THROUGH-HOLE VIA ON SAW STREETS Field of the Invention The present invention relates in
general to semiconductor devices and, more particularly, to a through-hole via stackable semiconductor
device. Background of the Invention In a growing trend, semiconductor manufacturers have
increasingly adopted three-dimensional (3D) interconnects and packaging for semiconductor devices.
Three-dimensional interconnects give advantages such as size reduction, reduced interconnect length
and integration of devices with different functionality within a respective package. One of the
various ways of implementing 3D interconnects involves using so-called "through-hole via" technology.
The location of a through-hole via can be located either within a semiconductor chip, or "die," or outside
the die (i.e., along a so-called "saw street" guide). However, current through-hole via technology
poses several limitations. A via located within a semiconductor chip restricts the freedom of having
additional circuitry within the chip. As can be appreciated, a respective location of a through-hole via
forecloses the placement of circURHRQUGEt HOE&L AL A\ LA rAlt, FRREREGonality of the chip, and
therefore, a device making use of the chip, is limited.

Field of the Invention

The present invention relates in general to
semiconductor devices and, more particularly, to a through-hole

via stackable semiconductor device.

Background of the Invention

In a growing trend, semiconductor manufacturers have
increasingly adopted three-dimensional (3D) interconnects and
packaging for semiconductor devices. Three-dimensional
interconnects give advantages such as size reduction, reduced
interconnect length and integration of devices with different
functionality within a respective package.

One of the various ways of implementing 3D
interconnects involves using so-called "through-hole via"
technology. The location of a through-hole via can be located
either within a semiconductor chip, or "die," or outside the
die (i.e., along a so-called "saw street" guide).

However, current through-hole via technology poses
several limitations. A via located within a semiconductor chip
restricts the freedom of having additional circuitry within the

chip. As can be appreciated, a respective location of a



A via located outside the semiconductor chip (i.e., along the saw street guide) necessitates a wider saw
street to accommodate the creation of a through-hole. As a result, yields (i.e., chips per wafer) are

reduced. Summary of the Invention In light of the foregoing, the aim of the present invention is to
provide a through-hole via stackable semiconductor device without having any of the accompanying
limitations previously described. Accordingly, in one embodiment, the present invention is a

semicond qﬁ(%r de\ﬂg%ggrgpnsmgfa first emlconéi}lljgtorldle and r|E)1I:urglléty of bgngtpads fgrl?ﬁggver a

surface of the first semicondtctor die.“An 8rsgeasnic matgrléaﬁselaiespose around'a p]é?/ipﬁera region of the

first semicopductdpdie. AAda is formettin thé ergamc materddl 1Aconductive niaigrial ésxdeposited in the

via to formt%con ctive via. dA‘ metal trace. connects thE cc%nducgve via, to ane of thg bond pads.
relrore ﬁ eVvice .na 1.n%.use O § C lg .1S imited. . .
In another embo iment, the present invention is a semiconductor dévice comprising ‘a first semiconductor

die and bond_ pad forme_él over a@m@te@f@h@ﬁﬁsﬂsetyﬁmrﬁmi&r@@u@m mudémg _miate&i_aj is di_sposed
around a peripherglyggion. of the. ficst SSHH%P@'W%éoéedé%-i%é:‘gg%i%‘“vﬁi‘é%%5 formed,inthe insylating

material. A metal trace connects the conductive via to the In still another embodiment,
the presem fmanitiofds a sehsicordurctorcdevide eomprisingtarplotality ofstagked sseriiconductor die.

Each semiiggquﬁgor(gigehgs %@i%glitégé)} Wg@&apséggng@gggga surface of the semiconductor die, an

insulating material disposed around a peripheral region of the semiconductor die, a plurality of conductive
vias formed in the insulating material, and a metal trace connecting one of the conductive vias to a first
one of the bond pads. In still apethgr-gmbedinpents isaRieseat invention is a semiconductor
device comprising a first semiconductor die and plurality of bond pads formed over a surface of the first
semiconductor die. An insulating material is disposed around a peripheral region of the first
semiconductor die. A plunalityigfroondfictivesvias s torineg, intthe irsutating materiat.ofs anetal trace

connects olnI{:-)V%fntjee conductlc\ée vias \t{g a eflr%t %rll]ergfu E;‘h‘%- or epz%l]dlsa. AS %ccqub(inee of the bond pads is

electrically isolated from the conductive vias.
semiconductor device without having any of the accompanying
limitations previously described.

