2 9 SEP 2004 WD 01/84893 CIRCU T CARD ASSEMBLY HAVI NG CONTRCLLED 979 SEP 2004
VI BRATI ONAL PROPERTI ES 5 Fi el d PCT/ USO1/ 10918 The present invention relates
general ly tg/(gri nted circuit cards, and nore specifically to printed
circuit car Y& i es having controlled vibrational proRGHy®#10919
Background of the Invention Rapid advances in technol ogy and increasing
consuner demand are driving manufacturers and suppliers of electronics
systens to increase the 15 pOopRCUIT CARIEASSEMBIY HAWMINGES on circuit cards,

and to popul ate the ci rcuiéoﬁfﬁgiLFm‘%ﬁw@Ppﬂ\@hwE@ﬁgui t- devices. As

bot h the nunber and power ~Consunp e circurt devices on a circuit
card increase, nore heat is produced in the card. D ssipation of these

| arge anounts of heat require the use of nore nunerous, |arger and nore
massi ve Egat sinks. 20 The increased nunﬁfg%and | arge mass of such heat
sinks cam significantly alter the vibra &hal characteristics of the
circuit card assenblies on which they are nounted, by producing |arge

di spl ace{rents ?L the ghd 'htigce%ﬁ&\kme}s g%l@?t@bﬁﬂtf&&&uﬁ%ﬂ?ﬂﬁdlxﬂ&ig c;ﬂ_Ih
conponents on e circu car asse an ead to early. failures. e
si ze and | ocati on sB?"‘%ﬁt%'é’ Ariied girsu! ‘%5% qeg@gppeqﬁvglg(ggl}p-oilg& %Bﬁ‘ﬁ?‘@rl ed
primarily by a si mpgipertieeat sink that is very large, or by a distribution
of heat gjnks of varying sizes. Failures due to vibration induced

di spl acenents can occur in different appljcations. O particular concern
are applications that experienceZRE A Ve nt of vibration, such
as those in nobile environnents. Crcuit 30 card assenblies nounted in

mobi | e environnents O%ﬁ@M&s%é@&@k&%%ﬂ%ﬁ%ﬁmﬁidﬂﬁﬁﬁi on, causing

the circuit card asse es to prq ar ge ] 5’acerre,nts. For the
reasons stated abdiaingmagutaguress:and sunpliers ghelectionics BysiBSRIGISSER® wi || becone
appar ent 150 t hose pbsilktichcienditytolf devides ot piconitrcamisliand teepvpulate the circuit cards

with more powerful circuit devices. As both the number and power
consumption of the circuit devices on a circuit card increase, more heat is
produced in the card. Dissipation of these large amounts of heat require the
use of more numerous, larger and more massive heat sinks.

20 The increased number and large mass of such heat sinks can
significantly alter the vibrational characteristics of the circuit card assemblies
on which they are mounted, by producing large displacements of the circuit
card that can overstress various physical components on the circuit card
assembly and lead to early failures. The size and location of these large

25 displacements can be controlled primarily by a single heat sink that is very
large, or by a distribution of heat sinks of varying sizes.

Failures due to vibration induced displacements can occur in different
applications. Of particular concem are applications that experience a
significant amount of vibration, such as those in mobile environments. Circuit

30 card assemblies mounted in mobile environments often endure significant
amounts of vibration, causing the circuit card assemblies to produce large
displacements.

For the reasons stated above, and for other reasons stated below which
will become apparent to those skilled in the art upon reading and
35 understanding the present specification, there is a need in the art for a method
and apparatus to control vibrational properties of circuit card assemblies.



35 understanding the present specification, there is a need in the 2§ GEP &i0i
a nethod and apparatus to control vibrational properties of circuit card
assenbl i es. WO @/8389SEP 2004 WO 01/ 84893 Brief Description ofpcyiigseiss N9S 5
PCTI USOl /10918 Figures | A and 1B show edge views of a generally planar
circuit card assenbly in accordance with an enbodi nent of the invention;
and Figures 2 and 3 show edge yj eys of. alte ape, enbodi ments of circuit
card assenblies. Description ofF—tnreot R oIneY fol | ow ng detail ed

description of the enbodi nents, reference is mnade to the acconpanying
drawi ngs that show by \ay) Qfnd 1B $olvicald Rews SRQErAIR praEPQrtuitesis i n which
the invention may be Qract | %gd. I [{ht he ﬂ%@%\ﬁ nﬁﬁfh i k%igpnalf_\geral s descri be
substantial |y si ISR MAFGTENCE it AB &Y et RLIE MYERIgN: A0 o5, These
enbodi nest s ar e descr Figars 2 andsishbw eilgantiewbaif altérnato erobralirthents dfegenitt 5 skil | ed
in the art to praglhG&embhesi Nvention. Qher enbodinents may be utilized
and structural, logical, and electrical changes may be nade w t hout
departing fromthe scope of the present invention. Mreover, it is to be

understood that the various enbdsdriptios cDEmbbdimentsent i on, al t hough
different, are not necessarily mutually exclusive. For exanple, a

