METHOD AND APPARATUS FOR HIGH ELECTRICAL AND THERMAL PERFORMANCE BALL GRID
ARRAY PACKAGE Background 5 Electronic products have revolutionized the world over the past few
decades with personal computers, laptop computers, palm top computers, personal digital assistants,

wireless phones, pagers, modems, cellular phones, digital cameras, cellular phones with internet access,
cellular 10 phones withMIEgifid ODnANDtARPAR ST H & WORMHIGH bd CTERIEAloAN D recent years.

These products are co HE% comi e com whi g; hanced
features and functions‘51 io%&ﬁ@ﬁé&%ﬁﬁﬁn%ﬁ@h&@ﬁ% %@mnt packaging
of the IC chip have played pivotal roles in the enhanced functions 15 and miniaturization of these

products. The IC chip must be able to communicate with other chips and circuits on a printed circuit
board through an Input/Output (I/O) system with interconnections. Moreover, the IC chip and its

embedded circuitry are 20 delicate and must be prgge@tﬁrﬁ)&ckage functions to protect an IC chip
from environmental elements, to provide a path forthe electrical current that powers the circuitry on the

chip, to distribute the signals on to and off of the chip, and to remove heat generated by the circuitry on
the chip. 25 As;IC chips become more and more complex and printed circuit boards become more and
more crowded, IC packages continually need more leads or pins to support the 1/0 and gower

requirements of the compl&EERADOTRIYRE aKe frMe!UEen2eR b8 b RKBMING RATLIIEWand

decades with personal computers, laptop computers, palm top computers,
personal digital assistants, wireless phones, pagers, modems, cellular
phones, digital cameras, cellular phones with internet access, cellular
10 phones with digital cameras to name just a few electronic products
developed in recent years. These products are continually becoming more
and more compact, while providing more enhanced features and functions
than ever before. The integrated circuit (IC) chip and the more efficient
packaging of the IC chip have played pivotal roles in the enhanced functions

15 and miniaturization of these products.

The IC chip must be able to communicate with other chips and circuits
on a printed circuit board through an Input/Output (I/O) system with
interconnections. Moreover, the IC chip and its embedded circuitry are

20 delicate and must be protected. A package functions to protect an IC chip
from environmental elements, to provide a path for the electrical current that
powers the circuitry on the chip, to distribute the signals on to and off of the

chip, and to remove heat generated by the circuitry on the chip.

25 As IC chips become more and more complex and printed circuit
boards become more and more crowded, IC packages continually need
more leads or pins to support the I/O and power requirements of the
complex IC chips. At the same time, IC packages are becoming smaller and
smaller. The industry’s answer to this has been the ball grid array (BGA)

30 package.



smaller. The industry's answer to this has been the ball grid array (BGA) 30 package. 1 A typical BGA
package includes an IC affixed to an interposer. A thin conductor or wire bond connects a pad on the IC
to a conductive trace on the interposer. The conductive trace is routed to a solder ball. The solder ball is
one of an array of solder balls mounted to the opposite side of the 5 interposer and protruding from the
bottom of the BGA package? Tivisst BoReabkdigsiinehedemact Wwitifine ditcagrohpergsdecarkdhon a

substrate, such as aiRiRAGFIGURROBIhS \CERFELY % %'é% R RS0 RACkAGG TR IRy connects

each pad on an IC to a pad on a printed circuit board. 10 One problem with mteg?rated circuits, including

BGA packaged ICs, i€ehetReySeqdire RIGLsHIRGaS LRt Relfeicbpdhaishigkid reliability.

Thus, if a package ruigiteodie, shemeatgant aitass thrperiormance and tppogiter s dgviee, and reduce
the lifetime of the IC.. Accordlnggjxdther is,a need f%a e ectlv% \Ahaé/ E)g}y)&alntaﬁn contr?l oggr the 15

temperature of’a devllr&tee?r?&?{e pit RGO Pr'lriqigﬁos%eeﬁ a8 f{Catdn , ele ricRAf %ggOnnehc ions

associated with the B?oldh'(mahe int@qnmmtaﬂmm boa;ddﬁmdsdomt&dm a@%a@rsu%ult in
degradation of S'Qnahg%g)g(nﬁé@'enc%ﬁ%ﬁ& 'W&ﬂ%ﬁ%ﬁ/ﬂg@%&ga{f%@’b%i@l%a'é‘@@@éﬁi@élF}S

interconnections become longer or closer together. In the past, discrete resistors and capacitors have
been placed outside®ONMIREITRIAYRAA MAEidndP FalRIP el REBIEA SliFtideaifwanted resonances and
signal reflections. However, placing these components outside of the package limits their electrical

performance, 1aond additionabne problem with integrated circuits, including BGA packaged ICs, is
that they require precise temperature control for efficient operation and
reliability. Thus, if a package runs too hot, the heat can affect the
performance and timing or the device, and reduce the lifetime of the IC.
Accordingly, there is a need for an effective way to maintain control over the

15 temperature of a device and keep it cool.