Accordingly, in one embodiment, the present invention
is a semiconductor device comprising a first semiconductor die
and plurality of bond pads formed over a surface of the first
semiconductor die. An organic material is disposed around a
peripheral region of the first semiconductor die. A via 1is
formed in the organic material. A conductive material is
deposited in the via to form a conductive via. A metal trace
connects the conductive via to one of the bond pads.

In another embodiment, the present invention is a
semiconductor device comprising a first semiconductor die and
bond pad formed over a surface of the first semiconductor die.
An insulating material is disposed around a peripheral region
of the first semiconductor die. A conductive via is formed in
the insulating material. A metal trace connects the conductive
via to the bond pad.

In still another embodiment, the present invention is

a semiconductor device comprising a plurality of stacked
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Brief Description of the Drawings FIG. 1 illustrates an exemplary prior art method of making a
wafer level chip scale package; FIGs. 2A and 2B illustrate a first embodiment of a through-hole via
stackable semiconductor device in a top and side view, respectively; FIGs. 3A and 3B illustrate a first
step in a first exemplary method of manufacturing the through-hole via stackable semiconductor device
shown in FIGs. 2A and 2B as seen in a side and top view, respectively; FIGs. 4A and 4B illustrate a
second step in.a first exemplary methgod of manufacturing the through-hole via stack%tlaée semiconductor
device shos\};)\?rlln ﬁlclgl%éé".cfﬁ gna[ é%’ as ggé:%\linsgrgfdseogr(#él 01:po\]/:ie\(/£v,l?eshp“’le%:ti\“ilely;l ure 5, éﬁ and 5B
lllustrate athird steplin & firstedemptary anethod of enanfufattaringthe thrdugh-dolelvia stackable
semicondudlar device shown in. FIGS, 24,80d.28 a5, seen in aside and fon view, fespeciively,  _FIGs.
6A and 6B liUstrate a fourt step in a?'lrstpexemplary method of manu acturing tﬁe through- o?e via
stackable semiconddotor devitésshowrrih EIGS. 2A arfid 2BraBisdevin & Sie drid-topdview, tEspectively;
FiGs. 7A and T8 lusirate,a fifth stsp i adist sxemplan method.gl.uanyfagtucng the thrpugh-hole via
stackable semiconductor device shown in FIGs. 2A and 2B as seen in a side and top view, respectively;
conductive vias to a first one of the bond pads.

In still another embodiment, the present invention is
a semiconductor device comprising a first semiconductor die and

plurality of bond pads formed over a surface of the first

semiconductor die. An insulating material is disposed around a
peripheral region of the first semiconductor die. A plurality
of conductive vias is formed in the insulating material. A

metal trace connects one of the conductive vias to a first one
of the bond pads. A second one of the bond pads is

electrically isolated from the conductive vias.

Brief Description of the Drawings

FIG. 1 illustrates an exemplary prior art method of
making a wafer level chip scale package;

FIGs. 2A and 2B illustrate a first embodiment of a
through-hole via stackable semiconductor device in a top and
side view, respectively;

FIGs. 3A and 3B illustrate a first step in a first
exemplary method of manufacturing the through-hole via
stackable semiconductor device shown in FIGs. 2A and 2B as seen
in a side and top view, respectively;

