DEVI CE FOR USE AS DUAL- SI DED SENSOR PACKAGE BACKGROUND OF THE | NVENTI ON
[ 0001] The subject nmatter disclosed herein relates generally to sensor
packages, and nore particularly to sensor packages that enpl oy devices
el ectrically coupled together with connections independent of other
connections in the sensor package. [0002] Sensor packages that enpl oy
sem conduct or devices are used in various applications because of their
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tire pressure. In addition, TPM systems can also provide to the driver other

information (e.g., temperature, acceleration, and velocity), which may encourage

proper maintenance of even tire pressure. This can result in many benefits, including

better fuel economy and extended tire life.

[0003] Systems like the TPM systems discussed above typically employ a variety
of components that sense, process, and transmit data to other systems, and generally
to the driver. One component is a pressure sensor for sensing tire pressure, and
providjﬁg data outputs indicative thereof. Another component is a processor such as
an application specific integrated circuit (“ASIC™) that is responsive to these data
outputs, as well as other data from other components. These components can be
packaged together in the form of the sensor package, many of which are configured so

they can be surface-mounted to other substrates, e.g., printed circuit boards.

[0004] It is often required that selection of the components is provided in a
manner that maintains flexibility in the general function, operation, and configuration
of the sensor package. It is likewise desirable that, while new configurations of the
sensor package will come at reduce costs of materials, and manufacturing resources,
there is no reduction in the level, and array of available functionality is realized in the

new sensor package.



manner that maintains flexibility in the general function, operation, and
configuration of the sensor package. It is |ikew se desirable that, while
new configurations of the sensor package will cone at reduce costs of
materials, and manufacturing resources, there is no reduction in the
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the sensor package can be further described where the first |lead can
receive [@(IIW]r ebﬂpgnef E:l?lm)diment, a sensor package can comprise a substrate that can

comprise a first side, an upper surface, and a lower surface in opposing relation to the
upper surface. The sensor package can also comprise a first device disposed on the
upper surface, the first device comprising a first connective pad proximate the first
side of the substrate. The sensor package can further comprise a second device
disposed on the lower surface, the second device comprising a second connective pad
proximate the first side of the substrate. The sensor package can yet further comprise
a housing in surrounding relation to the second device, the housing comprising a
cavity exposing the first device to an environment external to the housing, and a first
lead coupled to the first connective pad and the second connective pad, the first lead
comprising an end proximate the first side. Moreover, the embodiment of the sensor

package can be further described where the first lead can receive a wirebond from



each of the first connective pad and the second connective pad in a nmanner
that forns a connection between the first device and the second device
entirely inside of the housing. [0008]1n another enbodinent, a sensor
package for nmounting to the surface of a printed circuit board. This
enbodi mrent of the sensor package can conprise a | eadfranme conprising an
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BRI EF DESCRI PTI ON OF THE DRAW NGS
[0009] In still another embodiment, there is provided a method for manufacturing

a sensor package. The method can comprise in one step forming a leadframe
comprising an outer edge in surrounding relation to a placement area having a first
side, an upper surface and a lower surface in planar relation to the upper surface. The
method can also comprise in another step mounting a first sensor device to the upper
surface in a manner positioning a first connective pad proximate the first side of the
placement area. The method can also comprise in yet apother step mounting a
processing device to the lower surface in a manner positioning a second connective

pad proximate the first side of the placement area. The method can further comprise



100101So that the manner in which the features of the invention can be
understood in detail, a detailed description of which can be had had by
reference to certain enbodi nents, some of which are illustrated in the
acconpanying drawings. It is to be noted, however, that the draw ngs
illustrate only certain enbodinents of this invention and are therefore
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package that is made in one enbodi nent of the invention.
device and the processing device that is entirely within the housing.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] So that the manner in which the features of the invention can be
understood in detail, a detailed description of which can be had had by reference to
certain embodiments, some of which are illustrated in the accompanying drawings. It
is to be noted, however, that the drawings illustrate only certain embodiments of this
invention and are therefore not to be considered limiting of its scope, for the scope of
the invention encompasses other equally effective embodiments. The drawings are
not necessarily to scale, emphasis generally being placed upon illustrating the

principles of certain embodiments of the invention.

[0011} Thus, for further understanding of the invention, references can be made to

the following detailed description, read in connection with the drawings in which:

[0012] FIG. 1 1s a top, plan view of schematic diagram of one embodiment of a

sensor package that is made in one embodiment of the invention.
[0013] FIG. 2 is a side, plan view of the sensor package of FIG. 1.

[0014] FIG. 3 is a top, plan view of another embodiment of a sensor package that

is made in one embodiment of the invention.
[0615] FIG. 4 15 a side, plan view of the sensor package of FIG. 3.

[0016] FIG. 5 is a perspective view of yet another embodiment of a sensor

package that is made in one embodiment of the invention.

[0017] FIG. 6 is a cross-sectional, side, plan view of the sensor package of FIG. 5.