In high speed applications, electrical interconnections associated with
the IC chip, the interposer, and the board interconnections of a BGA can
result in degradation of signal quality, which generally increase as signal

20 frequencies increase or as interconnections become longer or closer
together. In the past, discrete resistors and capacitors have been placed
outside of the package in the signal path to reduce or eliminate unwanted
resonances and signal reflections. However, placing these components
outside of the package limits their electrical performance, and additional

25 cost, weight, assembly complexity, and reduced circuit density are incurred

with the use of discrete resistors and capacitors.

Also, there is a need for a cost effective improved wire bonding

electrical performance, thermal performance, transmission line impedance,

30 low package thickness, integrated passive components, surface mounted
components and the ability to mount multiple ICs or discrete components

within a single BGA package.



25 cost, weight, assembly complexity, and reduced circuit density are incurred with the use of discrete
resistors and capacitors. Also, there is a need for a cost effective improved wire bonding electrical
performance, thermal performance, transmission line impedance, 30 low package thickness, integrated
passive components, surface mounted components and the ability to mount multiple ICs or discrete
components within a single BGA package. 2 Summary The present invention achieves these and other
advantageous 5 objectives, with a thick film ceramig@r&:ﬁﬁi@r{ﬁ| BGA package having a laser cut die cavity
within the ceramic substrate that permits short wire ections from pads on an IC die to pads on
the first side of the ceramic substrate and attachment of the IC die to a heat spreader on the second side

of the substrate through therjasep, Lt die FRVRYOFNSBRARAIKAZE TRy 10Ak0 ARusRRRAIITOre

passive or active components on the first side of the ceramic BGA package substrate located in close
proximity to the IC. TRRIeREYRS AWMtk CcHmpErEcasHRSBER BSékRgeksombariteisaiay include

forming a thick film cegaraie sHvsiyaitihtiegsprhi ssinsstieie araliisctnataManolfGNIEE IBtiegor more
passive components and transmjssion lines on a f'rsdt.side. Lﬁser c%ggg a di(f caﬁ/é%in the ceramic
substrate. Attaching 8%859&8?&6%%8&{% gﬂ@&rkﬁe.'ﬁﬁ%m %%?1'1 #ts'Re gﬁf%@&?er or heat
sink throggh the Iasethﬁ@cmvd;aMhéMeohw @_rd'wdtcr ar Mtshnkaid_domedesabsmutially_on a
second side of the 2Q geranie Rsiale ArdubIe( figds ARt e Btk sidaabihmapramic

10 also have one or more passive or active components on the first side of the

ceramic BGA package substrate located in close proximity to the IC.

The method of manufacturing a ceramic BGA package of the
invention may include forming a thick film ceramic substrate with integral
15 substrate circuits that may include one or more passive components and
transmission lines on a first side. Laser cutting a die cavity in the ceramic
substrate. Attaching a heat spreader to the substrate. Attaching an IC die to
the heat spreader or heat sink through the laser cut die cavity, where the
heat spreader or heat sink is located substantially on a second side of the
20 ceramic substrate and the IC die is accessible on the first side of the ceramic
substrate via the laser cut IC cavity. Wire bonding pads on the IC die to
pads on the first side of the ceramic substrate. Covering the IC and wire
bonds with an encapsulant.  Attaching soldered surface mount passive or
active components. Attaching BGA solder spheres.