FIGs. 4A and 4B illustrate a second step in a first
exemplary method of manufacturing the through-hole via
stackable semiconductor device shown in FIGS. 2A and 2B as seen

in a side and top view, respectively;
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FIGs. 8A and 8B lllustrate a sixth step in a first exemplary method of manufacturing the through-hole via
stackable semiconductor device shown in FIGS. 2A and 2B as seen in a side and top view, respectively;
FIGs. 9A and 9B lllustrate a seventh step in a first exemplary method of manufacturing the through-hole
via stackable semiconductor device shown in FIGs. 2A and 2B as seen in a side and top view,
respectively; FIGs. 10A and 10B lllustrate an eighth step in a first exemplary method of
manufacturing th ough-hole via_stackable semiconductor device shown in EIGs. 2A and 2B as seen in
a side and top vie%véfar’seépgéivae yg{ Sk F1 sl.li?[i\ae{:ned fll§ ffustra é: asecond e]rfnlbrostﬁment of a
through-hcle sngrstackable semicarfductorndevidcarincorparating apburalityhaf lcomyplete through-hole vias,
as seen in3 (opand side view. Jespagiiely., IO, dan and 128 lustiate a dhigd step in g, second
exemplary met odbo manﬁq‘acturlng the througﬁ-chole via' stackable semiconductor device $hown in FIGs.
2A and 2Bias seeri itea sige argbtopiview, respeetivelyely ; FIGS. 13A and 13B lllustrate a fourth step in

a second exemplary-method gfnrga@_%faﬁtgip&tggttgroggpél&ql%ﬁ/i&g@t%gk%lglle semicanductor device
Ys

shown in FIGs. 2A and 2B as seen In a side and top view, respective FIGs. 14A and 14B lllustrate
a fifth stepsinensecond exernsidryometiotldfananufacturingethe ihough-fiole viavstackable semiconductor

device shawn, IV ElGs, 24,814 2BA%-$e60 19a,5ide andIon ieweesRectiveling 28 as seen
in a side and top view, respectively;

FIGs. 7A and 7B illustrate a fifth step in a first
exemplary method of manufacturing the through-hole via
stackable semiconductor device shown in FIGs. 2A and 2B as seen
in a side and top view, respectively;

FIGs. 8A and 8B illustrate a sixth step in a first
exemplary method of manufacturing the through-hole via
stackable semiconductor device shown in FIGS. 2A and 2B as seen
in a side and top view, respectively;

FIGs. 9A and 9B illustrate a seventh step in a first
exemplary method of manufacturing the through-hole via
stackable semiconductor device shown in FIGs. 2A and 2B as seen
in a side and top view, respectively;

FIGs. 10A and 10B illustrate an eighth step in a first
exemplary method of manufacturing the through-hole via
stackable semiconductor device shown in FIGs. 2A and 2B as seen
in a side and top view, respectively;

FIGs. 11A and 11B illustrate a second embodiment of a
through-hole via stackable semiconductor device incorporating a
plurality of complete through-hole wvias, as seen in a top and
side view, respectively;

FIGs. 12A and 12B illustrate a third step in a second

exemplary method of manufacturing the through-hole via



FIGs. 15A and 15B lllustrate a sixth step in a second exemplary method of manufacturing the
through-hole via stackable semiconductor device shown in FIGs. 2A and 2B as seen in a side and top
view, respectively; FIGs. 16A and 16B lllustrate a seventh step in a second exemplary method of
manufacturing the through-hole via stackable semiconductor device shown in FIGs. 2A and 2B as seen in
a side and top view, respectively; FIGs. 17A and 17B lllustrate an eighth step in a second exemplary
method of manuyfacturing the throygh-hole via stackable semicor;id tor deyice shown in FIGs. 2A and 2B
as seen inse{: § Lfé%(E?I%eto%e\/rPévg,or%%%gEt?v%Iﬁ SVIERGS T84 and gjlg'gSI’Irusf)er%'glt(-i-al 3%%2%1 s?gp i &'second
exemplaryimethosliafenamufacturing the throaghdmwte vialstackable semiconductor device shown in FIGs.
2A and 2B as seen na s?l?anadn%)pl\ggwi&%gse%:rl\éeclg; FIél&sc.hl%,cand %gBaIII%setEag% & ten_th stepin a
second exemplary method of manufacturing the t rough-%o e via stackable semiconductor device shown
in FIGs. 2&and2B:as seenliwd side and topview, respectivelyhroudklch @0allvsteates a third exemplary
embodimept of 3 through-hole via stagkable semicondustar deyice, shown,utilizing a,die-to-die stacking
configuration in a side view; FIG. 21 illustrates a fourth exemplary embodiment of a through-hole via
stackable semiconddetor déviceP sNow utilizing acdiéste-die stacking configuration which incorporates
solder paste, agajn jn.a sidesviews 1 4RIG; 22,llystiates a fifth-exeraplagy embodiment,of a through-hole
via stackable semiconductor device, having multiple rows of bond pads ‘and multiple rows of via holes as
shown in &£gpRéwry method of manufacturing the through-hole via

stackable semiconductor device shown in FIGs. 2A and 2B as seen

in a side and top view, respectively;

