PACKAGED M CROELECTRONI C DEVI CES AND METHODS OF PACKAG NG M CRCELECTRONI C
DEVI CES TECHNI CAL FI ELD The present invention is related to packaged

m croel ectroni ¢ devices and nethods of packagi ng m croel ectronic devices.
In particular, the present invention relates to packaged ntcroelectronrc
devi ces that include inmage sensor di es. BACKGROUND ' M croel ectronic

devi ces generally have a die (i.e., a chip) that includes integrated
circuitry having a high density of very small conponents. In a typical

process, a |arge nunmber of dies are manufactured on a single wafer using
be repeated at various stages (e.g.,
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BACKGROUND

Microelectronic devices generally have a die (i.e., a chip) that includes
integrated circuitry having a high density of very small components. ln a typical
process, a large number of dres are manufactured on a single wafer usrng many
drfferent processes that may be repeated at various stages (e.g., implanting,
doping, photalithagraphy, chemical vapor deposition, plasma vapor deposrtron

- plating, planarizing, etching, etc.). The dies typically include an array of very

- - small bond-pads electrically coupled'to the integrated circuitry. The bond-pads

~ are the external electrical contacts on the die through which the supply voltage,
signals, etc., are transmitted to and from the integrated c:rcurtry The dies are
then separated from one another (i.e, » Singulated) by backgrinding - and cutting the

L | wafer. After the wafer has been singulated, the individual dxes are typmlly
“packaged" to couple the bond-pads to a larger array of electrical termrnals that

can be more easily coupled to the various power supply lines, signal Irnes and

ground lines.

An individual die can be packaged by elecirically coupling the bond-pads

.On the die to arrays of pins, ball-pads, or other types of electrical terminals, and
then encapsulating the die to protect it from environmental factors (e.g., moisture,



[ static electricity, and physical inpact). For exanple, in one
QSH : g;![ ?E)ﬁ,& the bond-pads can be electrically connected to conéactsocr)?i 22
i nterposer substrate that has an array of ball-pads. The die api na p
of the interposer substrate are then encapsulated with a co_yte ‘ hgife"an
El ectroni c products require packaged nicroel ectronic devices to
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‘ Image sensor dies present additional packaging problems. Image sensor
* dies include an active area that is responsive ta electromagnetic radiation. In
- packaging, it is important to cover and protect the active area withaut obstructing
or distorting the passage of light or other electromagnetic radiation. Typically, an
~ image sensor die Is packaged by placing the die in a recess of a ceramic
~ _ Substrate and aftaching a glass window to the substrate over the active area to
hermetically seal the package. A vacuum is typically drawn to remove air from the
gap between the image sensor die and the glass window. An inert gas can then
- be injected into the gap between the image sensor die and the glass window.
One drawback of packaging image sensor dies in accordance with this method is
the difficulty of removing dust, moisture, and other contaminants from the gap
between the glass window and the image sensor die. Furthermoare, the packaged
image sensor dies are relatively bulky and, accordingly, use more space on a
circuit board or other external device than other types of dies.
One existing approach to address the foregoing drawbacks is to attach g

window directly to an image sensor die with a window support; such as an epoxy,
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| mage sensor dies are relatively bul ky and, accordingly, use nore space on
a circuit board or other external device than other types of dies. One

exi sting approach to address the foregoing drawbacks is to attach a w ndow
directly to an imge sensor die with a wi ndow support; such as an epoxy.

-2 In this approach a top portion of the window is machined to create a

step to - receinv&igtr)#gg coppoynd. The image sensor die is also attached to a
die attach pad, a f%émﬁ%ﬁw PREOrOAT thee windoye iss mashinedite aregtechagigp itgal | y
coupl ed to | e@sivethiald | t lmate to the, ends of the image
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BRIEF DESCRIPTION OF THE DRAWINGS

Figures 1-4 illustrate various stages in a method of packaging a
micraelecironic device in accordance with one embodiment of the invention.

Figure 1 is a schematic cross-sectional side view of the microelectronic
device after a window has been attached to an image sensor die.

Figure 2 is a schematic cross-sectional side view of the microelectronic
device after attaching a plurality of leads to the image sensor die. |

Figure 3 is a schematic cross-sectional side view of a mold apparatus for -
- encapsulating the microelecironic device.

- Figure 4 is a schematic cross-sectional side view of the microelectronic
device after forming a plurality of solder balls. ‘

Figure 5 is a schematic cross-sectional side view of a microelectronic
device in accordance with another embodiment of the invention.

Figure 6 is a schematic cross-sectional side view of a microelectronic
device in accordance with still another embodiment of the invention.

Figure 7 is a schematic cross-sectional side view of a microelectronic
device in accordance with yet another embodiment of the invention.
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Figure 4 Is a schematic cross-sectional side view of the mcroelectronic
device after formng a plurality of solder balls. Figure 5is a schematic
cross-sectional side view of a mcroelectronic device In accordance with

anot her enbodi nent of the invention. Figure 6 Is a schematic
cross-sectional side view of a mcroelectronic device in accordance with

still another enbog t the invention. Figure 7 is a schematic
cross-sectional si (%nge%v?%fa égh%@?f&mr%l@nald@deoeew rof e aicatesfentromtd h
yet anot her edbvideimatcartiahdewitn¥@Nhh smbbdi L $Bnsshemati
cross-sectional side viewof a m croeclgg?:rter@%&?:'%hg?/@gg?qvﬁngﬁordance W th

f the invention. DETAILED DESCRI PTION A Overview

still anot her e | o)

The fol |l ow ngbggg@&[ﬁﬁgﬁplﬁ?m@“ect ed toward packaged m croel ectronic
devi ces and net hods of packagi ng m croel ectroni c devices. Many specific
details of sgverabyeihaeli ments are described below with reference to
packaged mcroelectronic devices having i nage sensor dies to provide a
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may have additional embodiments, or that the invention may be practiced without
several of the details described below. ;
| One aspect of the invention is directed to packaged microelectronic
‘devices. In one embodiment, a packaged microelectronic device includes an
. iImage sensor die having a first side with a bond-pad, an active area on the first
side, and a second side opposite the first side. The device further includes a
| window at the first side of the image sensor die and a lead mounted to the second
~side of the image sensor die. The window is radiation transmissive and
‘positioned over the active area of the image sensor die. The lead is electrically
-coupled to the bond-pad on the image sensor die. The device can also include a
| removable protective covering attached to the side of the window opposite the
- image sensor die. The window can be attached to the image sensor die with an
- adhesive, and the lead can be attached o the image sensor die with lead-on-chip
tape.