25



substrate via the laser cut IC cavity. Wire bonding pads on the IC die to pads on the first side of the
ceramic substrate. Covering the IC and wire bonds with an encapsulant. Attaching soldered surface
mount passive or active components. Attaching BGA solder spheres. 25 3 Brief Description Of The
Drawings A more complete appreciation of this invention, and many of the 5 attendant advantages
thereof, will be readily apparent as the same becomes better understood by reference to the following
detailed description when considered M‘é‘?%éﬂﬂﬂ%iw ?5R g drawings in which like
reference symbols indicate the same ) illustrates a high electrical
and thermal performance ball grid 10 array package in accordance with the present invention; and FIG. 2

illustrates a flow chart for a gnethnd 83 prfag r'é@a%&%g'af qﬁgtrmrﬁ[& tt@r{{:pe]l] f%rmﬁgce ball grid

array package in accordance with the present invention. 4 Detailed Description As shown in the drawings

for purposes ofillustriRtdaAeashastnges weeprloMibhadsadileanRriaRsFD IR SANIBPLAMASlectrical

and thermal peffOfm%@ﬂ%rb@Hdﬁi@t@é@%ﬁ%ﬁ‘é}é}@@(&g%@cwr&m%%&&IBE?%@@ErIBM@ﬁ“WHeFT urning now
to the drawings, FIG. 1 |Ilgtrat S ato persp ectiye vhew 10 of a ball arra packeﬁe 190 having a
s In which like

thick film alumina sulSSHSIEe in co unctl n with the accompanying drawin
reference symbols indicate the same or similar components, wherein:

FIG. 1 illustrates a high electrical and thermal performance ball grid
10 array package in accordance with the present invention; and
FIG. 2 illustrates a flow chart for a method of manufacturing a high
electrical and thermal performance ball grid array package in accordance

with the present invention.



with a laser cut die cavity 118 for placement of an IC die 116 directly onto a heat spreader or heat sink
114. The laser cutting of the die cavity 118 permits tight tolerances necessary for short wire bonds 121
between the pads on the IC 117 and the pads 120 on the BGA substrate 110. The short 15 wire bonds
121 result in low wire bond inductance as low as 0.30 nH per connection, which is made possible with a
laser cut die cavity 118 that is formed after the substrate 110 circuit processing. As the laser cut die

cavity 118 permits the IC die 116 to be attach |Q' a8 i ?Olﬁeat sink or heat spreader 114 within
the laser cut IC cavity 118, the BGA package erformance. For example, the
thermal resistance of the package 100 may be approximately 1 C/W from the IC junction to the heat sink

or heat spreader 114. 25 B@A packaos 10 mandlge havesised tanimissiam ines griasgs 160,

which permits tight control of transmission line or trgces 160 Impedances within the BGA package. For

example, transtissidAVIESIOM &S CE RGN B 6Pk TR S S ich AR DB hms or
approximately 5% tolgsaBaeanttCbis PeraibierBy aBrbNgRBRIgsIeinrsla®Y ard eisherdtak film
conductors to the thick film alumina substrate 110. The thick film BGA package 100 may also have laser
trimmed integrated JOVEHRR resistors 150, which may be available in a range of 5 resistances from 10
ohm/square to 10 Mohm/square and trimmed to 0.5% tolerance. BGA package 100 may also have

surface mounted discrete ﬁ-ﬁmomt@ 139 8‘1%%%%,9rﬁ@q15H'|B§’£F31t83p§?§ﬂ>vﬁe998é899§R}Fév}"'o’ such as
10 of a ball grid array package 100 having a thick film alumina substrate 110
with a laser cut die cavity 118 for placement of an IC die 116 directly onto a
heat spreader or heat sink 114. The laser cutting of the die cavity 118
permits tight tolerances necessary for short wire bonds 121 between the
pads on the IC 117 and the pads 120 on the BGA substrate 110. The short
15 wire bonds 121 result in low wire bond inductance as low as 0.30 nH per
connection, which is made possible with a laser cut die cavity 118 that is

formed after the substrate 110 circuit processing.

As the laser cut die cavity 118 permits the IC die 116 to be attached

20 directly to the heat sink or heat spreader 114 within the laser cut IC cavity
118, the BGA package 100 has high thermal performance. For example,

the thermal resistance of the package 100 may be approximately 1° C/W

from the IC junction to the heat sink or heat spreader 114.

25 BGA package 100 may also have etched transmission lines or traces
160, which permits tight control of transmission line or traces 160
impedances within the BGA package. For example, transmission line
impedance may be controlled to approximately 50 ohms +/- 2.5 ohms or
approximately 5% tolerance, which is possible by applying photo-defined

30 and etched thick film conductors to the thick film alumina substrate 110.

