni ze that there are many ot her exanpl es that may be

inthe art will
used. In a computing system EM signals generated by a m croprocessor, for
exanpl e,
2. Background Information
) 10 Electromagnetic interference (EMI) may be characterized as an interfering signal

generated within or external to electronic equipment. Typical sources could be, for
example, power-line transmissions, noise from switching devices, and/or spurious
radiation f_‘rom oscillators. EMI .signa-ls may, directly or indirectly, contribute to
degradation in performance of an electronic receiver or systern. In order to reduce

I5  degradation in performance of an electrical device by EMI, such as generated from a
| second electrical device, electronic cquipment typically meets EMI levels set by the
ngerai Communications Commission (FCC) and the International Special Committee on

Radio Interference (CISPR).

EMI emissions are usually a problem where the interfering signal travels from a

20 - source via a coupling path and radiates to a device. This device may have its performance
thereby affected. To illustrate the concelpt, the following example may prove helpful. Of
course, one skilled in the art will recognize that there are many other examples that may be
used. In a computing system,_ EMI signals generated by a microprocessor, for example,
may be transmitted to a heatsink coupled to the microprocessor. The heatsink, effectively

25 acting as an antenna, may than radiate the recejved EMI signals. These radiated EMI
1 '



.my be transmtted to a heatsink coupled to the m croprocessor. The

heat si nk, wfd @edsbogel y 25 acting as an antenna, may than radiate g@:eﬂﬁ\{ 2005
received EM signals. These radiated EM 1 WO 02/ 43303 1 MRYTA§0ES665
PCT/US()| 4i60 signals may then degrade the performance of an el ectrical
devi ce wi t hbigndiheagf thes tdegtadd 829 i |y, redugtjon of electronmagnetic
interference is ata'?errpt ed vi aﬁ%a;gesrt;oﬁmc;é?gh%o?fggwa rf%é‘ﬁ? Ryt the afestedyi ng
an inert compgnent or nethod that may control, but 5 not create or anplify
energy. Wile these passive nethods are typically inexpensive, at tines

they are ineffecthigr [daguen0 monstrated to provide only limted
success at redug?3 ng EM S| gﬁaﬁgglﬁgﬁ%@gnﬁ% [ERILerencsy Is catigmpttes, Viempestinw e

i nherent bapawbEL Ll gﬂglor. resonant points which may limt the
frequenci es of ' 3“3‘#&’?‘5% a‘flogP%a‘bH‘ﬁﬁﬁP’é‘P%‘mt Bempigod Bgtmeyicontnol, dddi t i on,

if the sourn igqnals, i s changed, due to a processor 10 upgrade,
for exarsrpl g??g’?%t%tﬁpgmgg{%%eeﬁ%" r@&ggff@ﬁ% RASSWh meHiRds predypieallyoidespsnsival kied f or
to be eff i ne .therefore, exists for an inproved circuit

confi gur at ?gﬁg glr%y t‘@’é ﬁnr??%ﬁt vergrhave hiegnedemonptraiedate prbwide oolydgniedd sncored st

suppr essi o&dﬁﬁv(i, E&U 15 ERIIFF DESCRI PTI ON OF THE DRAW NGS The subject matter
regarded as thes FRVEMETREN h€semethpds, faergmplei maybavelithesent bastivsdth Migditsy
clainmed in_ the concluding portions of the specification. The invention,
however , 9 resgnang PB‘r"@Sa‘H‘[‘)'E'amaﬁ Aindinde fihqueneithafiENT sigpeds aiat &8 cagaB8Refrner

with objects, features and advantages thereof, nmay be best understood by a
ref erence REHSTREICED| Iroadditipndiftise sourte oP e EANGIdnalsi iOEhanben dhERY F}P‘%Jéegko{- he
ac;onpanyi ng drawings in which: FIG | is a schematic diagram’illustrating

offle enBodiurgrade, der @itmglie ofttmaegnpleicaedesign of the passive method is called for to be
effective. A need, therefore, exists for an improved circuit configuration or technique for

implementing an electromagnetic noise suppression device,

15 BRIEF DESCRIPTION OF THE DRAWINGS

The subject matter regarded as the. invention is particularly pointed out and

distinctly claimed in the cohc!uding portions of the specification. The invention, however,

) both as to organization and the method of operation, together with objects, features and
;dvantages thereof, may be best understood by a reference to the following detailed

20 description when read with the accompanying drawings in which:r
FIG. I is a schematic diagram illustrating one embodiment of an electromagnetic
noise suppression device in accordance with the invention; | |
FIG. 2 is a schematic diagram illustrating another embodiment of an

electromagnetic noise suppression device in accordance with the invention;



_hoi se suppression device in accordance with the invention; FIG 2 is a
el ect rd}n@qn,qyi)@ns

schemati c woagnafi | | ustrati ng anot her enbodi nent of an
noi se suppression device in accordance with the invention; ECWESOASEE3

