PACKAGED SEM CONDUCTOR ASSEMBLI ES AND ASSCClI ATED SYSTEMS AND METHODS
TECHNI CAL FI ELD [0001] The present disclosure is related to packaged

sem conduct or devices and associated systens and nethods. More
specifically, the disclosure provides nethods for manufacturing ‘packaged
sem conduct or devi ces, nethods for packagi ng sem conductor assenblies, and
sem conduct or packages forned using such net hods. BACKGROUND [0002]
Packaged sem conduct or devices are used in cellular phones, pagers, persona
digital assistants, conputers and nmany other types of consunmer or industrial
el ectroni c products. Sem conductor packages typically include dies nounted
to a substrate and encased in a plastic protective covering. The die

i ncl udes functional features, such as nenory cells, processor circuits,

i mager devi ces, BACKAGEDSHEMIEEOINDYCTORCASSENMBLIER ANIEASSOCIAYBDcal |y

i ncl udes bond pads to provide contacts through which
supply voltage, electrical sigﬁgggﬁhggéh&gpﬁéﬁﬁﬁﬁgut/output paraneters are
transmtted to/fromthe integrated circuits. Because of their small size
and fragility, dies are typically packaged to protect themfromthe
environment and frompotentially damaging forces during handling. The die
packages PrEOHNE AIDEIBNIXr oel ectronic devices with needed protection and

al so connect the die bond-pads to a larger array of electrical termnals
that are easier to connect to a printed circuit board or other external
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typically increase the volunetric "footprint” of the die (e.g., the height
and surfage,@gBRNAEHPI €d on a printed circuit board) to a size greater
than the die size. However, specific packagi ng techni ques have been used to
form packages that are Iess than 20% greater than the die size. [0004] In
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digital assistants, computers and many other types of consumer or industrial electronic products.
Semiconductor packages typically include dies mounted to a substrate and encased in a plastic
protective covering. The die includes functional features, such as memory cells, processor
circuits, imager devices, and interconnecting circuitry. The die also typically includes bond pads
to provide an array of external contacts through which supply voltage, electrical signals, and
other input/output parameters are transmitted to/from the integrated circuits. Because of their
small size and fragility, dies are typically packaged to protect them from the environment and
from potentially damaging forces during handling. The die packages provide the microelectronic
devices with needed protection and also connect the die bond-pads to a larger array of electrical

terminals that are easier to connect to a printed circuit board or other external device.

[0003] In one conventional arrangement, dies can be packaged individually using plastic or
ceramic packages having a cavity that houses the die. The packages include lead fingers that
connect the bond pads on the die to pins on the package. The packages can provide both
electrical insulation and mechanical strength for the die, in addition to providing electrical

connections to external elements. These semiconductor packages typically increase the



t hese arrangenents, a plurality of dies can be processed and packaged

si mul taneously before being singulated fromeach other. Mnufacturing

sem conduct or packages at the wafer |evel includes providing interconnect
structures for rerouting electrical signals fromdie features to externa
termnals that can be electrically coupled to external elenments, such as
printed circuit boards. The packaged dies can be tested on the wafer, prior
to singulation. The surface area the device occupies on a circuit board or
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installations in digital cameras, camera phones, biometrics and medical instruments, sensors,
and/or other such devices. Manufacturers of such electronic products are developing increasingly
sophisticated electronic devices while simuitaneously reducing their size. To keep pace with
demand, incorporated semiconductor components are being manufactured to accommodate the
requirements of the electronic products, for example, through dense arrays of input/output
terminals, and through processing methods aimed at decreasing the footprint of the device. By
decreasing the die size, manufacturers have been able to reduce the size of the overall package;
however, with these advances, there has been a significant increase in the costs associated with

manufacturing the package.
BRIEF DESCRIPTION OF THE DRAWINGS

[0006] Figure 1 is a partially schematic, cross-sectional illustration of a packaged

semiconductor device in accordance with an embodiment of the disclosure.



[ 0009] Figures 4A-4E are partially schematic, cross-sectional illustrations
of stages of a nethod for manufacturing packaged sem conductor assenblies
in accordance with an enbodi nent of the disclosure. [0010] Figure 5is a
partially schematic, cross-sectional illustration of another packaged

sem conductor device in accordance wth an enbodi nent of the disclosure.
[0011] Figures 6A-6C are partially schematic, cross-sectional illustrations
of stages of a nethod for nmanufacturing packaged sem conductor assenblies
in accor da#tme] W t hFigiires @moRId aegirtiadfy Schemalics etaasyédiondlODLRtatiohg OF &taded 6f @
flow chart illustrating a nmethod for packaging a sem conductor die In
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sem conductor devices configlred in accordance with several enbodi nents of
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and/ or di €FbRMEALLIShnEisCIeRNT-conduct or features. Many specific details of
certain enbodinments are set forth in Figures 1-8 and the followi ng text to
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embodiment of the disclosure.

[0012] Figure 7 is a flow chart illustrating a method for packaging a semiconductor die in

accordance with an embodiment of the disclosure.

[0013] Figure 8 is a schematic illustration of a system that can include one or more

packaged semiconductor devices configured in accordance with several embodiments of the

disclosure.
DETAILED DESCRIPTION
[0014] Specific details of several embodiments of the disclosure are described below with

reference to packaged semiconductor assemblies, packaged semiconductor devices, methods of
manufacturing packaged semiconductor devices, and methods of packaging semiconductor
assemblies. Many details of certain embodiments are described below with reference to
semiconductor dies. The term “semiconductor die” is used throughout to include a variety of
articles of manufacture, including, for example, individual integrated circuit dies, imager dies,
sensor dies, and/or dies having other semiconductor features. Many specific details of certain

embodiments are set forth in Figures 1-8 and the following text to provide a thorough



[00151 Figure 1 is a partially schematic, cross-sectional illustration of a
sem conduct or package 100 configured in accordance with an enbodi nent of
the disclosure. In this enbodinment, the sem conductor package 100 can
include a die 110 having a sensor and/or transmtter (referred to as a
sensor/transmtter 112) that receives and/or transmts radiation. For
exanpl e, the sensor/transmtter 112 can include an i nager device suitable
for use in digital caneras, cell phones, and other applications. The
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Accordingly, the package 100 can also include a conductive path 130 that includes conductive
material 131 disposed in the via 124, thereby forming a through-encapsulant interconnect 132. In
certain embodiments, the through-encapsulant interconnect 132 is offset laterally from the die
110 by an internal portion 127 so that at least a portion of the encapsulant body 122 is between
the die 110 and at least a portion of the conductive path 130.

[0016] A cover 140 can be secured adjacent to the die 110 and the encapsulant body 122
with an adhesive 142 such as an adhesive film, epoxy, tape, paste, or other suitable material. The
cover 140 can be transparent to or at least partially transparent to radiation that is received or
transmitted by the sensor/transmitter 112. Accordingly, the cover 140 can protect the
components within the package 100, while providing little or no interference with the operation

of the sensor/transmitter 112,

[0017] In the illustrated embodiment of the package 100, the die 110 can have a first side

114 (e.g., active side) facing a first direction, a second side 116 facing a second direction



The encapsul ant body 122, which is in direct contact wwth the die 110, can
include a front surface 125 that is generally flush with the first side 114
of the die 110, a back surface 126 facing a direction generally opposite
that of the front surface 125, and exterior side walls 128 extendi ng

between the front and back surfaces 125 and 126. In the enbodi nent
illustrated in Figure 1, the back surface 126 of the encapsul ant body 122
is offset fromthe second side 116 of the die 110. Accordingly a body
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[0018] As illustrated in Figure 1, the via 124 is separated from the die 110 by the internal
portion 127 of the encapsulant body 122. Accordingly, the via 124 can extend through the
encapsulant body 122 from the front surface 125 to the back surface 126 without contacting the
die 110. As a result, the internal portion 127 can electrically insulate the die 110 from the
conductive path 130 without the requirement for an additional insulation layer, such as a

dielectric layer.

[0019] The conductive material 131 disposed in the via 124 can be any of a variety of
suitable conductive materials 131 including conductive metals or combinations of conductive
metals (e.g., copper, nickel, gold and/or alloys of these metals). In the illustrated embodiment,
the conductive material 131 fills the via 124 to form the through-encapsulant interconnect 132.
In other embodiments, not shown, the conductive material 131 may not completely fill the via
124. For example, the conductive material 131 can coat an inwardly facing perimeter surface of
the via 124 between the front surface 125 and the back surface 126 to form a conductive "barrel".

Additionally, the through-encapsulant interconnect 132 can include a seed layer (not shown) at
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| east partially covering the encapsulant material 120 in at |east a portion

of the via 124. The conductive material 131 can then fill the entire via
124 over the seed | ayer, or the conductive naterial 131 can be applied in a
"barrel™ | ayer over the seed | ayer. The package 100 can optionally include

a dielectric layer (not shown) over at |east a portion of the encapsul ant
material 120, e.g., to supplenent the electrical insulation function
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(e.g., Benzocyclobutene (BCB) or polyimide (PI) at the first side 114 of the die 110.