_ In one aspect of this embodiment, the device further includes a casing over

- the band-pad, a portion of the second side of the image sensor die, and a portion
of the lead. The casing can include a recess exposing a portion of the lead to the -

-ambient environment, The lead can include an end external to the casing that
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w ndow at the first side of the inage sensor die and a | ead nounted to the
second side of the inmage sensor die. The window is radiation transm ssive
and positioned over the active area of the inage sensor die. The lead is
electrically coupled to the bond-pad on the Image sensor die. The device
can also include a renovable protective covering attached to the side of

t he wi ndow Op@%Si 1 e th? irrﬁ%e sensor die. The wi ndow can be attached to

the | mage sensor ZAPECHRE A QHICT sHitakle wenfiguratiome Alternditivelp, the eatis af tiediehg t he

i mage sensor ehrebdvcbhere8as) tAB-EBING arldfP spect, of this enbodi nent,

the device further includ s.g(%gisn it ov@?ﬁfo?'hcgqﬁ%i%‘fcggﬁf”eﬁn eEHCH behe
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the anbien

n i ncl ude osjng,a portion of the lead to
gﬁvi ronnent . %@%ﬁ@é%i@?d?@ﬂégk{&ﬁb@h%m B2lkaadto the casing that -4
has an arcuate or Apiofied] ' af td.0 ernatiyve t he, ends of
the | ead: gan be covergdéﬁgéc?ﬁ%'eéﬁiﬁygﬁ gélgi'g g%?@%%nmomem?gs?lgfa@aﬁﬁmn

the ends can MEroeiggiienicidevicese Ehebpackaged viniceouletttonid ieyidey iim@nﬁg@ t her
he bal ['=pad.

i ncl ude .a bald: ; d to.the lead and a solder ball on't

Anot her aspec %5 ngﬁ'ﬁg?\%ﬁb’@n? }ﬂfﬂ %“ge WﬁE@CE@W?Bd-n@% Retive areapart thegfinstside,
m croel ect r oand alesdcond. sidéa ) | eGt ranj ' hnclude image
sensor di es hayi a fi tsslt sipggéi\fmé?ﬁgaﬂ%gﬁ -'pag',t' dglny grcrﬁ%y@%ﬁ'eg‘%oh‘%

first side, indses diaching airadiatipp Yensmissive Windew teitte firstrsidw ef ¢redmghgeent ,
t he nmet hod d ' | gtion tragnsm ssiye windowto the first
side of the ?ﬁ%’g 3&?@%@'&!&‘1929 rf}eoalrjdﬁ?‘} %é 38R ?'?et H‘Le\{'%%d@ﬁae s¥ehsopfdighe

i mage sensor elgpisicalli couplingotiel bondesnd forthe 6, ReRCeR@pstiBtibg'S Cddﬁ?&w of i
e Pame. 08 AP of BE ek oo B ipesiaeneon ovimacasiin
encapsul at i nend aspeot of this enibedimeMIenE&PREREING tffe lead and the image sensor die
- . includes dispasing the window, the image sensoar, and the lead in a mold cavity
- and injecting a mold compound in the mold cavity. The method can further
~include attaching a removable protective covering over a partion of the window,
. forming a ball-pad on the lead, and placing a solder bali on the ball-pad.
. B. AMethod of Packaging a Microelectronic Device
) Figures 1-4 illustrate varous stages in a method of packaging a
: ‘microelectronic device in accordance with one embodiment of the invention. For
- example, Figure 1 is a schematic cross-sectional side view of a microelectronic
device 10 including an.image sensor die 20 and a window 40 attached to the
image sensor die 20. The image sensar die 20 includes 7 first side 26 having a
-plurality of bond-pads 24 and an active area 30. The image sensor die 20 also
. has a second side 28 opposite the first side 26. The active area 30 is responsive
to light and/or other types of electromagnetic radiation. The image sensor die 20
further includes an integrated circuit 22 (shown schematically) electrically coupled
to the active area 30 and the bond-pads 24.
In one aspect of this embodiment, an adhesive 48 is deposited over the
actlive area 30 on the first side 26 of the image sensor die 20. The adhesive 48 is
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I ncl udes di sposing the wi ndow, the inmage sensor, and the lead in a nold
cavity and injecting a nold conpound in the nold cavity. The nethod can
further include attaching a renovabl e protective covering over a portion
of the window, formng a ball-pad on the |ead, and placing a sol der ball
on the ball-pad. B. A Method of Packaging a M croel ectronic Device Figures
1-4 iIIustratgt | ous stages jn a nethod of packaging a mcroelectronic
devi ce in accOr tARTESIIYT MBREalteobRmielight and/orcothar efectromaghstic raeiaiopl @
Figure 1 is apashihedditt ' | S| view.of a mcroelectronic
device 10 i nclpéjdi ng a%. @é@%&%%gi@%%a ‘(5?»%65?*040':%@%@. the the
i mage sensor 8 '@92\03 48ran bagn sptisabrgrdde nadtefiglowiad &S hyhf ﬁé’%?aﬁé’%g gn%s
having a pl uﬂrﬁ{‘dntnymggs ﬁ%qg_y&adajl 24 and an active area 30. e 1 nage 8nsor
die 20 also has a Sseco de SWJpRdaMlight dransmissjors i The 26hesieedachhve
“area 30 is realpobeiyhigHi ' hQrr: f electromagnetic