MAY 2005 PCT/ USO1/ 45665 FIG 3 is a schematic diagramillustrating a third
embodi ment of arFiGel 2ciy anagheldic BRLAG SHRRLESS on, device in accordance
i I o 'Iﬂgﬂglﬁ%r%rﬁhf’ | G8bedimprig ofinan

with the invention; FIG 4 is a perspective
al ter nat i veslenbedineEiohiols®supRReQsFaNse M th t he invention where an
embodi nent of an el ect ronaué)getél?c ﬁ%l&gem aqgoyc%aﬁcw © g§it8; i n accor dance
with the inventirgm, issid Rt g% pth a.heatsink; FIG 5 is a graph
illustrating a vol tagtla Si gnaﬁkgﬂ%}%aﬁéﬁp ngﬁ?aﬂﬂ%caé‘d_awﬂ%mé epbdsodentent s
shown in Fh&Rrdahce with kT DESCRI PTI 10 In.the follow ng detailed
descri ption, nuMer ous. det 'aﬁ:“{egl%é}ew & af‘o%?di”ﬂe%r‘lfeﬁﬂ tedectrpmegnetie woitehor ough
under st andidagetfy deb invention. However, it will be understood by
those skilled in thecg{r?%?'ﬁ%"[“t“ﬂ Bt BEeEion isipieatated vitheyhebsiny act i ced
without these mgped £j¢ det alllﬁg. | n other instances, well-known nethods,
procedures, conponents: BRI SRR & Rlides signal et mape be rprbdided nydgleai | SO
as to not e pr.e invention. 15 In this context, a heatsink
Hﬁ&t}gﬂlgﬁl“&g@&éné- of whose prinary functions is to

- conprises a device,
" dissipate heat. Typically a heatsink includes, but is not limted to, a

nounting base, typically made of a heat conducting material, such as, for

exanpl e, 3 tal, t dissipates, carries away, or radiates heat
gener at ed; 2 I@Not her device, into the anbient environnent.
De}crilged bel o ihs an i|llustration, not intended to

n the following detailed description, numerous details are set forth in order to

provide a thorough understanding of the present invention. However, it will be understood
by those skilled in the art that the present invention may be practiced without these
specific details. In other instances, well-known methods, procedures, components, and
circuits have not been described in detail so as to not obscu?e the present invention.

15 In this context, a heatsink comprises a device, at least one of whose primary
functions is to dissipate heat. Typically a heatsink includes, but is not limited to, a
mogﬁting bas'e, typically made of a heat conducting material, such as, for example, a
metal, that dissipates, carries away, or radiates heat generated, usually within another
device, into the ambient environment. Described below is an illustration, not inténded to

20 be'!imiting in anyway, of an application of this céncept. For devices that produce a low
~amount of hf;at, the packaging of the &evice often serves as a heatsink, Hov\.fever, for
higher-powered devices, a separate heatsink to which one or more packages are usually
physically attached is typicaily desired and employed to reduce overheating and the risk of

destruction of the device. Heatsink design typically employs a large surface area, often

- 25 with fins, to thereby radiate heat to the ambient environment. Heatsinks are typically used
3 ' : ' :



20 be limting in anyway, of an application of this concept. For ﬁamqfei
that produgg g3ty anount of heat, the packaging of the device 8 65

serves as a heatsink. However, for higher-powered devices, PGI'EEHaSESe

heat sink to which one or nore packages are usually physically attached is
and the risk of

typi cal |y deish megraaetteipnnl@yedvik ver heat i K 0
destruction of the devi ce.(mléba;qs%nté‘?%%{lg?g% pf’ﬁh‘ : ItF‘gdeéHﬂt@ilé’fH‘el%ﬁglé’s
radi.ate heat to the ambi ent

~surface areamic8hdiRfbr 2RinWidy ' . o.tchere
envi ronnent. Heat si nkgmarl egtypimgaé?t%?m&sgdsa% We52Gn$ 49mpatymy opgeage of

PCUUSOL/ 45 phdifted gt €d circuit (1C) devices to reduce the possibility
the destruction of the citcuit's sem conductor junctions by maintaining a

saf e operating {gmp £ o . of . .tenperatures for the IC. Wile
heat si nks provi deltﬁ{g ’éﬁﬁgPPe’.‘“%?‘ﬂ?f?ﬁ%ftﬁC&E fgjictign 96 rbsorjnmaad radiitagi gt heat
5 froman r.i yice, th ften al so performthe detrinental and
undesi rabl g&? %ﬁg{cﬁg}lﬁapg Vicgy bgy Bg%‘ga?%?ri?frﬁoﬁﬂ thetdetrimenal asd gmdzkisabléTfantlidnust r at e
t he conceptg . fol ,ow.ng e | e may prove hel pful. O course, one
skilled i n‘sﬁﬁ?é&g‘ﬁ‘ﬁ Wl%"f“g@oéﬁ@é"acfhéﬁo iiHetrage the conaeny theofoliowingxexampRrs t hat

may be used. In a copputing system EM signals generated by a
ni cr opr oc€5¥oF V¢ B?ngﬁ'aﬁflfr @urseregnefskiiedtin thenmt hilhtbplizcouplieg 40 mhg

m croprocegsor. 10 The heatsink, effectively acting as an antenna, fmy
radi ate tREf STRIeHthelmay bgriseds. In Trromputirarkyateas BN sigralN AdrSrab®Yby Hen
degrade the performance of one or nore electrical devices substantially
Wi thin anTHfPREESET Migexamplanmaycfidvea stenkeatskDdpledMo hE HHEbbRRe ks
egfctrona netic interference may occur through the “application of passive
t-ec

hn#i og¥he heatsinl gffictivatiiastingat e tantefii, iﬂwﬁadﬁ%@r}@ﬁw&r EWtsZk%%. 15 t hat
may control, but not create or anplify, energy. One popul ar passivée net hod