[0021) Multiple second bond sites 134a (two of which are visible in Figure 1) can be
positioned at multiple locations along the back surface 126 of the encapsulant body 122, with the
number and location of the several bond sites 134a depending on a size of the die 110 (e.g., the
die width W) and/or the intended use of the semiconductor package 100. In a specific example,
the die 110 can have a die width W, of approximately 2.1 mm and a length (transverse to the
plane of Figure 1) of approximately 2.1 mm. In some embodiments, the array of second bond
sites 134a on the back surface 126 requires more surface area than is presented by the second side
116 of the die 110. In these embodiments, the second bond sites 134a can be in a "fan-out"
arrangement, as shown in Figure 1, with the second bond sites 134a located laterally outside the
die width W,, In another embodiment, second bond sites 134b (identified by dotted lines in
Figure 1) can be in a "fan-in" arrangement which places the second bond sites 134b, and the

corresponding solder balls 135, within the boundaries of the die width W,. Accordingly, the
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Figure 1) can be in a "fan-in" arrangenment which places the second bond
sites 134b, and the correspondi ng solder balls 135, within the boundaries
of the die wwdth WL. Accordingly, the -6 second bond site position can be
set at any of a variety of |ocations along the back surface 126 of the
encapsul ant body 122, depending on the intended use of the packaged die 110
and the nunber of desired second bond sites 134a, 134b. [00221 The
encapsul ant body 122 which encases the die 110, can also electrically
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that require depqsiti of costly dielectric material along the through-die
i nt er conndé& &a_ﬁhg?& e periees ghahe eraRula dedy de2te RIpBde »%_cewalc&ﬁ%tmn
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devi ces, such as inmmger dies. Accordingly, use of the encapsula mat er1 al
131, rat helie tthdmali élcheker diclenmicelayak sat the firsts vbraletivat rddéasbut@nplaydér 036, ahe t he

die 110 fromthe electyrical path 130 n significantly reduce_the cost of
manuf act urEReRgsulan Mbﬁ@%&%rb?h%laetségfe%ee%@t St Loy & s avaﬂarkﬁ? A i plrigest

costs, ad@h@&@ﬁﬁbmﬁlﬁ&ﬂﬁ%&ﬁéaﬂw%kﬁﬁﬁ%%s“gﬂ.Curre”t sem conduct or packagi ng
As

trends. I scussed above, a general trend in semiconductor manufacturing

(rend - fFend in sem conduct:
a1 ool 1y el coprdaie JeEeiphne R Rpal Thg Racy Bpddt e S BABE BndelS

secondary dpofercGinks that teh@irélideposhin 6K asgalyedielbiric emiveriel MoAditng threwihsdiar e
capabl e of accommodating finer pitches between bond sites, the high density

boar ds r eduificerneris and adthe firsiiasd pcordhsidespiithia darhich canrpignéfienatly nsregessthe egst
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form ng  encapsulant material 131, rather than dielectric materials, to insulate at least a portion of the die
110 from the electrical path 130 can significantly reduce the cost of manufacturing
semiconductor packages 100. In addition to manufacturing costs, additional challenges are posed
by current semiconductor packaging trends. As discussed above, a general trend in
semiconductor manufacturing has been to decrease the size of the dies, which, in turn, increases
the difficulty of electrically coupling the dies to external components through secondary bond
sites on the die. For example, while wire bonding tools are capable of accommodating finer
pitches between bond sites, the high density boards required to handle this pitch significantly
increase the cost of commodity products. As described further below with reference to Figures
2A-2J), certain embodiments of the semiconductor packages 100 and methods for forming
packaged semiconductor devices disclosed herein, can overcome many of these challenges by

using inexpensive materials and processes, and/or providing a variety of connectivity options,

which can in turn result in versatile low cost packages.



packaged sem conductor devi ces disclosed herein, can overconme nmany of these
chal | enges by wusing inexpensive materials and processes, and/or providing a
vari ety of connectivity options, which can in turn result in versatile |ow
cost packages. -7 [00241 Figures 2A-2J illustrate stages of a method for
manuf act uri ng sem conduct or packages 100 in accordance with a particul ar
enbodi nent. Figure 2A illustrates a stage of the nethod at which the first
sides 114 of a plurality of singulated dies 110 are tenporarily attached to
a carrier [@28pt r atRigde2 242D .illuskafel btagdsr 8fme Methddl Clon GniraPRturinkhendit QRludtdPd
can be tenmporarily  attached to the carrier substrate 202 and separated from
each ot hePadpeesad¥8 ip@gcqydangg withyd patigier enthodineent, égise 2A| iHugieatas acvitmsdifiibnt s,
t he dies t.hi - j : ' to I |t
Feduce: an TR AR ARERARE L PAGEL Bltnts B aibg Flo LB ShnardftF b Rea

si ngul at i ngatcheier ditsirdit R02A8.gRraeNlin0 Bamy ofldivirg fape), THeedidi €10 bzirﬁkeﬂe&g)oi’ézn}can
be thinned to approxi mately 50 to 850 m crons which can be achi eved through

a sui t abl atiashedtogthp gafriggsybstsete 392 apd gpparatedifirun easdrfithas by gapcPifnysing a pick and

processin I .o r I i i that, .ar L1-1t.hi (e.q.,. 500
Po 850 n P Mmoo srbaTbIB G i 08 e el il fublegty b
Addi t i onalwafer 1évabtodhe@se b Gnitigiadle Bckngsh tvladiggitddyié eadkadssbBfmioe tatih@gdtingghd hem
to the carrier substrate 202. Fromthe test, a plurality of known good dies

110 can béieddfeAvinsadoushleseibeds the dieythigkuass Tncantke thisnede appeswimataly SBitg8Qs
2A-2J3. [00251 The: pl yrality: ' : t he
carrier sgﬁé;’rt% rrlsa?glcgcfgﬁ %Ssalk%ge]%gnmgogﬁg;a #@ggﬁgy?gcﬁ( %@(ﬁ@ﬁ%\%ﬂ%’ g%éﬁgggg%egﬁglsll ve
film epoxjechdndae pragasing, (CMP)0t lnesthes whibabineentsraice thaalard RAtthick PQr, 300 hy 850
secures the dies 110 in place during packaging. In the particular )

enbodi nentMigRBUFN tbﬁéergPE’éqd awdridacefl agthg swrign wibsirate 3AT-addditionplly. tke dighdd ve

d/ h | & 02, i
and/or t %arggé gﬂdﬁguazlgetgsft%agfaﬁaé g[tacllﬁ %’@S/e% I%[ht@ c%ﬁ&?rsugsrt{a?engﬁgg ot thter{gsé, a

i ndi vi dual" di e ea re tribution structur ween 't
first bonglsalitgsf KibSvrag@ddidie 1qarchn Be daedatihddadng s2lBivelyused ek malidgdshgenant ,

the features at the first sides 114 are tenporarily covered by the carrier
subst rat e Figo3 2Arkl. | e t he second sides 116 are exposed. 100261 Figure 2B
illustrates a stage after the encapsulant material 120 has been di sposed
over and W2iken tHe plutatichetidids d30 1aQ be fréleasealdy attechied tte threchraeresugstpde 20,
and surr O%Q‘lﬂ’gg aEi}?eesive layer (not shown) such an adhesive film, epoxy, tape, paste, or other suitable
material that temporarily secures the dies 110 in place during packaging. In the particular
embodiment shown, the first bond sites 118 are in contact with the adhesive and/or the carrier
substrate 202; however, in other arrangements, the individual dies 110 may include a
redistribution structure between the first bond sites 118 and the carrier substrate 202. In either
arrangement, the features at the first sides 114 are temporarily covered by the carrier substrate

202, while the second sides 116 are exposed.

[0026] Figure 2B illustrates a stage after the encapsulant material 120 has been disposed
over and between the attached dies 110, filling the intermediate gaps 204, and surrounding the
second sides 116. The encapsulant material 120 can be deposited in the gaps 204 using a needle-
like dispenser, stenciling, molding, a glob-type dispensing process, or another suitable technique.
At this stage, the encapsulant material 120 is in direct contact with the die 110 and at least
partially encapsulates the dies 110 to form a multi-die encapsulant volume 206 that can
subsequently be divided into individual encapsulant bodies 122 (Figure 1) around individual

dies 110.



second sides 116. The encapsul ant material 120 can be deposited in the gaps
204 using a needle- |ike dispenser, stenciling, nolding, a glob-type

di spensi ng process, or another suitable technique. At this stage, the
encapsul ant nmaterial 120 is in direct contact with the die 110 and at | east
partially encapsul ates the dies 110 to forma multi-die encapsul ant vol une
206 that can subsequently be divided into individual encapsul ant bodies 122
(Figure 1) around individual dies 110. -8 [0027] The encapsul ant nateri al

120 can bwmrol YTEe SrcaPiulit mHatbdiabI20 fWt B hadolih@t or Bihef eGitable HlatepRDEMAENS,
and electrically insulates the dies 110. For exanple, the encapsul ant
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i nclude a heat-r esi st ant passi vation Iayer (e.g., along the package exterior
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Japan, Suihd pavk sBekek IIEEaI@IZH)fas ds&l@ﬂihonﬁhhd&ﬂrﬁ@bn%ﬁmnﬁ ackdped qéwd@p&nntable
Kyocera Chemi cal Corp. of Japan, and Henkel Corp. | ph M| 1s,

Pennsy| vasheapsylan zeyerplearp axkilablerffome @ vangy of cqm@an@ﬁcmp@dmgrthto&qnh@ Ceae of s

general | y ffs m [of0) i.d ch t t t hi

is greate Raﬂan Thérg?jléak?ﬁte Oneoggjaaaf gfl gst%h e mlgar%b dlor‘t;erhﬁP q%/ 8erﬁcd11§mlca]
surface 126r@bf j4pan cnaaRakelatrp WG 6, pamsgqearﬁeeneral Iy co-pl anar “with
t he second S|des 116. In enbodlnents for which the body thickness T, is

general | y F;é(ﬁ% sa n’ﬁleaﬁackhs%rigéée 13 bR ee'ﬁéap-gglantt Wiurke 2Py @H&al Wfﬁﬁf ﬁ'bm]tgp

can be deposi ed such that the material “does not projec nd the second
si des 116 .seddoumides |16 auahtmartherhbdryjtm@mts Tltlhgr@malp}suhardie thnkheﬂsﬂ"al Ia 2¢hecan

proj ect be t he ond S|des nd t he 0 ctl enc sul ant materi al
120 “can SHERIGENRC B ST B QoD SOF CaBPR B NG A F By BEECLy Sider
using a bag GEisBdnB%idR 196ESH; enttodinfenfORE W& iR Ho%?qm%kﬁéigﬂﬂ '1Q@é’r|erdiﬁfttﬁé' al
fromthe second sides 116 of the dies 110 in order further reduce’the

di e t hi cknessas@e diethickiess 8.che¢ncapsutanematetiaipficag be téposieessh Tt thesiaenal i n
Figure 1) ‘does not project beyond the second sides 116. However, in other embodiments, the encapsulant
material 120 can project beyond the second sides 116 and the projecting encapsulant material 120
can then be removed through a suitable back grinding process. When using a back grinding
process, it is possible to remove additional material from the second sides 116 of the dies 110 in
order to further reduce the die thickness T, and, therefore, an overall package thickness T;

(shown in Figure 1).

[0029] Figure 2C illustrates a subsequent stage of the method after which the carrier
substrate 202 has been removed from the encapsulant volume 206 to expose the first side 114 of
the dies 110 and the front surface 125 of the encapsulant volume 206. Referring next to Figure
2D, the first conductive redistribution layer 136 can be formed on the first sides 114 using

conventional masking and deposition techniques.