FIGs. 15A and 15B illustrate a sixth step in a second

exemplary
stackable

in a side

FIGs.
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method of manufacturing the through-hole via
semiconductor device shown in FIGs. 2A and 2B as seen
and top view, respectively;

16A and 16B illustrate a seventh step in a second
method of manufacturing the through-hole via
semiconductor device shown in FIGs. 2A and 2B as seen
and top view, respectively;
17A and 17B illustrate an eighth step in a second

method of manufacturing the through-hole via

semiconductor device shown in FIGs. 2A and 2B as seen
and top view, respectively;

18A and 18B illustrate a ninth step in a second
method of manufacturing the through-hole via
semiconductor device shown in FIGs. 2A and 2B as seen
and top view, respectively;

19A and 19B illustrate a tenth step in a second
method of manufacturing the through-hole via
semiconductor device shown in FIGs. 2A and 2B as seen

and top view, respectively;



FIG. 23 illustrates a sixth exemplary embodiment of a through-hole via stackable semiconductor device,
incorporating a row of half-cut via holes coupled to a row of bond pads on opposing sides of a die as
shown in a top view; FIG. 24 illustrates a seventh exemplary embodiment of a through-hole via
stackable semiconductor device, incorporating dummy via holes on opposing sides as shown in a top
view; FIG. 25 illustrates an eighth exemplary embodiment of a through-hole via stackable
semiconductor d%vftée., [ %orgﬁatingrdaucmmyavi%aole on a single side as s ow%j'cn %]go%view; and

FIG. 26 illustrates a nint exemplllasry embodiment of a througn-holé via stackabie semicénductor device,

depicting thiorstackechdies utifizing the klahmimy vienhicles ds seen inl&ElGse24 ahd@25 to connect a top die
with a Wireﬁtgciqdligg process. Q%%lggi%e% ri ti%n of the DEalwiygg tion i The present invention is
described in one 6r more embodiments in the fo Ilov%ng description with referénce to theJFelgu’res, in which
like numerals représent e samersirndar eldmemtsh\Whilenthé dnventionds! describedfinaerms of the

best modetfl% gﬁ@iﬁym&tge‘;q\éen%u_)‘gé{%bg%%tiv%?mg 3‘8'1'1?8 Catp&e%%t\gg C@/,thgﬁgﬁgi_lleq in the grt that it is
Intended to cover alternatives, modifications, and equivalents as may be Included within the spirit and
scope of the invenrtiow as defined bydhe appendead glaims ahduheir Equivalens as supported by the

following di%%%g A2nd drawings. - Ip ast gJGagJ llystrates an exemplary prior art method 100 of making
u

a wafer level chip scale package. A plurality of chips 102 are cut from a wafer. Each chip 102 has a
plurality of protrudlihg bofding pads 164 focated of the asivrsafacesihe chip to2f a

through-hole via stackable semiconductor device, having
multiple rows of bond pads and multiple rows of via holes as
shown in a top view;

FIG. 23 illustrates a sixth exemplary embodiment of a
through-hole via stackable semiconductor device, incorporating
a row of half-cut via holes coupled to a row of bond pads on
opposing sides of a die as shown in a top view;

FIG. 24 illustrates a seventh exemplary embodiment of a
through-hole via stackable semiconductor device, incorporating
dummy via holes on opposing sides as shown in a top view;

FIG. 25 illustrates an eighth exemplary embodiment of a
through-hole via stackable semiconductor device, incorporating
dummy via holes on a single side as shown in a top view; and

FIG. 26 illustrates a ninth exemplary embodiment of a
through-hole via stackable semiconductor device, depicting two
stacked dies utilizing the dummy via holes as seen in FIGs. 24

and 25 to connect a top die with a wire-bonding process.