i ncl udes These radiated EMI signals may then degrade the performance of one or more electrical
devices substantially within an affected range from the heatsink.
Typically, reduction of electromagnetic interference may occur through the
application of passive technology, meaning, in this.context, an inert component or method
15  that may control, but not create or amplify, energy. On; popular passive method includes
the use of shielding to block the radiation of the EMI to other electrical devices. To
‘continue the computing system example, a metal chassis or case may be used to house the
electrical components of the sjstcm to shield external electrical devices from the EMI
generated by the computing system. Another passive system might attempt to reduce the
- 20 amount of EMI that is transmitted from the source of the interference to the device, that
then radiates the EMI to other electrical devices. Again, to continue the computing system
example, although those skilled in the art will realize that there are manjz 6thcr examples, a
| special technique of coupling the heatsink to the microprocessor may be employed to
reduce the amount of EMI received by the heatsink. An example of such a special

25 technique of coupling the heatsink to the microprocessor may involve embedding a non-
: 4



the use of shielding to block the radiation of the EM to ot her 6|thAFaQQQS

" devi ces. Two &2iikggnue the conputing system exanple, a nmetal chassis or cas
may be used to house the electrical conmponents of the syst BRIAUSIEHSET d

external electrical devices fromthe EM generated by the conputing
system Anotdmre RS mesh mAES 81 $BLn 1Bkt reduce the 20 apount of EM
that is transmtted fromthe source %@%tbﬁgp%eﬁ%@er EFoRReEssPhand e fealsiede, t hat
then radi atigordddeo EMeatOm RSkl ; i cal, devices. Again, to continue the
tC(r)]rrt)utihng system ex;lr?pl e, al trﬁélu'g {toggjgmé_e?r}fete!ﬂ‘cf:ﬁgqc%°%?ftd%I‘Ta_tsr'%lt ihze
a ere ARnRirdBobhl Livé a,. . speci a nj que of couplin e
heatsink to the crop’?‘agclés)é%limngg/’t glegtﬁgﬁﬁ@y%rau'f‘ﬁﬁ‘erJégﬁEéaqlﬁélgaPﬁmﬁﬂ‘gf- of EM
recei ved byrihg ' xanpl e .of a special 25 techni que of
coupling the he%@gﬁj&%‘aﬁéﬁtt@gt %P%%BP&@&@%E%_E&?WW?@F@%?\}@&q;g:tréparlon- 4
(I\:/?Iplz?gg bgg\/\lggeénvﬁ%gg’gﬁggr%%?‘g%é@gg’?’a%gfﬁggé%gtgl ﬁs :2 E)rgef' '? (r)rr?ncrease
the el ectrical Wﬁf‘él tion between the m croprocessor and the heatsink. A

third popul ar passive<HePABHCi Eohniauss cre rtyisallyy ingxransive,t be tidevithey medi at i ng
the EM. ?I'Q'tfs 1{woul gl?a&r%\éent at least a portion of the EM from bei ng
transni t t e P RETINE (9T SPtermuinerhiq poovidseondy Pavittd sneeseateyuding Bt el y be
degraded. \hil e fhese passive techniques are typically inexpensive, at
tinmes they"'dRl Thess F‘é@?éﬁr@f@ﬁalﬁﬁ%ﬂme drdeemhbandetidtiolijite whdisr reddnint! i i t ed
success at reducing EM signals. These nethods, for exanple, may have

i nher ent  [RTIRIEICR Maxdimi tenftequenciessaliBM sigis tbrcarsVBipable 8P belnls Feductd1e
frequencies of EM signals that are capable of being reduced. 10 In

addi til8n, Inpdditien,96trecwunk of hie EMI sighgls @ shangeds Ba @RS prodéiBor Ghgtade! fbﬁessof
upgrade, for exanple, often a conplete redesign of tﬂe passi Ve nethod may
be desi r alskample, often a complete redesign of the passive method may be desirable.

An active technique of reducing EMI signals may include the following. EMI
signals from a radiating device, such as, for example, a heatsink may be received. The
received EMI signals may be substantially inverted. The inverted EMI signals may be

15  transmitted to the radiating device.

Two interacting electromagnetic signals of substantially equal amplitude but

opposite magnitude, should nearly, if not completely, cancel each other, Therefore, a

) device capable of generating such a signal may be employed to effectively reduce EMI
signals. Unlike passive approaches which are frequently designed or tuned for specific

- 20 EMI signals, such an approach, which may actively adjust to reduce a variety of EMI
signals, may avoid or at least reduce the incidence of a redesign if the source of the EMI

signals is altered, such as due to a processor upgrade, for example. Likewise, such an

embodiment may include the capability to reduce EMI signals with 2 much wider effective

frequency range than the known passive techniques, such as those previously described.



.An active techni que of reducing EM signals may include the follow ng. EM
signal s freasagd ati ng device, such as, for exanple, a heatsi nﬂWA‘beZUOS
received. The received EM signals may be substantially i nFEFUSAIHSFRe
inverted EM signals may be 15 transmitted to the radiating device. TWO

interacting el eqtiGOMagRathdnaic W stantial | qual anplitude but
opposi t e magnitude, shoul d nearly |?fursi%%{9’€§ﬁﬁpgwp goeoc%farﬂi’e?'ecéfa@ﬁg@ﬁlﬁer.