[0030] Figure 2F is a parttally schematic, cross-sectional view of the cover 140 that will be
placed over at least the sensors/transmitters 112 of the dies 110 shown in Figure 2D. Referring

to Figures 2D and 2E together, the cover 140 can be manufactured from a material that is



100291 Figure 2Cillustrates a subsequent stage of the nethod after which
the carrier substrate 202 has been renpbved fromthe encapsul ant vol unme 206
to expose the first side 114 of the dies 110 and the front surface 125 of

t he encapsul ant volune 206. Referring next to Figure 2D, the first
conductive redistribution layer 136 can be fornmed on the first sides 114
using conventional masking and deposition techniques. [00301 Figure 2Eis a
partially schematic, cross-sectional view of the cover 140 that will be

pl aced oveans@hreh€dsht lbdie p&ﬁﬁﬁ@fr%sgﬁr@ﬁk&mrﬁdiﬂfo% a h3da@ft WARIGLASIhdLQ [ &BRWD of N
Figure 2D. Referring to Figures 2D and 2E together, the cover 140 can be

manuf act utreesnfiteshbatheaenset/@ansmiigar 1il2 along aradiatpppathr208. dior axanktedo aparticilat | y
transparent . to radiatj.on at a target.wayelength that is received or .
tranom t ¢ SaohgmeRCSRHEE i st Y52 TG an ek epeisistlTe Shave post
exampl e, bbeassPadiali6t idkhe ORIRILPRABIMI thebdveh 140Qas BesAhdd KBRS Blalst €ln ddér
includes an_ inmager configured to receive and process radiation in the

vi si bl e spabedimantst the cewardt0 x40 hawnother sompesitipmsndghending upan dadtens that include,

enbodi ments, the .cover 140 can have other. c ositigns e i up
Factors ¢ Riters ity GRS top e Qe HRr et DO S R m i 21 hny B hese
char act er embbdifcatt, tHeCcovBNINY /chi HRSTEnEMBY rikkPand BelRRppehinghesRe covlOdNBNt S,
the cover 140 can be generally rigid and sel f-supporting. The cover 140, as

i |1 ustr at diisiratedingliigere22E, warbelrizedite eoelay abenast thy eacapselast valwe @6.abs athant
vol unme 206. In otth r arrghnegemenljlzq hg\i?vgvegl, t.he coveg 140 can have geéher
sizes or COMEFGINETOH Y 0" COVEY “at ‘AUt Od" PaF: 9o gurﬁﬁ%nsf COYerA A& 414
t o protechoiidg TS At IR IMY tth Yrotdck dh& Bl O trMsRfler dil 2-RARP Gtk Yek-associated

m crof eatures. [0031] As illustrated in Figure 2E, the cover 140 incl udes

t he adhesmigofed@resppl ied to an outer surface 210. Again referring to

Fi gures 2D and 2E together, the adhesive 142 is applied in a pre-selected
pattern, $003h] as tAs dluglrated &t Bigarel 2E3nkl covepil 4hinchges detudhepines, 14204pphitd achi ng
t he cover 140 %P t he encapsul ant vol une _206. The adhesive 142 can incl ude

any of a ¢HEr 8iripcetl Gufeaprderingde figgres 2D ad 2Eageher; ths adkessvs 481 1B arphisd yn
mat eri al . > hesd 1424 [ b ¢ u |l [t tO
dner et o PR R EHallin; dEhSS O, eBhaDt bininkt heERE OF oh ey Qe der
inverted. 14td the cacdpeabneviluabads, Thhadizdived @ad 4hide an@tof meqriktyad stiabe
optically transparent because the pattern includes adhesive w ndows 212, or
voids, th mateéqalsg fergxamplena UV-curable epoxy material. The adhesive 142 can have a viscosity
high enough to allow it to adhere to the outer surface 210 of the cover 140 if the cover 140 is
inverted. In the embodiment shown, the adhesive 142 is not required to be optically transparent
because the pattern includes adhesive windows 212, or voids, that align with the
sensor/transmitter 112 in the radiation path 208. In other embodiments, the adhesive 142 can be
transparent at the wavelength associated with the sensor/transmitter 112, e.g., the adhesive 142
can be an optical-grade adhesive. In such an instance, the adhesive 142 can optionally be
disposed over the entire outer surface 210 of the cover 140, including the windows 212, as it will

not interfere with the operation of the sensor/transmitter 112.

[0032] Referring next to Figure 2F, the cover 140 is positioned transverse to the radiation
paths 208 and attached to the encapsulated dies 110. The windows 212 are aligned with the
corresponding radiation paths 208, and (in this embodiment) the adhesive 142 does not extend
inwardly into the radiation path 208. Optionally, the encapsulant volume 206 and cover 140 may
be placed under pressure to enhance the seal between the cover 140 and the encapsulant volume

206. The adhesive 142 can optionally be cured e.g., by exposure to UV radiation.

-10-



sensor/transmtter 112 in the radiation path 208. In other enbodi nents, the
adhesi ve 142 can be transparent at the wavel ength associated with the
sensor/transmtter 112, e.g., the adhesive 142 can be an optical -grade
adhesive. In such an instance, the adhesive 142 can optionally be disposed
over the entire outer surface 210 of the cover 140, including the w ndows
212, as it will not interfere with the operation of the sensor/transmtter
112. [0032] Referring next to Figure 2F, the cover 140 is positioned

transver s@0B3| t he Rigdé @0 dlustrpias hsst2@Bofitdt mkthad hdidr taopluhine D€ apsul Jit @op. di es
110. The wi ndows 212 are _aligned with the corresponding radiation paths
208, and FIAPIRING VRIHGEs FRsmed in Wie caeapadarerolume Ziodetwenn the peighporingwags il §-
into the foad,] t.: |4

cover - 10" s atep Briheen, W0 ot ohEy BRARARTHE Bttt} PRud 208 i
cover 140tharbdck Suefaen t2paid @mhinwelauthe firi@ondutiee edibardiution 142r ¢26) Dipt vienkddl y

be cured e.qg., by exposure to UV radiation. -10 [0033] Figure 2Gillustrates
a stage ofan trelasepdrded. dpgebpnically) ditlsd; qryetched. Haslaser driflanggprocess jrcusgdihea front

7 d ot : . . di
T20. " 1 Fiie TEFof B farSRD L0 Byt BE e ) YRl Rl ISR ©

encapsul ahkerhehmreachebtherfirsn conbctivaeddistibftivadayk? 636N dt tigs pomatite Rbertdaidlidg r st
conductive redistribution |ayer 136. The vias 124 can be |laser drilled
mechani caPiogesacal bebritedy with disevia 124 hayinga lepgidraensraliyyeqiabioctbe bpdy thiskaesstlhe
front su : Q). b i ng
T, SaThRER 3Bt U6 EAREY A0SR s PO

redi st ri budd micrémy,8nitabBbfor Alrmiiny the peridattivetgach 1305@ovel inl Higutg 1).pr ocess can be
halted, with the via 124 having a length generally equal to the body

thicknessgb34) Theriyire 2idusiBResNAYBs@M¥NOtagd of Mid Abdo@Tin WhRHSthS Ok 1100 Rhve
shapes (e.g., circular) and/or widths (e.g., 100 mcrons), suitable for

form ng t beencidteducith the @adhctivg Ongtetrd\id 1 iand Rogfigusedi Jo. cqndo@4digralsgre tRe-front
i1lustrat t st t hod i n, whi t he vi 124 h

been 11 11 SRTHF 170 Fnihe caunterive d et (B Ararealinta bttt g OF 4t Paecs Bfcien 24
signal s feamntinge frsedf 1ay§rt{h&a§1%wafée§o@némréeﬂy lén ?g Zefaacaepéf_a@n Qf tHeh&icapsulant

encapsul ant volume 206." At this stage, the vias can include a seed
| ayer (nomathielvd0 thethe siiasetl4d(ergcripysidsnwalls bebaean the hack isunfacef] 26read the front

back. sur f HrEed 38 anths Hedpianesn B Fonesed obsorbe et el ap it e SERos
of copper sQf 19jnGlatiigl halHals T 8VdiRbE- frothid ¥MeBy of companies, including Atotech of
Berlin, Germany; Uyemura of Hirakata, Japan; Technic of Cranston, Rhode Island; and Rohm
and Hass of Philadelphia, Pennsylvania. Seced layer materials can be deposited using non-
selective, conventional deposition techniques, such as chemical vapor deposition (CVD),

physical vapor deposition (PVD), atomic layer deposition, and/or plating techniques.

[0035] Following seed layer deposition, the vias 124 are filled or partially filled with
conductive material 131, such as a conductive metal or combination of conductive metals (e.g.,
copper, gold, and/or nickel). The conductive material 131 in the vias 124 form through-
encapsulant interconnects 132 electrically coupled to the first conductive redistribution layer 136

at the front surface 125.

[0036] In a subsequent stage of the method, illustrated in Figure 21, a second conductive
redistribution layer 137 can be disposed on at least a portion of the back surface 126 of the

encapsulant volume 206. The second conductive redistribution layer 137 is electrically coupled

-11-



seed layer plating materials are available froma variety of conpanies,

i ncluding Atotech of Berlin, Germany; Uyenmura of Hirakata, Japan; Technic
of Cranston, Rhode I|sland; and Rohm and Hass of Phil adel phia, Pennsyl vani a.
Seed | ayer materials can be deposited using non- selective, conventional
deposition techni ques, such as chem cal vapor deposition (CVD), physical
vapor deposition (PVD), atom c |ayer deposition, and/or plating techniques.

[ 0035] Fol I owi ng seed | ayer deposition, the vias 124 are filled or partially

filled w ththeahiddptebhoapsulait efite@bndedts, 132Ul @evidesCelBeed]i coBtabBhdhts Tor second
conbi nati on of conductive netals (e.l copper, gold, and/or nickel). The

conduct | vBoTkEs 13ia 13 (showmn Kigere 13.20p o rertuiane géimeah dhgpssaonsrredistribution
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stage of tReuskel dbodle, With thetehadpedlaht mbtegalr 1202lactrizali@ GG ARstebhd/ Side 116 of
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redi stribyti | j - ectrical ; : - .
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above, with the encapsul ant material 120 electrically 1solati %g t he second
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2J) illustrates a stage of the nmethod after neighboring sem conduct or
packages padkagravid0eecutsimgulicing dirget? Klelpeatet bdweeromigiohng threwgh-Sicapsulant
sem conduct or packages, 100 can be separated by cutti t hrough t he cover
120 and t RUTEHBARS d8 2o BNes sganmenp. M5opikasss 100 egh B Hoge GieiRtg
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ot her adj asiggbnily @abdik®svn dies. Conventional wafer-level packaging techniques exact a penalty for
packaging and processing all dies, both good and bad, at a stage in the manufacturing process
when yields can be low. Accordingly, costly packaging, processing materials and time can be
saved when using the method illustrated in Figures 2A-2J to package only known good dies.
Additionally, by using mold compound to encapsulate the dies, and by routing the conductive
path through the encapsulant body, rather than through the die substrate as in conventional
packages, embodiments of the foregoing method do not require costly dielectric and passivation
layers to electrically insulate the die from the conductive path. Furthermore, embodiments of the

method illustrated in Figures 2A-2J can be performed using wafer-level processing techniques,

further reducing manufacturing costs.