The thick film BGA package 100 may also have laser trimmed

integrated substrate resistors 150, which may be available in a range of



capacitors, inductors, and resistors, which are formed by means of thick film screen printing or a
combination of screen printing and etching. These components may be located within approximately 0.5
mm of the IC, which is possible because of the geometric capabilities of the thick film process and 10 the
laser cut die cavity. BGA package 100 may also have low resistance gold or silver conductor traces,
which are formed by regatanessHicnTilth sdreésapeariig 9 Maoonibinatie raod Soreemegriatthg%nd etching.
15 The BGA packageg,if}9,ipay have low dielectric loss alumina ceramic substrate 110, which improves
the electrical and signal performance of high frequency signal lines and may permit mounting of multiple
ICs and discrete components 130 and 140 within a single package 100 with a low overall 20 package

thickness of less than 1.8mBGWVhisicrageiz2e® thepackr@nhafdCsuaadespriaiidhigiRdreguency
applications ICs, high performance ASICs and high frequency ASIC circuits with optimized electrical and
ol erforanad TRIENS A AL S A e e U TR A e VB cloctrion
and thermal performaapad A, peaikeiges agndndisigttoshepcosaet fonvedtion Mearswadutictofiimor acquire
210 a thick film AIumga@e%%ragnmirﬁjlgﬁtrgt%%&réﬁolp giecavity Jp].ﬁﬁ%a%ﬁcg;%t_oﬂgggetolerances in

the substrate 110. For example, the laser cut die cavity may permit the die and 30 substrate to be as

close as approximatéi9MeR eI sRayredacriRfomdhiph aRPr PriRRIhs Sicnime ARl fraddichels are formed
230 on the substrate gisisibl Betendiriinethansbetnbeid tugk tilmceoniinei R fliRlpRcasy Knewn

10 the laser cut die cavity.

BGA package 100 may also have low resistance gold or silver
conductor traces, which are formed by means of thick film screen printing or
a combination of screen printing and etching.
15
The BGA package 100 may have low dielectric loss alumina ceramic
substrate 110, which improves the electrical and signal performance of high
frequency signal lines and may permit mounting of multiple ICs and discrete
components 130 and 140 within a single package 100 with a low overall
20 package thickness of less than 1.8mm, which optimizes the packaging of ICs
and especially high frequency applications ICs, high performance ASICs and
high frequency ASIC circuits with optimized electrical and thermal

performance.

25 FIG. 2 shows a flow chart for a method 200 for manufacturing a high
electrical and thermal performance BGA package according to the present
invention. One would form or acquire 210 a thick film Alumina ceramic
substrate 110. An IC die cavity 118 is laser cut 220 to tight tolerances in the
substrate 110. For example, the laser cut die cavity may permit the die and

30 substrate to be as close as approximately 100 microns +/- 50 microns apart.
Transmission lines and traces 160 are formed 230 on the substrate using
photo-defined and etched thick film conductors of gold or any known

conductor material. Any passive components 130 and 150 are formed 240



conductor material. Any passive components 130 and 150 are formed 240 6 on the substrate 110 by thick
film screen printing or a combination of thick film screen printing and etching. A heat spreader or heat
sink 114 is attached 250 to the substrate 110 5 by adhesive, soldering or any known metal to ceramic
bonding method. An IC die 116 is attached 260 to the heat spreader 114 within the laser cut IC die cavity
118 by epoxy adhesioa treapytiaticim i@ attdblckeldhmisrecnvivéntingnds 4 Zombinaion wiethTlvads 117

and the pads 120 onghge SUBSHHEAG e dRimef 270 by ultrasonic welding or any known technique. 10
Any discrete IC or other components 140 are mounted 280 to the substrate 110 by soldering, conductive

epoxy adhesive or any known surface mount technique. 15 The package 100 is encapsulated 290 by

dispensing a liquid epoxy op RBIEOSIS SHARMY KRUI S K aAMidLatafsetatbu e ainisiteihie BGA solder
spheres 112 are attached r%95 to thqgsubstrate 119 bx/ SOldEar‘ﬂg or any knowcg\ metaItLoiQing\technique. 20
It will be appreéiated Kaaﬂh%sgll%@g Fég'&%%?rﬁ'e pr)lgr Ormed acﬁﬁﬁer'gnqosnedn AEE'ENG dothe steps
may be combined. F#¢ el@arhpleislastachrdtREpdbtieedieajaspre adey bedpwitoimide &fter somEor all

substrate circuit proggssageqs I ReIER| UaISAEIBFNGPRTGINGRN AhadRseLibdie cayfly 25 and

neighboring components and resulting wire bonds between the die and circuitry to optimize electrical
performance. The suBRA%te' 21 ®AiUGBLtRfalierads 117 and the pads 120 on the substrate 110

are formed 270 by ultrasonic welding or any known technique.
10
Any discrete IC or other components 140 are mounted 280 to the
substrate 110 by soldering, conductive epoxy adhesive or any known

surface mount technique.