Therefore, mised8HicEE GARAL f nerating such a siganal.my be enployed
to effectively reduce EM h??‘g’ﬁ% geth F'\CR SR | Krbodipens A0 nsluds cdiquiar e

frequently desihgned u for ecific 20 EM signals, such an approach,
whi ch may acti%el y ag%'gugsot n’?’ %Sufee cgt %as@éi'?ri“é&/ reucERfectramagnetic intarfeyenav oi d or

at least r . i.nci depce of a redesign if the source of the EM
signals i SQEWE%*%%?S ‘]é"g'%‘ﬁwg@‘”&&%a‘?'ak ﬁ& Hég’ﬁaﬁwuﬁggm@@jmcw highe frapleacy
Li kew se, -an,  enbodi,rent may [nclude the capability to reduce ENE
si gnal sgvm' W rak lﬁlﬂz:shsuc”c?élrhoéf’ ﬁ%%ﬁ’%;?f{easqﬁewiﬁr@wbﬁén@gict wanbusheitkliagyfopassi ve
techni ques, such as tgose.;?revi ous| {0 described. 5 WD 02/43308 0 MAY 2005
PCT/ US01/ 4B¥EY 5 ¥ substantizlly  fegetad; for giedustiam in| thissembadimente Hoeeidie e 100 of
an el ectromagneti.c noi se reduction device in accordance with the
i nventi on. ’“I‘:‘%B‘(?Hi‘sn‘é%t““iﬂﬁé N fRAPE detiissespecti tLowemns freueady BV 128l QueaBAS UT €
-and at least partially reduce el ectronmagnetic interference (EM) signals
recei ved f7'81h #&arasdngs aswsult of paiver pepply spikesy agThetdipakifical W targtlied FHQUENCY
5 EM signals, such as those generated as a result of 1C clock, |ogic, and
bus swi t cHE#H§tOR &t thiz zebpdiment rbut salysiteain tdtisdr | ey oai@aise AFfcRr2, e dbfitdsen i n
thjs enbodi ment; however, the invention is not lLimited in scope in'this
réspedf. libsirpias n aitemateremybolivent iof tir! iavensios, visish dbdiqef sOET E@?f«‘f&r@e‘? a
result of power supply spikes, are not specifically targete r =

high-pass EM! signals. Again, the invention is, of course, not limited to these two

particular embodiments.
In the particular embodiment shown in FIG. 1, heatsink 150 is ;hQWn twice in FIG.
I for reasons of convenience. In the particular embodiment, one heatsink is employed.
15 Likewise, resistors 152 & 154, capacitor 151, and inductor 153 shown in heatsink 150 are
merely convenient approximations or representations of the distributed properties of the
heatsink used for purposes of illustration. Of course, a heatsink typically will not include
| ) ‘an actual .resistor, capacitor and/or inductor components, as such.

It is noted that FIG. 1, illustrates an implementation of a circuit configuration in

20  accordance with the invention, but the invention is not restricted to this particular
embodiment. The first-circuit stage of the embodiment comprises operational-amplifier
(op-amp) 111, coupled with resistors 123 & 124 and capacitor 130 so as to form a low-

- pass filter, although any low pass filter may prove suitable. A low-pass filter substaﬁtiaily

passes frequencies below a certain cutoff threshold and substantially attenuates



reduction in this enbodi nent, but nmay be in other enbodi nents. FIG 6 in
contrast, 1Wa®lasmsrates an altemate enbodi nent of the invention, v(b cHAY 2005
does not substantially target high-pass EM signals. Again, PEHES§IAES i on

is, of course, not limted to these two particular enbodinents. In the

particul ar efropdisienubshaibily bhovehfa: tlespgatSi N 0 i,s.shown twice in FIG
| for reasons of convenience. In the %sa!rﬁtgi (E:tulfg?e%ﬁ‘ﬂb‘(ﬁ?ﬁﬁfﬁ@t&ondh@tm@aﬁrsﬁnk i's

enpl oyed. 16 hhveeesticat onk 88WRESRHE ML 154, capacitor 151, and i nductor
153 shown in heatsink 150 are rrérrenl g%rtl'\c/’%isérﬁﬂ oy i8ingat i ons or
heat si nk used for

representations op-dvhe1di gtddwl r rties of the
pur poses of illust rz;ftieon. C% ctggfogle, pg&ﬁ%’éPgPWrt%ﬁr@ma!sy!m&umom.ncl ude
an actual remisghofa Lior ~and/ i.pduct or conponents, as such. It is
noted that FIG 1, Fi I ustPé?gg“gﬂvﬁ{?pngﬁEWF%qndﬁngﬂitaita;itod:uttvolfs(,)ﬁﬂd &Hér at i on
in 20 agcoggd | L b t.he inventjon, but the invention is not restricted
to this parti gélhclgrtm' érﬁbv%(&ﬂﬂléﬁlty.re#ﬁ% that ¢ yeriety o woltaged agepodker Sdieccs Hh gjenent
conpri ses 09&&%%@@?"3%52 er.  (op-anp) | 11, coupled with resistors 123
& 124 and capaci toro 15807 Fe ampleait maybe possiblt itd Letize RWePAYAN ARY | oW
pass filter rra]?é ggr%ve, uitable. A lowpass filter substantially passes
frequenci esSHRFRE deatsink Ly Ig ibip embedimerghibk gosinige &Hﬁfmﬁﬁfﬁli@log)én@tltﬁr}uat es
6 WD 02143308 Y PCT/ US01/ 4566i frequencies substantially above tHat
threshol d. & ABY & nagativer thaminalvidatof op-ainp NQtis bESHMd &Cs lggccgav%ﬁh
circuit one, of whose primary functions is frequency filtering: 58 pl I
| is power 88y ramhentsiakildh of power at ternminals 173 & 170. FIG |
iIIustgogtes a p_(r)rger supply of 12 volts- The invention is not limted to 12
vol ts, &nd one skond gage cirduhfaid embddim&Hdi shELY ize that a variety of
vol t ages alnl% power sources may be s id #16. { Comprises op-amp
ctoupled so as to sum the signals received from heatsink 150 via resistor 120 and the