[0015]FIG 4 is a side, plan view of the sensor package of FIG 3.
[0016]FIG 5 is a perspective view of yet another enbodi nent of a sensor
package that is nade in one enbodi nent of the invention. [0017]FIG 6 is a
cross-sectional, side, plan view of the sensor package of FIG 5.
[0018]FIG 7 is a detailed, plan view of the cross-section of the sensor
package of FIG 6. DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0019] Thi s
witten 9038} i pthlGn7 issedetakednplae sidvoolihs ctaseediibe of theesehsod package bfidi ng

FIG. 6.
DETAILED DESCRIPTION OF THE INVENTION

[0019] This written description uses examples to disclose the invention, including
the best mode, and also to enable any person skilled in the art to practice the
invention, including making and using any devices or systems and performing any
incorporated methods. The patentable scope of the invention is defied by the claims,
and may include other examples that occur to those skilled in the art. Such other
examples are intended to be within the scope of the claims if they have structural
elements that do not differ from the literal language of the claims, or if they include
equivalent structural elements with insubstantial differences from the literal language

of the claims.

[0020] With reference to the drawings generally, and FIGS. 1-7 in particular,
there is provided embodiments of a sensor package that comprise devices positioned
on opposite sides of a substrate. Each device comprises a connective pad that is
positioned in a region of the substrate proximate a portion of the sensor package, or
“area of interconnectivity,” which is effectively free of connections to circuitry that is
outside of the sensor package. Utilizing the area of interconnectivity reduces the
number of electrical interconnects that are required for the operation of the sensor
package. That is, the number of electrical interconnects that are used in sensor
packages of the type that are disclosed and contemplated herein is significantly less
than other sensor packages with comparable functionality. This reduction in the
number of interconnects, while in and of itself significant, also reduces the size, or
footprint, of such sensor packages so that the footprint is significantly less than other

sensor packages without substantially compromising functionality.

[0021] A high-level, schematic diagram of an embodiment of a sensor package
100 that is made in one embodiment of the invention is illustrated in FIGS. 1 and 2. It
is seen that the sensor package 100 can comprise a housing 102 in surrounding

relation to a substrate 104 with an outer edge 106 that has lateral sides 108, a rear side



the best node, and also to enable any person skilled in the art to
-practice the invention, including making and using any devices or systens
and perform ng any incorporated nethods. The patentabl e scope of the
invention is defied by the clains, and may include other exanpl es that
occur to those skilled in the art. Such other exanples are intended to be
within the scope of the clains if they have structural elenents that do
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[0023] It 1s noted that the terms “front side,” “rear side,” and “lateral side” are
used to refer to sides of an element or object, e.g., sensor package 100, substrate 104,
and/or outer edge 106, and do not limit the scope and extent of the present disclosure.
Rather, and as discussed in connection with the embodiments of the sensor packages
that are contemplated by the present disclosure, parts of the sensor package are
configured, or positioned, relative to the outer edge 106, and more particularly io one
or more of the front side, rear side, and lateral side. For example, while generally
being defined as the relative location of some or all of these parts, it will in some
embodiments include one part of the sensor package, e.g., the internal connection
region 120, which is positioned relative to another part of the sensor package, €.g., the
front side 112 of the substrate 104.

[0024] More particularly, it is seen in the embodiment of the sensor package 100
of FIGS. 1 and 2 that the first device 122 and the second device 124 are positioned on,



[ 0022] The sensor package 100 can al so conprise a first device 122 and a
second device 124, which is disposed on the surface of the substrate 104
opposite the first device 122. Each of the first device 122 and the second
device 124 conprises, respectively, a first connective pad 126 and a
second connective pad 128. The sensor package 100 can further conprise an
area of interconnectivity 130, and areas of external connectivity 132 that
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[00626] In one embodiment of the sensor package 100, the area of
interconnectivity 130 can be located in a position relative to the internal connection
region 120 so as to minimize the interconnection length between the first device 122
and the second device 124. As it is illustrated in FIG. 1, this position is proximaie the
front side 112, but it is aiso contemplated that the area of interconnectivity 130 can be
located in other positions based, in part, on the location of the internal connection
region 120. In one example, the position is defined by an interconnectivity dimension
1D, which measures the distance from the outer edge 106 of the substrate 104 to the
location in the area of intercbnnectivity 130 of connection with the devices (e.g., first

device 122, and second device 124).

