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PROPERTI ES 5 PCT/USO1 /40448 Field The present invention rel ates ddnéiVallily
to printed circuit cards, and nore specifically to printed circuit card
assenbl WOLIBR P ng control | ed expansion properties. 10 Bakkiniaunsl of the

I nventi on Rapi d advances in technol ogy and increasing consuner demand are
driving manufacturers and suppliers of electronics systens to increase the

density of circuit cardsepafgrit @ARPPASSEMBE RHAVIGGit cards with [arger and
| arger circuit devices. _Typlcal e LI cu |s_are densely popul at ed
with | arge 15 and COWFM%@LQ%ﬁﬁ&]{&bPE@'Egs m cr opr ocessors and
supporting chipsets. As circuit devices such as m croprocessors increase in
size, the |likelihood of solder joint failure increases due to a msmatch in
coefficients of thermal expansion between devices and cards. For exanpl e,

if a3large 20 microprocessor is sur fEEd nounted to a circuit card, sol der
connections exi StThege¢semdinvehtonneteh gaechlly engrittedodircuineards, endoperocessor. | f the

m cr opr ocessogpe{}m&lﬁé? SRE‘J:J j:i?cjuﬁQSrdQ%se%Eﬁ&mingé&ﬂﬂaﬁw&PO.stofner ent fromthe

coefficient off ther expansion o e circurt card which it is
nmount ed, the PIOR$TBEH ocessor package and the circuit card expand and
contract different anbunts as a 25 function of tenperature. As a result,
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t hose skilled in Ripid sdvaneep ricchoplapnenddncseasinggenrsymendamagd fe present

speci fi cat i ongrifiRemamitictireRARE supPlidriI6f edéctroity systei®tdiacted@thiend apparatus to
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circuit devices. Typical modem circuit cards are densely populated with large

15 and complex integrated circuits, such as microprocessors and supporting
chipsets.

As circuit devices such as microprocessors increase in size, the
likelihood of solder joint failure increases due to a mismatch in cocfficients of
thermal expansion between devices and cards. For example, if a large

20 microprocessor is surface mounted to a circuit card, solder connections exist
across the width and length of the microprocessor. If the microprocessor has a
coefficient of thermal expansion different from the coefficient of thermal
expansion of the circuit card to which it is mounted, the microprocessor
package and the circuit card expand and contract different amounts as a

25 function of temperature. As a result, interconnect failures can result at solder
joints.

For the reasons stated above, and for other reasons stated below which
will become apparent to those skilled in the art upon reading and
understanding the present specification, there is a need in the art for a method

30 and apparatus to control thermal expansion properties of circuit card
assemblies.

Brief Description of the Drawings
Figure | shows a cross section of a circuit card assembly;

35 Figure 2 shows a cross section of a circuit card;
Figure 3 is a top view of a circuit card layer having piezoelectric blocks

arranged in a regular pattern; and
1




Figute 1 shows a cross section of a circuit card assenbly; 35 Fi gﬂ'ﬁeh[ﬁ z@[pows'
a cross section of a circuit card; Figure 3 is a top viewof a circuit Ard

| ayer having piezoelectric blocks arranged in a regular pattern; and 1 0 1
NOV 200WOWDBEEPRA 84894 PCT/ US01/ 40448 Figure 4 is a top veEmsi/4e448i rcuit card
| ayer having piezoelectric blocks arranged in a non-regular pattern.
Description of Enbodinents 5 In the foll ow ng detail ed description of the

enbodi ment s, ref_erp@gm@4';ssat?tgraig@otfgc{fa@‘c%quégg%z?ﬂgé%iagé%ﬁshat show, by

way of illustration,. specific enbodinents 1 n i on may be
practiced. |n ¥RE8EBANARLEBVle RAUCM yer al s descri be substantially similar
conponents throughout the several views. These enbodi nents are described in |

sufficient detail to enable tBsfindile '[“me mien the art to practice the
[ nven#i on. O her grrbogj ment s TTH TeT d structural, Iogical, and
el ecttical changeshMgfolwingdrtailsd desstpticass heembpdimentsrefetescsisope of t he

present i nventmade.to Meraecnegmnying drainigothleshoi s vedy@Pdsiiation, dpa&avar | O:.IS
enbodi ment s of ) ' | f ent,. are _nat necessarily
nutual 1y excl u‘é‘?g&gf*@‘éﬁﬁgﬁgﬂnﬁ?ﬁ!ﬁﬁgg’g&?’%ﬁ%&% ea{Pﬁf”ed,"a‘%'f'$sluE'E%r e, or 15
char act eri st i CMeEs deseribe;sHbstantialbngim tar semponenty thseughpu itheckewerali t hi n ot her