P pfe it e i 2 ob@ lont ot Inebabit edues e «

radi ati on. The. i.mage sensor die fur
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t he bond- padsﬁé’é'mbﬁuﬁgﬁr@ﬁ}&c? of C&‘P?i s _enbodi nent, -an adhesive g TS
deposi ted over the active area so ‘CieieR ef MiglagdgMicigan, onethieragimilensor
-di'e 20. The dJnHtedalse 48 is -5 a transnissive material to permt |ight

and/ or other el ecéhong netic radiation to pass through the adhesive 48 and
contact the acti vESt dde sedhesive dRaispHeposited, thelheinidow 46 isaplabsd & aRt i cal

grade mat eri adhoéitd | LR nd a _upi farm mass density to
al | ow maxi mum | i g{ht ?rsavrl]cg%ﬁési on%%%ﬁe&@@%@e g@n""%l@% aetive, apgay B8Py
pure mat er i allNeWiRdew 4O0ziscliudes anfitst sidend 2 ne sédipiiediie 4 s thehiibishay €
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mat erj al s.. . embodiments, the adhesive 48 can be deposited on the second side 44 of the
window 40 instead of, or in addition to, the first side 26 of the image sensor die
20. The micraelecironic device 10 can also include a removable protective
covering 49 attached to the first side 42 of the window 40 to proteci the window 40
_from scraiches and other defects during the manufacturing process.
Figure 2 is a schematic cross-sectional side view of the microelectronic
'device 10 after attaching a plurality of leads 60 (identified individually as 60a-b) to
- the image sensor die 20. In the illustrated embodiment, the leads 60 are
generally straight members that include a first portion 62 and a second portion 64
spaced apart from the first portion 62.. The first portion: 62 is attached to the
second side 28 of the image sensor die 20 with an adhesive 68, such as a lead-
- on-~chip tape or another suitable material, The first portion 62 can be aftached to
) the image sensor die 20 between the first end 46 and the second end 47 of the
-window 40. A plurality of wire bonds 61 electrically couple the second portion 64
of the Jeads 60 to corresponding bond-pads 24 on the image sensor die 20. In
other embodiments, such as those described below with reference to Figures 5-8,
the leads can have other configurations.



After the adhesive 48 is deposited, the w ndow 40 is placed on the
adhesi ve 48 and attached to the image sensor die 20 over the active area
30. The window 40 Includes a first side 42, a second side 44 opposite the
first side 42, a first end 46, and a second end 47 opposite the first end
46. In additional enbodiments, the adhesive 48 can be deposited on the

second side 44 oLd._L.he ﬁli_ndow 40 instead of, or in addition to, the first
side 26 of the i middUEehdDA THematip cragsesentionaleside viawbt adrold eppa@teappal so

i ncl ud I VB " 9. at to the first side 42
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during the mehg e@badiment mf dbe ssvenfiogurie éhd Sspect G ARt gﬁl,ﬁbgdiméﬁ$ ?ﬁ&?ﬁc{?&al
| |

side view of the 1 el ectronic device 10 after attaching a pluralitly of
| eads 60 (i déq:‘af%ﬁbﬁdﬂg'b'ﬁaﬁémlﬁf’t’&é"B%P@;ﬂonogz hang rangepreensaid cavity 89. 1 n

the illustratsed gnbwed . nerall traj ght nenbers
that Include a fi rs'gd'}pgﬁkil gﬁhgg' gﬁﬁ'@g%gé@eﬁgﬁfﬁbﬁﬁspgfggypagrafr{o? rom
the first. porcBViBh9% s configurad toreceive thoimdi sensat Hiacrthd Winfﬁibﬂ' 40§-§1|%@

side. 28 of t i nsor die 20 with an adhesive 68, such as a | ead-
on-chip tape lQ@rr& %@ﬁ ?lij'let '§WF’é %&@Y'Q’I 9% 1 eonfigused fareceive b leads Bo.
attached to Thedowerageldysarden o4icand) ﬁfcf’ffﬁi% L 46, and th

second end 47 of lthe w ndow 40. R p‘?&dra | ti})@%ﬁt\;\%rﬁﬁ%gﬁ%@oﬁd RiErs ﬁ'@al |y
coupl e the sBUGRECHEPRICHIpViRe 181against theytppeOmold portiorse noliprevehbadmerds 24

bel ow wi {n r o opaud 82 I bleding taRleqt] B bIFESYe Fotetad danghd the uppor
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- leads 60, the adhesive 68, the image sensor die 20, the adhesive 48, and the
window 40 to (a) secure the semi-assembled chip so that during molding the high
pressure mold compaund is eliminated or greatly reduced, and (b) increase the
- stability of the microelectronic device 10 within the mold: apparatus 90. -
Accordingly, the mold compound 82 is infroduced into the mold apparatus 90 and
flows around the microelectronic device 10 to form a casing 80, which
. encapsulates the image sensor die 20 and a portion of the leads 60. In this
: ‘embadiment, the projections 96 create a plurality of recesses 84 in the casing 80
over the first portion 62 of the leads 60. |In other  embodiments, the mold
- apparatus 90 may not include the projections 96. The microelectronic device 10
. €an be heated before and/or after encapsulation to cure the adhesive 48 and/or
the mold compaund 82,
Figure 4 is a schematic cross-sectional side view of the microelectronic
device 10 after forming a plurality of solder balls. After remaving the
microelectronic device 10 from the mald apparatus 90 (Figure 3), a plurality of

ball-pads 70 are formed in corresponding recesses 84 in the casing 80. The ball-
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and a lower nold portion 94 having a | ower nold cavity 95. The upper nold
cavity 93 Is configured to receive the i mage sensor die 20, the w ndow 40,
and the wre bonds 61. The lower nold cavity 95 is configured to receive
the | eads 60. The |ower nold portion 94 can al so include projections 96

positioned to press the mcroelectronic device 10 against the upper nold

portion 92 to % nt %gﬁpl d ‘compound 82 from bl eedi ng between the

protective co?/%si @cgg @rinRd qiherd elestrically soupled to2he Mostepastiars 62 iof ahe v,

t he projecti qagd9Boa r t t rce,against the first portion
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devi ce. 10. TH¥dSofCand siceondirighd eleetricatip cbbgleﬁitbsdon@gﬂoﬂtgn&%nd- Bs %ﬂ%}fd
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end 47 of thq y.&%ow 40 so thgb the force is transferr T hr ough eads
60, the adhesydTEES SPHSOT Aigy€Vs e hag Soldes balls 72 eandree simangead in aamchys er

i nd 40 t i ' [ duri | di th
b ah o ass o NabhineRtoiieR beefls GoafgPbsfica the Brdtthve el TR Fionse '
i ncrease t he 3) §8ABeIrempved frometheivindew 40t the endisithe patkagihg pideetdie nol d

tus 90. A | | d d 82 is introduced into th
7010 apparat us 90 ARdeAPe 5L U uliRaSieREEHP e af the Mustisiad mbadimeot fsor m
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ot her enbodi . s 9 nof inclu t he projections
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mi cr oel ect r dhizdmpeved eelidbility Of tHd RIdBMECSHIG HaYLS b%@atfié:é ey ;ﬁmﬁ)mgg,ouﬂdt )

n | e

lurality of _ball-pads 70 are fornmed in correspondi ng r ecesses
Easi ng 8%. e Pﬁﬁe image sensor die. P J