[0027] Devices for use as the first device 122 and the second device 124 can be

selected based on one or more desired functions for the sensor package 100. It may



had in FIGS. 3-7 and di scussed below, is generally constructed in a manner
that facilitates conduction of the electrical signals. It is generally
free of external connections such as those connections that can receive,
transmt, or facilitate comruni cation between portions inside of the
sensor package 100, and portions outside of the sensor package 100. While
general ly being nade of conductive materials (e.g., netals, conductive

pl ast i cshe &istrabie, fiot exanplé, kbmitbesehesrqgkaed 00Hatorifiparedan sidasgt oagopf t he
area of interconnectivity 130 js such that it can receive, support, and

ot her wi SBOTCERYTEINGE| RFopaAtes AP AGPFRSUTRACCHIRTRE R ITRPERRER UL eltta ARf

associ at t er L@l . r e sensor
package)ﬁﬁ% dh%%géfﬁg&ﬁn%gﬁgﬁgg%ﬁﬁé#ggg?gﬁ%ﬁg%%ﬁ%?ﬁgyp??@?Bgﬁg&%égond
connect i desigeadhadescdses dhaboxisnn{dde? prdperione Brbeo deviesyt maf colgrisensor
package .100, the area .of .interconnectivity 130 can be |located.in a

posi t i on™ie8FaRY PEUIS VEHRedIpGiEtE @ en&%-“rﬂ‘fé@?' I5iQt; ERaqIEss- LGS S ni i ze
the i nt ahe eBRBRLLIOR of HMkNisRBIWRE o PRYibd iR tnefaMASFudddnand bhRiapcond
device 124. As it is illustrated in"FIG 1, this position is proximate the
front sitte erwipgnrhentali propegtied. sd word detpilat ddcushian afvertaimetpes of these

i ntercon ectivitg.é%?.can b%'locﬂéﬁgﬁiﬁ‘féger positions based, in part, on
the | ocath o BP'PHEST it SRS 8 sH on’ P8nh 120. In one exanpl e, the
position is defrmed by an interconnectivity dinension ID, which neasures

the di stjgozs] fr oot &benpdéltad vethgefcléifoe @b FIGS. 35aast, hasevitQAFIG. 3)hgnd ocat i on
in the area of interconnectivity 130 of connection wth the devices (e.g.,

first deviide vieyo (FIshdh) ¥ epather epbedimepi pl a[sgusmy prekage 280fip illussrateds t he
first daviges: d. e C @ I e . 0N one or
nor e degﬁ(érrg’d1 %ﬁlgﬁ% gar%gs qfeoig‘%ﬁgb é%@s{lgf ?15%(2:%53%9?[188 .tﬁﬁﬁt&%y(ﬂsagge%gé%i rabl e,
f or exanpheectivhawith ke sessopagagkad@e® 4DPIGS. ¢omntli PYunedhe aueRdsiaee one or

nore environ 2'}’ gr@pegéri es such as pressure, ~accel eration, tenperature,
current 'RRFCG IR 4G  Eic Ruppseshels X pRIp ety e e igpsarebpskrgs 20Q dpat at e

devi ce, ) i f | that Ny al
propert icggl.pﬁ?' ﬂgsl{eaagd%g?gge)’sa gn%éﬁ%g%ﬁidsi% hla%t% g’é%g%lggg%ri&ir]gtf%hﬂﬂ [lﬁfn (Ejlllt screte
el enent susach2 Hs atnd anewst orfice Capaditeoressorgrdkage 106t ansaisa demperisetd nat i on

e i T
these deuhe&Sive padno¥feftcd af@&ﬁ@&?&iﬁgz@wwgﬁ@mfm%of%x&nﬁpb%ecﬁ%ZS] For

exanple, and with reflerence to FIGS. and 4, a top view (FIG 3), and a

si de vi é#2( Hihg seagor package 2A@ carcfibbhdl pempriesta tirdalesise 234 thaades 200rd s

illustrag [ Lke nuneral s. are ed .to..denti like co nents that

were di scgﬁlg%:gge ?ﬁhd g%éfnae@tuf lrty \(ﬂﬂeﬁdﬁ %%ﬁsaewgr(?}&yp%@f%%tsl%@ - O gﬂ%&ﬁ 1 and 2,

but the 2a0/@ided frofy € barQueadwd sbysol BRkabO LOP bAPRSIBST @mpKkaatdoad v, the

sensor package 200 U%ﬁ conprise a housing 202, a substrate 204 that has a
]

pl acenertoavBigh zieetrigatiy cawple threqongestivgdrds 220,238, 234 ovke leady 23cend18. The
sensor ggg can al so conprise a first device 222 with a first
connect i@\?ééfépa tég@ a second device 224 with a second connective pad 228,
an area of connectivity 230, and an area of external connectivity 232. The
sensor [e@2dge ROGecambddimedien tleospsorgackadetP00 khe enbstrate284 dohatriskas a

third connegtive d 236, plurality of |eads 238, a plu ity of
| eadout & Sagrame 208 etz lg&z{naa?f*aytaa Plats the é‘PB%{rS“?gQE 5%@11 tsor
package 1&08Q c@tackUs thel acm&hﬁﬁ%sy“pﬁﬁﬁé’flgl?d/%garaﬂm Bnf lﬁﬁ{i@_caﬂey coupl e

t he connective pads 226, 228, 236 to the | eads 238 and e | eadouts 240.
leadframes 248 is typically formed from a metal ribbon, so that a plurality of

leadframes 248 is manufactured together, where each of the leadframes 248 is joined
end-to-end along the rear tie bars 242, and the front tie bar 244, This facilitates
singulation of the respective leadframes 248, permitting construction of the sensor

package 200 as discussed in more detail below.



