PACKAGING SYSTEM WITH HOLLOW PACKAGE TECHNICAL FIELD

The present invention relates generally to integrated circuit packaging, and

more particularly to a system for packaging integrated circuits and

micro-electromechanical systems. BACKGROUND ART In the highly

integrated world of cell phones, digital recording devices and personal audio
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be packaged in some form of package, similar to an IC package. This

package is eventually inserted into a socket or bonded to a Printed Circuit

Board (PCB) as part of an ovgrathsygiemmneeam@rcell phone. These packages

can be quite elaborate, depending on the MEMS style and application,
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This packaging cost can, therefore, have a significant impact on the capability
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One problem with this type of MEMS packaging methodology is that the package is
a very large proportion of the total MEMS device cost; on the order of 30 to 70% of the
overall cost. This packaging cost can, therefore, have a significant impact on the capability of
such MEMS devices to penetrate cost-sensitive markets, such as the cell phone market.

Another problem with existing MEMS packaging is the noise inherent with the
electrical connections between the MEMS package and the rest of the system. The bonding,
wiring, and electrical interconnections associated with interfacing a MEMS device embedded
in a package, to a circuit, necessarily adds impedance mismatches that result in noisy or low

amplitude signals.



MEMS may be used for microphones, RF devices, image capture,

identification, advanced display functionality, personal health and safety

monitoring, and motion capture. The issues preventing MEMS penetration

into the cell phone market are cost and performance. As mentioned above,
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embodiment of the present invention;
to the critical necessity for finding answers to these problems.

Solutions to these problems have been long sought but prior developments have not
taught or suggested any solutions and, thus, solutions to these problems have long eluded

those skilled in the art.



FIG. 2 is a bottom side plan view of the hollow package, of FIG. 1, FIG.
3 is a cross-sectional view of a packaging system with hollow package, in an
alternative embodiment of the present invention; FIG. 4 is a bottom plan view
of the hollow package, of FIG. 3; FIG. 5 is a cross-sectional view of a
packaging system witlPAS{ib PR K TiHEaRbYHaY Higd¥native embodiment of
the present invention; =~ FIG. 6 is a cross-sectional view of a packaging
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configured as a microphone; ~ FIG. 10 is a cross-sectional view of the
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reading of the following detailed description when taken with reference to the accompanying
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drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a cross-sectional view of a packaging system with hollow package, in an
embodiment of the present invention;

FIG. 2 is a bottom side plan view of the hollow package, of FIG. 1;

FIG. 3 is a cross-sectional view of a packaging system with hollow package, in an
alternative embodiment of the present invention;

FIG. 4 is a bottom plan view of the hollow package, of FIG. 3;

FIG. 5 is a cross-sectional view of a packaging system with hollow package, in
another alternative embodiment of the present invention;

FIG. 6 is a cross-sectional view of a packaging system with hollow package, in yet
another alternative embodiment of the present invention;

FIG. 7 is a cross-sectional view of a packaging system with hollow package, in a
package on package configuration;

FIG. 8 is a cross-sectional view of a packaging system, in a hollow package
configured as a microphone;

FIG. 9 is a cross-sectional view of a packaging system with hollow package, in an
alternative hollow package configured as a microphone;

FIG. 10 is a cross-sectional view of the packaging system with hollow package, in
another alternative hollow package configured as a microphone and mounted on a printed

circuit board;



FIG. 11 is a bottom plan view of the packaging system with hollow package,

in yet another alternative embodiment of the hollow package; FIG. 12 is

a flow diagram of a component staging for the assembly of the packaging
system with hollow package; FIG. 13 is a cross-sectional view of a lead
frame EHeellirs a petiparationyshaseted maakagaetsitgyn with B w gagkage, in yet

At AT AREHANR! éﬁﬁ)@ld%gﬂﬁo@ﬁ%erﬁgiﬂﬁdﬂﬁ%qgféame sheet, in a die attach
phase of manufacturing; FIG. 15 is a cross-sectional view of the
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npaefeagirigssystem with hollow package; FIG 19 is a cross-sectional view
of a pagkRgINg SYSIRMSIRKERAIR0Y Q?@h%%f@%ﬁl% 1Rt Bt 1 a die attach

FIG. 20 is a cross-sectional view of a package system taken along the

PRasE RS IRETO WML of FIG. 18;

FIG. 15 is a cross-sectional view of the pre-molded lead frame sheet, in a wire bond
phase of manufacturing;

FIG. 16 is a cross-sectional view of a package sheet, in a cover seal phase of
manufacturing;

FIG. 17 is a cross-sectional view of the hollow package, in a singulation phase of
manufacturing;

FIG. 18 is a bottom plan view of a packaging system with hollow package;

FIG. 19 is a cross-sectional view of a packaging system taken along the section line
19--19 of FIG. 18;

FIG. 20 is a cross-sectional view of a package system taken along the section line
20--20 of FIG. 18;

FIG. 21 is an isometric view of a corner section of the inside of the cavity of FIG. 1;
and

FIG. 22 is a flow chart of a packaging system with hollow package for
manufacturing the packaging system with hollow package in an embodiment of the present

invention.