15 The package 100 is encapsulated 290 by dispensing a liquid epoxy or

silicone or any known ceramic encapsulating technique.

The BGA solder spheres 112 are attached 295 to the substrate 110
by soldering or any known metal joining technique.
20
It will be appreciated that the above steps may be performed in a
different sequence and some steps may be combined. For example, laser
cutting of the die cavity may be performed after some or all substrate circuit
processing steps to permit tighter tolerances between the laser cut die cavity
25 and neighboring components and resulting wire bonds between the die and
circuitry to optimize electrical performance. The substrate 110 may be made

of other materials, such as aluminum nitride or beryllium oxide.

Although this preferred embodiment of the present invention has been

30 disclosed for illustrative purposes, those skilled in the art will appreciate that
various modifications, additions and substitutions are possible, without
departing from the scope and spirit of the invention, resulting in equivalent

embodiments that remain within the scope of the appended claims.



of other materials, such as aluminum nitride or beryllium oxide. Although this preferred embodiment of the
present invention has been 30 disclosed for illustrative purposes, those skilled in the art will appreciate
that various modifications, additions and substitutions are possible, without departing from the scope and
spirit of the invention, resulting in equivalent embodiments that remain within the scope of the appended
claims. 7 CLAIMS WHAT IS CLAIMED IS: 1. A BGAQa&da48, comprising: 2 a thick film ceramic

substrate, having a fl@@%?%%&mﬁl ‘side; a laser cut die cavity within the ceramic substrate,
permitting short 4 wi attac t of pads on an IC die to pads on the first side of the ceramic
substrate and direct attachment of an IC die to a heat spreader on 6 the second side of the substrate
through the laser cut die cayityg %@A%‘fc% OB R §m8:components mounted on the first side of the 8

substrate. 2. The BGA package in accordance with claim 1, wherein the thick 2 film ceramic substrate
comprises alurfina. 3. The BEKHEMR&§EAM 6 ScHRIEHB RN RIFST SHAGARRCORE 8K more passive

components comprises oneyQ4dBPESI/REE HITMEGintaaraéesmrubSbAIg EcpistRitify dhetBGA package in
accordance with claim,1 Whaein tlhe one gr 2 more pa]%si(ye componen cpm rises pne or more
onan [ irs

integrated sub‘étrate"&'é?)gg? gttac ment of pads on e to pads on the side of the
ceramic substrate and direct attachment of an IC die to a heat spreader on

6 the second side of the substrate through the laser cut die cavity; and
one or more passive components mounted on the first side of the

8 substrate.

2. The BGA package in accordance with claim 1, wherein the thick

2 film ceramic substrate comprises alumina.

3. The BGA package in accordance with claim 1, wherein the one or
2 more passive components comprises one or more laser trimmed integrated

substrate resistors.

4. The BGA package in accordance with claim 1, wherein the one or
2 more passive components comprises one or more integrated

substrate capacitors.

5. The BGA package in accordance with claim 1, wherein the one or
2 more passive components comprises one or more integrated substrate

inductors.



5. The BGA package in accordance with claim 1, wherein the one or 2 more passive components
comprises one or more integrated substrate inductors. 8 2 6. The BGA package in accordance with claim
1, further comprising at least one discrete component mounted on the first side of the ceramic substrate.
7. The BGA package in accordance with claim 6, wherein the at least 2 one discrete component
comprises at least one IC. 8. The BGh¢&tkAgathagirdancwanite slitinc@iwiefaitheie at least 2 one

discrete compagnent comprises at leass ﬁsﬂﬁi‘é? [SQE‘PB%ed?écPet-e”&%_rﬁ&ﬁé?ﬂ%QQﬁt& arcplance with

claim 1, wherein the overall 2 package thickness is less than approximately 1.8mm. 10. A BGA package
comprising: 2 a thick film ceramic suB&tF&eealiRg GerREISIEPEHEE second 4 side with a laser cut die
cavity extending from the first side to the second side of the substrate; 6 one or more pads on the first

side of the substrate on the_ 8 peri r of the laser cut die cavity; 10 12 one or mgre integrated passive
components on the first Sidg.o‘fﬂne %‘5%package In accordance wu% c]falm , Wherein the a1 east

2 one discrete component comprises at least one IC.

8. The BGA package in accordance with claim 6, wherein the at least

2 one discrete component comprises at least one active component.