[0029] I n one enbodi ment of the sensor package 200, the substrate 204
conprises a |leadfranme 248 constructed in a manner that places the upper
surface 216 and the | ower surface 218 in a substantially planar (and/or
parallel) configuration. The | eadfranmes 248 is typically forned froma
metal ribbon, so that a plurality of |eadfranes 248 is manufactured

toget her, where each of the | eadfranes 248 is joined end-to-end al ong the
rear tie[003d]s 2#2rthan theedifouesion toif ehd deviddsd thal s beaskd iih ahesergbngul ati on
of the respective |leadfranes 248, permtting construction of the sensor
package BASHREES Pt e iyt A istor 2 o I Fvioe 3 bEesDY, i PEREISPES & he

di scussi f J : a0 oI above,
the f1 S dan ear 3o e e R B 3R bt A PR B SRR, =03
sensor Zu@istngat02i sBy espadsiondinitng examplenthet fakt ¢eviqeeld? ssespongine to

envi ronnment about the housing 202. B f non-limting exanple, the
first devreaossmess indhe rorfempdinad Y dbidiyiss 4 & s8RtV Ment , and
the thirgcdemiics RBdtedver, BN Patttld dmplaRnBhidhio?Mhe MAEGP4SKagel JDOONE
particul ar inplenentation of the sensor package 200, the fi rsgt devi ce 222

is a n chefestedavidecd2- et magrd chictripbtrenkanica/ExgEens FEMEME”) aevisgampl e of

whi ch is_a Backsi de, Abs te Pressur " BAPSL ) psensor the provided by
Coner al “BREBTS VB0 AT 8 HsrkTaCABTIE Prbes bR BATRCLoSh B8 ARGEHL

i nt egr at@¢heed! Mlebitic b Flemong T A, THE Becdnd AaviePRDY eal bORn Bie@ehtbd eirkwlt egr at ed
circuit ("ASIC') chip. It is typically configured to conmunicate with the

first ddvice hipsudng amapplifation ga¢qitie integrated damit’SIGoetat i lbds and
dat a, - i , enyir t al
o oper 11 SR oG A EH b RERHY] B R abGLELES Al bl BygRuLHanTET e

third deddce capdird irfbrenation iage saje, and nee pakiduladly i eagrlieciierdated ea 214
usi ng conventional processes and materials. This includes, for exanple,
adhesi veie SHATamMEHY DEPREIEST | ui ds and/ or flowing materials that are
conpatible with the devices and the substrate 204. In sone inplenentations
of the 990" PARKEGE A% 20018hd BB BbAcd D8Y, 2Rl EheSRl-8 ALGTe Q%gbeﬁe of the
type that can withstand caustic environnents, as well as environnents that
are ot halewics®’) det seoneed & theoplaedoeant aren £ Whtsiapeonwtntiopacprocesatd yndsel ect ed

for such_envi.ro nt .. [0032] The .| eads .238 are positioned inside.of the
nousi ng 288 B ey R TR RDE oo BRI AP JRE e RE A g i ¢
Ci rcui t ifateddISAAl aleOcdShiBRU NI the0devidRi bR1 (e s@itrhee2®Pdyinoonidie | eads
238 may reside exclusively within the housing 202, certain construction of

t he sendBwlgmakaiigas 20 thenippsenackacscil, frrmatennld thirare sslectest camhlee pads 238
t o penet t housij: 202, |.n one enbaodi nen ach. of | eads.h 238
oo odedbé bl A, 03 SAda R0 Bausifl AFoRARES A°0ky SRR SImoROMM B (|

ends 25ithdiwisee detiie@nefl iontreretnneahst vd Yho? Séhecifierlle Ndfecd?2 far guaii ted to
recei ve the wirebonds 246, placenent of which may require materials of
adhesi ofVHg@IMHe conpatible with the ends 252 (and the | eads 238
generally). Such materials are selected so that the w rebonds 246 are

secur ed [h§32]2ndTRL S&HE 88y pSAHMAT YL brthe nSRgS: 36250 A8 15 Fh&int
electrical connection of the leads 238 with circuitry external to the housing 202.

While the entire body of the leads 238 may reside exclusively within the housing 202,
certain construction of the sensor package 200 may cause some parts and portions of
the leads 238 to penctrate the housing 202. In one embodiment, each of leads 238
includes an end 252 proximate the front side 212. This may position the ends 252 in
the area of interconnectivity 230. The ends 252 are suited to receive the wirebonds
246, placement of which may require materials of adhesion that are compatible with
the ends 252 (and the leads 238 generally). Such materials are selected so that the

wirebonds 246 are secured to, and electrically coupled with the ends 252. As noted



above, the connective pads (e.g., the first connective pad 226, the second
connective pad 228, and the third connective pad 236), the w rebonds 246,
and the ends 252 electrically couple the devices together, and nore
particularly couple the second device 224 to the first device 222, and the
third device 234. [0033] The | eadouts 240 are al so constructed of materials
that can conduct electrical signals, and can receive wrebonds, e.g.,