particul ar feature, structure, or 20 characteristic described in one
embodi et may be i ncinshetpligvmg defaidadescripiomefdhe sophodimentierefessnes it ng

degai |hed descri Pt inﬁﬂe-i&he&&é&hﬂfnﬂn@dﬂ%g_s&lﬁtEl?thﬂ(ﬁﬂyoﬂiﬂusﬁ'aﬁéﬂ%ﬁebif@ sgnze,
and the scope of t resent .J.nvention. | in n appende
clains, along wt ﬁm?’ﬂ‘gmfﬁtf f“%@@&)@e we@gﬂ?n\?gﬁgﬁ{ag@cted %t{a%%m\gﬁlgﬁ hﬁgl ains are
entitled. 25 The memib descibappstantially sigtilar ¢pmpopentsthroughoutthe feyeral provi de a
mechani sm for al terisNehide embbdinadtt 48 dbscHbeANS sifficiont Abtail td Gidble thogs ds and

Cnt i mmt el af £ xodkiied ihe et topreiiea® FTIB: PAer aRpAmr P by BUA act | on
as a function of @nd sticturaiclagicaldingd slecttieatshangesihay e made avithowtdepartingf er s can
have a vol tage i "RRLMhe scope of the present invention. Moreover, it is to be understood that

the various embodiments of the invention, although different, are not

necessarily mutually exclusive. For example, a particular feature, structure, or

20 characteristic described in one embodiment may be included within other
embodiments. The following detailed description is, therefore, not to be taken
in a limiting sense, and the scope of the present invention is defined only by
the appended claims, along with the full scope of equivalents to which such
claims are entitled.

25 The method and apparatus of the present invention provide a mechanism
for altering the vibrational properties of circuit cards and circuit card
assemblies. In some embodiments, piezoelectric wafers are intimately affixed
to circuit cards to control expansion and contraction as a function of circuit
card displacement. The piezoelectric wafers can have a voltage imposed

30 thereon to control expansion. In some embodiments, piezoelectric wafers are
affixed to opposing sides of a circuit card. When the circuit card flexes, a
voltage is applied to one or more of the piezoelectric wafers, which in turn
expand or contract.

Piezoelectric wafers can also be used to detect when a circuit card is

35 flexing. In some embodiments, a piezoelectric wafer affixed to the circuit card
generates a voltage as the circuit card flexes, and provides the voltage to a
control system that applies a voltage to the other piezoelectric wafers. Asa
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30 thereon to control expansion. In some enmbodiments, pi ezoel ectri cZ WSER G
are affixed to opposing sides of a circuit card. Wien the circuit card

fl exes, a is applied to one or nore of the piezoel ' ers,
which in tu?ﬁhhggggnd or contract. Piezoelectric wafers cagﬁg%gﬁﬁﬂﬁﬁised to
detect when a circuit card is 35 flexing. In sone enbodi nents, a

pi ezoel ectric wafer affixed to the circuit card generates a_voltage as the
circuit card fl exessult,disnlapimaspf ofdhe gitsuit garfl canphe reduced whemthe eircuis gagd dsm t hat
appl i es a vol t ageyipgatddne ot her piezoelectric wafers. As a 2 29 SEP 2004 WO

01/ 84893 PCT/ US01/ 109 resubt. displa oA HATY ard can be
reduced when the ci rc%ﬁ?rcggr? oygan v&%}(éﬁe{sﬁ%ﬁ?&g&E%cérﬁg#/vésm%n edge vi ew of
a general | y pl anaesseinbkyuCircuitgand asserahivid0inclaies singuit cawl 192 h8wagmbl y 100

i ncludes gircuit g_ﬁ&@tlée@}?cm&km,io@hﬂmla@ﬁa:eamreeafmé@e&%cnyh@ﬁ, and 110
af fi xed thereto.

| ezoel ectricity is a ropert certain classes of
crystal | i ne mat er PEPETY Halaﬁfa#%%fc”s@llﬁegﬁgeralé. %Bf"ﬁ' ESCtPB%EﬁFOI ari zed
pi ezoel ectri c mat applied to 4 palarizey piezdelecwmic nuteriak thecrystaHme glegcturs blspess pr oduci ng
di mensi onal Cha”gﬁﬁarple,gqm%g‘ﬁhﬁénbi%hal'cﬁ‘an@esﬁﬂ%'nﬁdtéiiapinaa ecifidfR! ned by the
pol ari zati on. Conversely, en necha%gal Pre sure.is 10 appljed to one of
these materials, EA¥erRedhy thg polasizatiqn, COPYRIEIY, WBER foerbagica) gresstis o oport i onal
to the pressure. applisdecbreeadfittiess matkrals the@dystaliing strectute firbGuas e velfage xed t o

circuit card 102 ' fEeg;.H e of the circuit card. Piezoelectric
waf ers 104, 106, gg(giohd%gaﬁ@%p e aéiézg}_gge of material having piezoelectric