9. The BGA package in accordance with claim 1, wherein the overall

2 package thickness is less than approximately 1.8mm.
10. A BGA package comprising:

a thick film ceramic substrate having a first side and a second
4 side with a laser cut die cavity extending from the first side to the
second side of the substrate;

one or more pads on the first side of the substrate on the

8 perimeter of the laser cut die cavity;

10 one or more integrated passive components on the first side of
the substrate;

12 a heat spreader on the second side of the substrate;

14 an IC die attached to the heat spreader via the laser cut IC die
cavity, wherein the IC die has one or more pads exposed to the first side of
16 the substrate via the laser cut die cavity; and

18 one or more wire bonds between one or more pads on the IC

die and one or more pads on the first side of the substrate.



the substrate; a heat spreader on the second side of the substrate; 14 an IC die attached to the heat
spreader via the laser cut IC die cavity, wherein the IC die has one or more pads exposed to the first side
of 16 the substrate via the laser cut die cavity; and 18 one or more wire bonds between one or more
pads on the IC die and one or more pads on the first side of the substrate. 9 11. The BGA package
according to claim 10, whereiB@fenhitditnacwrding tQ clabsttatevberefritiesthaickiima cemrmice BGA
package accorgling t%&&iﬂ?&t%%d’r‘ﬂb?@ée theQRg Or 2 more passive components comprises one or more
laser trimmed integrated substrate resistors. 13. The BGA package in accordance with claim 10, wherein
the one 2 or more passive components comprises one or more integrated substrate capacitors. 14. The

BGA package in accordancepwilthgBGATSackhgseibdb@ing&o 2 lammMuevwassivaie BHweents comprises
one or more integrated substrate inductors.tls. The. BGAnoack%%e il’ll acc?édanc wijth cl?ian 10, wherein
the at 2 least ne disr,?:?é?er)%ﬁ%\f)%ﬁ%wpegﬁ\npﬁggén RSP ORI 1% PR ewepa'c 8%%6‘% accordance
with claim 10, whereisutistrate 2elgiakirene discrete component comprises at least one active component.
17. The BGA package in accordance with claim 10, wherein the overall

13. The BGA package in accordance with claim 10, wherein the one
2 or more passive components comprises one or more integrated

substrate capacitors.

14. The BGA package in accordance with claim 10, wherein the one
2 or more passive components comprises one or more integrated substrate

inductors.

15. The BGA package in accordance with claim 10, wherein the at

2 least one discrete component comprises at least one IC.

16. The BGA package in accordance with claim 10, wherein the at
2 least one discrete component comprises at least one active

component.

17. The BGA package in accordance with claim 10, wherein the overall

2 package thickness is less than approximately 1.8mm.

18. A method for manufacturing a BGA package, comprising:
2 forming a thick film ceramic substrate with a first side and a second
side;
4 forming one or more integrated passive components on the first side

of the substrate;

10



2 package thickness is less than approximately 1.8mm. 18. A method for manufacturing a BGA package,
comprising: 2 forming a thick film ceramic substrate with a first side and a second side; 4 forming one or
more integrated passive components on the first side of the substrate; 10 6 mounting one or more
discrete components on the first side of the substrate; 8 forming transmissions lines on the first side of
the substrate; ¢$aser cuttingrodietiog\ityeiotiheose bisesete conprtnitsyan eafispisiddaf tbehe second side
of the substrate; attag{lggAL.|C die to the heat spreader via the die cavity; 12 forming wire bonds
between pads on the IC die and pads on the first surface of the substrate. 19. The method in accordance

with claim 18, firther comp¥ig'9 I aRsBRpg ISR PibiBS s stdeceihfiRAemRE #Pine first side of the

substrate. 20. The method iasa¢eRrtlageedidtbaoiainm 1% viiedre the step of 2 attaching one or more

discrete components compriges attaching,one or, more active cqmponents. 21 The method in accordance
RGP e e e e e

with 19, wheréth the step of ﬁ%@tqﬁ]@ 1erete rﬁboen% Fompriaes attaching one or

more ICs. 11 attaching an IC die to the heat spreader via the die cavity;
12 forming wire bonds between pads on the IC die and pads on the first

surface of the substrate.

19. The method in accordance with claim 18, further comprising:
2 attaching one or more discrete components to the first side of the
substrate.

20. The method in accordance with claim 19, where in the step of
2 attaching one or more discrete components comprises attaching one or

more active components.

21 The method in accordance with 19, wherein the step of attaching

2 one or more discrete components comprises attaching one or more ICs.

11