BEST MODE FOR CARRYING OUT THE INVENTION

The following embodiments are described in sufficient detail to enable those skilled
in the art to make and use the invention. It is to be understood that other embodiments would
be evident based on the present disclosure, and that process or mechanical changes may be
made without departing from the scope of the present invention.

In the following description, numerous specific details are given to provide a
thorough understanding of the invention. However, it will be apparent that the invention may

be practiced without these specific details. In order to avoid obscuring the present invention,
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FIG. 21 is an isometric view of a corner section of the inside of the cavity of

FIG. 1; and FIG. 22 is a flow chart of a packaging system with hollow

package for manufacturing the packaging system with hollow package in an
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material 114. An electrical interconnect 116, such as a bond wire couples the die 112 to the



A die 112, such as a micro-electromechanical system (MEMS), a
micro-mechanical system, or an integrated circuit device may be attached to
the die pad 106 by a die attach material 114. An electrical interconnect 116,
such as a bond wire couples the die 112 to the terminal lead 104. An
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The die 112, such as a MEMS, a micro-mechanical system, or an integrated
circuit device may be attached to the die pad 106 by the die attach material
114. The electrical interconnect 116, such as a bond wire couples the die 112
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electrical interconnect 116, such as a bond wire couples the die 112 to the
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that generates an electrical S|gna In response to acoustic energy. T

cobigste Biffeensen eirfectshtie %@ﬁ]ﬁf@@ﬁbﬁﬁ@%&p@%@h@t@ﬂd&ﬁtmwﬁaw
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110 but it is undedstood that other types of energg/t or material ma
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mic one. e cross-sectional view of the packaging system™900 depicts a

teleem*éﬁ%1@62)hﬁ\ﬁﬁgqﬁe@emnﬁ‘éma@m@lﬂth‘a@%%@ﬁﬂdlpkcﬁh&ewﬁe as printed
vertical displacement 105 from a bottom contact plane 904. The lead frame
902 may also have a mounting pad 906 with a bottom side 907 that is
vertically displaced from the bottom contact plane 904, with an orifice 908 for
allowing acoustic energy to enter the cavity 110. The compound 108 may be
molded on the lead frame 902 for providing a contiguous surface and leaving
only the orifice 908 as an entry to the cavity 110. In this example, acoustic

pro



Referring now to FIG. 11, therein is shown a bottom plan view of a packaging
system 1100 with hollow package, in yet another alternative embodiment of a
hollow package 1102. The bottom plan view of the packaging system 1100
depicts the hollow package 1102 having a vent 1104 between the terminal
ciead P4, RGRs . coavigaratiormdiipwensaeiuiddp tak tharhetietheouight thas! 9dflowhe
tPANRAE PatORaybChh & GBI RHAR MY PExHS R LI JORIGEBLRD JRY GRS as

including a flow meter or pressure transducer. The vent 1104 is formed
EHTH EHRPATSIITY ARGRLLORh N ESsrASIEF EbaERy e BBIRE Y FEM REMARY!S
phsiween the terminal leads 104, thus creating the vent 1104. Referring
now to FIlG..12, therein.is.shown a flow diagram of a component staging 1200
o the LSBT R B g SR e e o e
systenpanenitbtagling P20 gtepictoaiiret oo risspzntatage AR02 Thogkish sdwsional
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a die attach phase 1204. A second component stage 1206 adds the )
bLontriietive MtieoAhertEE2, Nichud <bider phdienant s isdsdigait device, an
addmpan®mshainmayihenaldaeddontiapackagae A, disaklie aompanenthattatihw

hase 1208 ma d the djscrete co ents ta the lead frame 102. A third, .
SRt i e S B e RN
ogthd borndwane pAdike Honddniehitonneptoshgs @224 2utesthiduslectrigiglconnect
gijAterconnect 116 to satisfy the interconnect requirements of the packaging

system 100. A fourth component stage 1214 adds the adhesive 118 and

the coR&fersne AW vRrtatalh PRkie ¥ 218 4 deffitescmionadvdey 38 arpipkaging
sye@eh fgan)en LRI fo i lag wDYo pRakagesl2 hiddpashdinisbiog phasechalBew
ol thY efform a&P't%“” frocess pueh.a5a Seoy% "RIalng Brocess, LOICKR at is

pa |umg(RﬁI5 3 plfé INg process, of a gold plating précess, on'the expose
Vmﬁwﬂtﬁémffmmn@el@mnm dntlermho ghad elitofTthe lpaés@mnmﬂ/@?.mmy, thx_apre-
nRRURET PIRIE RIGRASHIVUIS LaBresen! Mg MOSLERSIRIREN e RIRURGsbian.