enbodi ments. Tiewd. GTHequénit@ditaintiretkseHdse i fficRnt detail th @RIbR Mg Not to be

t ake in a |i@htr f the,present invention is

ot nad oty el e S REoradld el RAGP OnBd: PRl ES Fy pe uilisn o

equi val ent s td‘“ﬂﬁ?"ﬁ%“@ﬁ&ﬂmb%ﬂ glectrinabchanges map s made Witlwutddpaniigand appar at us
of the presentframyRistopedf fe@rdsel imvesmh MurédVer, {t Y 1odk LderAsbdithg Mechani cal

properties of lﬁ“&*ﬂégﬁ%ﬂ%m@gf “&?%‘iﬁé’?r%%éhgaﬁenbl les. In sone

enbodi ment's, piezoel ectric bl ock rentEAM! t cards to control
expansi on and Reeersariy. mutwalinexclusivan Eor exsmpit, & ertjselanfestue, smanirgior on. The

pi ezogl ectri c JnhRGKFAstRBRSHBYPInDnY emb@fiRer mi?ﬁgﬁlcfuhﬁf@@f]n Bﬁ’l £5 control
expansion. In . engs?q.thn?q%)s, t(ge“v |tage ' is %on rol led by a t enperature
sensor and a t%@’rrsﬁﬂgctn LRy OSME S F‘ﬁ‘é‘s‘f’ﬁ’éﬁ’)ﬁ&b there s 8PtA befakeme  circuit
card, the effdaailimitiegehse gidshe scope oftiby predentanyratier isdefifediohly byi r cuit card
the appended claims, along with the full scope of equivalents to which such
claims are entitled.
20 The method and apparatus of the present invention provide a mechanism
for altering the mechanical properties of circuit cards and circuit card
assemblies. In some embodiments, piezoelectric blocks are embedded in
circuit cards to control expansion and contraction as a function of temperature
variation. The piezoelectric blocks can have a voltage imposed thereon to
25 control expansion. in some embodiments, the voitage is controlied by a
temperature sensor and a thermostat. By controlling thermal expansion of the
circuit card, the effective coefTicient of thermal expansion of the circuit card
can be tailored to more closely match the coefficient of thermal expansion of
devices soldered thereto. As a result, solder connections are more reliable.
30 Figure 1 shows a cross section of a circuit card assembly. Circuit card
assembly 100 includes circuit card 102 and substrate 104. Substrate 104 is
shown having integrated circuit 106 attached thereto, and is also shown
attached to circuit card 102 at solder connections 108. Substrate 104 can be
any type of device capable of being attached to circuit card 102 using solder
35 connections 108. For example, substrate 104 can be a daughtercard, a land

grid array package, a large flip-chip mounted semiconductor device, or the
like.



can be tailored to nore closely match the coefficient of thernmal expansion
of devices soldered thereto. As a result, solder connections arg; rggamemgg
reliable. 30 Figure 1 shows a cross section of a circuit card asse

G rcui twoat/d4ssassenbly 100 includes circuit card 102 amdTAbBiMss e 104
Substrate 104 is shown having integrated circuit 106 attached thereto, and
Is al so shown attached to circuit card 102 at sol der connections 108.

Substrate 104 ca (o] éached to
circuit card 102%&E$W§° solhéyp&?gic'&wﬂﬁ&mg&%msgn Fhé&gﬂglcm substrate 104

co ctions 1
can be a daugthemrabenpansien desatipes He ”‘é"’ﬁF’&W%%Pc%gﬁv or o S‘I'bé'r'ﬂg%ﬂel p-chi p mount ed
sem conduct Orasdaﬁ%&ﬁure%ad gbe Cll'dukeard 20Daldo RIEW cATBAGE DiermBd 894
PCT/ US01/ 40448 Su 104 xpansi on. The
coefficient of*P2PM& #31(;?8;5’55%%?%% gg{x%rﬁioﬁ’B&ha@i‘ohﬁtﬁﬁﬂﬁg{@ansI on behavi or
of sudbstrate 104 When thesnséiician H@@W‘W&W@@S“’E}OF whstratc R End 65U so has a
coef ficient Ofali REr {FBkubsBii g%qm ;subdirate N 04l eRicircieard 102 axpadmall expansi on

behavi or of circuit car f t ermal expansi on of
substrate 104°HHget éP'?s&?f'?l?y &"Tﬁ%’pgsrtgﬁg&%g{eah@gg{;mn tst]gl substrate 104
and circuit casceffii€its abthamal expansiop differ.dewewsnisustpteil 8 p ‘é‘iﬁH'éI anounts as
tenperature CQQ—BQG?doX&%QpaTnBSnd &ﬁ\&écft kwsﬁﬁuaﬂye&uaum:sumlasexpanm on differ,