C

output signal of op-amp 111 via resistor 125. Feedback is provided via resistor 121. The
output signal of op-amp 110 is transmitted via resistor 126 to heatsink 150. It should be
recognized that the invention is not limited to the use of an op-amp. A variety of
intcgratecf or discrete analog and/or digital components may be utilized to invert the
received EMI signal and the invention is not limited in scope to a particufar type of
component or a particular combination of components,
) Op-amp 110 is powered by application of power at terminals 172 & 171. FIG. 1
illustrates a power supply of £12 volts. Again, the invention is not limited to +12 volts, |
ZQ and one skilled in the art will quickly realize that a variety of voltages and power sources
may be used to power op-amp 110. For example, as previously indicated, it may be
possible to utilize power from a fan coupled to heatsink 150. In this parti.cular
embodiment, for example, the positive terminal 180 of op-amp 110 is grounded, and the

negative terminal 182 of op-amp 110 is coupled so as to receive EMI sienals from

7



.used to power op-anp | 11. For exanple, it may be possible to utili@embﬁ
- froma fanWQ®HIBed to heatsink 150. In this enbodi nent, thq,tcg_?siti e NAT200

termnal 181 of op-anp I | | is grounded, and the negative 4366383 of
op-anmp | | g i s coupled so as to receive EM signals from heatsink 150. 10
The second &tk 3G @pdl to giceivh eigeath GdinMee buphoNend Frof &,-arh,%qg ,gﬁ% oPP- anp

110 coupled so as to sumthe signals received fromheat'sin
resi stor 1283and the output signal of op-amp | | | via resistor 125.
Feedback is provided via resistor 12 1. Tile output signal of op-anp I 10

is transmitted Viapesgiost fir tAE Gartioulhe ahsbdiekd ow'ntinsﬂﬁﬁgd E&ﬁ Vggq%gf%,m zed
p? P

that the invention is not limted to the use of an op-a Cof 15

i nt egr at ed reseiddSometheatsingli 6@  &Nfhe Frsedin@i Qnents. may. utilized to
invert the received EM signal and the %“n\%ﬁ(fg?oneicénr?’ﬂg'fncf’?/’rﬁbﬁ@dl:iﬁMécope

to a pabti cighals ateylpe-giss fiRQBRORN ot wA:PA:L L cul ar conhi nati on  of
conponents. Op-anp 110 i s powered oby'z‘i‘glgF?{ééa E}rﬁ%"q?ffe"g’é’ nh¢onfagsd lagr s 172

& 171. FI Gpass filieh, thid tthedtn9&ntan RONERT, of .12 yolts.. Again, the invention
is not limted to 12 volts, n e e E}E@%’ ﬂ”Fﬁ‘%ﬁﬁ¥‘W%'Wéftw@nmum- &iopk| y

realize thahpanaabé ekyd 8icay wer sources may be used to power
op-amp | 10. pFoarfwfjlexarrpl e,caagslJ %?%%o%ﬂ?’%%d‘f’ﬁ’a{‘%ﬁ% ang lgyyoutput ippskingd e to

utilize posMaFfactefioBs2aif L0 heatsink 150. In this particular
enbodi ment , for leiasnplrf’ea,{]gptp’%gmﬁglgr?‘fe\? oF EMei hg]th ycepe in thiswegpebt. 10 i s

PLETve ", RO B 532l S hekanp st o 1k
;Lg,gl S??E WRrsfoR Gt € rale ARG Rl srignqz]lst. h’lehe(r)eufgrg,u &csgegi?c%l phfagcosrnif? F:J-roe:r:izd ]B];(lop\./i :
amp 111 is approximately 180°. To achieve a unity gain, resistors 123 and 124 may be set
to substantially equivalént values or electricaily resistive properties tantamount to each
other. To achieve an inversion of the input signal, in this embodiment, the input signal is
applied to inverting terminal 183 of op-amp III.V In this embodiment, the value of
15 capacitor 130 may be changed to set the desired frequency threshold of the filter. Again,
* may other approaches are suitable.
In this embodiment, the second stage circuit filters out the low frequency elements
} of the received EMI signals and provides the inversion of the received EMI signals.
Inverted low frequency EMI signals, transmitted via resistor 125, are added to
20 substantially unmodified EMI signals, transmitted via resistor 120, although, of course, the
invention is not limited in scope in this rcspéct. This creates a signal substantially
comprising the high frequency components of the EMI signal received by heatsink 150.

This signal is applied to the inverting terminal of op-amp }10.