[0039] Conventional semiconductor packages typically include a plurality of separately
manufactured package subunits (e.g., ceramic packages with pre-formed cavities), which are
designed to provide support and protection for the die once assembled. In these conventional

packages, manufacturers have decreased both the thicknesses of the dies and the size of the



[0038] In a particular enbodi nent, the sem conductor packages 100 can be
manuf actured wusing only good known dies. Conventional wafer-1|evel packaging
techni ques exact a penalty for packagi ng and processing all dies, both good
and bad, at a stage in the manufacturing process when yields can be | ow
Accordingly, costly packaging, processing nmaterials and tinme can be saved
when using the nethod illustrated in Figures 2A-2J to package only known
good dies. Additionally, by using nold conmpound to encapsul ate the dies,
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than through the die substrate as in conventional packages, enbodi ments of
the foreg®iPh§atARshddowRychohe reé&uns dechpiguesyavailable de rmafluémlrma@ iagsgmibéenthese

| ayers tOP&!kE% r{%fbgﬁlu 1 litntﬁk:”dt@%r%e %{}ﬁdhethgff em Ep?n E‘l V%h@r@f’oge sbgj'nﬁcgnt be

Furt her not e odi nents o Iustrate i'gures

per f or meddecséane mﬁae:kageethedknasrsea:eaasb@gclhe@hrhmti@matlcéuyr thiveving' edudienee.g., to
manuf act uri ng .costs. (0039]_ Conventional_ sem conductor packages typ i cal Ity

i ncl ude a2pAreimptely, | QFmicens). alnetaitrastean additionrlelgatyeecalza deast ssums %‘Ebf(d@“@’ts 0
ceramic pﬂ'l%ks@’rgﬁ%némc&& r{ﬂ l?argfe%) Lﬂiﬂeg tﬁaﬁ\ﬂlé Hl@?) 10 %F]chgt @s% thin rﬂe r%@&fin&t%e%ﬂ}{%@e

support and protectio I € once asse ese conventiona

packages, asvmuit actameesistiray died e Eoeaspld) ahdisdnticorddatiok paskags 100 cihiceipemteand
t he size of the -12 package subunits to accommodate an overall| package

t hi cknessdi§g h@‘é‘ﬂﬂ @rqb@ﬁt thigknesg ye-of fullihiskios acarbnyll-thisklevkile stihlémuing dig wgtrall

h
echnl aueSuRy Lihe! P, IARHETS! BeR0tly AISRINE GRS TRICK MR 18
decr easesmidtofAC h&g@oﬂ)?lltﬁlklal%§eﬁ ofinhdenagulare oy 1dCasmt ibeaédsnytdlnefv’dl g

the dies (e.g., to approximately 100 mcrons). In contrast, an additional
feature oficcammodaistand suppashibsliortH) while stil ﬁ@lﬂ%\@mﬁ 2 domoveral paekaga dueknesoly s
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a large array. Accordingly, low resolution applications can cost-effectively include solder balls
placed in a fan-out arrangement for connecting to lower cost printed circuit boards, while higher
end applications can include solder balls placed in a fan-in arrangement for packages having

bond sites with finer pitches.

[0041] Figures 3-6C illustrate additional embodiments of packaged semiconductor devices
and methods for manufacturing packaged semiconductor devices in accordance with the present
disclosure. These packaged devices can include several features generally similar to the
semiconductor package 100 described above with respect to Figure 1 which, for purposes of

brevity, are not described in detail below.

[0042] Figure 3 is a partially schematic, cross-sectional illustration of a semiconductor
package 300 that is configured in accordance with another embodiment of the disclosure. The
semiconductor package 300 can be generally similar to the package 100 described above with

respect to Figure 1. The semiconductor package 300 differs from the package 100, however, in
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[ 0040] Enbodi nents of the sem conductor packages 100 can al so enable a w de
range of suitable bond site arrays for providing electrical connection to
external elenents, such as printed circuit boards. For exanple, by
provi di ng an extended surface area for solder balls on the back surface of
t he package, the sem conductor packages can couple to a variety of circuit
boards with a large array. Accordingly, |low resolution applications can
cost-effectively include solder balls placed in a fan-out arrangenent for

connect i nthat thel pavieige GOStingladedt £ tkne inicdlulet 3020@k disu offihd Sovr 46Y positidhed in the
applications can include solder balls Placed in a fan-in arrangenent for
packages Fdiating rabhotP alppg avhjgh thersensor/iapsmiiers 112 trgaiyes mdjerr Bansaits gadiation
illustrat iyl ' ”» em '

et hods 1 F i e a o SR M Bhed G ARTO BRI SR o ISR 00 TR,

t he preseamtd, uding ch® aditesive THE s@nfigakad ae praldutisBedescabied] el 1e8e nidvRr 32 faaaeur es
generally simlar tqo the sem conductor_ package 100 descri bed above with
respect t SFCRECH i & PAsin dpng theradiatiopeths208; Thedensimaduleai(R gapinchisds ong pe@oren
detail be i I t ] . J r - i
iIIustratFgﬁ%ééggﬁééﬁgégﬁgug@gbﬁ‘gé@%%é%ggﬁ%ngﬁgﬁgﬁé&ggkﬁﬁ%ﬁ%ggﬁgﬁhgqg%m
accor danceawvdléngthanSdnhiesndaoto gadkapds 30 Hahidg dhs Rhogedele 30D&an H€ RMb&ONAAGERE,
package 300 can be generally simlar to the package 100 descri bed above with
respect t AMSTyphaey, and pheslpsteanirapplieatiopaerbigag sersifi lenseleaturssom t he package
100, however, in -13 that the package 300 includes a |lens nodule 302 (in
lieu of t843lover Figlays gosthi iibuntndte stagaseof paniethod dar peanhf208ing| sngconduaér t he

/'t i tter 112 i d/ or .t it iat i i gnal h
ens moduriass 100 HolebiaRe ittt tngne TRk it 8t BRcnpted AR
body 122 aRhilyUshil td Elﬁ%%diéﬁeﬂbw a2 vAYeleBdHCE tb BiguRs QXL HowedaS heisRges

the | ens nodul @ 302 can secured in a position along the radiation path
208. The fadlnwingtielsegd0listatad imEigudaidare differomsria thit dsemda@wetpatit 1 Wain figly

transparept to or at |least partiglly transparent to radjati.on at the target
wavel engt megpRtrsR e SR «shlianler S R oM HRiE T hEol ke do Mg G
used in CalBERLSHt staRE IR RBADE SfierBe vk REAdRIIRC iR HutIBR Pyt 24d RNFspo&AU | NY
specific lens features. [00431 Figures 4A-4E illustrate stages of a method

f or manuf tetfomit nerfareni2é omnd Us elsctricpliic kenpeded 00 Tiish baint sited alri 8 et Wit firstisides 114

particul aEe.ng,nail% 1(\jffi: gﬁgst).' [ll’l Qllug isfaal,ge,sthéle gﬁl%ah%t 0% \r/]i%s Tﬂ Ql%dfo%&l by removing encapsulant
material 120 between the back surface 126 and the front surface 125 of the encapsulant volume
206 in the gaps 204 between the individual dies 110. Specifically, the vias 124 can be laser
drilled, mechanically drilled, or etched from the back surface 126 and terminate at the first

conductive redistribution layer 136 on the front surface 125.

[0044] In the next stage, illustrated in Figure 4B, the vias 124 can be filled with conductive
material 131 to form through-encapsulant interconnects 132 that are electrically coupled to the
first conductive redistribution layer 136. The through-encapsulant interconnects 132 are formed
in a manner generally similar to that described above with respect to Figure 2H. For example, a
seed layer (not shown) can be applied to the encapsulant material 120 in at least a portion of the

via 124 prior to filling the vias 124 with the conductive material 131.

[0045] Figure 4C illustrates the dies 110 after the second conductive redistribution layer
137 is formed along at least a portion of the back surface 126 of the encapsulant volume 206.

The second conductive redistribution layer 137 is electrically coupled to the through-encapsulant
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generally simlar to stages descri bed above with reference to Figures 2A-2D,

however, the stages followng the stage illustrated in Figure 2D are
different in that the conductive path 130 is fully formed prior to securing
a cover and/or a lens nodule 302 to the die 110. Figure 4A illustrates a

subsequent stage in the nmethod after the first conductive redistribution
| ayer 136 is disposed on the front surface 125 and is electrically
connected to first bond sites 118 at the first sides 114 (e.g., active

sides). liftetddnBectd BEPCto dofifpldeé tHealoh8ctiof pithaS0 Tt BHeSrirkioBomEQithyY 1 18e00Né Btk
encapsul ant  material 120 between the back surface 126 and the front surface

125 of t harfeerbidsfiteerancopstlanevoleoe 20k t he gaps 204 between the indi vi dual
dies 110. Specifically, the vias 124 can be laser drilled, nechanically
drilled, [B04@t chediguroaDt Hinsiomek a subdeqoent kP4ge axfiché enthotafeerad plunait§ iof déns
conductlve r?dlstrlbutlon | ayer 136 ?n the front surface 125. [00441 In the
next st ag@oduley 1t 3rg Maynted trz.ﬂgqﬁr@aws ant kelugpe 206 with thgdenses 894 p@%rume@hn the

conduct | Vgl ggth«’zlosl Fhe hs RSS2 R 1E AAAARMADH of BIRSEONASCrsial 32 i hat

are electrica coupl e iT5t conductive redi stribution ayer
The t hr ougtheswc dpsribedhtabbwit wnﬂnmmedtstolaamarrg fher ocedr 146 af Figunerl. gdnecrrﬂl |y

lar to that d bed th t to Fi 2
Sead | ayPaertrBRATGHA 188 Cap IOt EBE st CEDRATN At AR SO 200 M

least a pRgd sﬁ’ﬂ?ac@fIFS B?the\ét‘n 6&1%§mW0h9i’ie i énﬂ)ol' {h%q}rgtr%?devl'la%f g%ddlé@' 1. he

conductive material 131 Figure 4 ustrates the dies 110 after the

por 11 on ohUle. b kiEtEt e HtRR i Rbhern et i 0 VRe AR 08, AR Butn

conduct i v@nfigsidedtod patkh@R 10myse shaplldtéd. eTetifidicialidlypaeratRb 880t @ntieecut along
t hr ough-encapsul ant  -14 interconnects 132 to conplete the conductive path

130 fr om dibiagfsireels 2 b indtheigaps 204 Betwigen prighberiRg throughsensanspéing interpennects 132,

I I | b f
he- ot ho s Ry Ebeicin ot it Eafirctig, (°651 D4R R RERER e e

encapsul alﬁuvmgqhwa)f‘&%samd f%atTuFB% an@ RBEAScI&MicP@Sdehiieun@dctbNpdcRues Nadi@EEhen),pat h
208. The | ens nodul es 302 can be nmounted with an adhesive 142 simlar to the

adhesi ve thess@mlcawcmcmkagﬁa B0G, dgpioethe l@nﬁm@ﬁtﬂier@Ztlnﬁe@o@feﬁimmmowsmaguhee 1.
I n one d ment. e_adhesi r.m an _adhesi v we t he
L ens o 1133 it haeRfPEH(E, BB e Raf SR Fimad Rt ARG
and/ or t h@e fridisttonSpaite 208, Guek al H%lt@l &netak) camera phones, and other focusing and zoom-

enabling applications.