however, substrate 104 and cj.rcu contract
substtnt i al | y teRAgEAUrS FHADRSSS “fbbs '%‘ﬁ%@f"d%’ﬁ#’%““ M%%W B Substrate 104
and circuit candicch@actdobsmntiallyegasidmoens seshispacen soldsioints 108 AF equal

anmount s, S”eﬁﬁe ént% %Jxﬁle?@i ﬁl@r&ash@b%ﬂihédiiﬁerem m&d&ﬂ'lc&ansQJfOf substrate 104

i ncreases, erence [ n _coef ?s @E mher%I expansi on

i ncr eases, théhW?léé‘Ba"éW“é‘Wﬁéﬁs %?q‘ff‘%""lsﬁ "-'ﬂl? YETRd “sol der j oi nt
failure can resMetjoinifail@ercantesultard 102 i ncl udes piezoel ectric blocks 1 20
e”be? ed therein. CuFﬁ.?éa%H@ka&lh&dsfp)ézée‘fecﬁmm&ﬁﬂimenw&armead.m cl asses of

ol 300l ect 11 o Hieoelsesty ' hEropretisrmamesesey  coptos PREHESs “edo0 or ouci ng
di mensi onal changesicifitld isepplied era mllarized giczoslpwt¢ Materig tnerystadiver ned by t he
pol arization. (ORyer ﬁ%lg& shaPE BrodG G dlnefional changes in the material in a
specific plane, governed by the polarization. Conversely, when mechanical
20 pressure is applied to one of these materials, the crystalline structure produces
a voltage proportional to the pressure. The method and apparatus of the
present invention allows the transformation from electrical energy to
mechanical energy by embedding piezoelectric materials in circuit card 102.
When an electrical potential is applied between two electrodes on a
25 piezoelectric block embedded within circuit card 102, the effective coefficient
of thermal expansion of circuit card 102 changes. A portion of certain card
102 shown as cross-section 200 is shown in more detail in Figure 2.
Figure 2 shows a cross section of a circuit card. Cross-section 200
shows a portjon of circuit card 102 (Figure 1) that inciudes core material 202
30 with via 204, and epoxy layers 220 laminated on either side of core material
202. Embedded in epoxy layers 220 are piezoelectric blocks 120.
Piezoelectric blocks 120 are embedded in circuit card 102 during manufacture
of the circuit card. Piezoelectric blocks 120 can be any type of material
having piezoelectric properties. One such example is PZT-5H Bimorph
35 available from Morgan Mitroc, Inc. PZT-5H has high permissivity and
coupling, and also has high piezoelectric constant. Piezoelectric blocks 120
are examples of deformable blocks that deform in a controlled manner,
3



20 prtessure is applied to one of these materials, the crystalline structure
produces a voltage proportional to the pressure. The nethod and (app@y #Hius
of the present invention allows the transformation fromelectrical energy
to nechaisadesenergy by enbeddi ng piezoel ectric mat eri@&ﬁu%d]“guscuit card
102. Wien an electrical potential is applied between two el ectrodes on a 25
pi ezoel ectric bl ock enbedded within circuit card 102, the effective

coefficient of thermal expansjon of circuit card 102 changes. A portion of
certain card C%‘?gérﬁcf\ﬁﬁ“'h%a"g'roﬁg’f@éﬁ?F%’W@B‘B}mf‘@cg tyl"'n‘(’afnrmre detail in

Fi gure 2. Fi gdefernfabieitivek can by wred witboitidepartifg feoneihe senpt of the dresddit oss- sect i on
200 shows a ﬂ%%ﬁtio‘ﬁn of circuit card 102 (Figure 1) that includes core

mat eri al 202 wth via 204 aﬂd epoxy. | a glé 220 | am nated on either side
of core material Comspseconrddalsqs W%@B&W‘ay%{g amygted PR eAeE3I88| ectric bl ocks
120. sPi ezoel eof epory Riyere 230. IMEtabrzec2isend 240 ara lochrd bétvearamd ey dur i ng

manuf act ur e f 1 Lr.cul | . ' I n be any type
of meterial  RAGTESd b chifice §Bhelr RAERHPELNS T2l Wt l] P2 BN