for the lead finish and may be performed prior fo the molding process.

ceirrpirdionprasw A fiajrtisdith dhef dhshriseidsusaratee dishet bpqrwd the

ten@ieW IpacHageolR2ninie: SNale UnitSsuch aREMRKINGBAYAES Mibislehaheserther

shO\gln a cross-sectional view of a lead frame sheet 1300, in a preparation
assgm . . . .
P a5 of manufacturing. The cross-sectional view of the lead frame sheet

1300 depicts 4 ISeriechakthe IERLS framierd0dding dabyytienterminahiezt &Ddiscuit
& GRIPRUAH,LRG %a}h?%i@;%%e dodrigHahoyt he.lsad frame 1]|19§.2 @Wﬁgtﬁc al

_solid bowl-like structure. 1e lead frame sheet 1300 is displayed as

IR A ddQurtishfoniebor thdre remplepHiacislisy | 6P 4 Bealtipteanlgadnidt idhe

aamd%sﬁqh@d Jlliéﬂi any ﬁwm,lah Eaﬁ%@a@@dit@mﬁﬂgg ztmye@edcaﬁaleltd% N@fac&of ‘the
arra is indicates that the lead frame sheet 1300 may gctually ha
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appditer imchaowhési Fel Gl 81 4ydh ératithiscehavenddosro g8 sedtiph#) wiglopia the hollow

pQJl‘?a{éQ%'(‘ii?Hnl‘?ﬁ‘éjdfireamf sheet 1400, in a die attach phase of manufacturing.
Thecross-sectional view of the pre-molded lead frame sheet 1400 depicts

the dielattserehvaemay haeandenestieonfices9siti elors fise \aieopad thodiaf 12,
sibe deadNrems, k04 generates an electrical signal in response to acoustic energy. The

acoustic orifice 806 directs the acoustic energy to an appropriate location on the die 112 for
conversion. In this example, acoustic energy may enter the cavity 110 but it is understood
that other types of energy or material may enter the cavity 110 for generating electrical

signals.



The pre-molded lead frame sheet 1400 is displayed as having three units
formed in the sheet. This is by of an example only and it is understood that
any number of the lead frame 102 may be joined in an "X-Y" array. This
indicates that the pre-molded lead frame sheet 1400 may actually have X

units ilkefesitgnrran® Yignits theaciovs wieshe X capy-Yeetrenalhulkevnefntbesekaging

sRERORON MRS Padietherein dﬁéHQWQ &M%@ﬁ%ﬁ?&@ﬂ%u\(&%%oi fhicrophone.
Tii:r)(;]e-molded lead frame sheet 1500, in a wire bond phase of manufacturing.
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a&a%iem&fiﬂgy% ertter th@IRYty TG, RicRlasdhat 108 RLS-RRAUARELIEADHAING frame
sheet 1500 may actually have X units in a column and Y units in a row, where
9% Rt FOX I e ROMHRRy surface prddfanihotdhelesifies, I8 sty vim the
cavityossrseationalavipw, at aupackageysheetdiedie itasigover seal ishagerabod that
anufactuyring. The cross-sectional view of th ckage sheet 1600 depict
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~understood that any number of the lead frame 102 may be joined in an "X-Y

inferegnrphis! ffisitR LtrhPang PatkageP e 6o Hhdy Seisyiraveat LffsThe
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Referri to FIG. 17, therein is shown a cross-sectjgnal view of
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pg&gggg?%gtﬁ}gg[&q\ﬂng been singulated by a saw or shear process. This
example displays only three of the hollow package 122, but it is understood
that thBetiag Mg FdPhdllothsseitkiagheving may pectmaleify of a packaging
sy3efarriognemtonlowl Batkereiniis stoavvn albatienm phanmienonbw Rackaginglo
sl¥tstemd1800 with hollow package, The bot}o(?‘u. Iartl ]\jlie Qlf the packa ing11 :
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while the remainder of the terminal lead 104 is covered by the compoun