properties. One such Ricaeskctricwatersl rnds] 10sreattiade FUEiteard 104, Mor gan
Mtroc, Inc. PZT- akriigmahifgiure pEthetissitcidy Pirasklecmicwafers 1045006, ahdsHohas hi gh
pi ezoel ectric con ' eﬂﬁ ' ] , };Qmﬁa
exanpl es of defor %ﬁﬁéea%tgﬂceks %fﬂaﬁ%}g??eﬁl%ﬂ%%ﬁoggﬁ%% Pg‘ggﬁ%n_ne ;Eeecausi ng
the circtit card tioPEESHBimorphavailabletion Merganddives, IncARGT S kas Bigh ef or mabl e
bl ock can be used pairhidgvity a8 cOliag, land gisd hamighiptezoeleqméc whsthite present
invention. The metfiod and. 3RRA 0k o6 dnal1 6 aReRabiis dr AUEHEILM bicthd 4P the

deform in a controlled manner, causing the circuit card to deform in a

controlled manner. Any type of deformable block can be used without

20 departing from the scope of the present invention.
The method and apparatus of the present invention allows the

transformation from electrical energy to mechanical energy by affixing
piezoelectric material to circuit card 102. When an electrical potential is
applied between two electrodes on a piezoelectric wafer affixed to circuit card

25 102, the piezoelectric wafer expands or contracts and applies a flexing force
on the circuit card.

Piezoelectric wafers that are used to generate a voltage as a result of

mechanical pressure are hereinafter referred to as “trigger wafers.”
Piezoelectric wafers that have a voltage applied thereto are hereinafter referred

30 to as “flex wafers.” This terminology is in no way meant to limit the use to
which a particular piezoelectric wafer can be put. Rather, this terminology is
used to facilitate the explanation of the various embodiments that include
multiple piezoelectric wafers. In the embodiment of Figure 1A, wafers 104
and 106 are flex wafers, and wafer 110 is a trigger wafer.

35 Trigger wafer 110 generates a voltage as circuit card 102 flexes.
Voltage sensor 112 senses the voitage and supplies the voltage to control
system 114. Control system 114 applies a voltage to flex wafers 104 and 106
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transformation fromelectrical energy to nechanical energy by affi 2ingEP 2004
pi ezoel ectric material to circuit card 102. Wen an el ectri cal potent lal is
appl i ed betwoensissp el ectrodes on a piezoelectric wafer aff IJCé‘ ngd rcuit

card 25 102, the piezoelectric wafer expands or contracts an rf

flexing force on the circuit card. Piezoelectric wafers that are used to

generate a voltage gs a result of nechanical pressure are hereinafter
referred to as "t?sia&tj'%‘r“ 18 ¥oltage rspeiyesiron Voltage seserld 2+ Agentrrhleora vol t age
applied thereto ails«ﬁorimedbyam‘utteardrlel ariggesl wafer 1 10, asltagé betsorvidR &bhtrol Thi s

termnology is i “g&gm"ﬁ\t a'ﬂﬁ%@*]{wﬁ | Jioaha H:Iﬁe A rcli? O#%fﬁexgs, dggé' cul ar

pi ezoel ectric waf can be p her termn
facilitate the exy® ahhtﬂuawrﬁps%W%m%ﬂ@wﬁmd%mlmmvommom&

rruljtl pl espi eleoel ewhfersd0Maid105.to tedudelike Wﬂ&&&tﬁ&fd 020 % SonteA Waf ers 10?
and 106 are ex a 35 Trigger wafer
110 generates a v&@{ﬁ{rﬁenaég%“%&%méﬁéu@"&% w@hf?age sensor 112
senses the voltage a glmﬂ)alsh@@anmwwa@eﬂmnmnwd Ayshommin14. Control
system 114 appl i egj VlBl tirdlR chrd 102 Ras aMAédRIsRa %mﬁﬂnmzar&m?nsSEP 2004 WO

01/ 8-1893 PCT/ USO 9 nctio of th e I’EQ‘EI fromvol t age
sensor 112. A con?“\b%‘iamaﬁﬁgﬁl’lagé% i%ﬁt? #?&@ BEr waf er
110, vollWage sensmferslmzbeshomasmmcdzbysmmc{amw?asdréshhnbegemm&ﬂm and 106.

As clrcult card Lgufd Grema thé ) aiinant OB shhp ARARS B and

control system 114 & | s 0 %sfifﬁés 5 waters ?)ﬂ an 6 to reduce

the flexing of ci ?‘E‘ﬁ? E“"?ﬁ) a émm@“cyc&ﬁc%fmgyst em 114

includes anplifiet® andlsﬁﬂbxarf&qudﬁcgmrdﬂifct&tﬁbwﬁe&mrﬂﬁk;f&qum of a flexing

circuit card. As %edxé?lts &bﬂ&tﬁeaﬂﬁozwﬁeﬁnﬁg@ﬁwn@@& g8 shape in
i a

whi ch node 120 rema substant areas a out node 120
flex. THe term" b “’m‘ﬂﬂ"‘m?ﬂ%?l?!’?om"r@%'ﬁ shsplasemaayfosenyei r cui t card
102 as a result ogwhemngeshaﬂmate&ded“;ﬁdamuﬂacemeﬂ”moh%ﬁ edl@isdalant node

shape” which is the u 102 fl exes
at a resonant fre u%ﬁnéc}?f& ti;J%Eectu o Hndm(a%%n& ‘él\tqgkglpa‘c’fcﬂl"l %{ ?re%genmes

di fferent from t h&24 cHiggerivaferldQrsaassali. of mechanical pressure 113 caused by
ﬂexmg of circuit card 102, produces a voltage at node 111. As circuit card
20 102 flexes over time, voltage 111 changes accordingly.