Wi r ebondsbo4Ghe konatve sadiples., thadirstebandatieaphd 224, 1tHs téahe dohmecFV&ES. 5-7
bel ow, each_of the | eadouts 240 can be fornmed integral

and
monol i t WPaaf4%y yangithe, thigt camnsetiys pad 256k dbp Margberis ,@ﬂﬁd ¢ eRdfs 252
conductg : i i Thi.s its the
Ieadouts&%ﬁ%a? g%ﬁ%ﬂ?%?gfg%%fl gﬁgéi%%%ﬁ%ﬁ%g?ﬁggﬁg?ﬁ%%gghgﬁdﬁggéyle 224
and ci r cdeviaey22dxo drerfakt devidel?R2handsthe ¢hi?i0Rvide@334] Ref erring next to FIGS. 5
and 6, a top view (FIG 5), and a cross-sectional view (FIG 6) of yet

anot her di t of . a s or ckage 300 is.illustrated. Againp, as
discusséﬁﬂg cgﬁﬂgéFW3ﬁn%ﬁﬁ' %?p S0 gﬁﬂﬂmﬁﬁaﬁgéﬁﬁﬁmﬂﬂgﬁﬂuﬁ¥%g?@ﬂﬁFe used
in Fl GS.el&taad sg@m, hisleBdd febeivt KArdbRRRORGN! Wirebilds DBE. NHTRERaRPR,

increased by 100. It is seen, for exanple, that the sensor package 300 can
conpr i seand merteselagrl 3 ORusirated Linr G i ng bebivatdaon of dha ldadpets Hévianebs22, a

second i . 324 .. apd ,a_thi.r iceg 334, The,housi,ng,k302 can.al so

oo etk it R T AR %, SR cobliGHD FO30RE (ol SR 160

encapsul @hiii@ogchndB3pits dhfRESd G ehd hoube: 3ENS ThisPREKAYehe3RAIGAN furt her
conprise pins 360, and a cover 362 with an aperture 364 exposing the

i nt er i or248ftocarduchgleetjicalsugnaly batweanihp senond devise 22d ardirireyithextisaki ng 302.
[0035] T viel - ml-ded portion 354 may be fornmed by over-nol ding the
variousnggﬁggﬁgﬁggﬁgf t he sensor package 300. This includes, for exanple,
over-nol ding the second device 324 and the |eaclframe 348 so as to protect
t hese pdfo34ns BEferter setso FIGRckages,300p viawk @iliGs ), anfia ct@svistyticdab i s

confi gured he pertion of th ousing 302 that is not .over-nolded, but
r at her dﬁ@ﬁ%ggﬁag)P Y&k pB e%ﬁ@g?IFgPtH @i%@ﬂ§2§¥k§ﬁﬁ3§&ésﬂﬁ%*%ﬁﬂevice 334
to the eqyif Q8URBhssed th ARcETROHINEIES Of add RSBV RAFKAY %&di e

illustrated and discussed in connection with the detail view o
t he caviftl{#S35@nd 6 t¢ slenely e domzponets, 186 61e mmtbess ah@idre:36Bby hd. ¥xt ends

L 1, e A FRAB 300 T L © R 1
surrounding relation to a first device 322, a second device 324, and a third device 334.
The housing 302 can also comprise an over-molded portion 354, and a cavity 356
with an encapsulating gel 358 disposed therein. The sensor package 300 can further
comprise pins 360, and a cover 362 with an aperture 364 exposing the mterior of the

cavity 356 to the environment surrounding the housing 302.

[0035] The over-molded portion 354 may be formed by over-molding the Vari0u§
components of the sensor package 300. This includes, for example, over-molding the
second device 324 and the leadframe 348 so as to protect these portions of the sensor
package 300. Likewise, the cavity 356 is configured as the portion of the housing 302
that is not over-molded, but rather open so as to expose the first device 322, and the
third device 334 to the environment. In one embodiment of the sensor package 300,
illustrated and discussed in connection with the detail view of FIG. 7, the cavity 356
is formed with a wall 366, and a shelf 368 that extends into the cavity 356. While the
dimensions of the shelf 368 can vary, in one example the shelf 368 is constructed so
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as to extend into the cavity 356 by an anount that prevents the

encapsul ating gel 358 fromflow ng over, and out of the cavity 356.