[0048] Figure 5 is a partially schematic, cross-sectional illustration of a semiconductor
package 500 configured in accordance with another embodiment of the disclosure. Several
features of the semiconductor package 500 can be generally similar to those of the package 100
described above with respect to Figure 1. For example, the semiconductor package 500 can
include a die 110 having a sensor/transmitter 112 at a first side 114 (e.g., an active side). The
sensor/transmitter 112 can receive and/or transmit radiation signals at a target wavelength along
the radiation path 208. Additionally the semiconductor package 500 can include a cover 140
positioned in the radiation path 208. The semiconductor package 500 also includes the
encapsulant material 120 configured to at least partially encase the die 110. As previously
described with respect to Figures 1 and 3, the encapsulant material 120 can be molded to form

the encapsulant body 122 (e.g., a molded support structure) in direct contact with the die 110.
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10047] Figure 4E illustrates a further stage in the nethod after the

i ndi vidual sem conductor packages 300 are singul ated. The individual
packages 300 can be cut along dicing streets 214 in the gaps 204 between
nei ghbori ng t hrough-encapsul ant interconnects 132, as shown, or between
ot her packaged features (e.g., the dies 110) in other arrangenents. Wile
havi ng many of the sane features and characteristics as sem conductor
packages 100 (Figure 1), the sem conductor packages 300, having the |ens

nmodul e 30@ougyst eadhefsericoRdiRtdr Pacage SORDITREs froth b hdtkAxeVIDI BbYn & Figure 1 in
sem conduct or agpllcatlons req U|r|n%90ne or nore | enses 304 positioned in

t he radi athrbthepindl szogcondueipr agckagfg @doenmer have &mmhaenpamn gyt infergonmepier

Schomat § ot € LerPORR® Rt 58h gy HCES0Bor b RS i B iy

conf i gur eRlydr503 @espbskanténghdricipsanat baly seiehedismdnthe@iech ik Mr&@hﬁmrﬁs af@WRr al
features of the sem conductor package 500 can be generally simlar to those

of the pabickgarfacolZieddbeidpaducineayenisth cmsxpjé@ce capdmstiygrimetals, push asxaissile,
th duct 500
sensor/ t SOy 10k PBEROPud bt Ao (I Fof ind ol | b Gregelor oppiine

sensor/ t r gasFdutiek 1aldd. can recei ve and/ or transm t radiation signals at a
target wavel ength along the radiation path 208. Additionally the

sem condugjpgy; Packags; o%QQy GRcdn GétHQ‘j;aﬁ] %@%&Bs&ﬁﬁsn POSFrbih grs{ %rﬁgﬁes 118

radi ati on path 208. T e sem conducto ackage 500 I'so |nc
encapsul atut tmweemndaborﬁzatasorﬁ%gmrthd back aurfdceaEZtG pithei alchysutanc dody tif2 dlte

110. As preV|oust scrl res ect 1 and 3,
encapsul aftNdHetvErRy aelp t‘b“ec"t‘FHP‘fihY& PEr ?@r Hg‘ﬁ@‘ ?IE‘%F]?B'EHI%PO%’ th? along
(e.g., a goLge nﬁoﬁlﬂﬂspgf éacﬁtorftﬂf;é Hsﬁ)sunﬂcedifse% sqmvﬁm 50M, bhd et @ﬁ&@ 12619

[0049] The seni conduct or package 500 differs fromthe package 100 shown in
Fi gure | Bmilat bathetdmebokdimadts dextibahahwet ovithpafekage tdBgudsesambl, thavenductive

| 22?3325eﬁat@%ﬁﬂ'asi‘?qtpa%u”etair{rc"”&%ﬁtehap o PO Idq O Hrerain: G047 S8 e
back sur 1 ooy B e iSLiien IRVSSh B SoRESLRE Rk ?ﬁ%%%@gkcﬁﬁéﬂ‘?fﬁ%%ﬁ“@ e e
such as niaplate, dlekecmpdayer gobositiared/abongathe mienwalls ahd amda,nn e ma Fotah goinansy, rti@
known t ecper(]:iorgdu s?iﬁe fl g l@gx%lerl nl% mr p?a?‘tllcs Harrlel?n toldlcl)lg]enltsaxo passivation layer is formed at the
encapsulant body side walls 504 and, in some arrangements, the back surface 126. An additional
feature of the semiconductor package 500 illustrated in Figure 5 is that the conductive layer 503
at the side walls 504 of the encapsulant body 122 can provide additional areas for electrical
contacts between the package 500 and external elements. For example, two semiconductor
packages 500 can be electrically coupled to each other by connecting the conductive layers 503

of each at the side walls 504.

[0051] Figures 6A-6C illustrate stages of a method for manufacturing the semiconductor
packages 500 in accordance with a particular embodiment. Initial stages of manufacturing
semiconductor packages 500 are generally similar to stages described above with reference to
Figures 2A-2F. The method differs following the stage illustrated in Figure 2F. Accordingly,
Figure 6A illustrates a subsequent stage in the method after a plurality of central vias 506 have
been formed through the encapsulant material 120 in the gaps 204 between adjacent dies 110.
The central vias 506 extend through the encapsulant volume 206 from the back surface 126 and

terminate at the first conductive redistribution layer 136 at the front surface 125. The central vias

-16-



10050] Functionally, the conductive path 502 transmts signals fromthe
first bond sites 118 to the second bond sites 134a at the back surface 126
of the encapsul ant body 122. The conductive path 502 includes the
conductive |layer 503 applied to the encapsul ant body 122 along at | east
portions of each of the front surface 125, the side walls 504, and the back
surface 126. Simlar to the enbodi nents descri bed above wth reference to
Figures | and 3, the conductive path 502 is separated fromthe die 110 by a
portion 120 @h hakear§FaRakbEf stig@le shagos ahdyeF RRiths. R1oP¥kdh Olma thé ESlral G 506

i solation between the conductive path 502 and the die 110. Accordingly, no
separ at e efindledermadsurtathet the semiesd viap bmedn@mémalﬂwwmed aha 9P sangleYWélmﬁsl)QChtOson”e

o' paser vE iRt ARG R 08 e AAdNTOHRG R oy 3 Yo PO

in some afeimg@rmeﬁpsulaﬁthﬁatawlqzemﬂhag@psma by@é\vﬂgdlaielrﬂﬂﬂlng ét@ature of the
sem conduct or package 500 illustrated in Figure is that the conductive

layer 503{003‘1 the pg %\ﬂ@6ﬂ"'ﬂ|lds§raégﬁ s@cfsetﬁd%ﬁt ﬁzﬁhgz%@ﬁ’ré' rﬂ&ﬁ licz&nﬁﬁ’&lvg'iaﬁ/ dfﬂﬁ
addi tional areas for electrical contacts between t e package 500

ext er nal bdséxmnﬂlslaosﬁabm the @emqttad viat W6 te enieesd noat atportionpachkageaptbiit eareriake] 20
electricall coupl. ed ach ot her connectj ng onductive, | ayers 503
of “each al PhEeur a8 Egome %e@% faging, i sid SAV%% FPuermale tg a@%@%\fe a
nmet hod fo i n cand 0 r, i th
o par i Uty ol e flie] 17, PARIIBACRL ShoapR R RRSrin 20 SafREd RlaE
packages &@8psaiant ganme 206 yn e gapa204t dn sthegasangements, hbdcmtdnmevmydn 50ktartence
to Figures 2A-2F. The net hqd di.fferfs fol |l ow ng t he st g@ illustrated.in

Fi gur e 2F3PPAEE 49 GPIREIRY, SXPeSeR (rOBlRA 91 1 SnPaRSantmaieHR AL AW USinegeoTAntioHel
met hod af fiatif Rbiiles Wil GRRAT 8 infid Seca0B R shOSAN TR (RGudIE MyeEsIsNe

encapsul ant ma erial 120 in the gaps between adj acent dies
central viamsbesdd&trioatlg ndupléd withhhea Hist exrmlaq;iwlradmnbmhmnlaya(166fundm frbm shlefaée

surface 1 r ate gt the fir condugti v but 136
at the friﬁi gc&j’tdlft @15?191& cof léCtB’@n'Plfeélﬁlb 38 conyjpyies eng:gw fa%ﬂfesua ¢4 ? 4f the
variety 0@nc§b’§u‘ia¢1?l«9uﬁ@§@§§) RRARS se\é‘b:ﬁitébﬁd clt—'%r nIz\IKEF 3331”“ ral vias 506

can be forned such he centra vi as ave V|a si de oriented at a

90 angl e MU%?] resqg G }lgﬁt s{ag 11:}’.l %Eed%9¢b§1ﬁ% %CS \ﬁgfa? l‘%lSCOg ctor g%kag 300

Addi tiona he “centr renovin i Ant
materi al  dadObd g2pirbRd g@ﬁﬁea%%tm b$ @udting ,thrb@gsﬂhe (ﬂihlt |cbﬂ1d1@tlv@£e@13trlbut10n layer 136

and/or the cover 140 along dicing streets 214 through the central vias 506. As illustrated, the

individual semiconductor packages 500 have the conductive layers 503 remaining on the

encapsulant body side walls 504.