Flex wafers 104 and 106 are configured to receive voltages on nodes
135 and 137 respectively. Control system 114 (Figure 1A) applies voltages to
nodes 135 and 137, and forces 134 and 136 result. Flex wafer 104,
undergoing force 134, works against the deformation of circuit card 102
25 shown in Figure 1B. Likewise, flex wafer 106, undergoting force 136, also
works against the current deformation of circuit card 102.
Circuit card 102, as shown in Figure 1B, represents the deformation of a
circuit card at a fixed point in time. In some embodiments, circuit card 102
flexes back and forth such that the voltage at node 111 generated by trigger
30 wafer 110 oscillates. Referring now back to Figure 1A, control system 114
receives an oscillating voltage from voltage sensor 112 as circuit card 102
vibrates. In response, control system 114 applies oscillating voltages to flex
wafers 104 and 106. For example, the voltage generated by trigger wafer 110
can be of the form:
35
' A sin (4t) Eq. 1.



D| splacenments of circuit card 102 are generally |argest when circultg SRr 0L
102 15 flexes in the domi nant node shape. The anount of displacenent for

any given % ?pe is termed "nodal displacenent.” Regions of |argest
modal  di splacenents are termed "anti-nodes” and are shomn"gyl@ﬂl’l”%des
122 and 124. Trigger wafer 110, as a result of nechanical pressure 113
caused by the flexing of circuit card 102, produces a voltage at node 111.
As circuit card ®2ferd 0Zs tHeamepkitude/and 4tis the natural fraqmency bf the idaminest mateor di ngl y.

Flex vaters 104 angdpdfig: @68 ftpﬂafbbgwn%ﬁe&%E& S tOWBEESoffpynodes | 135
and 137 respective ntro tem 114 g urtg A) applies voltages to
nodes 135 and 1375¥S mllﬁﬂ@@?smmm g is MEl ex waf er 104,

undergoing force 134, works against the deformation of circuit card 102 25
shown in Figure 1B. L ey, flex wafer 106, under goj force 136, also
wor ks aggl nst the curf?‘(lgl?\i\t,i’ktzl+ ormation of circuit cardE{i%Z Circuit card
102, as shown in Figure 1B, represents the deformation of a circuit card
at a fixed point i@ fsiapiied toflexaraferd 0N OThe Bt Signdl i oF thetforear d 102 1 exes
back and forth such tEa he.. | tage at node 111 geneﬁatfd by trigger 30
waf er 110 oscill ates. i ng now back to Figure | A*control system 114
recei ves an oscillating voI tage fromvoltage sensor 112 as circuit card 102

Vi bratesyg | n r espaasRapRRatd Mx vﬁdféi'tlem B hAd epsréset tRsaiphituatd 6fahe/ol t ages to
flex wafers 104 and 11 61 or ew@ t i ol tagel)gilnerat ed by trigger
wafer 110 can be Sigpals pRplipdfoflex %V N50BC SEP 2004 WO
01184893 PCT/ US01/ethbsditenthdd and £ dre the lsame rdut oﬁt'agtj@gbng isappled thdothat ur al
frequency of the Q%ﬁmaﬂ Afke bf&fﬁ%x dyBigh 115, YRGdHDB,(QaRE E@erol led. In
response to this v em 111 pr %gucesmtwoals sgnal s. One is
of the form 5 B &¢ e?%yonf dn?the of controf system theory. These value
15 preferably chosen such that adequate gain and phase margins exist to keep the
control loop stable. Flex wafers 104 and 106 have signals 180 degrees out
phase applied thereto, as shown by the symbol ". This ensures that flex wafers
104 and 106 work together to counteract the flexing of circuit card 102.
Flex wafers 104 and 106 are shown mounted to opposing sides of circuit
20 card 102 at anti-node region 122. Trigger wafer 110 is shown mounted at a
separate anti-node region 124. In some embodiments, trigger wafer 110 is
mounted near anti-node region 122, such that trigger wafer 110 is in close
proximity to flex wafers 104 and 106.
In the embodiment shown in Figure 1B, a mode shape is shown having
25 node 120 and anti-nodes 122 and 124. A circuit card can take on more than
one mode shape. For example, under differing vibration environments, the