9 1 mambkrigr fEigHA eprisE S ietedindic i Re eticr Brithie dihige dPtHesuch as a
pﬁﬁ@&&gﬁui[fb%d?%ciﬁﬂ@'h@@k;%Y(ﬁI@tﬁBelﬁn@@c@lﬁ{é@mIS\ﬁ ﬁf)’éhlﬁéclim’ﬁ'iﬂ&lﬁglm%ﬁlate
that runs through the tie bars 1802 an second section ljne 20--20 that runs
st e i syt i e A
eslaothin @ orpdd G éutionatsiewtofee@ackiaginglsyistdns L80piakenwmlionentng may

eﬁ%?ﬁ?enclio%/lﬁfoji%tqft F ﬁ’nd%?sﬁ&%ﬁ;i? et 1y 95“8‘1l gﬁ%y%g’ I)lﬂ?l?a{%?lgi(ﬁglygnter the
system 1900 depicts the die pad 106 with the tie bars I802 half etched to

calibi tRdesilssiing Yostispaerily encapsulate the tie bars 1802. The
partiallyencapswatad tedars, 180iNavarbe rampasdpl8 ilinethe fieRiging

space around them while at least a surface 1902 is left uncovered for
s%sltgghd:gq%cm&%lﬂw package, in yet anot%er alternative embodiment of a hollow

package 1102. The bottom plan view of the packaging system 1100 depicts the hollow
package 1102 having a vent 1104 between the terminal leads 104. This configuration allows a

fluid or gas to move through the hollow package 1102. Such a configuration may be useful in



The conductive interconnect 604, such as solder or conductive epoxy, forms
an electrical connection between the tie bars 1802 and a conductive cover
1904. In this configuration, the conductive cover 1904, such as a metal cover,
may act as an electrical shield for the die 112 mounted in a hollow package
imglo@entingdeeairigchsivgs HiG, Retetreniesivrs ionidusarddis- sertibifdl ivieymed
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The cross-sectional view of the package system 2000 depicts the hollow

tesainal b do DS S HB% B SAY LA&Ctrical interconnect 2002 that couples
the dieRtiezringthevdie pac. 106thEkis techoigue iHwsdialia@noployedfonprovigeng

itional groundin the die 112. Referri w ta FIG. 21, therein is
1Z0E RN LS o SR E sy ST IR @i M e
stpaioikage0 depiofsHi Brsi cathpoismtside 128W1nfithiclcbmierd &etitn! 92.0bcofithastach

nfsiog pfihengayityil 1 dgpickgtermingt laads JRdeartiallX encaRSidiRtent
by the compound 108. A bottom contact 2102 is not covered by the
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cdiporane; thet ieahaesad@21 hasbeackpastialy ereapshipiecht irachypiace1 209 Zhay
i S0 not covered by the compound 108. na nbodiment of the
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may be electrically connected to the tie bars 202. Referring now to FIG.
regiTpRRGRIHOSREBYFk 28I NS W tAR O-a packaging system 2200 for
manufacfuiiiiig dbaRackaging systendiGfdndarevsodimanhekthierpragentcover

invention. The system 1800 incl s formi hollow package . inclyding:
SR ol RATIAHE 4 Bk 200 LTI o Auh B Py pakaee
1 ghcapsadafinghting @rawinkl 1@ adsy witH @onpaundpnesblogkh2204 seldachiagng

pﬁ)@é&ﬁe‘gﬁﬁtﬁg ﬁﬁt’lﬂ&m%@d%ﬂtﬁ{ggﬁ&%@ %Q&G‘ﬁ?&tﬁbﬁ%&s@, on the exposed

micro-mechanical system, or a combination thereof in the cavity in a block

arsop el Hsaleshtinieral EovEy 18 ebadimRaPfeiaPisicahHIsEHgt B Cadgiplating
pRIgsK 230 repreRRfNCIRIR SREEBEIRE NEERERLIGVENtIGNHS 1BaT HialPWsd may

molding the lead frame using a conventional transfer mglding process.
L L 1 B B B A B e g R
tdepsead ashtre doe halhahvipsinkggifiER tocon@e atigchment process. The

present IAYARIGR S s UaliR A9k NARXAIUME RIQUUENOR 4R SYRPRLE frame

low cost manufacturing. Yet another important aspect of the present
shatehti¥h 18 thataparalivabPhase ponana g WERgcEBaEchistesiCartralsd of the lead

fre@elIgHBg ¢ostsdPraplifying Systemea@ndrRcreasing pefarnantRal lead 104. The
compound 108 may be molded throughout the lead frame 102 forming a solid bowl-like
structure.

The lead frame sheet 1300 is displayed as having three units formed in the sheet.
This is by of an example only and it is understood that any number of the lead frame 102 may
be joined in an “X-Y” array. This indicates that the lead frame sheet 1300 may actually have
X units in a column and Y units in a row, where X and Y are whole numbers.