-C.”  Other Packaged Microelectronic Devides

Figure 5 is a schematic. cross-sectional side view of a microelectronic
device 110 in accordance with another embodiment of the invention. The
‘microelectronic device 110 can be similar to the micraelectranic device 10

. described above with reference to Figure 4. For example, the microelecironic
. device 110 includes an image sensor die 20, a window 40 attached to the image
-sensor die 20, and a casing 80 covering a portion of the image sensor die 20.
The microelectronic device 110 further includes a plurality of leads 160 (identified
Jindividually as 160a-b) coupled to the second side 28 of the image sensor die 20

- and electrically coupled to corresponding bond-pads 24. The leads 160 include a
first portion 162 coupled to the image sensor die 20 and a second portidn 164

- external to the casing 80. The second portion 164 has a generally arcuate
~ configuration for attachment to an external device. More specifically, the second
portion 164 projects outward away from the casing 80, curves downward, and

- then curves inward like a "C.* An advantage of the curvature of the second
portion 164 is the impraved robustness of the leads 160 because they do not
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-7 pads 70 can be forned on and electrically coupled to the first portion
62 of the |leads 60. Next, a plurality of solder balls 72 are formed on

"~ correspondi ng ball- pads 70 and accordingly electrically coupled to
correspondi ng bond-pads 24 on the inage sensor die 20. The solder balls 72
can be arranged in arrays for attachnment to circuit boards or other
devices. The protective covering 49 (Figure 3) can he reaneg féonktpe

wi ndow 40 athavbaherpdangles. hAcperdingly, the peasistdd. areress balyt@ bgpd phareak T

post £ oned SheaisRbBaroe RV BeoiBbPo I SRF BRbotiinel O s el |

An advant ag‘?’n@’néthﬁéf dSricdESed 84.t hat the microel ectronic device efficiently
transfers heat” away ‘f’romthe | mge sensor die and center, of the device.

Anot her  f eat ur e Fidure e istiac sokerpatic sress-erstiped §ide t‘ﬂ%wp‘l’fa@eM‘Pelﬁ‘ﬁrWe nol d
conpound agai pst e _second si de .of ' he- i vanfipoe of
this featur (—.dﬁlel"!sce ?i PN %f‘qﬁeﬁ‘f'@'bFHgﬁ?} o@%@ﬁ%ﬁ%g gc{ﬁRWdevi ce
because t he fpld|&aBRRUBEVICEIPET asart Gt Snilametg ethee micoetidbronT: deviper10
Packaged M croel ectroni c Devices Fi %ure, 5is % schenat i CerneCh ogé?-{%@ﬁ&eni-é)nal

si de vi ew ofdescribas seove witdisferenes fte £1awe 4-n PRk SRRt T !

enbodi ment of .t i | : ' | 0 Sachtd toahe imaga m | ar
to the mecr 6@"&%?%18@"@“9%5?8&}%99 %ggéfr)l&%:%ﬁ Eag\*;gm\?vi th reference to % gure
4. For exanefsor die 20, anda exsing 280 endosingea podion «fithe dsags SeRsY<dic s or

Cover 1 ng-a. pemsmetont T 2Rl g s e Byl of Reiborestin 52
110 further ihaicibgRsadobabpbblpledto tirngecoh@ide 2 of thef imabe sensov iRl |y as
160a-b) -coupled to'the-second side 28 of the,i sensar
ol ect 1 cal | yancaiprtdcall sovpierdaapeREa o AE D% The Padaesd el Lq.
fliGZfSt' porti ?ﬁsti;?o%ﬁ&?ﬁ@i Sfladiied 13%nk HRYENE SITB ¢fitRe ﬁﬁag@@ens@ediem gndrd i on
second portion 264 extemnal fo-the casing 280. The second portion 264 has an
m " shaped configuration with a first segment 265a extending downward and a
second segment 265b projecting inward in a direction generally parallel to the
image sensor die 20. An advantage of the "L" shaped configuration of the leadg
' 960 is that it reduces the profile of the device 210 because the first segment 265a
© - of the second portion 264 projects' downwardly as opposed to away from the
device 210. In additional embodiments, the leads 260 can have other
oonﬁgurétions for attachment to external devices. ‘
Figure 7 is a schematic cross-sectional side view of a microelectronic
_device 310 in accordance with another embodiment of the invention. The
microelectronic ‘device 310 can be similar to the microelectronic device 10
 discussed above with reference to Figure 4. For example, the microelectronic
device 310 includes an image sensor die 20, a window 40 attached to the image
sensor dié 20, and a casing 380 covering a portion of the image sensor die 20.
The microelectronic device 340 further includes a plurality of leads 360 (identified
individua!ly as 360a-b) coupled to the second side 28 of the image sensor die 20
and electrically caupled to corresponding bond-pads 24. The leads 360 include a
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external to the casing 80. The second portion 164 has a generally arcuate
configuration for attachnment to an external device. Mre specifically, the
second portion 164 projects outward away fromthe casing 80, curves
downward, and then curves inward |ike a "C." An advantage of the curvature

of the second portion 1.64 is the inproved robustness of the |eads 160
Accoy dingl the |l eads 160 are

because they R sharp angl es. [ Yy,

less likely to gﬁgogrﬁg@a Ielcpﬁl) ﬁ}?em?ﬁq,er SRIE g AP @rded isesond @ortionddashped.
| n ot her enbquojettigawinfrogiathicn togi : S Figure 6
is a schematic cr s%-,se%t?qnal ?ia gs\?iﬁgév{\s (glfezg' %ﬁgﬁ%@ é@%@gnﬁb&ﬁrgw%g’eﬂo
in accor dancgeﬁ’ﬁ’@‘ﬁpﬁ’ﬁ@ﬂ [96f iRchddes adinst seigmant 365 generally caplenar with the first