125. In operation, for the particular enbodi ment shown in FIG 1] 0EMAY ZH%S

"signal s anggo ¢ghagRkved from heatsink 150. In the first circuit stage of t
enbodinent in FIG 1, EM 5 signals are |ow pass filtered. PeVUSEHaeted,

while this particul ar enbodi nent contains a |ow pass filter, that the
.in any form An op-
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W th an inygrt ow freguency, 10 version of the received EM signals.
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appr oxi mat eII1 udlSO' ., JO.. (fhi eve a unity gain, resistors 123 and 124 may be
set to subfUhPf sihsientigly GaHabnHopsraretheoralus doesistoald lymae b atjusted for

pr opertgeshiaﬁnt anmount to each other. To achieve an inversion of the input
si gnal ,” i n"ERT'sBUALGdFemRREsats Her jospusuchiasnalueite cimpipl jaeditic® andViRhtsinkg
termnal 193 of op-anp 111. In this enbodi nent, the value of 15 capacitor

130 may beECARgEd opeEPle he desired frequency threshold of the filter.
Again, may other approaches are suitable. In this enbodi nent, the second
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signals and provides the inversion. of the received EM signals. Inverted
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substantially unnodified EM signals, transmtted via resistor (
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signal and the inverted high-frequency EMI signals interact they may at least partially and
- nearly completely offset each other out. Therefore, EMI radiated by the heatsink to other
electrical devices may be substantially reduced as a resulit.
FIG. 2 illustrates am embodiment of the invention without the first stage filtering
15 -circuit of FIG. 1. In the embodiment illustrated in FIG. 2, the received EMI signal is
inverted by the invention without substantial filtering or modification. When the received
EMI signal and the inverted EMI signals interact, they may again at least partiaily and
} nearly completely offset each other out. Therefore, here too, EMI radiated by the heatsink
to other electrical devices may be substantially reduced.
20 FIG. 3 shows an embodiment of the invention in which the amplification of the
inverted EMI signal may be dynamically adjusted via confroller 301. The gain of op-amp
110, is dynamically adjusted by controller 301 by modifying the value of resistor 121. It

is noted that the invention is not limited to any particular technique to dynamically adjust

the amplification of the inverted EMI signal. For example, one skilled in the art may be



WD 02143308 PCTI US01145665 The second stage circuit provides heat0nMAY52005
wi th an invergbaskei gh-frequency version of the received ENU signals.
Therefore, the desired phase shift provided by op- anp | | FCH/US0145665
approximately 1800. To achieve this the values of resistors 120 and 121

shoul d be sawast aftiadrieyy ofjtrhniqiiawgV the resi.stor 121 may be
adj usted for 5 higher gain to (c:[orrpeng)gliaren fo¥\éla"gg§,f8rfsﬁ’bahmp %,t%alf&%te rcuit

par asi ti cs feqdeddg @MISHAK involVe8i8 QAL s o .e. , This inverted high
‘frequency version of ‘the EM si gnal glrg;l:éﬂggf'\?gﬁgg‘l’rgéﬁrﬁq R%“Psﬁeeh?"’é"i"?ﬁ(to e may

then be tr arsticilt®RFidack it gudhe atsink via,resistor_126. Resistor
126 may be a | ow val ue and nayc@gcglgs ?% ‘ir')rﬁ'rﬁ?g\é}lf\gy AESIE e | ENIY sigpals pes

circuit. | gihhandabbé stha iment illustrated in FIG 1, the
hi gh-frequency corrp%nent sf)rg%&ttﬁ'gp@g)g'ei ved EM signal and the inverted

~hi gh-frequency | 4Sd | ract ey may at |least partially and nearly
conpl etely off s}g'?l g?é%%%ﬁ%‘#’%‘ﬁ?’?"%&%%?’é%" ERivhichdiingtie d 9Byastshewmdat si nk

to ot her ' Lces ., m ubstantially reduced as a result. FIG
2 illustr a@é?’gt{‘n’ti@?%‘ég&?%“ﬁ{"%% 'Qlﬁgﬁ-i i\}%ﬁ?qp&ﬁ tRibesink 16the Hentsink iSOage
filtering ciég" 'I\I/?brfouit of FIG 1..1n the embodinent illustrated in FIG 2,
the recei ved EN”s10FAFTPIE: may pe iptegratng tonferm mneindivisnalrcarhpatents ubs tant i al
filteri ng ar modi fication  Wen the received EM signal and the inverted
EM si gnalPS*TRE &Pgetimephalhaygl, agaai the inventisads ngsdintitedlin scopa th thiveraspest,
conpl etelg of. fset each other out. Therefore, here too, EM radiated by the
heat si nk 2t'8TgY REP2BIVEdtahpiguss efavdusing MY sibealsmbg babbibinky Wi GReve 20 FI G
Sﬁyhows an enbodi ment of the invention in which the anplification of the
iver {&d teRpridiegTear eneypibesidgrainthos skilleddi s Wl apprecia® Md: QtHeR Exadfbles ThE
gain of op-anp 110, is dynamically adjusted by controller 301 by nodifying
the val ue¥ift, cedliggothe beatsinkt to i@ miotopbckded nidye irlvOMENEmBSdig A0hod-i M t €d
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compressible mesh in the thermal coupling between the microprocessor and the heatsink,

in order to increase the electrical insulation between the microprocessor and the heatsink.