cross-section of circuit card 102 shown in Figure 1B can have two or more
nodes 120, and three or more anti-nodes. In some embodiments, multiple
trigger wafers are positioned on circuit card 102 such that a trigger wafer is
30 located at at least one anti-node of each mode shade. In some embodiments, a
separate control system 114 (Figure 1A) is incorporated for each mode shape,
such that deformation of ¢ircuit card 102 can be reduced for more than one
mode shape.
Figure 2 shows an edge view of an alternate embodiment of a circuit
35 card assembly having controlled vibrational properties. Circuit card 120
includes trigger wafer 110 and flex wafers 104 and 106. Control system 114
(Figure 1A) is replaced in Figure 2 by trigger circuit 202 and oscillators 204
5



and is applied to flex wafer 104. The other signal is of the form 9 Efiﬂ{m
(4t + " +J Eq. 3 10 and is applied to flex wafer 106. B and C reprzesen

anpl i tudes wodijsgsezsi gnals applied to flex wafers 104 and kQ_q,ng 110918
respectively. In sonme enbodinents, B and C are the sane. An 0 %‘)se({9 angl e

, 1s applied to both signals as appropri ate by control system 114. Val ues

for B, C, and can be - derived )'/ one sk || ed 15@5&? rt of caontrol
system t heory. T Thad06 o TrigseT sirqut 24 5‘?“@?5&"8 g7 Pepyided by yoltage sepser Hdequat e

gai n and phase rramgn:mﬂ:eemltgeet@edmpresummmmmhltﬁmpgsﬁradﬁcﬂlatoﬁ ex wafers
104 and 106 have 9'266&1% fe%?@flwttthe §ﬁ‘cy%?me dihfGafd 0, as shown

by the synbol " |s ensure X wa rk together

an
to counteract themldll@?l‘%@f%‘fmé’id 89.P¥V QF%UP %‘&@dﬂ\@ga‘&nd 106 are
shown nouynted to gibsastiablg 180dmeesbumﬂphasetuchﬂmﬂﬁmécm&abfommt|-node regi on

122. Trigger vafe aacg,g §ﬂ§mmrma@@pb@a5e0@nbst§.ﬁaﬂ%a¢p%d. D BOgiGad €01 On

124. I n sone enbo ger | near |-node
regi on 122, such F"h@ﬂ 4 Wi weargandingp flexswafer 106 dscontragting; i t y to flex

waf ers 104 and 106. | sbie embbdistets niiggeneinit 202 &ingnolede ticuitty tadle shape is

h havi 25 d

tS aﬁ\e\nona\r/r;)pg thanaggﬁseiﬁogﬁgmﬁé‘gﬁgnagg% %y%g‘q‘l&égrz 0 figrglld%% \S?Lra'? ?(r)]n
envi ronnkht s, theﬂm@h@s@'%&“ﬁwWélmoﬂtﬁww@ énemﬁn n Figure 1B can
have two or nore eﬂaaﬁﬁed@%gg%ﬂar@haeesﬁaesm@ﬂe% @eﬁlsvonhge SSRNOP

Sch that & tr] godf? fepeds atelngtl Al SrnBb RGN 33T 200th G Wl Sach
mode shade. In soﬁ@uﬁmﬂmmwcoéthcsﬁpmm@l@@nt roI system 114 (Figure |A)
i's incorporated for egfdy d@%&bﬁﬁ@;h‘lg@b‘@lﬁuﬁth@ﬁ indRiGeY dihitry fo @hecEthecui t card

Viow of B alter ndEaRORLOL R R Bpaiced By cag spsr 12 oV oEn e TR Rl g
control | ed vi br at iofthalsigpaidiam voltege se@sard 13 matebnsdhelmuencmofﬁwwd@ ri gger wafer
110 and flex waferg %t AR wiRR 104and 108ls eﬁenlullggeréﬂlmog tdedY ol S
;Sggas\%do Illn Szlsggr %sclllatgrs tZM g‘%ei’wc Wh%tl{ Itl}e uency goeg %gtl nlultc re% thzoﬁl'l‘cS t2 9 SEP
mode of circuit card 120 may be one different from that which flex wafers 104
20 and 106 suppress, and oscillators 204 and 206 are not turned on.
Figure 3 shows an edge view of an alternate embodiment of a circuit
card having controiled vibrational properties. Circuit card 120, as shown in
Figure 3, includes one flex wafer 104 at anti-node 122, and trigger wafer 110
at anti-node 124. Trigger wafer 110 can be affixed to circuit card 120 on
25 either the top or the bottom. In the embodiment shown in Figure 2, trigger
wafer 110 is shown on the bottom.
In some embodiments, trigger wafer 110 is affixed to circuit card 120
substantially opposite flex wafer 104. In these embodiments, modal
displacements can be reduced regardless of the mode shape, in part because
30 the voltage applied to flex wafer 104 is a function of its own displacement.
Since trigger wafer 110 is affixed substantially opposite flex wafer 104, they
both undergo substantially the same displacement, and the voltage generated
by trigger wafer 110 can provide useful feedback to flex wafer 104 regardless
of the mode shape. In some embodiments, locations other than nodes or
35 antinodes can be selected for affixing wafers in accordance with the present
invention.
It is to be understood that the above description is intended to be
6