Detailed Description of the Drawings

The present invention is described in one or more
embodiments in the following description with reference to the

Figures, in which like numerals represent the same or similar
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The plurality of chips 102 are disposed on the top surface of a retractable film 106. The retractable film
106 is secured by a frame 108. The frame 108 is fixed by a fixture 110 and the retractable film 106 is
displaced on a work platform 112 and stretched to a certain distance. The platform 112 can move
up relative to the fixture 110. The wafer is cut by a cutter into the plurality of chips 102 as shown which
have been encapsulated into semiconductor packages and then sawn by a cutter 118. A shaft 114 moves

upward to lift the platform 112 relatjve to the fixture 110. . The present invention Improves upon the
exempIaryepqrcleoﬂfealFF)'gE %ét%iﬁ@ o%%ﬁ%nh?ﬁf:?&r%i%r}eﬁaeﬁ 8 ?hcr](ﬁ)ﬁﬁﬁ-%ojré1 v?%lesrénfﬁic&]gdl}c%)r device which
is, in somecembodimients ostaekéd togethertfor specificapplicationd andtimptementations.l be  FIGS.
2A and 2B _illustrate a first embodiment of a through-hole via stackable semiconductor device 200, in a top
and ide Vi e SRA Ry Dot R0 et Lk ntbrpoied o 203 TR dace 300 Ekiabs a pluraity
of bond pads204 avhietr art-depositedwhidn agtiveside afithle sgmicontemctor die 202y The bonding pads

204 can beinSE %%e gﬂmﬁglegggdg %rpligalgnog t@%g'%ez%?fb¥ﬁe°'?¥%%ﬁ‘&°c§§§a%r otherwise. The

materials of the ing pads 204 can be made from conductive metal, suc aluminum (AD. The bonding

pads 204 cETbafoinéd td Asubsiratedsyfa soideringyrdcéssir equivedries-of metal traces 206
electricallys%tp(gq:g*éedb%nyd pads 204 {0 the,via 208. Asseen in BG4 2B, _rLt}%gig 208 extends vertically

from the active, top surface 212 of the die 202 and surrounding material 210 to a bottom surface of the
die and surrounding matekat 210 Whiehts ebRsistent ffpErthrovgihokvia desimt hod 100

of making a wafer level chip scale package. A plurality of
chips 102 are cut from a wafer. FEach chip 102 has a plurality
of protruding bonding pads 104 located on the active surface of
the chip 102.

The plurality of chips 102 are disposed on the top
surface of a retractable film 106. The retractable film 106 is
secured by a frame 108. The frame 108 is fixed by a fixture
110 and the retractable film 106 is displaced on a work
platform 112 and stretched to a certain distance.

The platform 112 can move up relative to the
fixture 110. The wafer is cut by a cutter into the plurality
of chips 102 as shown which have been encapsulated into
semiconductor packages and then sawn by a cutter 118. A
shaft 114 moves upward to 1lift the platform 112 relative to the
fixture 110.

The present invention improves upon the exemplary
prior art method 100 of manufacture to render a through-hole
via semiconductor device which is, in some embodiments, stacked
together for specific applications and implementations.

FIGS. 2A and 2B illustrate a first embodiment of a
through-hole via stackable semiconductor device 200, in a top
and side view, respectively. Device 200 has an incorporated

die 202. The device 200 includes a plurality of bond pads 204
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The surrounding material 210, which is, for purposes of the present invention, referred to as an "organic
material” is deposited around a peripheral surface 214 of the die 202 as shown. The organic material 210
is an improvement and a departure from that of the prior art, as will be further described. The organic
material can include such materials as benzocyclobutene (BOB), a polyimide (PI) material, or similar. As
shown, the vias 208 are formed in the organic material 210 and organized according to rows. In the
present em odiment 208, the vias 508 are formetd.in eachdside gf e organic mageri | 210 (e.g., sides
216, and 21 }%o asto co%%ﬂgtle ye Surround' thaecpelr‘l]p%esr)} of dié 202 Each of the plllucraﬁ)tjil of bond pads
204 is electrieallycbuplethto éactiofthepduraliBOcf vasi208. deposiAswilble seen, through-hole vias