In addition, an active technique in accordance with the invention, such as one of the

I5  embodiments previously described, for example, may also be used to reduce EMI signals
with a passive technique of EMI reduction.
FIG. 5 shows applied EMI signal 501 generated by a “noisy” electrical device and
| ) transmitted to a heatsink, such as one of the types shown in FIG. 1. Sample inverted EMI
signal 502 generated by an embodiment of the invention s also shown. The resulting
20 -superposition, signal 503, radiated by the heatsink, is also shown.
An additional embodiment of the invention may include a computing platform
coupled with a heatsink and a circuit, as shown, in one embodiment, for example, in
circuit 199 in FIG. 1. In this embodiment, a computing platform may include a

component to process instructions and a memory to store instructions. In this particular
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the anplification of the inverted EM signal. For exanple, one skilled in
“the art naw(p@lﬁ;@“s() MAY 2005 WD 02/ 43308 PCTIUSO 114.5665 awar el Bf MAY 2005 -
vari ety of techniques to dynam cally adjust, for exanple, tRETASOUHB6DOS

frequency filtering involved in reducing EM signals radiated by the

heat si nk t cebdthent®Jrafd fvERiond B! lﬁgﬁfn{@lgh such techni ques for dynamically
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adj usting the EM signals are Wt hi SUEPEMBY be caupipd teplt leashwentlyi on. ~ 5
FIG 4 showsg@R mNIPOgHAb he.hnvention in which circuit 199, as shown,
in one enbodi nent, ‘T3%&%%?Eé’,’sal’%ccff‘l]%tmi?faff%’"boupl ed to heatsink 150.
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i nsul ati on between the m croprocessor and the hcatsink. 1In addition, an
active technique in accordance with the invention, such as one of the 15
enbodi ments previously described, for exanple, nay al so be used to reduce
EM signals wth a passive technique of EM reduction. FIG 5 shows .
applied EM signal 501 generated by a "noisy" electrical device and
transmtted to a heatsink, such as one of the types shown in FIG 1. Sanple
inyerted EM signal 502 generated by an enbodi nent of the invention is
dl“'so shown. The resulting 20 superposition, signal 503, radiated by the
heat si nk, is also shown. S

I



An addi tional enbodi nent of the invention may include a conmputing platform
coupled with-a heatsink and a circuit, as shown, in one enbodi ment] er
exanple, in circuit 199 in FIG 1. In this enbodi nent, a conputi Q)M Y 2008
platform may include a conponent to process instructions and a nenory to
store instructions. In this particub" unt]&am 02/ 43303 0 MAY 2009

PCTI USOU- B665 enbodi nent of the i nventron=—2the heatsink and circuit may be
coupled t t .least partly reduce EM signals produced by said conputing
pl atformqﬁmﬁ%g@@?&sn features of the invention have been illustrated and
descri bed herein, many nodifications, -substitutions, changes, and

equi val ents wi 1+ ARGRpaatuscomprisiigse skilled in the art. It is, therefore,
to be understood that the appended clains are intended to cover all such
modi fi cati oasingnd anthanges that fall within the true spirit of the

I nvention. 10 MAY ZOOS Current Clainms Wiat is clained is: 1. An apparatus
conpri si ng: at Rastiohe hektsiaRgd at | east one heatsink; said at |east one

heat sink and said circuit coupled so that when said circuit is in

ti , j ' ' : fiall h l,ect ti
oper ati on, Sl Al he Bk BB LSSV RIS S SSARTTALCLL
eLreuLL B i Rig e 15, AR ol R ot B one

active anal og devj CE bei ng capabl e of generating a
signals received by said at least one heatsink during circuit operation.

2. The apparatus of claim 1, wherein said circuit further comprises at least one
active analog device, said at least one active analog device being capable of generating a
signal to at least partially reduce said EMI signals.

3. The apparatus of claim 2, wherein said at least one active device comprises an
operational amplifier.

4. The apparatus of claim 2, wherein said at least one active analog device
substantially produces an inversion of said EMI signals received by said at least one
heatsink during circuit operation.

5. The apparatus of claim 4, whergin the superposition of said EMI signals
received during operation by said at least one heatsink with said inversion of said EMI
signals results in a near cancellation of said EMI signals. |

6. The apparatus of claim 1, wherein said circuit is coupled so as to at least
partially reduce said EMI signals selected from a group consisting essentially of
frequencies above, below and equal to a substantially predetermined frequency threshold.

7. An integrated circuit (IC) to be coupled to at least one heatsink comprising;
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signal to at least partially reduce said EM signals. 3. The apparaibs of
claim?2, wherein said at | east one active device conprises an oper i o 2005
anplifier. 4. The apparatus of claim 2, wherein said at | east one active
anal og device substantially produces an inversion of said EAC signals

recei ved by S&#cqjtat | east one heatsink during circuit operation. 5. The
appar at us ofa clalin 4, wherein the superposition of said EM signals

recei ved during.operation by said at, |east one heatsink with said inversion
of said ENHSEQI%&?EE@W@&&P?@W%GW@M thal i seid eieguét iENn opdrafietl,s. 6.
The apparatuys_of claim1l, wherein said circuit is coupled so as to at | east
parti al | yS¥dgiredit sbleast pritiatly geducss thel elentratnagnotic mtafaenzedBNE) sighaly
essentially of frequencies above, below and equal to a substantially

pr edet er niaseived byeaidat Jeastwredhratsihk. 7. An integrated circuit (10 to be
coupled to at | east one heatsink conprising: 12 MAY 2005 a circuit; said

circuit havi nggaTheinegirited AC) P ofdi@Y, aH %%dﬁﬂéﬁt*ﬁ%ﬁ%?fgg#ioh&“i t isin

operation, said circult at least partially reduces onagneti c
interfer : i | S eived by said at |east one heatsink. 8. The
i ntegrated 2 I C§ g)fphgk%?&%c\%ﬁ%r ein said circuit and said at -l east one
heat si nk are pjysically att.ache 9. .The_integrated circuit QQ of claim?7,
wherein said cf 'r’@'fﬁ ’P{eﬁﬁﬂlﬁ‘éme } pEelaim, 7, whergiy segsheirquit further.gompsisesial/i ce.