m cr oel ect r oRinpt ' i to th . croel ectroni c device 10
descri bed ab@\k}gtlﬁ\ﬁ,%?g%é%g%g@d%%g%egt%ﬁwﬂ?f&wﬁ sqgmeent 365a. The
m croel ect r ofirst andesecord Sddinénts 13688 @@ driENES ﬁé?i%%@ffgg r"ela%&e 13 4L gg%’F 40

attached to tligle inar%g sensor die 20, and a casing encl osing a ‘tion
of the inmage ' SEEHINGRR0 stpludesa plualibe pE cacesses 388 diver tidd firstaridhescond

i ncl udes a pk ' [ £ i pdj,vi dual | y as 260a- b)
coupled to th%@@gg%)r?gg éidde gg 0%? qpégggﬁ]égé; {%ﬁg‘bp" ea@%e“gﬁ‘a‘"@"&ﬁ"ﬁ fefal 1y
coupl ed to caiacupnide ag exterdaldelice?4 Tha Inecdseas 88 68n ivecortled By ,Elinbgigg
portion .262@6&‘9@%8{;'1%0 t he cond S|g_e 28 of the image sensor: JI e and a
second porti'on LWe SARIE 380 Pha recld cayify ean fonm theseasingi 380 in sush 2@y has
an - "L" shapasitocenpos efirsPand\sédori dddnidnts 885RB! 265a extendi ng downwar d
and a second se ' I'na direction generally

a  secor %rené@ZGSb E{eoj ecting i nward
parallel to the i) ture 9F TBIC_@@@Q{W devieen88@ of thie ilibstratéd emibogiptent
Gout o8’ 58k apkard &t el v A AN B e
proj ect s doV@aIgemenkis thaidbe eictoelentmyic devioe 310 hatey iowrer Pl lRdas Hiokd onal
embodi ment s roh i e t%g(-?eaco%r%éﬁ‘ 4% 1258 fikely to break or bend,
- Figure 8 is a schematic cross-sectional side view of a microelectronic
device 410 in accordance with another embodiment of the invention. The
- microelectronic device 410 can be similar to the microelectronic device 10
-discussed above with reference to Figure 4. Faor example, the microelectronic
: device 410 includes an image sensor die 20, a window 40 attached to the image
sensor die 20, and a casing 480 covering a portion of the image sensor die 20,
The microelectronic device 410 further includes g plurality of leads 460 (identified
| individually as 460a-b) coupled to the second side 28 of the image sensor die 20
* - -and electrically coupled to cofre'sponding bond-péds 24. The leads 460 include a
first portion 462 coupled to the image sensor die 20, a second portion 464
p'rojecting away from the image sensor die 20, and a first bend 466a between the
first partion 462 and the second portion 464. The second portion 464 includes a
- first segment 4653 and a second segment 465b caupled to the first segment 465a
at a second bend 466b. The first segment 465a is generally parallel to the first
portion 462 and prajects at least partially beyond a bottom surface 481 of the
. casing 480. Accordingly, the first segment 465a is expased to the ambient
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configurations for attachnent to external devices. Figure 7 is a schematic
cross-sectional side view of a mcroelectronic device 310 in accordance
wi t h anot her enbodi ment of the invention. The mcroelectronic device 310
can be simlar to the mcroel ectronic device 10 discussed above with
reference to Figure 4. For exanple, the mcroelectronic device 310

i ncl udes an inage sensqor die 20, a window 40 attached to the inmage sensor

dih e 20, anfl aCRYEqNTe dor %ﬁtﬁﬁémeﬂgtcaapmemlal cgéviddneTng?orﬁjegégm?rqi?%qs
T i | j ' i it 360
(ldent 11 ed raRReredf ML ast Sebleh!! Hhen i e elsoube exporsc faidhoamblort he

i mage sensor emdropendind el ectrically coupled to correspondi ng bond- pads

24. The | eads 360‘;ncuﬁd§ a -9 first portion 362 coupled to the inage
sensor die 20 and ‘d°9e0GANCEBING: Hvikbe appretiatedithat speaificfentrodimentsoigiee
sensor die 2 i kl t I gent . the cond portion 364

i ncl udes a f??‘é%mgggﬁaevﬁtdéggs‘%%%ﬁﬁ%‘fg?@* E%Eﬂff %ﬁres\ﬂffs'ﬁ‘st%ﬁ@orﬁfbr%ﬁhmﬂ&'@ﬁﬁ)n
362 and a seduedifieaipmermay68bmade plithibut devRaingi fioth tﬁ@%ﬁﬁﬁta,ﬁﬁée?peTBF Jirst
and second. §§ l%sg%GSanb ar§]or|ented_transvgrsely relative to eac
other. The casi 33 Coordinglye the, inyeptien il pobfimited: excant 288By dhempplrddd r st
and second <skfments 365a-b to expose the segnents 365a--b to the anbi ent
environment for attachnment to an external device. The recesses 386 can be
formed by renoving portions of the casing 380, or a nold cavity can form
the casing 380 in such a way as to expose the first and second segnents
365a-b. One feature of the m croel ectronic device 310 of the Illustrated
enbodiment is that the | eads 360 do not project fromthe casing 380. An
advantage of this arrangenent is that the mcroel ectronic device 310 has a
| ower profile and is nore robust because the |leads 360 are less likely to
break or bend. Figure 8 is a schematic cross-sectional side view of a

m croel ectronic '
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device 410 in accordance wi th another enbodi nent of the invention. The

m croel ectronic device 410 can be simlar to the mcroel ectronic device 10
di scussed above with reference to Figure 4. For exanple, the