PCT/U801/10918 and 206. Trigger circuit 202 senses a voltage provided by
vol tage sensor 112. Wen the voltage exceeds a threshold, tri ggee ScBERI04
202 trigger sy@sfdddat ors 204 and 206 that generate signals at the
frequency of tﬁg*‘stsgndi ng wave i nduced in circuit card 120 H/USWAMB, y
forces. GCscillators 204 and 206 are 5 substantially 180 degrees out of
phase such that the nechanical forces produced by flex wafers 104 and 106
are substanti al | y ilppatiies and nbrestistinep Many oihereambiotiimentaailb be aparenttoexpandi ng,
flex wafer 106 is RBbf AQl in8k arf thoft R¥Bing BRDEHIBBRKENg the IS detipidal t 202 can

include circuitry that adjusts the a i tude of signal s..generated by
oscillators 204 a °§W§g{hﬁmvi@‘°f‘ﬁﬁ%‘tl > 5T ?re’thﬁéie\%'%{'gig‘%m?@i&éﬁr\%g) from

vol t age sensor 112he dppemieti elainesyilon witnths fulk scoppod equivatents to whirh ssgnses when
the vol t age fron1q§$ﬁ@g@eagﬁapr 112 exceeds a threshold, and turns
oscillators 204 and 206 on and off w thout adjusting the anplitude of the
signal s produced. In sone enbodi nents, trigger circuit 202 includes
circuitry to detect the 15 frequency of the signal produced by voltage
sensor 112. Wien the frequency of the signal fromvoltage sensor 112

mat ches the frequency of the node shape that flex wafers 104 and 106
suppress, then trigger circuit 202 turns on oscillators 204 and 206. \Wen
t he frequency does not match, then the current node of circuit card 120
may be one different fromthat which flex wafers 104 20 and 106 suppress,
and oscillators 204 and 206 are not turned on. Figure 3 shows an edge vi ew
of an alternate enbodinent of a circuit card having controlled vibrational
properties. Grcuit card 120, as shown in Figure 3, includes one flex
waf er 104 at anti-node 122, and trigger wafer 110 at anti-node 124.
Trigger wafer 110 can be affixed to circuit card 120 on 25 either the top
or the bottom In the enbodi nent shown in Figure 2, trigger wafer 110 is
shown on the bottom In sonme enbodinments, trigger wafer 110 is affixed to
circuit card 120 substantially opposite flex wafer 104. In these

enbodi nents, nodal displacenents can be reduced regardl ess of the node
shape, in part because 30 the voltage applied to flex wafer 104 is a
function of its own displacenent. Since trigger wafer 110 is affixed
substantially opposite flex wafer 104, they both undergo substantially the
sane di spl acenent, and the voltage generated




by trigger wafer 110 can provide useful feedback to flex wafer 104 29 SEP 2004
regardl ess of the node shape. In sone enbodi nents, |ocations other than
nodes or 35 antinodes can be selected for affixing wafers in accordance
with the present invention. It is to be understood that the above
description is intended to be 6 29SEP2004 WD 01/84893 PCT/U 50 111 09 1 8

illustrative, and not restrictive. Many other enbodi nents will be apparent
to those @fadkiddimk@idhe art upon reading and understanding the above
descri ption. he scope of the invention should, therefore, be determ ned

with reference to the appended clains, along with the full scope of
equi val entf to Xhi,ch, such 5 clains are entitled. 7 2 9 SEP 2004 Wiat is
clainmed is! 1 carcpit Gad CORPESWEhpri sing: a top side and a bottom side; a

def or mabl e bl 6cg AG 4 BbioResiiop side, wherein the defornable block is
configured to exhﬁgllt a contrg}FTled deformation as a function of a voltage

appl i ed ther et a;deformablenblocke affixed b ¢hd tape Ridef Whereth the ddferniadte: bleckiisle at a
poi nt substanti all 0 sed to e formabl e bl ock affixed . to th op
Pde: and ool esBBEt conolaladiSirRatT e fthouleb nivalies Ardbed

bl ocks, thgeeqgtrol systemconfigured to detect displacenent of the
circuit card, to apply the voltage to the deformable block as a function

t hereof, and toaappind defomiablyblock affined Je dbe ollemnsidrasl @ poivt sebstantially i s

substantial |y 1 egrees _qut. o a l.ati.ue tq the voltage applied to
t he deforﬂ&%ﬂsﬁggﬁ@83@1‘?‘?@8%“1%%@5%%‘%& %l?ég\/%@rei n the vol tages
supplied to theafcbhtgél sypEmsePRA to eheofirknd sdebad Heforrhigbl® blockd, ke sani]
anplitude. 2. The circuit card of claim1l wherein the defqrmable bl ock

conpri ses 8ystem genfigured\@ detack displaceraent 9f thei arcyit caxd: fq epply Bisaioltagasto the
deformable block as a function thereof, and to apply a voltage to the second deformable
block that is substantially 180 degrees out of phase relative to the voltage applied to the
deformable block affixed to the top side;
wherein the voltages supplied to the first and second deformable blocks are not

the same amplitude.