Bi nor ph 35 avand 3l wipply seitags igplestmopesiasdiezpeiectrighiqeks 126 Mew| Eaceher mi ssivity

and coupl i NgthakBshpd/! oRagdeas plri@icRical@Rb e beistndnadtiel BetiveerRagezgel ectric

bl ocks 120 are,examples o ef bl e bl ocks a eformin a controll ed
manner, 3 0 1SW%A?WBEB€%%g}r _Fig@nlofjifgzé%gagﬁfm?}%nﬁpt he circuit card
to diéf orm i n anetal tracas 2P4 dnedditien, picaplpctric plocksican beloeatediiplasy bl ock can be used

wi t hout depar tnhmerfcrf@Pax&hfyc&c@Bﬁeﬁhptehﬁcmcﬁs@ﬁblmwmrm Boin Cross section
200 al so shomseg‘g’olx

ers 222 lamnated.gn either side 5 epoxy | ayers
220, “Netal o1 geeD i Bhgs el ainsPPuav A pvib R I RE B By br s and ar o
coupl ed to onalane. pi ezoel ectric blocks 120. Metal traces 208 and 210 supply
vol tage to el ect r gaes, QmudhigAR! ®E VSiiage Bh RlapurakeP208Mali2ho fsr aces  that supply
vol ta?e to piezoelectric blocks Qﬁg bée sg?‘gw gc;]ed betﬁeen | ayers, such as
met abS traces Z0Brelled by thermestat 21, Hherperal 21 b isshomouPled ey such as- 10 netal
traces 224. Irterapldimicaensopllézandgdtagbsodod;eol_jISsTuapcmurclsmsatHdCiam_ any nunber
of epoxy | ayeng an§tfpe ¥ RMBEnrdYchoR,Hne ekdrighe RiMEReridloupR) e in

Temperature sensor 212 detects the temperature of the circuit card and

supplies a signal to thermostat 214. Thermostat 214 provides a voltage to
20 circuit card 102 on node 216. This voltage is coupled to traces 208 and 210
which supply the voltage to the piezoelectric blocks resulting in controlled
tensile or compressive deformation of the blocks.
Thermostat 214 and temperature sensor 212 create a “smart” circuit card
assembly by automatically controlling the amplitude of the voltage applied to
25 the piezoelectric material. When the temperature begins to rise, and the circuit
card starts expanding (positive or negative) beyond a desired limit, the pre-
calibrated thermostat turns on, applying a controlled voltage to piezoelectric
blocks 120, resulting in controlied deformation of circuit card 102.
Thermostat 214 is an example of a voitage controlling device that controls the
30 voltage supplied to piezoelectric blocks 120. Any type of voltage controlling
device can be used without departing from the scope of the present invention.
For simplicity, Figure 2 shows a single piezoelectric block 120 coupled
to metal traces 208 and 210. In some embodiments, every piezoelectric block
120 is coupled to the same metal traces, such as metal traces 208 and 210, so
35 that every piezoelectric block 120 has the same voltage applicd thereto. In
other embodiments, a subset of piezoelectric blocks 120 are coupled to any

given set of metal traces. For example, on a circuit card having a large device
4



epoxy layers 222 as well as in epoxy layers 220, or can be in epoxy |ayers
222 alone. In sone enbodi ments, the voltage on netal traces 208 and 210 is
15 controlled by thernmostat 214. Thernostat 214 is shown coupl ed & oNOV 2004
tenperéfﬁpg&ggﬁsor 212 and vol tage source 218. Tenper atRGT@YEM 212 can

be any type of tenperature sensor, one exanple being a thernocouple.
Tenperature sensor 212 detects the tenperature of the circuit card and

suppl i es a sityaadissipates hiargeamantity ofihtat, Theparategemperadrd sgnsondlda@sda voltage to 20

circuit card sl i et bideRees 208 and 210
whi ch supply (E‘E%novoi ?g%g“ tg%@%dh%nu?oegﬁgﬁgﬁrtggg?ggﬁ resu‘%ti ng in controlled

tensile or colslasepiowaigde Hiedares dryicseaR pecop oy thededicyed ot 214 and

t enperat ure seffperatufslsénsk el thermosanaity numberoafildcalaead caralesiefinéd) by
autormtical ly.control | i [ lied to 25 the

pi ezggl ectri cf°ﬁ§t°‘é‘?‘1"aﬁaf‘f%@%ﬂ“ﬁ@%’é’%ﬁ“ﬁ‘ﬁggr‘% %@#\E&tggrs?ﬁe, and the circuit
card starts efhsmmesiaigan pogtiwithput dspariagyiem (is)scopewb e PEESesi red |inmit, the

pre- cal i brat aedtldgr rostat turns on, applying a controlled voltage to

pi ezoel ectric _blocks 120  re L | LlL.ed. ' of circuit
card 102. Therm‘g?"é‘fem%friienf%rﬁ%wesggﬁhpP%ﬁggﬁg&sgﬁﬁgggdggE?gtrutﬁo?i ng device
that control st femezmbodimentgcerapgsppiesensenl 13iinsayeled £ 30 Qviest #BKs 120, Any type