208 can be formed in various configurations, for,exa ,.-along multiple rows. Further, half-cut vias (as
chown it (08 AR Lo o) DAoL oS 2R g IO R AP ES Srodkinents (o sui
particular infdlementations TTike sefricordUstordevice RO0Tancbecstaeked ér coupled withbadditional dies

202 in a varjety o i lan IGs. illystrate a first step | ir emplary
method of%rrn%r%ufégﬁj%%{{r%%h?gﬁaﬁ-%blesgiﬁstgﬁua%ﬁg} ggmi@t%%hctif%%v%ﬁ%ﬁo@vg; %talgjigc;s. 2A and 2B
as seen in4dideandaep isawa@spectivedyizs Wwatdres30tvisprevided rAsgries of oad pads 204 are

formed on an active surfacg of the wafer as shown._The wafey i%?@é@??@é’l‘ﬂ}h @mgtr@%teguide 302.

FIGs. 4A and 4B illustrate a second step in the first exemplary method of manufacturing the through-hole
via stackablerserrieordictsr deviE& Shewa irt FiGs. 2% aRd 2B a8 skeéff in aBide-ard Yoviews

reSDeCtiVe!é/xﬂ_Qﬁd%af%:?QQ &?DQU@%W%Q’%@%@G@Q F&i%e%ﬂ@@é‘?!@ first tigy_e %é cutti'ng source
402. The cutting source 402 can include a saw or a laser cutting tool. Prior to singulation, the

wafer 300 st flac@d o ditiHg PR Houd Wiidiekésps thelvdrioud deghieiits 2007 praceiduritg the

singulationsprocess. Suhsequeat tosthe-singulation process . a series ebdaps; 40a is fprmedbetween
respective segments 400 as shown. FIGs. 5A and 5B illustrate a third step in the first exemplary
method of Mh&IEETHRG The titotl§R-Héle via stackable semiconductor device shown in FIGs. 2A and 2B

as seen in a side and topniew; respeetively; \Wates 308 ircthe, depicted respective segmenis dindergoes
an expansion process. The dicing tape 404 can be stretched by various techniques (i.e., by using an

expansionable) SoRERGE S sefids BEJaDs 565 hatingbredeeimited GEBMRES 04T The Hepicted
arrows 506 ndieaie she yariaus axpansier direciionsiundergene by the waferrexpansionoprogess.

shown. The organic material 210 is an improvement and a
departure from that of the prior art, as will be further
described. The organic material can include such materials as
benzocyclobutene (BCB), a polyimide (PI) material, or similar.
As shown, the vias 208 are formed in the organic material 210
and organized according to rows. In the present embodiment
200, the vias 208 are formed in each side of the organic
material 210 (e.g., sides 216, and 218) so as to completely
surround the periphery of die 202. Each of the plurality of
bond pads 204 is electrically coupled to each of the plurality
of vias 208.

As will be seen, through-hole vias 208 can be formed
in various configurations, for example, along multiple rows.
Further, half-cut vias (as shown in the instant figure) or
complete, uncut vias 208 can be formed in various embodiments

to suit particular implementations. The semiconductor device
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As a next step, FIGS. 6A and 6B lllustrate a fourth step in the first exemplary method of manufacturing
the through-hole via stackable semiconductor device shown in FIGs. 2A and 2B as seen in a side and top
view, respectively. The various gaps 502 seen in FIGS. 5A and 5B are filled with the previously described
organic material 602. A plane 604 corresponding to a top surface of the filled segments 600 is
substantially coplanar with a plane 606 corresponding to a top surface of the organic material 602.

