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As circuit devices such as microprocessors increase in size, the
likelihood of solder joint failure increases due to a mismatch in coefficients 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 1 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



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
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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 voltage is controlled by a
temperature sensor and a thermostat. By controlling thermal expansion of the
circuit card, the effective coefficient 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.



30 Figure 1 shows a cross section of a circuit card assenbl i i
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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 portion of circuit card 102 (Figure 1) that includes 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,
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nmechani cal energy by enbedding piezoelectric materials in circuit card 102.
When an el ectrical potential is applied between two el ectrodes on a 25

pi ezoel esvobosdsbock enmbedded within circuit card 102, thepefAsetdouws
coefficient of thermal expansion of circuit card 102 changes. A portion of
certain card 102 shown as cross-section 200 is shown in nore detail in

Figure 2. Figure 2 shows 39 Cr
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supply vol tage trodes on plezoelectrlc bl ocks 0. Metal traces
that supply vol 8lae to piezoel ectric bl ocks can be sandwi ched between
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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 controlled deformation of circuit card 102.
Thermostat 214 is an example of a voltage 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 applied 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



tenperature sensor 212 and voltage source 218. Tenperature sensor 212 can
be any type of tenperature sensor, one exanple being a thernocouple.
Tenper at weosessor 212 detects the tenperature of the cirparuseoesand
supplies a signal to thernostat 214. Thernostat 214 provides a voltage to
20 circuit card 102 on node 216. This voltage is coupled to traces 208 and
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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 alternate 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 in the 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
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In sonme enbodi ments, tenperature sensor 212 is coupled to an object other
10 than the circuit card, such as substrate 104 or integrated circuit 106
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nunber of the epoxy |ayers can include piezoelectric blocks 120. Cross
section 200 is shown having epoxy |layers 220 on either side of core 202,
each havi ng plezoel ri.c ipn al so havi ng
epoxy | ayers 2 £9NT ﬂ%gg’ﬁﬂfehﬂt%&%%etﬁé Egebg%g@gadagﬂ() InaﬂﬂIgrn sone

embodi nent s, mﬂthFlineenéptbﬁ?mO‘Pfﬁ%?’?al’ﬁﬁo"e‘FPW&POI §‘i¥ 3‘815‘7‘88¥e 202 incl ude

pi ezoel ectri C q;l%glgctgg‘g@g@eﬂo therein. For exanple, sone enbodi nents have
pi ezoel ectric bl oc 120 e tant fromthe
center of the core. ‘?gé'arpa nB‘o qr:%zlﬁ g&@%fﬂ%o ng%Xf(gecgggﬁngSP}%c bl ocks 120
embedded in a sanngdssrfh@wfraczwl?@éﬁ3%@f"saﬂroﬁ%é“ Wetrﬁ%mmnaaf’&mcard These
embodi ments can,hgs. Ulscﬁfe!ézlmmé‘lano@l aréh Biuiat&d 301 where tieiniematth af ci rcuit card
benefits froma c 0 i I Crcuit
card 102 (Fi gurcé)e%%‘ei%gql;ﬁﬁﬂ?aqe anglgll;g h?%) ggf%leg@g?@zt%e ect r%lhézmrl bl ocks in
epoxy | ayers prindigw®3. ami nating Iayers of circuit card 102 together. 25
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manuf act ured by enbeddi ng pi ezoe ctri ers 220
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120 and 30 net traces 08, and cap sh Figure 3 is a
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enbodi nents, the anount of expansion is controlled by the size of

pi ezoel ectric bl ocks 310. The regular pattern of piezoelectric blocks 310
can occuwa@or/esssthe 5 entire surface of a circuit card BORUS@ar40e4n occur
in some regions and not in others. For exanple, a local area of circuit
card 302 where the msmatch of coefficients of thermal expansion are high
can benefit fr the pattern shown in Figure 3. Figure 4 is a top view of
acircuit cardq&hyé? EgWan pi ezoel ectric blocks 10 arranged in a
non-regul ar pattern. Top view 400 shows piezoel ectric blocks 410 arranged
in a random or pseuydgrduara@roptisisg:n that results in substantially equal

expansi on in both x i's to be understood that the above
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card conprising; armlcucdt éatrdyoﬂflalhlay\&llicﬁem decht Basitoné defetmableeblabdf or mabl e

bl ock enbedded in at |eas feb¥i kRyers, wherein the at
| east 1Bne def or $AEHIEEH SEwe! %e n&%n atlngv %&%%ele%%cﬁotpea control | ed

deformati on as a functi-ron of a voltage applied thereto. 2. The circuit card

of claim1 whergin Tﬂ%%lx@ﬁlt LB@st clame Wedreihmabl e bl ock 10 conprises a
crystalline materla havi n ezoel ect i kkgui t card
?ﬁtécuétc réiﬂ]a alop, a dg(ﬁas .2 ({Q sl e ﬁlﬁdlsém FNEtHe 1 F

of claim 2 wherein: tom and a center
equi di st ant fr omddogtompand and bottom and 15 the at | east one deformabl e

bl ock jkncl udes a pl#E & liaés}’o&fdeﬂﬁnﬁq%léfaiéblemchtiédeqsuraﬁﬂya)lﬁ defdrmuble wo | ayers of
the plurality Ol];lo!:l?sya?r;rstged on two W})/ers oyt%e plureﬁ ity e layers, the two layers being

substantially equidistant from the center.

4.  The circuit card of claim 1 wherein the at least one deformable block
20 comprises a plurality of deformable blocks arranged in a regular pattern in one

of the plurality of layers.