[0054] While Figures 6A-6C illustrate a particular method for manufacturing
semiconductor packages 500, other methods may be used to package these devices and form a
conductive path 502 around a perimeter of the packaged device. For example, the conductive
layers 503 may be applied after the separation process, e.g., after the semiconductor packages
500 have been singulated. Specifically, the encapsulated dies 110 may be separated from each
other by cutting through the external vias 506, and after singulation, the conductive layer 503
(and/or seed layer) may be applied by conventional vapor deposition techniques, plating, etc., to

at least selected portions of each of the side walls 504 and the back surfaces 126.

[0055] Figure 7 is a flow chart illustrating an embodiment of a method 700 for

manufacturing packaged semiconductor assemblies. The method 700 can include encapsulating
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[0052] Figure 6B illustrates a subsequent stage of the nethod after the
conductive | ayer 503 has been disposed in the central via 506 to at |east
coat a portion of the encapsulant material 120 in the central via 506
(e.g., the inwardly facing via side walls). For exanple, the conductive

| ayer 503 can be plated to "barrel-coat"” the encapsul ant material 120
exposed through the encapsul ant volunme 206 in the gaps 204. In other
arrangenents, the conductive |ayer 503 can be applied to sel ected exposed

portions ®boitis ENEAREH]IcAducRtdE havind A0seh¥oriShdEiteO Pystiidcanala radRskh Path
techniques with or without an initial seed |ayer (not shown). The conductive

| ayer 503(blesk 718k Encencapsiant yanchuplaacneapsyanthody iheving eppenitety faeing front and
redi stri o) er.q1 t [ 5. diti I th
conducti5%£k5@3%&%d%mc§%0%%n@ﬁﬁhéﬁgpéﬁéyehgﬁgggéégﬁr?ngnfgﬁgdﬁmtﬁ%emnhﬂ

encapsul aintlud®tdatd® iOSpdrbioh OF thel dhad A shdy an datet 4 VR Hebichlthé BUAt IFfateRHAr
137. [00531 In the next st illustrated in Figure 6C, individual

sem condulacksuiizcerhigek 780 a'ggfﬁﬂoﬂ?él}’as@ﬂ areshosdd’00rcamiededs ormisg aspnduativi math

t hrough t fi 0 ctive redistridution | r ., 136. apd/or the cover 140
al ong i ol 0P eFE 4G HF st RscorBhiile B BlorcgRoo Bl fiepieff sfdiivene

i ndi vi duaiategal disjadett irothe pag Keas 7500 Tavieick RErfERNehd GlddMidnhlBY RcRid® @3econd
remai ning on the encapsul ant body side walls 504. 100541 Wil e Figures

6A- 6C i | | epndr sitee alpngathe; eanduetivee pifbdegndiguiedniof gleetticalily couplpi exderdalc eloments.
packages . t hod S 0. kage..t hese devices and.fgrm a
conducti vlg&%?i‘{lﬁ?é %gé 7%’ Jﬂgdﬁetﬂ&y7&?c g ﬁ%h r f'ﬁ@ﬁﬁfg 151811183 e %alllsgrrs%i% | e,

around a peringter o &g deth ce!
t he condugtiatién pdtRytdock O3 may be applied after the separation process,

e.g., after the sem conductor packages 500 have been si ngul at ed.

Spect T i calopss) e FRAFAR AR a4 Som kb6 IR ncie? RRANRDASLCId YRIGHE BoniREAAT DY

cutting through the external viaS 506, and after singulation, the conductive
| ayer 503and{andimerfacheed in ayerdanoaywithethapiottiodondmys demasibet atmrval wivtapeference to
depositiop techniques, plating, etc., to at |east selecte rtions of each
of the si HEUFAIS SHaea I IGE  padkpdasesticansiyctor dxisg o, %ﬁ&g}es‘ abgve; Withow
chart il | Nat-LRl kiR QUPOM KERLorRbraRd HRb DRHRA of IR bAGLUMbRGL RAfKATEd
sem conduct or asselrggl iSes. The ne?rﬁorg 700 Egﬂogng\yuﬁeoencapsﬁtﬁati ng oﬁ%?%a
porti on ofysthe, adrithesettocd@®) is dioeelh avepresentas ensomld ofosusiva system.p b fyisemeBD0i n a

radiat i on path . (L ack J10) peThe, ERFRRSWERts B, ChELDe SRSARSYL .05
input/output devices 803 (e.g., a sensor and/or a transmitter), and/or subsystems and other
components 804. Semiconductor packages having any one or a combination of the features
described above with reference to Figures -7 may be included in any of the devices shown in
Figure 8. The resulting system 800 can perform any of a wide variety of computing processing,
storage, sensing, imaging, and/or other functions. Accordingly, the system 800 can include,
without limitation, a computer and/or other data processor, for example, a desktop computer,
laptop computer, Internet appliance, handheld device, multi-processor system, processor-based or
programmable consumer electronics, network computer, and/or mini-computer. Suitable hand-
held devices for these systems can include palm-type computers, wearable computers, cellular or
mobile phones, personal digital assistants, music players, etc. The system 800 can further
include a camera, light or other radiation sensor, server and associated server subsystems, and /or
any display device. In such systems, individual dies can include imager arrays, such as CMOS
imagers. Components of the systems 800 may be housed in a single unit or distributed over

multiple, interconnected units (e.g., through a communications network). The components of the
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back surfaces and exposed outer edges between the surfaces. The nethod 700
can further include renoving a portion of the encapsulant body to forma
via between the front surface and back surface (block 720). Additionally,
the nethod 700 can include form ng a conductive path froma first bond site
on an active side of the die to the back surface that includes conductive
mat eri al disposed in the via (block 730). The back surface can additionally
i nclude a second bond site along the conductive path configured to

el ectri cabysient Q0PLA fxbelindd iRhRIFEAES and/bOthdé MBMBHER0AZE detibe &t gchf 700
can further include positioning a cover transverse to the radiation path
(bl ock 74®jde vgggsgfcqzngmreregdqb?qmgc{m ates a system 800 that includes a

sem conduct or package configured and/or manufactured in accordance with the
enbodi menfl¥Sdescr ithed thbdoegaing,hit rvdflebeea]meecﬁabed Eiagup@iﬁclemboditmems have been

specifically, ack ed sem copduct, or i ce as described abgv

refer enced?SBr‘l?fi%d'E fof Pymosss aid ?%tréﬂ?fbépb%éwaﬂﬂ%ma icgfong %v?qe Tepdan PtaP ger
and/ or gL LRRBAEX FoS Yahfli® wiitthehBa TR @rﬁ?&gﬂeﬁ@ dBRLiBLY abbvk SRS ERERL Ve
sanpl e of such a system hé system 800 1nclu es a processor 801, a nenory
802 (e. g. in iBRédte:DRAMmMitdralmbtor pack@gdselnat irehole sellwr/trass)mtten, mpoiy dihe ﬁuegomg

devices 8 r.and/or a transmtter), and/ subsyst.ens an
Cehor ol ey BB TR i Aot b Uk o i dpdsh SeoK AR LT
conbi nat ' 945bcﬁfc El'@ﬁxeﬁt@aéf%n?sof ﬁ@stﬁféggﬁg &%\ﬂﬁné’x\hst l?anr [ %E)ﬁl'Bﬁ\%dtcﬁ ﬁbﬁHﬁt@& far 7
may be included in any of "the devices shown in Figure 8 The resulting
syst em 806€lemants perdthﬂrmrmbqﬂlménta iudtbery avhilet ﬁcatmfesmdpcharamrpu@cweuatgd with

st or age, senS|n i n and/ or ,oth er functions. rdln the system
500 can’ i PTG bR TRREL oy e ASHI ebrlit G thdlofos Hartiparts, her

processor emi,&r.m%@ gealsoae;m@o%&&ﬁ EQERYLAT chardcAPlsAEs, SRR AT embOUifiEAS heed
appl i ance, handheld device, nulti-processor system processor-based

pr ogr anmabécessanlys extebit ehdc feaomes snd nbarxmwﬂstncsanpmcerd,mgy;dWerennhqdlmcrmmﬁtﬂm :
Sui t abl e ha hel d deV|c s for these s .can include pal mtype

conput er sg‘saé%i?%lfff’é‘%]b’ﬁﬁ BYesPt aéi??’lﬂlﬂ a.i’Pg’t#eg ? | e phones, personal digital
assi stants, nusic players, etc. The system 800 can further include a

carner a, Iight or other radiation sensor, server and associ ated server
subsystens, and /or any display device. In such systens, individual dies
can include imager arrays, such as CMOS imagers. Conponents of the systens
800 may be housed in a single unit or distributed over nultiple,

i nterconnected units (e.g., through a conmuni cati ons network). The
conponents of the
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18 system 800 can accordingly include |ocal and/or renote nenory storage
devices and any of a wde variety of conputer-readable nedia. 100571 From
the foregoing, it will be appreciated that specific enbodi nents have been
descri bed herein for purposes of illustration, but that various

nodi fications may be nade in other enbodinents. For exanple, while certain
of the enbodi nents descri bed above were described in the context of

sem conduct or packages that include a sensor/transmtter, nmany of the
foregoing features may be included i Rl-4BPconduct or packages that do not
include a sensor/transmtter. Specific elenments of any of the foregoing
enbodi nents can be conbi ned or substituted for elenments in other
enbodi memtyge cihw:t her, while features and characteristics associated with
certain enbodi ments have been described in the context of those enbodi nments,
ot her enbodi nents may al so exhibit such features and characteristics, and

not all enbodi means neﬁd .nec(iessaril exhi hit such features and

char act ef'stics. AccordfHyrH? “Pf‘i’é%‘ﬂ%%&f’%ﬂf‘gg'of the disclosure are not
limted except as; QhitdHRudBPERUSH Ritdhdi®dess 19 CLAIMS |/ We claim loll 1. A
sem conductor system conprising: a sem conductor package that includes: a

die with a first side,a dic swiborfitstsiidbe a ferohd gide freogidpeofiredmn the firstsgle, sfide, a

first bond site toward the first side,. apd a. sensor/transmtter coupled to
the first bond site and po%oﬂfi&%ao‘?’%grﬂéecgfs\t/éydﬁ%Ws?risfnsﬁg?%ﬂs@‘é?er ‘iﬂaﬂfg‘éﬁ‘? on

wavel ength al ong a radiati qfe PR boRd G CEn PBEEBIILY 16 NRASRAMSRIL @ LhR:

target wavel ength and positioned transverse to the radiation path; an

encapsul ant at |east parti abdigtieneapsngdtalong ahdiadbrepath:he encapsul ant

having a front surface %enerall flush with the first sic]eg?hnd 3 back
ength and positioned

surface facing opposi te PYSnEtErllyr BHSPUERY L dhe target wave

transverse to the radiation path;

an encapsulant at least partially encapsulating the die, the encapsulant
having a front surface generally flush with the first side and a back
surface facing opposite from the front surface;

a second bond site positioned toward the back surface;

a via extending through the encapsulant; and

a conductive path coupled between first and second bond sites and including

a conductive material disposed in the via.