2. The circuit card of claim 1 wherein the deformable block comprises a

crystalline material having piezoelectric properties.

3. The circuit card of claim 1 wherein:

the circuit card exhibits a dominant mode shape when vibrated, the dominant
mode shape having a region of large modal displacement; and

the deformable blocks affixed to the top and bottom sides of the circuit card are
located at substantially the region of large modal displacement.

4, The circuit card of claim 3 wherein the deformable blocks affixed to the top and
bottom sides are piezoelectric wafers, the circuit card further comprising:

a trigger wafer affixed to the circuit card at a location that flexes when the
circuit card is vibrated, such that the control system is responsive to a voltage produced

by the trigger wafer.



3. The circuit card of claim1 wherein: the circuit card exhibits a 29 SEP 200
dom nant node shape when vi brated, the dom nant node shape having a region
of | arge nodal displacenent; and the deformabl e bl ocks affixed to the top
and bottom sides of the circuit card are |ocated at substantially the
region of lLarge nmpdal displacenment. 4. The circuit card of claim3 wherein
t he deformébl e ﬁl%l&%cﬁ’ﬁfaﬁﬁfﬁoq‘wl?ﬁip and bottom sides are

pi ezoel ectric vwWafgkSecdhdle circuit card further conprising: a trigger wafer
affixed to the circuit Card at a location that flexes when the circuit
card i s vi br at eal pais wf Ipidzbelecttib evafers hmomhtedyte topposite sides pdnisd eiecuitccasd atod t age
pr oduced P}/s t he %%g_er fer. 8 2 9 SEP 2004 5. Acircuit card assenbly
conpri si ngiistgntp giop gt the ciregitcardet i ezoel ectric wafers nounted to
opposite sides glrldsf vatEtbimEPio e riduit bhidsh ARbbad AR RUegnGr thire
circuit card; a trigger warer nounted to the circult card at second
anti - node ciegiitomardyf the circuit card; a voltage sensor coupled to the

trigger wafer; and a control t em coupl ed. bet ween the vol tage sensor and
the pair of pi @fg]é‘?gééf‘i‘ﬁ"&c%ﬁiéf@,tmt Fbgggro\"igqeblaf‘é\,;stem being configured to
supply separat egel&fiol | §ysteRPl@pled! BetwReh Nhe Pobliagel s@isBE QR Me ipniraf er s
responsive to a voltage received fromthe voltage sensor; wherein the
cont rol sypiceoalentnp wagers, the tcongglesystsim being wofigurgd te dupply ssepaite eleatric
separate electric tentials when the voltage .received from.t he.voltage
sencor  exceaRlalf f e dBin st et o BV E T VBllase AL IR b e
separ at e elglgdgeisenddpt entials supplied to the pair of piezoelectric wafers
are at substantially the same anplitude. 7. The circuit_card of claim5
wher ei n the sepaharetn Slecontrplsysismeeamprises s(piggar sircuip configurechior supply the

pi ezoel ect L6 eliet & 36RANAL WHIE RARLATRLLANA Bonfine dofibdccithlor S0t aogoemdl y
conprising: @ circurt card; a pair of °pieZoélectric walers nounted to
opposite sieholf the circuit card at a

6. The circuit card of claim 5 wherein the separate electric potentials supplied to

the pair of piezoelectric wafers are at substantially the same amplitude.

7. The circuit card of claim 5 wherein the separate electric potentials supplied to

the pair of piezoelectric wafers are not the same amplitude.

8. A circuit card assembly comprising:

a circuit card;

a pair of piezoelectric wafers mounted to opposite sides of the circuit card at a
first anti-node region of the circuit card;

a trigger wafer mounted to the circuit card at a second anti-node region of the
circuit card;

a voltage sensor coupled to the trigger wafer; and

a control system coupled between the voltage sensor and the pair of
piezoelectric wafers, the control system being configured to supply separate electric
potentials to the pair of piezoelectric wafers responsive to a voltage received from the

voltage sensor;



first- anti-node region of the circuit card; a trigger wafer nounted 28 SER00:
circuit card at a second anti-node region of the circuit card; a voltage
sensor coupled to the trigger wafer; and a control system coupl ed between
the vol tage sensor and the pair of piezoelectric wafers, the control

of “pi ovool act i WHSHLRE dohubt R SERBEELCHT aREN LT e RIRHL R sl 0

sensor; 9 eRctfic PorenlidR4ubhanteilly [80edegoedsrqut of)sHasdrelgtiver fosexh thedand f i er
that supplies the separate electric potentials substantially 180 degrees
out of phad¥dcrer) theisoparaty elegtiic patentials supgliedictheipairtd piezeplgetsicevales g i ¢

potenti al Sn@ﬂﬂ%&rﬁé’a@ﬁtﬁ@e‘a pair of piezoelectric wafers are not the sane
. clirc