m croel ectronic device 410 includes an i mage sensor die 20, a w ndow 40
attached to the imge sensor die 20, and a casing 480 covering a portion
of the inmge sensor die 20. The mcroelectronic device 410 further
includes a plurality of |eads 460 (identified individually as 460a-b)
coupled to the second side 28 of the inmage sensor die 20 and electrically
coupl ed to correspondi ng bond-pads 24. The | eads 460 Include a first
portion 462 coupled to the i mage sengQp&ie 20, a second portion 464
projecting away fromthe i mage sensor dve 20, and a first bend 466a between
the first portion 462 and the second portion 464. The second portion 464
includes a first segnent 465a and a second segnent 465b coupled to the
first segnpmécidiba at a second bend 466b. The first segnent 465a is
generally parallel to the first portion 462 and projects at |east
partially beyond a bottom surface 481 of the casing 480. Accordingly, the
first segment 465a is exposed to the anbient -10 environnment for
attachnent!.t o afpeckegadmaifroglesiiopie devigeeCHRRESRY segnent 465b is transverse to

the first segnent 465a and can, al so _be exposed to the anbignt .. environment
From t he f%‘r'g‘@%? srysoridie having afjest sidepitls Bﬁnéi?aﬁ'@tacgvﬁeaﬁaﬁngp %ﬁgtoséﬁe rrée}’\rélt s of the
i nventi on have dseondsdecappxsitd tHedirstiside;f or pur poses of illustration, but that

various nodifications may be nade wi thout deviating fromthe spirit and
scope of taeadiation Bansmisgive adndew Fopitioned averdhe FotivA taresnandsatisghed| e ¥ except
as by the appengifdftelon: B8/ - 11 CLAIMS

a lead mounted to the second side of the image sensor die and electrically coupled to the

bond-pad.

2. The device of claim 1, further comprising a casing over the bond-pad, at least a
portion of the second side of the image sensor die, and at least a portion of the lead.

3. The device of claim 1, further comprising a casing over the bond- pad, at least a
portion of the second side of the image sensor die, and a portion of the lead; and

wherein the lead includes an end external to the casing.

4. The device of claim 1, further comprising:

a casing over the bond-pad, at least a portion of the second side of the image sensor die,

and at least a portion of the lead,;
a ball-pad coupled to the lead; and

a solder ball on the ball-pad.

5. The device of claim 1, further comprising a césing over at least a portion of the

second side of the image sensor die;

wherein the lead includes a first end and a second end opposite the first end;

12 o



|1 W claim 1. A packaged m croel ectronic device, conprising: an inage
sensor die having a first side with a bond-pad, an active area on the first
side, and a second side opposite the first side; a radiation transm ssive
wi ndow positioned over the active area and attached to the first side of
the die; and a | ead nounted to the second side of the i mage sensor die and
electrically coupled to the bond-pad. 2. The device of claim1, further
conprising a casi ng ovet "PHESREqeead ends measovered pptiid exsimf: ahlje second

side of the inmage wRaRH a BbRi I a portion of the lead. 3. The
device of claimi1, furt heg cgr?pad?;ﬁg?%egad}aeﬁg?'?\&eoéféﬁ'a‘! $2995H ¢ndp agiexpaseteast
a portion of the secordagiaibiedt anvirohmeae sensor die, and a portion of the

| ead; and wherein the |lead includes an end external to the casing. 4. The
device of claim1, further conprising: a casing over the bond-pad, at |east

a portion . of the spconghaifi&idaf i epsqr _die, nd at least a
portion of the |ead; "a ball -%&f%ﬁgl1ﬁﬁ$@?q{$gqﬁﬁglﬁmé’ﬁéd tg the seeondside on
t he bal | - pad.of#1e imagedearsor disfbyca tiad-dn-chigitaper conprising a casing over at

| east a portion of the second side of the 'inage sensor die; wherein the
| ead includes a first end and a second end opposite the first end; 12 o

wherein the first7and TRE dedicRnsfcl&ht1C the casing; and wherein a
portion of the |ead between the fi rgf1hngfi‘seg%8ﬁﬁ’“%ﬁgsa i%s'ﬂaﬁy?éd’t legst
anbi ent envi PBAIRER! the secorrtheidelefihedmape seasandiepsher ei n the |ead is coupl ed
to the second sidgherein the lead includes a first partion attached to the second side of the

image sensor die and a sécond portion at least proximate to the first

portion; ' -

wherein the casing has a recess exposing the second portion of the lead to .
an ambient environment; and

wherein the recess defines an axis that intersects the window and the
image sensor die. ' |

8.  The device of claim 1, further comprising a casing over 'at least a
partion of the second side of the image sensor die and a portion of the lead;

wherein the lead includes a first portion attached to the image sensor die
and a second portion spaced apart from the first portion; and

- Wherein the casing includes a recess exposing the second portion of the
lead for attachment to a substrate,

‘9. The device of claim 1 wherein:
the window include; a first side and a second side attached to the image
sensor die and opposite the first side: and

the device further comprises a remavable protective covering over at least
a portion of the first side of the window.
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of the imge sensor die by a | ead-on-chip tape. 7. The device of claiml,
further conprising a casing over at least a portion of the second side of
the i mage sensor die; wherein the lead includes a first portion attached to
the second side of the image sensor die and a second portion at |east
proximate to the first portion; wherein the casing has a recess exposing

t he second portiongQf t l.ead t an anbi ent environnent; and wherein the
recess defines an glg'i S f‘ﬁ%f‘eY'ﬁ?é?gmé Whersin Herowingow is Fedtached e thecingye

die. 8. The deemsxe did withanhBdhesfydl t her conprising a casing over at |east a
portion of the second side of the inmage sensor die and a portion of the
| ead; wherein the lead includes a first portion attached to the inage

sensor die and a on j on spaced apart fromthe first portion; and

-wherein the casi ﬁ‘gﬁi ndl gg@@%&"@@@?ﬁ“@?g&d%ﬁ RempEsiogd portion of the

| ead for attachnerdn image serstr'did @ ' f claiml| wherein: the

wi ndow i ncludes a fi rstgesi de and aa\s,l‘g'goigﬁsst%ggé g’??%@hﬁ‘g'vﬁfr??rea ipMGEty of

sensor di e and opposi t ®opfwadsren the fest side] ar adsstopd digs b?ﬁbsifé)fﬁg 'ﬁ?%s a
Sl

renmovabl e protective cg}é%ring over at least a portion of the first e of
the wi ndow. -13 10. The dévice of claim1 wherein the window is attached to

the i mage sensor adiagiationhransniisdies h\é?nbér]jmdépaﬁm fIs£488 lo?ﬁﬁ%ﬁrrﬂiag?i ve

devi ce, conprising: an_i mage,s_ensor di e havi ng I rst stde W
area, a plurality of Sensordie;

a plurality of leads carried by the second side of the image sensor die and
electrically coupled to carresponding bond-pads; and

‘a casing covering the bond—pads, at least a portion of the second side of
the image sensor die, and at least a portian of the lead.