[ 0036] More particularly, the encapsulating gel 358 is deposited into the
cavity 356 so as to cover the first device 322, and the third device 334.
It may provide a |evel of protection to these devices 322, 334, w thout
inhibiting the functionality of the devices 322, 334, and the sensor
package @00 exigndénierthg ¢ayity 526 byl aaramavat &t ateyents therisapsmlatingrasl Ax} | nit ed
to silic i.l i cone- 0S| , and any conbi nati ons, derivations,
and corrp%gs}lﬁfﬂlogvrllrsl,g ?ﬁ%’r%@ﬁ’gggﬁ%%‘f@%a's typically have a first state with
a viscosity that permts the material to be dispensed into the cavity 356,
and a sej0036] st Mere Wattivutrlyi Seosichysuldtale g3 3g8datdepoditadnintohdt cafitt he first
state. This second state_is often the result of sone t%pe of processing

such as 8o, ledvayrhie Msolswes Sahadned the thirdedevige 3ady Kangepiovidsia, for

exanpl e, C j s :1G1 i bl o allow
one. b St e PR RICA NG 355 I2E N BB AL Y she G Col O

r esponsithe dedcashiit?y 834, andtthe senvt pakagn3 @) inpgapmily] Exenplgy madraiges in

t he anmbi.ent .pressure. [00Q37 ntinui n nerally with the discussion of

t he enbdﬂ?rlﬁ‘éfgt E'(.’th %%n%%r ﬁﬁ’é&?g@e %Hgﬁh%ﬁlﬁ"ge"l P&?legsf?lgp‘é%teﬁvn &Y 5-7, and
mor e pardohibittaAohy, defivARInBarf conf}sARRE tieRddrosuel nfaeémrtypﬁsﬂgﬁga% faving

features |ike sensor packages 100, 200, 300 ("the sensof” packages"),
const r udirsioiate ithivevisesigy thap parkmaiyébe watsribbtodechispehsedhintg ths cavityl300s bel ow.

By way of ,non-limiting.exanple ASI C chi b ecured to.the
Cesport rod i T staid S S PRedia JPaoR o Pad B WHBS FEEGTIEI RS as to
poSi t i Ofebdnd GBS Gfick Ghd dekaltNETFHonRNE ps | b QfksiBORNSE bt QfriNg, tddyingads t hat
are simlarly positioned proxi mate the sane side of the | eadf r ane.

W r ebondeohng aad theclied I masnbelesirable fetomaatlq, hat theoncapsulpding &shditdi ng

| eads, i . e of .t S.in.t of, .

i nter coﬁﬁg%@lﬁ\{/eﬁ@%%%éé{) %ﬁléalh%lg{gﬁén oﬁ%f?ﬁ#e?&gede% g:re med’ %ﬁt}&gl\l/eefr&furgol di ng

t he ASI @eeitt p34nd bt h&spohgadior diaBgesifdhd agvitonmeAl fropbitiesfd @ntlidhges
environnent. This also forns a cavity, into which the sensor is nounted,
and in tR&ARMHFIGEESEet he devi ces described herein, the pressure sensor
("the BAPS') and the accel eroneter are secured to the upper surface of the

pl acenenpogiea ehnfififind SRALAR Ryith thel dis@lsSRnPSEie" ARbRIihBAL of B&rsor

connective pads of the BAPS dnd the acceleroneter are positioned in the
i nt er nalpaciowgn i thet rsedfivemated ox Fi@S e5{7hend amee gadeubilyt inetetresdf tloe as t he

connect ads of. the ASIC chip.. The connective pads of {he PS and the
sccel er JRTRISR AE s TBERREED HhyioR i PEDA R Pe e rasty 20 Ead,
est abl i §hPge®Br BhRGEES S JonGARABE lof @R sensor packages can be accomplished as

follows below. By way of non-limiting example, an ASIC chip may be secured to the

respective lower surface of the placement area of the leadframe so as to position its
connective pads near one side for connection with leads that are similarly positioned
proximate the same side of the leadframe. Wirebonds are attached from the ASIC
connective pads to corresponding leads, and particularly to the ends of the eads in the

area of interconnectivity.

[0638] The housing may then be formed by over-molding the ASIC chip and the
leadframe, sealing the ASIC chip from the environment. This also forms a cavity,
into which the sensor is mounted, and in the examples of the devices described herein,
the pressure sensor (“the BAPS™) and the accelerometer are secured to the upper

surface of the placement area of the leadframe. It is also preferable that the
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[ 0039] The encapsul ating gel is deposited in the cavity over the BAPS and
the accel eroneter. This can be cured, such as by subjecting the gel to a
W light. The cover is secured to the opening of the cavity, using a
seal ant such as epoxy seal ant, or other suitable nmaterial w th adhesive
properties conpatible with the devices discussed and contenpl ated herein.
[ 0040] The fabrication of the sensor packages nmay further conprise steps
wher e t heonmeciserpgdacifape BAPS and nigw badefdomeemaat besitieexdsiar thpdalkageés. For

exanple, in an untrinmred for t he | eadfr of adj acent sensor packages
may be cURREEJCHPR ressimals i siEe pidg 0%&‘@'55 &R 6 CGRBSFOTGREB OB, or

ot her wi s@eseper lifd e dRmBRdvadhaik Wahe WIS %%Wa&@ﬁﬁﬂﬁetﬁta% OFe-
kno escribed in

Si ngualtion 1s dohe using nmet hods, and thus are not
det ai | hemded withGdzbpatetophasndswifitichicad testatilishitgamelbdtyicd] romnmdetlien.housi ng,
can be in one enbodinment fornmed fromthe | eadouts of the sensor package.