The organi¢c material 602 lication can be performed by such methods as spin-coating, needle
dispensingg,:%rér1 acsa}rr}\ilgre agpﬁi%é%%ﬂ? or Couglfligs.“ﬁggn& #éﬁﬁl}sotrrlaatg a ]lfﬁwsps%g%)n the first exemplary
method of maanifaeturing tloe through-thodergia stackable semiconductor device shown in FIGS. 2A and 2B
as seen in_a side and t_opf/&%vy,_ r gpe%tg/ Slelgl;n%r%t]%gog %ndﬁrgc% A progess to fgrrpiq: glyrality of via
holes 702 in the organic materia 02°as showni. The via holes can be formed in various processes,
including elesepviadrillirg-prod¢ess oman etehing piocesshAs ig seayeduhlsf the #ia holes is configured

in the orgapic, matgrial 60210 corespond t%svr%%e%%swm Pad 204 v @%‘&”}%Vi Jole will be

associated. Turning to FIGs. 8A and 8B, a sixth step In the first exemplary method of
manufactutingahé itreughcholeriavstavkabie seavidondeitior deViceadtowrs MOFIGs. Rpoand2R -as seen in

a side and{op vievw.Jespeqtiyely. 15, saown .FIGs. 8A.and g§BJllusirate ametal patterniag process which

connects a series of metal traces 206 from the bond pads 204 to the via holes 702. Here again, the metal
traces 206t&lecticAmy carinett #e bond pady 23S each of BrSvidhdles707 Idtatiofs s ShBRMT

FIGs. 9A and; 9 lllystrate a seventh step in the first exemplary method of manufacturing the through-hole
via stackable semiconductor device shown in FIGs. 2A and 2B. A via hole metal deposition process is

performed to the assemblF00 ' depusitContitibtive istsridl imdCath FiRe vid*héies 702r forming a

series of mstahyias 202y Lhe sgnductiye material, can matgdalsispch as-aluminum {Al), copper (Cu),
tungsten (W), or any other conductive metal, or any combination of metal alloy. Again, the metal vias 902

are formedirPthe T anie HateHRPEEE % vaRSY 6 niéthtas SRdtedigaés eanbéRised t§%6¢m the

metal vias; such as adlating epluggivg precesssct i ve 1 yRIGSTHOARFE 20B dliustrate an eighth step in
the first exemplary method of manufacturing the through-hole via stackable semiconductor device shown

in FIGs. 2& Hha2E 5 wafer asBEnbBRPI60: HhdPe60 osifdilafed fof a'secdhd Gt b A cutting source
402 to form@eaps:24s dsweuld be .undetstoeddryione skilled i thesart; dhe vardousidies 202.shown in
FIGs. 10A, 10B, and the precedin exerrlplary figures represent a smaller portion of a totality of chips
which are gireldae fidm'a ﬁgﬁiEﬁ%(?V\Fa?gr 300. As such, following the conclusion of the second singulation
step, a majority of dies 282 are rendetedcsiolle likenthetérmbodifrent showhindlese2A@nd=2B, where the

organic maerial 219 compleigly surounds the peripheral surface of the die 202,and the frgugh-hole
vias 902 are cor?f%ureg in rows along each Side surtace of the die asqpreviously represe]% d.
during the singulation process. Subsequent to the singulation

process, a series of gaps 406 is formed between respective
segments 400 as shown.

FIGs. 5A and 5B illustrate a third step in the first
exemplary method of manufacturing the through-hole via
stackable semiconductor device shown in FIGs. 2A and 2B as seen
in a side and top view, respectively. Wafer 300, in the
depicted respective segments, undergoes an expansion process.
The dicing tape 404 can be stretched by various techniques
(i.e., by using an expansion table), to render a series of gaps
502 having predetermined distances 504. The depicted arrows
506 indicate the various expansion directions undergone by the

wafer expansion process.