12. The device of claim 11 wherein the leads include an end external to
the casing.

13.  The device of claim 11 , further comprising:
a plurality of ball-pads on corresponding leads: and
. aplurality of solder balls on corresponding ball-pads;
wherein the leads are not exposed to an ambient environment,

14.  The device of ¢laim 11 S);/herein:

the leads include a first end and a second end opposite the first end;
the first and second ends are covered by the casing; and

a portion of the leads between the first and second ends are exposed to an
ambient environment,

15.  The device of claim 11 wherein the leads are attached to the second
side of the image sensor die by a lead-on-chip tape.
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bond- pads on the first side, and a second side opposite the first side; a
radi ati on transm ssive nenber juxtaposed to the first side of the imge
sensor die; a plurality of |eads carried by the second side of the image
sensor die and -electrically coupled to correspondi ng bond-pads; and a
casing covering the bond-pads, at |east a portion of the second side of

t he i mage sensor dje, d at .|l e .a portion of the lead. 12. The device of
claim 11 wherein '?ﬂr?g Iggﬁsgqvﬁ?ﬁ%scfia'%{%wae@tfﬂiernal to the casing. 13. The
devi ce of clai m 1%he ledddBelueR™P §ilss indfk: |4ty of ball:pads, on
corresponding | eads; and a pl ura{{s;é yS:k%ﬂrﬁgo%xg'(eer%| tSa%Fsse&"‘ESH%e%Sp@ﬁdmge
bal | - pads; wherein t heSPas@lsdier endca sexpnd eebrtion adt (eabi Qfﬁxirﬁéﬂéitbowgpst

a

14. The device of clai Ebfﬂjo wherein: the leads include a first end an
second end opposite th Fst end; the first and second ends are covered

by the casing; anthecgsingirz @burgmyloﬁgéeggggr\%ﬁggbgqhé isfaééﬂagpé#@ﬁ%?ends

are exposed to an anbjent environnent. 15. ce o ein
the | eads are attachedl®@dSi®@ed second side of the i mage sensor die by a

| ead- an-chi p tapeg; I ce claim 1l wherein: the | eads include
a first portion aﬂ%é%gs?%gt%ﬂﬂgée@ﬂﬁi%%éx%ﬁ gt dntepsect theswindew and thevd a
second portion at | easimggecsensdFiefo the first portion;

17.  The device of claim 11 wherein:

the leads include a first portion attached to the image sensor die and a
second portion spaced apart from the first portion; and '

the casing includes a plurality of recesses exposing the second portion of
the leads for attachment to a substrate.

18.  The device of claim 11 wherein:
the window includes a first side and a second side opposite the first side,
- the second side being attached to the image sensor die; and
the device further comprises a removable protective covering over at least
a portion of the first side of the window.

19.  The device of claim 11.wherein the leads include z portion external
to the casing, the portion having an arcuate configuration.

20.  The device of claim 11 wherein the leads include a portion external
1o the casing, the portion having an "L" shaped configuration.

21. A packaged microelectronic device, comprising:
an image sensor die having a first side with a bond-pad, an active area
and a second side opposite the first side;

3
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the casing has a plurality of recesses exposing the second portion of the

| eads; and the recesses define a plurality of axes that Intersect the

wi ndow and the inage sensor die. 17. The device of claim 1l wherein: the

| eads include a first portion attached to the inmage sensor die and a

second portion spaced apart fromthe first portion; and the casing Includes

a plurality of recesses e si.ng t he second portion of the |eads for
attachment to a s&o‘@’gg\fv@ﬁqﬁ%hr#ﬁg‘;ﬁ\ﬂi‘%@@eQﬁ'ﬁpﬁﬂ@l wherein: the wi ndow
includes a first gléad athrted & Hise | fLrst.sid he
second si de being attached to the Iﬁgggs@éﬁéﬁbg%éggasﬁh&ﬁﬂe HagP@WMer
conprises a renovabl e geupledito\the bondpadgtheylead Havirepa tirstasn@iosnd 8'seeénd he

first side of the w nd 9. .Th vi ce of claim llwherein the | eads
i ncl ude a portion ext egﬁgpﬁp?ﬂt‘?ﬁ‘@qewﬁ%?”ghe portion having an arcuate

configuration. 20a chsingdsértke %n?JﬁﬁH @na]at‘éﬁﬁgiﬁbﬁfé&gﬁ* G]%ds%schﬁgéfgg%f the

portion external to the casing, the porti
configuration 21. A pafagsernact disemserein at leastes porionaxf ity sedond endof iigge

sensor die having a fi :S| | nd-pad, an active area, and a
second si de opposite t%%%'?rbgfoggdtc}ﬁfc’%lgﬁgh%c%'%ow at the first side of the
I mge sensor die; a lead nmounted to the second side of the inage sensor die

and electriczlly oupled .to the bond-pad, the |ead having a first end and
a second end oppd&it el ISdeYire of claify21 wherein:

the lead further includes a first portion attached ta the second side of the
image sensor die and a second portion at least proximate to the first
portion;

the casing has a recess exposing the second portion of the lead; and

- the recess defines an axis that intersects the window and the image sensor:
die. '

23. The device of claim 21 wherein the lead is aftached fo the second
side of the image sensor die by a lead-on-chip tape.

24. The device of claim 21 wherein:
the window includes a first side and a second side opposite the first side,
the second side being attached to the image sensor die; and
the device further comprises a remavable protective cavering over at least
| a portion of the first side of the windaw.