011: Vﬁﬂ tage colﬂ{ahfﬂ{elciirsgtcaeld:\ﬁ'n:&ﬁs@mtrfx_elplﬁadnmgrhﬂwbu“rcudepa(lti'gmg1_j.rolmthe scope
of the present I nyentian. or si | Cl , : ngl e

pi ezoel ectric bl o%Ry '1‘58""58{1%%&?%9% 'g%txltl?ygé%g;'gﬁé‘ %‘?%T@?ﬁﬁrn sone

embodi nent's, efite ppqxlydavsesican include piezrelcctrie blpckss1 280 (s sectign 2Mbs sane net al
traces, such agowiBlainglepdi§a8yedOR0N ditRek Gide 5Pcore3202f 3k hdWisy Y pi ezoel ectric

bl ock 120 has the sang vol e applied thereto, |n o Sg@ﬁdi nments, a
subset of pi efﬁﬁmﬁ%i&@ﬁ%t ?"é‘“t%‘ﬂﬁfsg_ﬂa"t‘%"é’?{’g%é. ven set of netal
traces. For exanh aisiderof epaxylayers22@ainsoma embedimentsmydtipleciose 4 01 NOV2004

WO 01/ 84894 PQLLLIALIAGAHS of Bt 268 iRaLMAFiSdelecti@biBeks@deddey of heat, a
separate tenper at_urtg_; sensor 212 aB‘%{i the‘;rmstat 214 iagf dedicated to the
| ar ge devi ce, BETeNpFILSRMRIELSPIE SHPRRURENS W%’I%%emgﬁob?c ¥ to the |arge

devi ce can be entbaddedlin pairsoflaiyére cqhadistant fiech the eanpre ptheieare.sOMebr and
thernostat. Ay yalHEE offy hafEbzolle&RE bloBt 128 cMBEAdBER a single layer
20 near one surface of the circuit card. These embodiments can be useful when a
single area of one side of a circuit card benefits from a change in the
coefficient of thermal expansion.
Circuit card 102 (Figure 1) is manufactured by embedding piezoelectric
blocks in epoxy layers prior to laminating layers of circuit card 102 together.
25 For example, a circuit card having the structure shown in Figure 2 can be
manufactured by embedding piezoelectric blocks 120 in epoxy layers 220
prior to applying metal layers to the epoxy. In an altemate embodiment,
piezoelectric blocks 120 are embedded in epoxy layers after etching has taken
place on metal layers. In these embodiments, piezoelectric blocks 120 and
30 metal traces 208 and 210 can share the same layer.
Figure 3 is a top view of a circuit card layer having piezoelectric blocks
arranged in a regular pattern. Top view 300 shows circuit card 302 having an
“x” direction and a “y” direction. Piezoelectric blocks 310 are square and are
arranged in a regular pattern such that the distance between blocks inthe x
35 direction is substantially the same as in the y direction. When a voltage is
applied to piezoelectric blocks 310, expansion occurs substantially equally in
both the x and y directions. In some embodiments, the amount of expansion is
5




5 for a circuit card, and any nunber of dedicated tenperature sensors and
thernmostats can exi st without departing fromthe scope of the presehi NOV 2004
i nvention. Tenperature sensor 212 is shown coupled to the circuit card in
Fi gure wWOol8#8980nme enbodi nents, tenperature sensor 212 psr/csiipbed to an
object other 10 than the circuit card, such as substrate 104 or integrated
circuit 106 (Figure 1). Any nunber of epoxy layers and netal |ayers can

exi st, and an u r .. of. EI;! | : | G/ i ezoel ectric bl ocks
120. Cross seéclqu 8?%&?%‘ sgg\%ﬁiw%ﬁé%&%g&f%gghy%g on either side of
core 202, eactmbrsdiments, theamauntead expassipn cratrolipdbrtkssideield t herein, and al so
havi ng epoxy bigyRlestr#diockd $100n the outside of epoxy |ayers 220. In some
enbodi nents, nultiple 0X | avers. on eit ' 202 i ncl ude

pi ezoel ectric bl otﬁ%“%‘ﬁ%é’&ﬁ‘erﬁlOﬁglﬁzeofl&mﬁ.c%Egtrggelgg%%é?‘raggo%ﬁgnbodi nents have
pi ezéel ect ri cemtirosktacd 2a ciesuib eatd 862, ioncapeicey imsomegpeipns apdapldnst ant fromt he