[€2] 2. The system of claim 1 wherein the back surface is offset from the second
side of the dje.
(e3] 3. The system of claim | wherein the back surface is generally flush with the

second side of the die.
[ed] 4. The system of claim 1 wherein the conductive path includes a conductive

redistribution layer electrically coupling the first bond site to the conductive material disposed in

the via.
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a second bond site positioned toward the back surface; a via extending

t hrough the encapsul ant; and a conductive path coupl ed between first and
second bond sites and including a conductive material disposed in the via.
121 2. The systemof claim|l wherein the back surface is offset fromthe
second side of the die. 1c31 3. The systemof claim1l wherein the back
surface is generally flush with the second side of the die. |c4l 4. The
system of claim 1l wherein the conductive path includes a conductive

redistribufion | ager efiectysicaiabl ¥aizoUphheddin ttlﬁtﬁcdddh&tﬁve?ﬁﬂd iridltdRs aQohfRtive
conductive material disposed in the via. -20 151 5. The systemof claim|l

wher ei n tefistabiiipadeyey elepigietly pupliegbe second bord sitedo thesgpindugtive matasial Higpesed

el ectri c%{}%v- oupling the second bond site to the conductive nateri al

di sposed I'n %e via. 161 6. The system of claim5 wherein the encapsul ant
is the only dielectric material between the die and the conductive
redistribution layer. 101 7. The systemof claim | wherein the second bond

site is liscated | @t er alhosystemafickdms whegein thefengapsulgniels thecanly dielettmis regjesiabm of
claim1l rejin. the | ant, | he.only dielectric material between the
di e and \t‘gﬁtg’vec%nﬂ’gué? ?n\%lgﬁ%g‘fn;éfl?té‘fe rf:%isélﬁgn%qg.er‘l c91 9. The systemof claim!l
wherein the package further includes a plurality of dies spaced apart from
one anot her by gaps, the individual dies having a first bond site

el ectricadfiy coupl-ed tDheasystens of claimnk wiheresy theesesanph bpuachsite i togated dgieraind at
| east partjially .enc ul.ating the dies to forma nolded encapsul ant vol une;
and a pl L?rugf |etayW'§g' Oaf}%@es '&xt endi ng through the nol ded encapsul ant volune in
the gaps, and wherein the conductive material is in the vias.

[¢8] 8. The system of claim 1 wherein the encapsulant is the only dielectric material

between the die and the conductive material in the via.

[e9] 9. The system of claim 1 wherein the package further includes —
a plurality of dies spaced apart from one another by gaps, the individual dies having
a first bond site electrically coupled to a sensor/transmitter;
encapsulant in the gaps and at least partially encapsulating the dies to form a
molded encapsulant volume; and
a plurality of vias extending through the molded encapsulant volume in the gaps,

and wherein the conductive material is in the vias.

fc10) 10.  The system of claim 9, further comprising a conductive redistribution
structure electrically coupling the individual first bond sites and the conductive material disposed

in the individual vias.
Jel1] 11.  The system of claim 9 wherein the individual vias include an encapsulant

void having side walls, and wherein at least a portion of the side walls include a conductive

coating electrically coupled to the individual first bond sites.
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| ctol 10. The systemof claim9, further conprising a conductive

redi stribution structure electrically coupling the individual first bond
sites and the conductive material disposed in the individual vias. lcttl
tl. The systemof claim9 wherein the individual vias include an encapsul ant
void having side walls, and wherein at |east a portion of the side walls

i nclude a conductive <coating electrically coupled to the individual first
bond sites. -21 |cl121 12. The systemof claim9 wherein the cover is sized

to overl agmat | eagb, t heghe nRLElR G EALAPS URRAdin VRl BSRr lé\/eize&%o oee@ysettqeas@fthe

claim1, further including a menory and a processor, and wherein t

sem condumpbiﬁdp@ﬁ@kag@twsluaperatl vely coupled to at |east one of the rrem)ry
and the processor. 14141 14. A sem conductor system conprising: a

sem conduct or package that includes: a die having a first side, a second

si de facipg) opposiige fromydde Jri Jlﬁhx $i ﬂﬁ'thefj'lr?clud{‘@é bSmembsNsHdg ﬂ?@&%?”aﬁdhe

first side and second side, and a first bond site at thé first side,

wher ei n t waerdinghé sertigotaluciat phakagd iseperabely eoupdsustorat fpasti cni ofi ok mcmoreycaad whr
radiation along a radiation path at a target wavelength, and a transmtter
confi gur el %S¢ ransnit radiation along the radiation path at the target
wavel engt h; a nol ded support structure forned of encapsulant in direct
contact with the die, the nolded support structure having a front surface
gener al | yler4f | ush viidt h theenficorstucter sjstema cdyaprdsingir f ace opposite the front
surface, and a plurallt¥ of exteri.or S} e wal | s extendi ng between the front

surface and the b&ACKMEGPFURLY:Pagkags il icUIes rmt erial applied to at |east a

portion of the nol ded sala@@rw,n% §Efs%'§ﬁé‘ra%e&)tndtsnﬁ i bppodiid ﬁ&% thd iRt Backie
surface, and exterior side wal forma conductlve path fromthe first

bond site to a second bond walls extendlng between the first side and second side, and a first
bond site at the first side, and wherein the die includes at least one of
a sensor positioned to receive radiation along a radiation path at a
target wavelength, and a transmitter configured to transmit radiation
along the radiation path at the target wavelength;

a molded support structure formed of encapsulant in direct contact with the
die, the molded support structure having a front surface generally
flush with the first side, a back surface opposite the front surface,
and a plurality of exterior side walls extending between the front
surface and the back surface;

a conductive material applied to at least a portion of the molded support
structure at the front surface, the back surface, and exterior side walls
to form a conductive path from the first bond site to a second bond
site at least proximate to the back surface; and

a cover at least generally transparent to the target wavelength and positioned

transverse to the radiation path.

[e15] 15. The system of claim 14 wherein a thickness of the die is less than a

thickness of the molded support structure.
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site at |least proximate to the back surface; and a cover at |east generally
transparent to the target wavel ength and positioned transverse to the

radi ati on path. [d51 15. The system of claim 14 wherein a thickness of the
die is less than a thickness of the nolded support structure. -22 Ict6] 16.
The system of claim 14 wherein a thickness of the die is generally the sane
as a thickness of the nolded support structure, and wherein the second bond
site is positioned at one of the back surface and the second side. [07] 17.
The systemgf clair6 14 Theayaemn dfekiraridagsmdinanthickneshef taldie idigehegily the same

mat eri al between the conductive material a he exterior side walls and the
die. |c183s a8ickngss afyhg waidse swpgﬂn%trfatuwaéviwheramﬁb? pgeand Bend fiig prppattiened at

support sgﬁy tHéﬁaCjk%Herc%ta\p{E%steb&ufgi and the conductive path along the die

wal I's, an erein the package I ncludées no passivation |ayer adjacent to
t he encapsul ant at the exterior side walls. [c19] 19. The systemof claim 14

wherein a portion of the nolded support structure is between the die and
the conduttilve path-al off§ sMsEMHioE Giem &4 avheraimdhe sacapgulantgis, ths neniskslestsic ¢ he

Kk i i I | : lant at th
xt or i or St e W BT AR BB T e i m 14
wherein the second bond site is at the back surface I|ocated inwardly from

the conductive material_at the exterior side wall]s and laterally outside a
width of {8 die. 2l IThesystyme!f slpimdhvdreren appstion of thermelded punppiairugurg is
menory an : r iS.

oper at i vers vest B 3R fle e Ohau Ve Bl bl BN G Her R BB B ingiudeg 1o g

22. A net badivhtisn haakdpicag tathsentaponlaniat e ediefior §dwilissi ng: encapsul ating a
portion of the sem conductor die with encapsul ant material to form an
encapsul ant body, the encapsul ant body having a front surface, a back

surface oppgsite the Traat, QUL @ Him A% RRiIEEBORDH o? HeTho QAP S poH WEEAuELRE

between the die and the conductive path along the die walls and the second side, and wherein the
package includes no passivation layer adjacent to the encapsulant at the exterior side walls and

the back surface.

[c20] 20.  The system of claim 14 wherein the second bond site is at the back surface
located inwardly from the conductive material at the exterior side walls and laterally outside a

width of the die.

[e21] 21.  The system of claim 14, further including a memory and a processor, and
wherein the semiconductor package is operatively coupled to at least one of the memory and the

Processor.

(e22] 22. A method for packaging a semiconductor die, comprising:
encapsulating a portion of the semiconductor die with encapsulant material to form
an encapsulant body, the encapsulant body having a front surface, a back
surface opposite the front surface, and an exposed outer edge between the
front surface and the back surface, wherein the semiconductor die includes a

sensor/transmitter configured to receive/transmit radiation at a target
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front surface and the back surface, wherein the sem conductor die includes a
sensor/transmtter configured to receive/transmt radiation at a target -23
wavel ength along a radiation path, the sensor/transmtter electrically
coupled to a first bond site at an active side of the die; positioning a
cover transverse to the radiation path, wherein the cover is generally
transparent to the target wavel ength; renoving a portion of the encapsul ant
body between the back surface and the front surface to forma via through

the encapsul ant nateri @Jaivelélﬂ%h bIohBh Rl Aiof YAt feis¥iRoRBhlbnift@BIdchfeall} ESlpidaond
site at the active side to the back surface of the encapsul ant body, the

conductive path incl udihgfiesbhenstcsitewban segive pidepf dedigosed in the via. tc231

23. The nmethod of c¢l.aim 22, further compyising. supporting.the active §jde
of the seni conduc?%?laali"gg i X LY &e tgﬂﬁ%f"\déaggnl% oy @erelhthy SOVFrs igf"fbmjfy
portion of the seniconduﬁﬂﬁﬁmdkﬂhe@ﬂgta&ﬁﬁa@gﬂcapsulating a portion of the
sem conductor die, renoving the carrier substrate to expose the active side

of the sem conduct@nodnga ppgspf e erpppsulpnt bty betwashgherback sptferecdnd theframing

t he conductive path includ el ect.r j,cal connect i the first bond site to
a second bond site, thé“@%%g%g“ﬁﬁﬂﬂag??%%¥%§?Fﬂ%Hkﬂp%f§P@#5?4y out side a
width of the seni (f&ﬂﬂh'%?tanon_ﬂm&ivf:%thefr&ﬁtthé iadt | Hon8 QUPlat B RXVESIR! 10 RhEBRML S-
1c251 25. The nethod of claim 22 wherein formng a conductive path includes

coupling a conductive sedicstafitheenapsulany dodphdbsveentucties path ducl c@iduetivend
t he conductive naterialzugi§ ps%g iq th via. tc261 26. The nethod of claim
22 wherein: encapsul at i g(%?(f I %H] ]c}? ¥he seni conductor die includes
appl yi ng the encapsulant material directly to the die w thout an
internediate dielectric material; and formng a conductive path includes
appl yi ng iBhduct i ¥8. maflée methodiof eleim Y2t forthereompysipgul ant body wi t hout
i ntermediate diel %gélr)ro'rt‘fngn&teea{c%i@elz side of the semiconductor die on a carrier substrate before
encapsulating a portion of the semiconductor die; and
after encapsulating a portion of the semiconductor die, removing the carrier

substrate to expose the active side of the semiconductor die.