Referring now to FIG. 14, therein is shown a cross-sectional view of a pre-molded

lead frame sheet 1400, in a die attach phase of manufacturing. The cross-sectional view of the
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These and other valuable aspects of the present invention consequently
further the state of the technology to at least the next level. Thus, it has
been discovered that the packaging system of the present invention furnishes
important and heretofore unknown and unavailable solutions, capabilities,

reradldadtisadl aape cteefdr VORIirderiptaribfadiarattahemesuiiinglrand sdesdand 12

p&é?ﬂﬂﬁ!é&f %H%cﬁé“f)ﬁrﬁi@%ﬁ%%ﬁ@%&'@(ﬁ?dive, uncomplicated, highly
versatile and effective, can be surpri}séiaa]ly and unobviously implemented b

y. .
adaptifRGHRPIEchBb giuBe sheratddh s Yaplanp sty ot fReiBRpts) 'grged in
thecoremitalysmanifastuxingpioioryeiadtioimachaniod system aavieefully lead
£SIRAYRIe Wt')%h'8%%%%9‘5%”?@3%‘%J?‘?%Hﬂ%f’dﬁ%&%?%ﬁﬁs And technRIOnIEX frame
hé resu uYg processes an conﬁgunyatlons are straig %forv\férd,
shagstléffeoriveaamadbnhplicatamhitsighdycobrsatied acontate, semwsitivesragdand Y are
walrGlivgp@td can be implemented by adapting known components for ready,
efficient, and economical manufacturing, application, and utilization.

While FSH{RNTRN 1ak!Hedn duseinsdhREbAjEretiorcitn oy e it Begpolded
lexiDflemi ihéor hsomdersioas ibat prary dliaanatives:ipotificatienssdindal view of

mAnatons vl bg af(g’ePn"f‘res%t 1o fhgsekilied in the art ir ionLotihe Atoredoing oy
delCription. Accordingiy; 1t is InendSRl T SMbTaca St i S Ha ives,
clevoaifit atiorestiamdovariatidaslthat 2ahdvibhiretinersldopé Id¥the included claims.

All maggrs, RIthRIRIPTE St ML eT9 15061 S BRI NEHACHRMIRANYIRG formed in

drawings are to be interpreted in an illustrative and non-limiting sense. What
the ehafinddisis by af 20 SXRRRGMSYARNT EoMRENgdEhitY thRaPlekgdead
fraaRrfligyingamessieympartiatlyencaps uiatngdibade mainak lpads suld dead frame

co nd; attaching an iptegrated circuit deviceg, a micro-electromechanical
sheet ld I’Ilél A actug:lrllrr;léq) Ve &t lrtS 1e a column an C% units 1(%% a row.,.w eggan C'? are

system, a micro- nrechanical system, or a combination thereof in the’cavity;
wanlt bombimg a cover to the terminal leads for enclosing the cavity.

Referring now to FIG. 16, therein is shown a cross-sectional view of a package sheet
1600, in a cover seal phase of manufacturing. The cross-sectional view of the package sheet
1600 depicts the adhesive 118 applied between the terminal lead 104 and the cover 120
creating the cavity 110.

The package sheet 1600 is displayed as having three units formed in the sheet. This
is by of an example only and it is understood that any number of the lead frame 102 may be
joined in an “X-Y” array. This indicates that the package sheet 1600 may actually have X
units in a column and Y units in a row, where X and Y are whole numbers.

Referring now to FIG. 17, therein is shown a cross-sectional view of the hollow
package 122, in a singulation phase of manufacturing. The cross-sectional view of the hollow
package 122 depicts a series of the hollow package 122 after having been singulated by a saw
or shear process. This example displays only three of the hollow package 122, but it is
understood that the actual number of hollow packages 122 may be different.

Referring now to FIG. 18, therein is shown a bottom plan view of a packaging
system 1800 with hollow package. The bottom plan view of the packaging system 1800
depicts the die pad 106 having tie bars 1802 that are half etched. The tie bars 1802 are

partially encapsulated by the compound 108. The small contact area 304 remains exposed
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2. The system as claimed in claim 1 further comprising providing a vent in the
cavity. 3. The system as claimed in claim 1 wherein configuring the
cavity by connecting the terminal leads with the compound includes molding
the compound around the terminal leads leaving a portion of the terminal

thesadh Expegapetardidtthingils lbadresyplsekdghe termipairisadsyeteincasataimethe
complaim 1oaNerkin: Randngidbe epv@edeithetRmainsh ISR Nalieest briftge.

a conductive laminate substrate to the terminal leads; and further comprising:

ThsrRirg ensondireVE IRtalofimidt Betiresrrtioa {Eiminal Ras g fhaugh the'tie
baenauetivie laminais substiate2aboyehdielawihesddatihatovenandadelmw. the

cavity, ang mounting. anaddifionalintearated aireult devies, Anaddiional iy
micro-electroméchanica system, an addllltlona?mlcro-mecﬁanlca sys% m, oF e
systeanithtiban hbreo fhorsthieondntuitive) laftiHatd Sublsticatss-sect@ngihgew of the

p%é?ﬂg FRATRH B slatml WOEETEARHPHING BeCRDLINELIRY (BUTIRGthe
the terminal leads and the compound for creating a recess on a bottom side

CoRMQEd 108 tg_g&rgélékgaﬁa@sg%?etﬁ? é’(‘?rﬁffr"ism%z The partially encapsulated tie bars

1802 have the compound 108 filling the free space around them while at least a surface 1902
is left uncovered for electrical connection.