said at |east one active anal og device being capable of least partially
reduci ng least gng/pgtive algegdevice, said at least one active analog device being capable of

lcast partially reducing said EMI signals,

10. The integrated circuit of claim 9, wherein said at least one active analog
device comprises an operational ﬁmp]iﬁer.

11. The integrated circuit of claim 9, where said at least one active analog device
substantiall& produces an inversion of said EMI signals received by said at least one
heatsink during circuit operation.

12. The integrated circuit (IC) of claim 7, wherein said circuit is coupled so as to
at least partially reduce said EMI signals selected from a group consisting essentially of
frequencies above, below, and equal to a substantially predetermined frequency

threshold.
.13. The integrated circuit (IC) of claim 11, wherein said circuit is coupled to
dynamically adjust said inversion of EMI signals during circuit operation.
14. A system comprising:
a computing piatform, including

a component to process instructions,
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10. The integrated circuit of claim9, wherein said at |east one active

anal og device conprises an operational anplifier. 11. The integrated
circuit of claim9, where said at |east one active anal og device 10 MAY 2005
substantially produces an inversion of said EM signals received by said at

| east one heatgsi, oﬂ“tbisﬂﬁe‘ﬂ ifpoPeration, 12. The integrated circuit
(TG of claim7, erein saird circurt is coupled so as to at | east

partially r%dulg:ce.tsai d EM signals selected froma group consisting
_essentially of P 8Yuenci es above, bel ow, and equal to a substantially
predeterm ned. frequency, threshold. 13. The integrated circuit (1C) of
claim 11, witleastpngheatsink cuit is coupled to dynamically adjust said
inversion of EM signals during circuit operation. 14. A system conprising:
a conputing S@jﬂéleatgm%} anidiseidiatiicn caupledpo aeti atllensPpAAEHF rddiss EMEirbRRsetic 13
MAY 2005 a nmenory to store instructions; a circuit and at |east onhe
heat si nk; irarifatcieEMD kiganl phédite by Ghid coffiih : ;
partially reducﬁl ect rogir?r‘agr?Zt ic i ?}/?gird}cgr encegg?Mf%{ﬁzanggﬁv%ﬁgﬁl%deg by

sai d conpighs rdnsand: ' y said at |east one heatsink during
Iehdt e Meﬁ%iffg Cﬁﬂilﬁg dirk &t gh]é/rgﬁoxp

circuit operation. Syst Claim 14, wherein said circuit further

anal og devi ce Lo Hg BapmiTe i LRt ga oy Rrther comprises alToastone
active analog device, said at least one active analog device being capable of least partially
reducing said EMI signals.
16. The system of claim 19, wherein said at least one heatsink and said circuit are
integrated so as to form an individual cémponent.
17.A method of using a heatsink comprising:
receiving electromagnetic interference (EMI) signals via said heatsink;
producing an electromagnetic signal to at least partially reduce said EMI signals.

18. The method of claim 17, wherein producing an electromagnetic signal to
partially reduce said EMI signals comprises substantially inverting said received EMI
signals.

19. The method of claim 17, wherein producing an electromagnetic signal to
partially reduce said EMI signals comprises dynamically adjusting said electromagnetic
siglﬂ during operation to at least partially reduce said EMI signals.

20. The method of claim 17, wherein producing an electromagnetic signal to at

~ least partially reduce said EMI signals comprises producing an electro magnetic signal
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reduci ng said EMI signals. 16. The systemof claim 19, wherein said at
| east one heatsink and said circuit are integrated so as to fornﬁﬁn

i ndi vi dual component. 17. A nethod of using a heatsink conprising: eg@WVEMﬁ
el ectromagnetic interference (EMI) signals via said heatsink; producing an
el ectroma ] ignal to at.|.eas artially reduce gaid EMI signals. 18.
The. et hodogptef e EPURGOUFSEINE B{F AR %ﬁeapmwﬁﬁeaﬁehql}gws@@ﬁapﬂﬁe
partially reguce,said EMI signals conprises substantially inverting said
recei ved ENPstagiisibypredeteroninadBequanaydhrethodd.ai m 17, wherein produci ng an

el ectromagnetic signal to partially reduce said EMI signals conprises
dynam cal ly adjusting said el ectronmagnetic signal during operation to at

| east partially reduce said EMI signals. 20. The nethod of claim 17,
wherei n produci ng an el ectronmagnetic signal to at |east partially reduce
said ENE signals conprises producing an electro nmagnetic signal 14 MAY
2005 selected froma group consisting of essentially of frequencies above,
bel ow, and equal to a substantially predeterm ned frequency threshold. 15
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