5. The circuit card of claim 1 wherein the at least one deformable block
comprises a plurality of deformable blocks arranged in a non-regular pattern in

25 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 at
least one deformable block is embedded in at least one of the plurality of

30 epoxy layers.

7. The circuit card of claim 6 further comprising metal traces on at least
one of the plutality of metal layers, the metal traces being coupled to the at
least one deformable block such that the voltage can be applied thereto.

35
8. The circuit card of claim 1 further comprising a temperature sensor

coupled to the circuit card.



substantially equidistant fromthe center. 4. The circuit card of claim1l
wherein the at | east one defornable block 20 conprises a plurality of

def or mabiveo bi/eshs arranged in a regular pattern in one ofPCT/soplowsal ity of
| ayers. 5. The circuit card of claim1 wherein the at |east one deformable
block conprises a plurality of deformable blocks arranged in a non-regul ar
pattern in 25 one of the plurality of layers. 6. The circuit card of claim
| wherein the plurality of layers includes a, plurality of epox¥ | ayers and

a plurality of %retalheicputeard aifdaipfelunsr comarisipe 2 fagy SéBFFéPQi‘é'rVS Yabi e bl ock
i s enbedded in @t tdngReEkuroBds@f tht termbstat dbing yordTgured Go epwelthe aglags. 35 7. The

circuit card of cl.ai f {gg 1151 nmetal traces on at |
. d 1 . east one of
the plurality o?'pplrlrl%(%{é}tﬁﬁ Eéltyéeatrss, °f ﬁféﬁ}?ﬁ%ﬂti leta(r aces being coupled to the at

| east dne deformabl e bl ock such that the voltage can be applied thereto. 8.
The circuit car gy of Aclr@iiteald seunithgecomrisiigt si ng a tenperature sensor

coupled to the ci rCUi'Fcuﬁ?%rﬁ%lg%gé’%sﬂglﬁl&%%zgelgﬂé Lo/ AR448249- IEZ circuit

card of claim8 furtfe? a thernostat responsive to

tenperature sentherein;@dk t her nostat bei ng configured to control the voltage
applied to the at |gasbt eenteleited eipditeolplalts theldrcuibcart ncapluratigred assenbl y
conpri.sing: a ci r.gtlél t card having a plurality of piezoelectric bl ocks
e_rrbedd d therePH™and at |east one int egrated circuit coupled to the
circuit card at a plurality of 10 points. 11. The circuit card assenbly of
clai m 10 wherei nj, t1g @lcult €28 hssemBlyioftREH &0 edlereint cuit is configured to

deformas a functio t enper at ' [ I I.GoPl ocks are
configured to be r e@ﬁoamﬁa%teogggl t%r#%‘ﬁlggg?s &)ﬁﬂéd?gd BIRRARSEE Hlrcfior?
of temperature; and
15 the piezoelectric blocks are configured to be responsive to a voltage,
such that the circuit card is deformed to substantially match the deformation of

the integrated circuit.

12. The circuit card assembly of claim 11 further comprising:
20 a temperature sensor; and
a voltage controlling device coupled to the temperature sensor, the
voltage controlling device being configured to control the voltage to which the

piezoelectric blocks are responsive.

25 13. The circuit card assembly of claim 12 wherein the temperature sensor is
coupled to the circuit card, such that the temperature sensor is configured to

sense the temperature of the circuit card.

14. The circuit card assembly of claim 12 wherein the temperature sensor is
30 coupled to the at least one integrated circuit, such that the temperature sensor

is configured to sense the temperature of the integrated circuit.

15. A method of manufacturing a circuit card comprising:
attaching a plurality of piezoelectric blocks to a circuit card layer;
35 attaching the circuit card layer to a substrate; and
forming metal traces configured to supply a voltage to the plurality of

piezoelectric blocks.



such that the circuit card is defornmed to substantially match the
deformation of the integrated circuit. 20 12. The circuit card assenbly of
claimllwant/ksp4 conprising: a tenperature sensor; and aP@DUS@IG®448
controlling device coupled to the tenperature sensor, the voltage
controlling device being configured to control the voltage to which the

pi ezoel ectric bl ocks are responsive. 25 13. The circuit card assenbly of
claim12 wherein the tenperature nsor is . coupled to the circuit card,
such that the tkapethsmgtiodolplegp 1?@"’%%@?’5’6‘?‘8& to sense the tenperature of
the circuit card. Xéuplila tehpaatite semodtodssarbltygardf cl ai m 12 wherein the
tenperature sensor is 30 coupled to the at |east one integrated circuit,
such that the tenperature sensor _is configured to.ser}se t he t enperature of
the i nfegrated b7|-rcThetmetHCE‘.OfAlaff%tlmygerS’F‘aﬂﬁ LERYPRIRP IR IES card

conpri sing: at tsedksrgmeriges tralgingyreadngplaepiosielctriciblocks makesglar a circuit card
| ayer; 35 atta&:?ﬂeﬁg the circuit card |ayer to a substrate; and form ng
metal traces configured to supply a voltage to the plurality of

pi ezoel ectric blocks. 8 WO 01/84894 16. The nethod of claim 15 further
conprising: cowpl i T reth@gielaih U ehsemsotactting 4 pleratifyraf piczodentrik:

PCT/ Uigl/ 40448 9 d %'co%Eﬁse@;rgh% ieDLIBUL BRMIR B fbilrdhlaffdeR @ plurality
of piezoelectric |"oOCKs™ conpri &ds arrangi ng rectangul ar” pi ezoel ectric

bl ocks in a regular pattern. 18. The nethod of claim 15 wherein attaching
a plurality of piezoelectric 10 bl ocks conprises arrangi ng piezoel ectric
bl ocks in a non-regular pattern. 15 9

15