The conductive interconnect 604, such as solder or conductive epoxy, forms an
electrical connection between the tie bars 1802 and a conductive cover 1904. In this
configuration, the conductive cover 1904, such as a metal cover, may act as an electrical
shield for the die 112 mounted in a hollow package 1906.

Referring now to FIG. 20, therein is shown a cross-sectional view of a packaging
system 2000 taken along the section line 20--20 of FIG. 18. The cross-sectional view of the
package system 2000 depicts the hollow package 302 having a down bond electrical
interconnect 2002 that couples the die 112 to the die pad 106. This technique is usually
employed to provide additional grounding to the die 112.

Referring now to FIG. 21, therein is shown an isometric view of a corner section
2100 of the inside of the hollow package 122 of FIG. 1. The isometric view of the corner
section 2100 of the inside of the cavity 110 depicts the terminal leads 104 partially
encapsulated by the compound 108. A bottom contact 2102 is not covered by the compound
108, while the space between the terminal leads 104, the die pad 106, and the tie bars 202 has
been partially encapsulated. The surface 1902 is also not covered by the compound 108.

In an embodiment of the present invention a top surface 2104 of the terminal leads
104 may be covered by the compound 108. In the event that the cover 120 is a metal, the
compound 108 acts as an insulator for the terminal leads 104 and the cover may be
electrically connected to the tie bars 202.

Referring now to FIG. 22, therein is shown a flow chart of a packaging system 2200
for manufacturing the packaging system 100 in an embodiment of the present invention. The
system 1800 includes forming a hollow package including: forming terminal leads in a block

2202; configuring a cavity by partially encapsulating the terminal leads with a compound in a
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forming terminal leads includes the terminal leads bent for providing a vertical
displacement from a bottom contact plane; configuring a cavity by partially
encapsulating the terminal leads with a compound including molding the
compound on and between the terminal leads; attaching an integrated circuit
bigekicd04; mitadvake cirommiegratasi calr gy stdemica, micnecroratdsanivat kypeensysiean, a
nkOANBBAIANINETRMLIN Bre,cavityiRyBletHiralYiROMBECHAY the dntegiatethe; and
circuit device, the micro-electromechanical system, the micro-mechanical

baydint O e Ebihbifatian! thafe bireriie s ing Euds? BRfodtiting a cover
to the terrilnaplkeadsdonemel psibenthieveatvity fyitapplvimgnanmattiesive lead frame
between th .terminalijeadsl, the comgound, and the cover. 7. The system
using (il COHV%I] 10n4l {ra ]pI' (8] dll’lg TOCCSS. d t . th t .
as-claimed In claim 6 further comprising providing a vent in the cavity in
which applyingibesicoviénpinbiupksscapplyiny thelboven indvinghast afousitival to be
u&r&fﬁéeche coter hRE PYRIpMYas tﬁ@é@\{%‘f‘ eiﬂa%l?rﬁéh? %EEWM@Q&HQME%&Q&"&YSO
bysﬁ;)artlally encapsulating the terminal leads with the compound includes
SHHBhHE S LU HRUPE KIS A I PRSI A e s TRAYIAE Y Bdrtion of the
terminaleleadshexposachionfpronisigtr leadiess wackagetnchydingbigwingpartomd
contact and.the bottom lane in which.the terminal lead be

a ontact . ma
Seperal g% \}vﬁl)%hqsllgll Ié?,af]lc eél pg aEﬁclﬁlr‘rcll,IPr 58?%, sump l%yll'lg systems, ang 1nc¥easmg

performance.

These and other valuable aspects of the present invention consequently further the
state of the technology to at least the next level.

Thus, it has been discovered that the packaging system of the present invention
furnishes important and heretofore unknown and unavailable solutions, capabilities, and
functional aspects for volume manufacture. The resulting processes and configurations are
straightforward, cost-effective, uncomplicated, highly versatile and effective, can be
surprisingly and unobviously implemented by adapting known technologies, and are thus
readily suited for efficiently and economically manufacturing micro electro-mechanical
system devices fully compatible with conventional manufacturing processes and
technologies. The resulting processes and configurations are straightforward, cost-effective,
uncomplicated, highly versatile, accurate, sensitive, and effective, and can be implemented by
adapting known components for ready, efficient, and economical manufacturing, application,
and utilization.