center of thesgeke FoldiRple, £I80AdIARNEIFuRRhM 02VReRiRZMOhaeH 6f C bl ocks 120
enmbedded in a sifﬁgl e érfaﬁerﬁ\xﬁo near one surfacc% ?f tge %i&%lcgi‘;{ card. These
enbodi ment s cSPFHEeRS g5 HsmManERangIon piLCan, bsaefiy from the RAREM SBOWN, "1 cuit card
benefits fromreFigmadge in the coefficient of thermal expansion. Circuit

card 102 (Figure gy, lS @80 G f £84rchY c88M5eH00g Ble8sehtifiscke bl ocks in

epoxy layers prior ‘to lamnating |layers of ‘circul'f card. 102 together. 25
For Bxanpl e, 5”&'?5‘96”%“%‘?’&“6}?{6?\9 '%(?I%V'g‘t"r‘iﬂﬁf}l??’é p?ﬁ%"&ﬁ‘?gfc#q ure 2 can be

manuf act ur ed @Yo arriged inngrapdoevarglsacivrandotn puérs tkPRsilts iepoxy | ayers 220
prior to applyj ; mehdlor@N al ternat e enbodi nent,
TRl b UE o b SR e

pi ezoel ectric ( I'n epoxy layers after etching has
taken place on n#tiato ‘?"d‘yé‘?"é“?"dl‘Ha‘tt“Fe’g’@V%‘?ﬁiB'éﬂ“ﬁ%P?t'étF"%F&?fel ectric blocks 120
and 30 netal tihaeetve2fll ronctstridtivec Mang lotireeemixeirsamewilldgapparditpure 3 is a top

viewof 2 i r sk of &iflin B S ydoR HhddthgRhE GRGEBibing thellbbfeRscriibRnged TN a
regular pattern. 1ilop view 300 shows “ci rcul E)%‘far . 302 having an "X
direction and The'sgepedf thedaveatipn sppwld.dharefore, Pedetargingd with sefefeleeduare and are
arranged in a thegpperded RRirhs bldng with thelfall sdopeoftiqsivalemtetobetivtesch bl ocks in the x
35 direction ic?ai:?mggéteﬁm%dal ly the sane as in the y direction. Wen a voltage
is applied to piezoelectric blocks 310, expansion occurs substantially
equally in both the x and y directions. In sone enbodi nents, the anount of
expansion is



5 0 1 NOV 2904 WO 01/94894 PCT/ US01/ 40448 control led by the dist 8198
bet ween piezoelectric blocks 3 10. In other enbodi nents, the anount
expansion is controlled by the size of piezoelectric blocks 3 10. The
regul ar pattern of piezoelectric blocks 3 10 can occur across the 5 entire
surface of a circuit card 302, or can occur in some regions and not in
others. For exanple, a local area of circuit card 302 where the m snmatch of
coefficients of thermal expansion arc high can benefit fromthe pattern
shown in Figure 3. Figure 4 is a top viewof a circuit card |ayer having

pi ezoel ectric blocks 10 arranged in a non-regular pattern. Top view 400
shows pi ezoel Whatisclahetiss 4 10 arranged in a random or pseudo-random
pattern that results in substantially equal expansion in both x. and y
dinmensions. It isto be understood that the above description is intended to
be iIIustratng{ qyﬁyﬁﬂ tive. Many other enbodinments wll be
apparent to 15 t ose o S I'h the art upon readi ng and understanding the
above descri ption.aplealisgopryet; t he i nvention should, therefore, be
determined wth reference to the appended cl ai ns, along with the full scope

of equi val®ents to mu&h%gﬁﬁﬁw@ﬂwoékse@wﬂﬂ@cﬁt lm@nﬁmlﬂmly\ﬂfat is

I d
ooy of s K et tne B Eﬂffﬂmg%b‘f?ﬁiﬂss bt B S 1y o
| ayers, wher %dﬁngﬁg&dggnﬁﬁpm%g@ié%&fa\gﬁg o‘?ﬁ?‘? tHrd ks is configured to

exhibit a controlled deformation as a funct tage appl i ed

thereto; a terrperaatmewmmmsonu@pédmmtk{asﬂmsﬁ'ﬂwﬁmhtytdfday&s;mﬂl ty of
| ayers; and a therpostat cog&lﬁgg bet ween t he te rature sensor and the
plurality of 10 d® pteo etWesn e JPmpeTRRIg %g”é‘dége pluralit:ef on of

tenperat Ufe. deformable blocks to apply the voltage as a function of temperature.

2004

2. The circuit card of claim 1 wherein the plurality of deformable blocks
comprises a crystalline material having piezoelectric properties.