anpl i t ude. card conprising: a first side, and a second side
opposing the first side; a first piezoelectric wafer affixed to the first
side, the first piezoelectric wafer being configured to receive a first

vol t age and- def BrGHcHlt CRdLOBWEiSINgher et 0: a second pi ezoel ectric waf er

affi xed to the §§§ﬁ‘?%e§4‘ﬂeﬂ%E&ﬁdoﬁﬁg@fiﬁhm‘eﬁw c wafer being

configured to su y a secon response 'to being deforned; a
t hird pi ezoel ectfirst piedoelectricl waferlaffrxed he tleefirsndids) the , firsthgiezdelacttic wafer

pi ezoel ectric er peing.configured to receive a third voltage and deform
in responsge‘f‘ﬁé? redRdece! &1{.‘558 °1?§§f‘%4ﬁi"cf§{5’bl“bﬁslf%ls?ﬂ§r?t?’r st, second and

third pi ezoel echkbonifidbslectti® watGWHiYe thife $R26ANSAY,.qhE 348nd ptzbQedfioduce
the first and third voltages substantially | SO degrees out Of phase;

wher ei n t havatesbeingicosfymireditol sipplyrafsegendawlitage jovreshonse torbeirig deferneedd t hi r d
voltages at different anpl.i.tudes. . 4The, circui,t .car f. ¢l.ai m,9 wherein
e e nd i o BinS Mo DRk iR afieg 50 T sbony’ w8 e Wr pRefiieeaif T o1 1
opposite t b.%.fd‘ribéﬁlg cﬁhﬁg‘lﬂ@d fretdite H\ﬂﬁﬂr\foltbge and &:férnd iﬁ%ipoﬁ.@é fhefto; Ghai m 9

wherein the first piezoelectric wafer is affixed at a first anti-node of
the circuit card.copwel sysemseaupingd toi the destesacond ang third pigzeglgcirie:waters, 40

second anti . 1he circui rde 12 dhe circuyit rd of clai 1
oner i n 1 e PR b S Aol G f et e gl b Suleafiafly Tod
degrees out of phase;
wherein the control system is configured to produce the first and third voltages
at different amplitudes.

10.  The circuit card of claim 9 wherein the second piezoelectric wafer is affixed to

the second side substantially opposite the first piezoelectric wafer.
11.  The circuit card of claim 9 wherein the first piezoelectric wafer is affixed at a
first anti-node of the circuit card, and the second piezoelectric wafer is affixed at a

second anti-node of the circuit card.

12.  The circuit card of claim 11 wherein the third piezoelectric wafer is affixed
substantially opposite the first piezoelectric wafer.

13. A circuit card comprising:

a top side and a bottom side;

10



substantially opposite the first piezoelectric wafer. 13. A circuit card
conprising: a top side and a bottom side; 10 29SEP2004 a def or mabl 29 HEBIM4
affixed to the top side, wherein the defornmable block is configured to
exhibit a controlled deformation as a function of a voltage applied
thereto; a second, deformabl e bl ock affixed to the bottom side_at. a point

substantial |y 8giséaanblepblogl affeved tadhe dopsidex Wherein the defompable Blockiige: and
trol - t ' . 3 | . #h
control sy STERE Y R £ shfoled BeRRicnCE0R AHEIAY B SolbleB ibich"® |

apply the vsdré¢tage to the deformable block as a function thereof, and to

apply a voltage to the, secon ef or mabl e | ock that is supstantially 180

degrees out of arﬁ&s@%r@fambge gbcmg?wwargé%aﬁm% foa PRIt S%mém e

bl ock af {1 %56odeft 1d 148 deRPmbif BlockAiEto tAGofsiier 4! € bl ocks affixed to the
m rs,

top and bot sides are plezoelectric wa the circuit card further
conprising a triaggatrolveytem afubledad thefitshand sécond idefocrmattde dlocks,|the adritrod t hat

fl exes when the circuit card i,s vibrated, suych, th t he ontrol systemis
responsi ve SY¥°8 ) I@a&iwp&émeﬁalaaﬁmm?m g&@ftﬁﬁ&?ppaﬁﬁwmasw Fie
control Y AeRAEOEBACRES aFuhdiigd IRredt mtaﬁgwmgé £ thBSedohll Q_Qﬁ»'i‘mam@‘; er,

the trigger circuit configured to supply vol tages to the first an

second defbackdahdtds hibstaktallyh B degeeey olit efgphascerekative tb theowitageeapplied)tpethewaf er
exceeds a dte orma glbiidck]é%ﬁxed to the top side;

wherein the deformable blocks affixed to the top and bottom sides are
piezoelectric wafers, the circuit card further comprising a trigger wafer affixed to the
circuit card at a location that flexes when the circuit card is vibrated, such that the
control system is responsive to a voltage produced by the trigger wafer; and

wherein the control system comprises a trigger circuit coupled to the trigger
wafer, the frigger circuit configured to supply the voltages to the first and second
deformable blocks when the voltage received from the trigger wafer exceeds a

threshold.
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