F t he, | eadout s .. f d .10 sh NS i h
= vy asOPPlner whe THBWRAEE b Boiktadiel B2 Bodl ARRAPS Rulfe " °°
Circui t raccoiponittor. idiis taASbaDGR, LRRakeyd WBjeiRY M RM € hNoWillohbogpd, and/ or

a sem conductor device. [0042]1n view of the foregoing, the fabrication
t echni qUEVE s seaseditogbe ppenipg ofyldie|cagisy, aringra ssploelesishb 8s fpexyrRgAlahaer uri ng

: Aot ur
toahn quatcr s a0 GO AR, HERALE, ERMLETR O TR ARRefE e

t echni quad can@dmplaakissein. are general |y recogni zed by artisans skilled in
the art, it is well within the scope and spirit of the present disclosure

t hat ot tep rocesses, .and technj ques may be devel oped, and enpl oyed
to manufk@@‘f o The fahuicagen ph HeatsasorRycisies Ay figfecBREss STeps ghessich

embodi MBRE Serddbs FARISE 16 sEdhatdd FrofX B Snsé fikaRED b WRALS1OMm L€ sensor
packages ma?/ co?}prigéei devSi cgtﬁéusa In gddi tion tSo,Ib%radi fferent re’onr’ln t he
devi ces usoriel dormhahelqadframies of adjacent sensor packages may be connected with

one or more tie bars that are broken, severed, or otherwise separated to form

individual ones of the sensor packages. Singualtion is done using known methods,

and thus are not described in detail herein.

[60041] The pins, which extend externally from the housing, can be in one
embodiment formed from the leadouts of the sensor package. For example, the
leadouts can be deformed so as to shape the pins in such a way as to permit the pins to
connect to external circuitry. Such circuitry may be, for instance, located on a printed

circuit board, and/or a semiconductor device.

[0042] In view of the foregoing, the fabrication technique discussed above, as
well as other processes for manufacturing the sensor packages contemplated herein
can employ conventional molding techniques where a plurality of leadframes are
provided. While these techniques and processes are generally recognized by artisans
skilled in the art, it is well within the scope and spirit of the present disclosure that
other steps, processes, and techniques may be developed, and employed to
manufacture the sensor packages so as to include concepts of such embodiments
disclosed herein. For example, other embodiments of the sensor packages may

comprise devices in addition to, or different from, the devices described herein. This
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may require other, new, and/or different materials of construction (and
nmet hods of construction) that are necessary to formparts and portions of
t he sensor package. In one exanple, the processes, materials, and nethods
may be conpatible with placenent of the sensor device and the ASIC device
SO0 as to position the connective pads of these devices within the internal
connective region, and thereby position themfor connection to the area of
i nt er conmeg trequiiteyothf10 @4@] hhd/sr diffdrére malesals ioptcomtrusdes (andanptheds b

di scl ose the invention, includjng the besé node, d also tq enabl e any
person sEMEiRd! ﬂ{aﬁ@ma‘?etceﬁsaryn@k@r%ﬁ’@ﬂﬁ% Pﬂ@OPﬁQE%FiSSWPr PREkaBEL &t abl e

scope of ol @xhANRNthOrbdes8Rf | NgdribY bLhE GkaLAS 1m% S}ﬁ ”gv%(xﬁ-gﬁmlé’ dg;gpt her

exanpl es that occur to those skill ed in the art. r exanples are
i nt endedpleeenipat wi thei sensdralesizopad dhe ABEC dewicerso f (i prastidvathe cotmactiverr al

el ements_that...do not. differ fromthe literal |language of the clains, or if
t hey incll.’alﬂiaé)%g%‘fﬁ? gfé‘f“é%tm P st e éP%ﬁY%rW%g?cﬂgﬁﬁg’F AREHAR BEM £ er ences
from t hefok béieatiod @B AR oPintébendeealiy. Wiat is clained is: 1. A
sensor package conpri sing: a substrate conprising a first side, an

upper surface, and a |ower surface in opposing relation to the upper
surf ace; [0043]  Jhis wtterydssrrption vyss ssamplas tordisdlgnsdhe inyentiane includyeg f i r st
devi ce CQORLLS ifSt. C CL 4 the first. si of the
substr at efmg ét%g&é%ls%g%s%cfo e@?@é&@ﬁ%@%ﬁ %ﬁﬁb@é ﬁ%\}%rm@skﬁrq‘ngc%f:qﬁ%e second
devi ce comgrtiosi ritheapasatarid scapeneohe weveptioh [ dafingdthe thbelaimg sindshae of the
substrat.e; . .