15 3. The circuit card of claim 2 wherein:
the circuit card has a top, a bottom, and a center equidistant from the top and
bottom; and
the plurality of deformable blocks are arranged on two layers of the plurality
of layers, the two layers being substantially equidistant from the center.
20
4. The circuit card of claim 1 wherein the plurality of deformable blocks are

arranged in a regular pattern in one of the plurality of layers.

5. The circuit card of claim 1 wherein the plurality of deformable blocks are

25  arranged in a non-regular pattern in one of the plurality of layers.

6. The circuit card of claim 1 wherein the plurality of layers includes a plurality of
epoXy layers and a plurality of metal layers, and wherein the plurality of deformable
blocks is embedded in at least one of the plurality of epoxy layers.

7



2. The circuit card of claim1l wherein the plurality of deformble bl ocks
conprises a crystalline material having piezoelectric properties. 15 BV e
circuit card of claim2 wherein: the circuit card has a top, a bottom and a
center equidistant fromthe top and bottom and the plurality of deformable
bl ocks are arranged on two | ayers of the plurality of layers, the two

| ayers being substantially equidistant fromthe center. 20 4. The circuit
card of claiml| wherein the plurality of deformable blocks are arranged in
a regular pattern in one of the plurality of layers. 5. The circuit card of
claim1 wherein the plurality of defornmable blocks are 25 arranged in a
non-regul ar pattern in one of the plurality of layers. 6. The circuit card

of claim1l whereikn the raljt _Jayers incluc a plurality of_ epoxy
| ayers and a gl ﬁthglclsﬁ.g@lt gérﬁr?gf:jgf"ﬁlso JE %r,cog\l?&s%ﬁé?egﬁﬁntcﬁ‘g”p?t Fast g’t‘%ﬁfdh"

def or mabl e  bplagdtiy bfmeRbR e&%dthia&le@mae&%i%k% gy of epoxy

| ayers. 7 0 l1)le0\/ 2001111]l 7. ?he’ circuit card gP%fltr#g]c%ﬁaﬁgrotfconpri si ng
metal traces defomnatileblstkosuch tiat theevolipgecanl ictappliéd fheistd. | ayers, the netal
traces being coupled to the plurality of deformable bl ocks such that the
vol tage can be applied thereto. 5 8 A circuit card assenbly conprising: a

circuit card avi Rgedt %’J:&‘Eﬁl:hb%ﬂr &fmﬂs el ectric bl ocks enbedded therein;
couple

at | east one integrated circul "to the circuit card at a plurality
of points; 10 a tecperibdad Ravens plurility 9€pikRocledhtiPIRERY dthtfoddedthereiy:0! t age
controlling device to apply a voltage to the plurality of i ezoel ectric
bl ocks as a functi 8redt ongintagsted sisquit wupled tathe cincnig aird at apliveldgefibl y of
claim8 V\herei?‘g]f]%he tenperature sensor is coupled 15 to sense the
tenperature o & circuit card. 10. The circuit card assenbly of claim8
wherein tle tenper atdnifr@tiSehsor $o SMePh BpetfAnteare the tenperature of the
at least one integrated circuit. 20 11. A'circult card conprising
a voltage controlling device to apply a voltage to the plurality of

piezoelectric blocks as a function of the temperature.

=

9. The circuit card assembly of claim 8 wherein the terperature sensor is coupled
15 to sense the temperature of the circuit card.

10. The circuit card assembly of claim 8 wherein the temperature sensor is caupled
to sense the temperature of the at least one integrated circuit.

20 11. A circuit card comprising:
a plurality of layers of material;
a plurality of piezoelectric blocks embedded in at least two of the plurality of
layers;
a temperature sensor; and

25 a voltage controlling device electrically coupled between the temperature
sensor and the plurality of piezoelectric blocks.



a plyrality of layers of material; a plurality of piezoelectric blocks
enbedded in at least two of the plurality of layers; a tenperat ure OsleMBoki
and 25 a voltage control |ing device electrically coupled between the
tenperature sensor and the plurality of piezoelectric blocks. 8 01 NOV 100&
12. The circuit card of claim 1l wherein the tenperature sensor is thermally
coupled to one of the plurality of layers, and electrically coupled to the
voltage controlling device. 5 13. The circuit card of claim 11 further
conprising: a substrate soldered to one of the plurality of |ayers; and an
integrated circuit attached to the substrate; wherein the tenperature sensor
i s thermal |y Xoupl Bk ¢iccuittvardsefieddimal lewherelin the atperatak Isgnsopistherehallp t he

vol tage control | % device, 10 14. The circuit card of claim 11 further
conpri si ng: a°°é‘9¥?3t p She ok e pliralify of layee, sid sledrigallycappled tothevaliases: and  an