While the invention has been described in conjunction with a specific best mode, it
is to be understood that many alternatives, modifications, and variations will be apparent to
those skilled in the art in light of the aforegoing description. Accordingly, it is intended to
embrace all such alternatives, modifications, and variations that fall within the scope of the
included claims. All matters hithertofore set forth herein or shown in the accompanying

drawings are to be interpreted in an illustrative and non-limiting sense.
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9. The system as claimed in claim 6 wherein: bonding the cover to the
terminal leads includes bonding a conductive laminate substrate to the
terminal leads including applying the conductive laminate substrate having a
bottom contact pad, a conductive link, and a top contact pad; and further
Wimigigingedayming a conductive interconnect between the terminal leads
and the conductive laminate substrate above, below, or both above and
below the cARSFRARINTSHIRT RS BR R tional integrated circuit package, an
additienalld MSHaarkage, an additional micro-mechanical system, or a

combination thereof.on the conductive laminate substrate including mountin
it e i vV
additisrrahmgcro-mesehipicalrsyistdenicsr thersormbasatiordhereal asthie topnicro-
contact padmechHaf BRE¥SEM ashtAlmer dRaim huwhesgnganfiguring

the cavity includes forming the terminal leads and the compound to form a
recesOBHRAAE HOEHH eI IRERIFIHE ARy 88%iBKiAY Pmounting pad

vertically d'ﬁ‘%‘é”‘%ﬁs‘{e‘cm%@ .tcﬁ‘ﬁnlﬁ’é’ o N A 1AM omprisina Fro PRI st in the
systefi comprising: terminal leads;

cavity.
3. The system as claimed in claim 1 wherein configuring the cavity by
connecting the terminal leads with the compound includes molding the compound around the

terminal leads leaving a portion of the terminal leads exposed for forming a leadless package.

4. The system as claimed in claim 1 wherein:

bonding the cover to the terminal leads includes bonding a conductive laminate
substrate to the terminal leads; and

further comprising:

forming a conductive interconnect between the terminal leads and the conductive
laminate substrate above, below, or both above and below the cavity; and

mounting an additional integrated circuit device, an additional micro-
electromechanical system, an additional micro-mechanical system, or a

combination thereof on the conductive laminate substrate.

5. The system as claimed in claim 1 wherein configuring the cavity includes

forming the terminal leads and the compound for creating a recess on a bottom side thereof.

6. A packaging system comprising:

forming terminal leads includes the terminal leads bent for providing a vertical
displacement from a bottom contact plane;

configuring a cavity by partially encapsulating the terminal leads with a compound
including molding the compound on and between the terminal leads;

attaching an integrated circuit device, a micro-electromechanical system, a micro-
mechanical system, or a combination thereof in the cavity by electrically

connecting the integrated circuit device, the micro-electromechanical system,
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a compound for partially encapsulating the terminal leads and configuring a
cavity; an integrated circuit device, a micro-electromechanical system, a
micro-mechanical system, or a combination thereof attached in the cavity;

and a cover bonded to the terminal leads for enclosing the cavity. 12. The
system as cldrmeerornselinnital firear com prisivigat veriaaht cheiigrminaljlgads;
The system,gg claimed in claim 11 wherein the cavity configured by the
terminal leads partially encapsulated with the compound includes the _
compAME Abtaser A SbntFtHE L IFAIAPIERGL With as SaMIS DY ABRE e Hirighesive
leads exposetWesfarmingiadeaaicshpaakaoend, and deldogesystem as

claimed in claim 11 wherein: the cover bonded to the terminal leads includes

a contuctivéiamisiate sublsirage orldied ¢dutberermmimableads; figittzer vent in the

SNSRI EARHHCIKE JRiGeRaeCch iprnedRatwer R IeATOR e atsand

the conductive laminate substrate above, below, or both above and below the
cavityg, and aneadditional inegratacpinauit Wiedse, canfadditioar! cavity by partially

micro-electromechanjcal syst an additional micro-mechanical system, or
e e (e minal TEad Sy Inc Compound Whe e rbldinie i Compound yund
thEhersystéieals dtainmgdhipaiaim dfltheheraimahéeadvityrcoedidorddrinclgidelsadless

pﬁeﬁﬁgﬁlgnmﬁgﬁﬁmgﬁh?%%ﬁ%ﬁa@tC&J@%ﬂH“ﬂé"’ﬁ&t@rﬁeE&ﬁﬁc‘P%m{’e BRUORR the
teﬂni?lal 1662?1(5) may be plated with solder, nickel palladium, or gold.