25.  The device of claim 21 wherein the second end of the lead has an
arcuate configuration. '

26.  The device of claim 21 wherein the second end of the lead has an
"L" shaped configuration.
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a casing over the bond-pad and at

| mge sensor die, wherein at |least a portion of the second end of the

i s exposed

further includes a first portion attached to the second side of the
and a second portion at |least proximate to the first portion;

sensor die
t he casi ng

through the casing. 22. The device of claim21 wherein: the |ead
i mage

recess defines an axis
di e. 23. The sdnsarcic béwngai fins@ idetvatteh Bok

side of the ima

has a ces ' e second rtion of the |ead; and the
o RS I backEgRs e it @e\ieR INclvding arvimage

claim21 WnePQPﬁ 'tettﬁ%?(/ﬁtﬁ thametlmscqanpnsmg: si de and a second side
opposite the firsk C de bel ched to the image
sensor di-e; and t%e&gﬁl@; P %’tlt%ﬁ @é}g%ﬁ% Psé@“ 6 Iret pidgt &fctheigiage

coveting over at
devi ce of claln1é%
conflguratlon

e second end of the | ead has an arcuate

qlgﬂerel tg 1
E'Qd’e@iaé 0 dpe secangh side ofitbe énage kensorciieyd end of t he

| ead has an_  "L" é}é@,ﬁ@j} %ﬂﬁhﬂgfﬁéb&{b‘ a E’*ﬁéh“?@r mﬁit:!hOd for packaging a

m cr oel ect

roni c device includ g an ge

with a bond-pad, fRapstating at kst anpbrtiors ©f thisl lesiddand @p e éﬁi@nfdf

side, the

met hod corrp&_l3 chl ng a radiation transm ss ve W né](sl)w to
C?éé\gpﬂdeo e imaye sensor die with a casing.

the first side of the

28.  The method of claim 27, further comprising attaching a remavable
protective covering over at least a portion of the window.

28. The method of claim 27 wherein the lead includes an end, and
whereln encapsulating at least a portion of the lead comprises covering the
portlon of the lead with the casing without covering the end of the lead.

30.  The methad of claim 27, further comprising:
forming a ball-pad on the lead: and

placing a solder ball on the ball-pad.

31.  The method of claim 27 wherein the lead includes a first end and a

- second end opposite the first end, and wherein encapsulating at least a portion of
~ the lead comprises covering the first and second ends of the lead with the casing

without covering a portion of the lead between the first and second ends.

32.  The method of claim 27 wherein:
the lead includes a first portion and a second portion at least proximate to

the first portion, the first portion being attached to the second side of
the image sensor die; and
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e by a I ead- Onafahe&?abt?veaé{f_%?gﬁga;sge\?toggs g%cond

Ieastsen_ad:qxdleilon of the first side of the window. 25. The

e having a first side



sensor die; nounting a |lead to the second side of the i mage sensor die;
electrically coupling the bond-pad to the | ead; and encapsul ating at | east
a portion.of the lead and at | east a portion of the second side of the

i mge sensor die with a casing. 28. The nethod of claim 27, further
conprising attaching a renovable protective covering over at |east a

portion of the w %8%’& T thod of claim27 wherein the |lead Includes
an end, and wherein eﬁ%‘@%%&j?gﬁga Rertiop £f the, lagdrqompises covering:the postiqr i ses
covering the portion ofththead GaH tNk Ebsi ; i i coverin e end
of the lead. 30. The nethod of claim %ﬁgﬁbﬁﬁggg%@r%&‘%geﬁangPPBPﬁ’nO:ﬁ &

bal | - pad on the | ead; lead. pl acing a solder ball on the ball-pad. 31. The

met hod of claim27 wherein the lead includes a first end and a second end
opposite the first end, and wherein encapsulating at |east a portion of

the | ead conprise83coVHie ngethde dfi digim Qlﬁdwﬁé}@ﬁ){lgmﬁﬂﬂg fk Ieg?i 4r°§?‘%a ith the

casing Wwthaout coﬁﬁeri n% .a portiaon of the | ead betwe€n the %econd
ends. 32. Th&®H{I {80 cBfPEses aftaching dielead tortbe limage sensorddie with 4 ledd-grr t i on

and a secondchpithpon at |east proximate to the first portion, the first
portion being attached to the second side of the inage sensor die; and -17
encapsul ating at |east a portion of the | ead conprises covering the portion

of the lead with the asip&d t hout covering the second portion of the
| ead. 33. The nettibd 6t™M€ bRaciiaging a migaglerinenic deviceacbmprisite i mage

positioning a window at an active area of a first side of an image sensor

die;
- mounting a lead to a second side of the image sensor die opposite the first

side;

electrically qoupling a bond-pad on the first side of the image sensor die to
the lead;

disposing the window, the image sensor die, and the lead in a mold cavity;
and '

injecting a mold compound into the mold cavity to encapsulate at least a
portion of the image sensor die.

35. . The method of claim 34 wherein disposing the window, ihe image
sensor die, and the lead in the mold cavity comprises applying a force to the lead
to press the window against a wall of the mold cavity.

36. The methad of claim 34, further comprising:

removing the windaw, the image sensor, and the lead from the mold cavity
as a unit;

forming a ball-pad on the lead: and
Placing a solder ball on the ball-pad.
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sensor die conprises attaching the lead to the image sensor die with a

| ead-on- chip tape. 34. A nethod for packaging a m croel ectronic device,
conprising: positioning a window at an active area of a first side of an

i mge sensor die; nounting a lead to a second side of the inmage sensor die
opposite the first side; electrically coupling a bond-pad on the first
side of the inmage sensor die to the |ead; disposing the w ndow, the inage
" sensor die, and tR¥-| edbeimethogmftlaim, B4,y furthandompiising iatigchingtd cemovgpmind

into the nol k; . | east a, pottign of ihe ipage sensor
e 35 The RERELH shiaftle Bah il Sillow BREe dsring.t Winsth mibe it
sensor die, aadity.he lead in the nold.cavity conprises applying a force to
the lead to press the wi ndow against a wall of the nold cavity. 36. The
met hod of -claim 34,jurther conprising: renoving the wi ndow, the inmge
sensor, and the lead fromthe nold cavity as a unit; formng a ball-pad on
the lead; and placing a solder ball on the ball-pad. -18 37. The nethod
of claim 34, further conprising attaching a renovable protective covering
over the w ndow before disposing the windowin the nold cavity. -19
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