[c24] 24, The method of claim 22 wherein forming the conductive path includes
electrically connecting the first bond site to a second bond site, the second bond site positioned

laterally outside a width of the semiconductor die for electrically coupling external elements.

[e25] 25. The method of claim 22 wherein forming a conductive path includes
coupling a conductive redistribution layer between the first bond site and the conductive material

disposed in the via.

(¢26] 26, The method of claim 22 wherein:
encapsulating a portion of the semiconductor die includes applying the encapsulant
material directly to the die without an intermediate dielectric material; and
forming a conductive path includes applying conductive material directly to the

encapsulant body without intermediate dielectric material.
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-24 [c271 27. The method of claim26 wherein: encapsul ating the portion of
the sem conductor die includes nolding the encapsulant material around a
plurality of dies separated fromeach other by gaps; renoving a portion of
t he encapsul ant body includes formng at |east one via in individual gaps;
and the nethod further conprises cutting through the vias to separate

nei ghbori ng packaged seniconductor dies fromeach other and exposing the
conductive |ayer east f the exposed outer edge of the
encapsul anff?’body. %22 %HW$w3 ﬁﬁ% 8&“@Fﬁ|ﬂ122 wherei n encapsul ating the

portion of the Se%&ﬁﬂﬂétﬁ%gorthéj'ﬁ)rh&{”d{d% fs@miBoRgudidte d@é‘%ﬁ@lﬁ&ésa’?ﬁolﬁ’iﬂ ythe

around a plurality of dies separated fromeach other by gaps, th

filled with encapsul ant emmapsiam imataiad anched ephlratlhﬁoﬁérbhmjaara&&drﬁr@nmammﬁnbges:
formng a first conductive redistribution.layer at the front surface
electrically coupled t&8ndividual die first bond sites; renoving a portion

of the encapsul ant rém&\ﬁﬁ% ?I poktibn! g‘tethg?ﬂéﬁptsﬁﬁalﬁtoﬁ({;\ﬂ“y?iﬂﬂbﬂ'ésai}o'r&%\gogt ¥dsB3ne Wyﬂ‘mh

t he encapsul ant body; ng I n Vi as conducti ve materi al
f orm t hr ough- encapsul anindividiatgampnaelct s termi nating at the first conductl ve

redi stribution layer; form a second conducti ve distribution | &
the back surface tﬁ*eerf@&‘)m @gthﬁr y COTBRILGP &1 tHRE ﬁdﬁe SfSalfs tErare “eéﬁb(’"“g
| nterconnects to a SeCOPQckQQéHdseﬁh%cﬁxdu%t&edlesgﬁ@ﬂr@cpgﬁfér ghd @xﬂ&?ﬁgtthé)muaﬂfebe

el ectrically connected to externa enents; and cutting throtgh at |east

t he encapsul ant nmat eri alayemon dtdeagapportion of thgetmbel autpadigagetie esapiudandodit or
device. -25 [c291 29. The nethod of claim 22, further conprising testing the
sem conductor die

[c28] 28.  The method of claim 22 wherein encapsulating the portion of the
semiconductor die includes forming the encapsulant body around a plurality of dies separated
from each other by gaps, the gaps filled with encapsulant material, and wherein the method
further comprises:
forming a first conductive redistribution layer at the front surface electrically
coupled to individual die first bond sites;
removing a portion of the encapsulant material in the gaps to form a plurality of vias
through the encapsulant body;
filling individual vias with conductive material to form through-encapsulant
interconnects terminating at the first conductive redistribution layer;
forming a second conductive redistribution layer at the back surface to electrically
couple the through-encapsulant interconnects to a second bond site, the
second bond site positioned to be electrically connected to external
elements; and
cutting through at least the encapsulant material in the gaps to singulate a packaged

semiconductor device.

25



bef ore encapsul ati ng the sem conductor die, and wherein encapsul ating the
sem conductor die includes encapsulating only a known good die. [c301 30. A
met hod of manufacturing packaged sem conductor assenblies, conprising:
attaching a plurality of singulated dies to a tenporary carrier, the dies
bei ng spaced apart from one another by gaps, wherein individual dies have
an active side attached to the tenporary carrier and a second side facing
opposite the active side, and wherein the dies include a sensor/transmtter
posi ti onedic<®] ong a?29% adilh¢ imsthqshethelaipt 3% fagheircompeiaipg utsting thesemicenductor dive

gaps and at | east riially around the second side to, f.orma nolded volune,
Phe- ol dedUF aeeaRauNfg e e PURMLeiby Tsc SERforg b rEu iRa b ST RghT 1 "o
cover trangyRi&ntspshiatng edll alkhown padddict he cover being general l'y
transparent to a target wavel ength receivable/transmttable by the

sensor/transmtter; and formng a plurality of conductive paths through the
encapsul ant_ materi in,the gaps etween the front surface and the back
surface. 16 31. h'e néthgﬁglgﬁ Tai M C\Mgllgeicharggac&ﬁ'&ﬂ?@?gvgorpaﬁsﬁ?"aﬁ‘es’
i ncl ude a et ve i nterconnect through the nol ded vol une between the

front surface and the back surface, and wherein the individual dies have a
first bond site at attiphingca pheslity afesingutated diesto dhismporiry eartien, thy died keing spaedd| y

led to th It itter, dth t hod f.ur.t| j-ncl ud oo
lectrically coupling PHEL FPRSTIeiBRUCT Y G RiiEn CRIRHE e Tt &8 agfiveaide « o

formthe conductive pat Bufdhednd e tendifokdry Barfibhdladeb it SRRAKCIRH bHFRRe théfaag\k

32. The nethod of claim 31, further conprising positioning a second bon
site at the back surfaecde, antewheremnidic blagsdinslude a skrsot/tramsaiityr pwitpined atoog tahe
conductive interconnect. -.636 1¢331 33. The nethod of claim 30 wherein
forming a plurality of ESWIG8P* e paths includes removing encapsul ant

material from at | @a2ing@nRAcids@RAnOhatesl iHRhOLHs URY BIMBadt PatthBy ARIA the second
side to form a molded volume, the molded volume having a front surface
and a back surface;
positioning a cover transverse to the radiation path, the cover being generally
transparent to a target wavelength receivable/transmittable by the
sensor/transmitter; and
forming a plurality of conductive paths through the encapsulant material in the gaps

between the front surface and the back surface.

fe31] 31. The method of claim 30 wherein the conductive paths include a conductive
interconnect through the molded volume between the front surface and the back surface, and
wherein the individual dies have a first bond site at the active side, the first bond site being
electrically coupled to the sensor/transmitter, and the method further includes electrically
coupling the first bond site to the conductive interconnect to form the conductive path from the

active side to the back surface.

[¢32] 32.  The method of claim 31, further comprising positioning a second bond site

at the back surface, the second bond site electrically coupled to the conductive interconnect.
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to formencapsul ant voids, and filling the encapsul ant voids wi th conductive
material. 1c341 34. The nethod of claim 30, further conprising cutting at

| east the encapsulant material in the gaps to singulate the packaged

sem conduct or assenblies. 1c351 35. The nethod of claim 30, further
conprising renoving encapsulant material fromthe back surface to thin the
nol ded vol une. 1c361 36. The nethod of claim 30 wherein formng a plurality
of conductive path i nc] ude remvi ng. encapsul ant materjal fromat |east a
portion ofl%¥he nol géd v {“’uﬁ?aloﬂ h a‘“bgﬁb?q’lef?"? g‘?"fﬂ‘%é ’érﬁ"fé(n?ff‘i/"c’i‘a]b‘g“’ﬁé’@&ﬁg
si de wal | spcidie3 RARSNAG BnaPRIHAE hrla¥Bial BYRIat RS pdrBETSE he RRYIAIAD 1 Phe inhRe galse
wal | s; and cutting along dicing streets and through the encapsul ant vords to
separ at e itnderi cheapsulashecigs ahdfibug dicemcagselatt Wids Witleconsluttoa edteridlai m 30
wherein formng a plurality of conductive paths includes cutting through
the encapsul ant material in the gaps to separate individual encapsul ated

dies, the gnpcapsul gjed ﬁh@&ehﬁs&idﬁglaﬁﬁ@@?ﬁﬂh@ﬂ&ﬁ@rﬁﬁ&%ﬁ%g‘ﬂ% sf ﬂh@@hca%bﬁl;irﬂce
ctive | ﬁ e

and the back surface; and di sposing a condu ayer on at |east t
exposed edg@srial in @€ gaps to singulate the packaged semiconductor assemblies.

[¢35] 35.  The method of claim 30, further comprising removing encapsulant material

from the back surface to thin the molded volume.

[¢36) 36.  The method of claim 30 wherein forming a plurality of conductive paths
includes —
removing encapsulant material from at least a portion of the molded volume in the
gaps to form encapsulant voids having side walls;
disposing a conductive layer on at least a portion of the side walls; and
cutting along dicing streets and through the encapsulant voids to separate individual

encapsulated dies.

[¢37) 37.  The method of claim 30 wherein forming a plurality of conductive paths
includes —
cutting through the encapsulant material in the gaps to separate individual
encapsulated dies, the encapsulated dies having exposed edges between the
front surface and the back surface; and

disposing a conductive layer on at least the exposed edges.
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