9. The system as claimed in claim 6 wherein:

bonding the cover to the terminal leads includes bonding a conductive laminate
substrate to the terminal leads including applying the conductive laminate
substrate having a bottom contact pad, a conductive link, and a top contact
pad; and

further comprising:

forming a conductive interconnect between the terminal leads and the conductive
laminate substrate above, below, or both above and below the cavity; and

mounting an additional integrated circuit package, an additional MEMS package, an
additional micro-mechanical system, or a combination thereof on the
conductive laminate substrate including mounting the additional integrated
circuit package, the additional MEMS package, the additional micro-

mechanical system, or the combination thereof on the top contact pad.

10. The system as claimed in claim 6 wherein configuring the cavity includes
forming the terminal leads and the compound to form a recess on the bottom side thereof

including positioning a mounting pad vertically displaced from the bottom contact plane.
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16. The system as claimed in claim 11 wherein: the terminal lead is bent for
providing a vertical displacement from a bottom contact plane; the compound
molded on and between the terminal leads; the integrated circuit device, the
micro-electromechanical system, the micro-mechanical system, or a
combihatior\therkesfiedsontialpp@orifgeted to the terminal lead; and the cover
bondeg o the.tasminal leads for enclosing the cavity by an adhesive applied
between the terminal leads, the compound, and the cover. 17. The
systefrf SERIUIHE RIIANIERIHIAEP & Bt HRING dogdhe ] eRBTEAVIRE eRHifdh
the cavdnigighielesianmiacoustc aarﬁiem-electrﬂaﬁwamlsyst@@neas elaift@chibchanical

claim 16 wherein the cavity.con red & lermi al leads partially
encapsulateéf (\?wlﬁi thé %%rflnb%aﬁlr?ag%c eegcl)%goun i E? d around the

terminabisadsndithte tbomonlnﬁlthedmf@nmlqelaggheﬂamposed forms a
leadless package including having a top contact pad and the bottom contact

plane!in whithftha ear ﬁéﬁ%%fh’sn gD prated WRrPEERRe?, KB IRanRHRim,

or go ste aimed. in reln he cover bonde

o e tormin i A i RS SR LT S SORE D fote
tefenminh dddadu ihBycondpetiaee ta mithateesebsha@atedhawindea thwttmmn@mécnolded
alQ)ﬁQd %QQMEHVQ;JHAKV@HQ Bo&%Brpm{e?ﬁﬂial leads exposed for forming a leadless

package.

14. The system as claimed in claim 11 wherein:

the cover bonded to the terminal leads includes a conductive laminate substrate
bonded to the terminal leads;

further comprising a conductive interconnect formed between the terminal leads and
the conductive laminate substrate above, below, or both above and below the
cavity; and

an additional integrated circuit device, an additional micro-electromechanical system,
an additional micro-mechanical system, or a combination thereof mounted on

the conductive laminate substrate.

15. The system as claimed in claim 11 wherein the cavity configured includes

forming the terminal leads and the compound with a recess on the bottom side thereof.

16. The system as claimed in claim 11 wherein:

the terminal lead is bent for providing a vertical displacement from a bottom contact
plane;

the compound molded on and between the terminal leads;

the integrated circuit device, the micro-electromechanical system, the micro-
mechanical system, or a combination thereof electrically connected to the
terminal lead; and

the cover bonded to the terminal leads for enclosing the cavity by an adhesive applied

between the terminal leads, the compound, and the cover.
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further comprising a conductive interconnect formed between the terminal
leads and the conductive laminate substrate above, below, or both above and
below the cavity; and an additional integrated circuit device, an additional
micro-electromechanical system, an additional micro-mechanical system, or

a conhbinatidhetheyenr ansinted o thientdndudhiveckmprnsing sutsstratetinchidesin

whiPRekadR-QnrPRekags Lanfigusation. 20. The system as claimed in claim
16 wherein the cavity configured includes forming the terminal leads and the

comp@und With sysecess amthe bottenisids thekeshinhyhistidhedie@assd by the
HAHAeR AMONRIRG Rad verlicaly fisplacsd amy the RACMLRCt RIANS Ided
around the terminal leads with a portion of the terminal leads left exposed forms a leadless
package including having a top contact pad and the bottom contact plane in which the

terminal leads may be plated with solder, nickel palladium, or gold.

19. The system as claimed in claim 16 wherein:

the cover bonded to the terminal leads includes a conductive laminate substrate
bonded to the terminal leads, the conductive laminate substrate having a
bottom contact pad, a conductive link, and a top contact pad;

further comprising a conductive interconnect formed between the terminal leads and
the conductive laminate substrate above, below, or both above and below the
cavity; and

an additional integrated circuit device, an additional micro-electromechanical system,
an additional micro-mechanical system, or a combination thereof mounted on
the conductive laminate substrate includes a package-on-package

configuration.

20. The system as claimed in claim 16 wherein the cavity configured includes
forming the terminal leads and the compound with a recess on the bottom side thereof in

which the recess includes a mounting pad vertically displaced from the bottom contact plane.
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