include other examples that occur to those skilled in the art. Such other examples are

intended to be within the scope of the claims if they have structural elements that do

not differ from the literal language of the claims, or if they include equivalent

structural elements with insubstantial differences from the literal language of the

claims.
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a housing in surrounding relation to the second device, the housing
conprising a cavity exposing the first device to an environnent external

to the housing; and a fir st lead coupled to the first connective
pad and the second connective pad, the first |ead conprising an end
proxi mate the first side, wherein the first |lead receives a w rebond

fromeach of the first connective pad and the second connective pad in a
manner t{RaL; LQfBe@connection between the first device and the second
device entirely inside of the housing. 2. A sensor package according
to claim1, further conprising a | eadout coupled to the second device,
wher ei n t he | kadsusorpackagtscomyrisinge of t he housing in a nmanner that
permts electrical connection between the second device and circuitry
external to the.housing. .. .. A, sensor package accordin 0 any one of
the precedi nd 5‘?%&%%,00%?&35}513 tﬁ?'i% Yo% &P lﬁ’é’\?{)gﬁf’l‘g ?%fﬁ? et P6° Ehpt ur e
dat a frQﬁmbﬁﬁgaﬂyﬁdﬂxaﬁﬁﬁﬁppermﬂﬁmeﬂ. A sensor package according to claim 3,
further conpri sing: a third device disposed on the upper surface, the

third device conﬁrisin a third connective pad_proximte the first side of
the subst r at & fisghdevice disposed pp the VRpsH sWEsH - dhe fust davice omppyistngrinlist i ve pad,

the thirgqh&adc pRIBloxFhitd RNRPHdPbPMe Wb Eraldie T1rst side,

a second device disposed on the lower surface, the second device comprising a

second connective pad proximate the first side of the substrate;

a housing in surrounding relation to the second device, the housing comprising

a cavity exposing the first device to an environment external to the housing; and

a first lead coupled to the first connective pad and the second connective pad,

the first lead comprising an end proximate the first side,

wherein the first lead receives a wirebond from each of the first connective
pad and the second connective pad in a manner that forms a connection between the

first device and the second device entirely inside of the housing.

2. A sensor package according to claim 1, further comprising a leadout
coupled to the second device, wherein the leadout extends outside of the housing in a
manner that permits electrical connection between the second device and circuiiry

external to the housing.

3. A sensor package according io any one of the preceding claims, wherein

the first device is configured fo capture data from the environment.
4. A sensor package according to claim 3, further comprising:

a third device disposed on the upper surface, the third device comprising a

third connective pad proximate the first side of the substrate; and
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wherein the third |l ead receives a wrebond fromthe third connective pad
and the second device in a manner that fornms a connection between the
third device and the second device entirely inside of the housing.
5. A sensor package according to claim4, wherein the third lead is
coupled to the second device. 6. A sensor package according to any
one of the preceding clains, further conprising: an encapsul ati ng gel
di sposed in tahthirddedd souptddetoghe tpsleammeeisyegud, g@ﬁbﬁl d9ad FORMREINGr g |
pernitting connug%ﬁab%$g between the first device and the environnent; and
? oUEt i

a cover “POSTEEA fte encapsul ating gel, the cover conprising an

aperture exposing the cavity to the environnent. 7. A sensor package
accor di ng t o wheaéiithe thiddglesd rectives Aatigsbioad fidastha third sonretdtepadad a second
state with a viscosity that is greater than, the viscosit, f .the first
state. the secogd dAV1§%F¥Séﬁn361§€4<@@gf%’é§r‘dllnﬁ5ﬁ% pugenihg td 3?‘“991 in the

cavity %mchﬁfgﬁ%i%ﬁgﬁﬁéé%@ﬁ%%te t he upper surface, a wall that

ext ends "‘away r portion, d a shel f disposed on the wall
opposite the lower portion, the shelf conprises at | east one surface

ext endi ng i nt% ABensoapadkage accordin®to daigehswherpiadhadirddeasos ¢pwrjed & any one
of the pyecedi ¢lainms, wherein the first device is for sensing pressure,
and t he "e%ﬁ?ﬁ%&]g%‘(}?‘“ce is for measuring accel eration. 10. A sensor
package according to claim9, wherein the first device conprises a

Backsi de Absq], uiresdRc@spatkaed adddREng 16 QA% dhe dFVhe Breceding claims, further

comprising:

an encapsulating gel disposed in the cavity, the encapsulating gel comprising a

material permitting communication between the first device and the environment; and

a cover positioned over the encapsulating gel, the cover comprising an

aperture exposing the cavity to the environment.

7. A sensor package according to claim 6, wherein the material has a first
state, and a second state with a viscosity that is greater than the viscosity of the first

state.

8. A sensor package according to claims 6 or 7, wherein the cavity comprises
a lower portion proximate the upper surface, a wall that extends away from the lower
portion, and a shelf disposed on the wall opposite the lower portion, the shelf

comprises at least one surface extending into the cavity.

9. A sensor package according to any one of the preceding claims, wherein
the first device is for sensing pressure, and the second device is for measuring

acceleration.

10. A sensor package according to claim 9, wherein the first device comprises

a Backside Absolute Pressure (“BAPS”) sensor device.
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