I ntegrated ci 'pi @t ed to the substrate; wherein the tenperature sensor
Is thermal ly ‘%@% e ({cg&tghe Integrated circuit 15 and electrically coupl ed

to the voltage controlling device. 15. The circuit card of claim 11l wherein
the plurality of layers conprises: a core material having a top side and a
bott om si de; B.fi r The eipanicardgkalaimabi fusthericomeprising: t op si de, the fast epoxy
| ayer having 20 piezoel ectyic bl ocks.enbedded erein;.,and a second epoxy
| ayer |aninated to? E?ﬁﬁﬂ%&ﬁ&? ?f‘ltgegﬁ’éﬁﬁﬂ"t & i er  having

pi ezoel ectric bl ocigpinedpradd eicififBfaBhdd to Hoe subfiate;i rcuit card of claim 11
further conprising: 25 a first integrated circul't attached to a first area

on the circuit carwhewintheitsmperiterc sensoe isthemellyaoapled its tHelsabsteltd gndcoupl ed to

the circuit card.in.the first area, and the voltage controlling device is
electrically QB&EF%?‘B’I’ ddo the voltags controliinedevice he  first area:

10
14, The circuit card of claim 11 further comprising;
a substrate soldered to one of the plurality of layers; and
an integrated circuit attached to the substrate;
wherein the temperature sensor is thermally coupled to the integrated circuit
15 and electrically coupled to the voltage controlling device.

15.  The circuit card of claim 11 wherein the plurality of layers comprises:
a core material having a top side and a bottom side;
a first epoxy layer laminated to the top side, the first epoxy layer having
20 piezoelectric blocks embedded therein; and
a second epoxy layer laminated to the bottom side, the second epoxy layer

having piezoelectric blocks embedded therein.

16.  The circuit card of claim 11 further comprising:

25 a first integrated circuit attached to a first area on the circuit card, wherein
the ternperature sensor is thermally coupled to the circuit card in the Frst area, and
the voltage controlling device is electrically coupled to piezoelectric blocks in the
first area;

a second integrated circuit attached to a second area on the circuit card:

9



a second integrated circuit attached to a second area on the circuit card; 9
O 1" NOV 2004 a second tenperature sensor thermally coupled to the CIrCUIt
card in the second area; and a second vol tage controlling devicelT NIV 200

el ectrically coupled between the second tenperature sensor and

pi ezoel ectric blocks in the second area 5 17. The circuit card of claim 16
further conprising: a first substrate soldered to the circuit card in the
first area, wherein the first integrated circuit and the tenperature sensor
are attached to the first substrate; and a second substrate soldered to the
circuit card in the second area, wherein the 10 second integrated circuit
and the second t enpescand tenmertarscasos termalihestipled to ke cismitaad] muhst rate. 18.
A nmet hod of manufacturing a circuit card conprising: attaching a plurality
of piezoelect?FEmg rAto acircuit card layer; 15 attaching the circuit
card layer to a su ply a
vol tage to the pl u?g%{ E\H‘% tgg&gﬁ‘%@éﬂi}“ggﬁ"ﬁ@bf %@F&@P%W&%qﬁé gecgéj&)cl aim
18 further cotmipesatmgscﬁ’@rﬁmlpﬂem@coﬁnd@lﬂa&rmmﬁcmei to the circuit card.
20. The nethod of claim 18 wherein attaching a plurality of piezoelectric

bl ocks cd%prises arrangi ng rectangul ar piezoelectric blocks in a regul ar

pattern. 25 2 Th h"?’fg 0 | ;a4 g_} erein.attaching a plurality of

pi ezoel ectri c%‘()‘l oc%gg%% ?qréggd%'ﬁn!\% Tﬁ%r fb?ng'%sé?gect ric blocks in a

non-regul ar patter g firkQubstrate soldered to the circuit card in the first arca, wherein the first
integrated circuit and the temperature sensor are attached to the first substrate; and

a second substrate soldered to the cireuit card in the second area, wherein the
10 second integrated circuit and the second temperature sensor are attached to the

second substrate.

18. A method of manufacturing a circuit card comprising:
attaching a plurality of piezoclectric blocks to a circuit card layer;
15 attaching the circuit card layer to a substrate; and

forming metal traces configured to supply a voltage to the plurality of
piezoelectnic blocks,

19. The method of claim 18 further comprising:

20 coupling a temperature sensor to the circuit card.

20.  The method of claim 18 wherein attaching a plurality of piezoelectric blocks

comprises atranging rectangular piczoelectric blocks in a regular pattern,

25 21.  The method of claim 18 wherein attaching a plurality of piezoelectric blocks
comprises arranging piczoelectric blocks in a non-regular pattern,

10