In one embodiment, following the singulation step depicted in FIGs. 10A and 10B, individual dies 202 are
removed by a die pick and place process to remove each die 202 from the dicing tape 404. FIGs.
11A and 11B lllustrate a second embodiment of a through-hole via stackable semiconductor device 906
incorporating a plurality of complete through-hole vias, as seen in a top and side view, respectively. Here
again, the various features seen in the previous figures are shown, including a die 202, bond pads 204,

and metal tracings whicg are formed on the agygssur%aﬁze Zlijz Q

the die 202. In the Instant embodiment
906, the respective throu&h-%oféeﬁgs §6§pa{re ‘complete,” fB ldl ' S ?Our'%%

i fieu of 6ein6ﬁ1a¥f§gﬁ as seen in‘the previous
embodimest.ckhel de pibtedfconspletethmpugh=holeaias Q08 Tandresfosmedbiyngy patticular configuration of

the saw street gui e_%%% as seen ir%E(I:%Sb:_L%A and 3B. A gvidecr saw, street guide 302 .aIIo]\:NgGIQe organic

) d
material 66 {o be cut as shovlvﬁ, F’etalnlnag a%orsfl%IPeltg?/rlla holego8. ~ " * 35 '12A and 12B Iliustrate

a third stegin a@@qéﬁd exemptary method Mmmauﬂnqﬂwmr@@q@hg@iﬂamckap@
Sem'c"”d‘{?é%%%%véc%gﬁa%w% b F_L,%%iﬁbﬁ‘er(‘j? £Esas sgen jn,a side.and <E°ipl‘i'8}§” g%%?c% ly. The

second met of manufacture as de shares the first two steps (i.e., providing a wafer and
singulatiorringy iespettivelsegmehesuporptheldicingtape 2049 88 the firse eéxemplaty method previously

described.ggﬁdgg%p&ggg%u%geagur@géi.gupggg@agjg 204) arg again SeClhents 64\ g Dextstep,

wafer 300 segments 550 are picked from the first dicing tape 404 and placed onto a so-called "wafer

support systens' 405 43 5e8n CPRd dadér stippbresyztamanibgieally rieiiieda 8ecéid diciriPtape 405.

However, the, wafer syppert systen gan alsohe-atempgrary wafer support system, such as glass,
ceramic, laminate, or silicon (Si) substrate. In one embodiment, the sawn dies 202 are picked from the

dicing tape 404 and placétPortbIRe WafBPsEipcHt syStentBD5 LSy Sitk antl praceMathife3aThe pick

and place piocgssiepdenssugap 40ehaving-a predeterningd width-gidistange 412 hetween respective
segments 550. FIGs. 13A and 13B lllustrate a fourth step in the second exemplary method of
manufactufingthé throtgh-Hotd Vidlstackable semiconductor device shown in FIGs. 2A and 2B. The

organic material 602 is agaiR applied feisegments Ga0-nwsimilar spin-eeating: needle dispeyising, or
other manner as previously described. Plane 642 of segments 650 is substantially coplanar with plane
654 of orgafichaterial 86210 °f ARG MBS a”nd 148 ¢ fifth Step ih'tRe second exemplary
method of smanactudng dhe tuoughhete viawstaekabie semiconductor dexicershoym ind-I&se2A and 2B
is shown. The reco,aﬁijed Waéer 300 is transferred onto.a s;cond wafer sug o%sgste;g 408. The second

wafer supplc?rt gysﬁé "can’ gé—’lﬁpln(\:’iﬁ&g glars%,sgﬁggﬁ Y§i Lubstrate thar ials; Cetatic, did faminate
materials. process to form a plurality of via holes 702 in the organic

material 602 as shown. The via holes can be formed in wvarious
processes, including a laser via drilling process or an etching
process. As is seen, each of the via holes is configured in
the organic material 602 to correspond to a respective bump pad
204 to which the wvia hole will be associated.

Turning to FIGs. 8A and 8B, a sixth step in the first
exemplary method of manufacturing the through-hole via
stackable semiconductor device shown in FIGs. 2A and 2B as seen
in a side and top view, respectively, is shown. FIGs. 8A and 8B
illustrate a metal patterning process which connects a series
of metal traces 206 from the bond pads 204 to the via holes
702. Here again, the metal traces 206 electrically connect the

bond pads to each of the via holes 702 locations as shown.
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FIGs. 15A and 15B lllustrate a sixth step in the second exemplary method of manufacturing the

through-hole via stackable semiconductor device shown in FIGs. 2A and 2B as seen in a side and top

view, respectively. In a step 750 similar to that shown in FIGs. 7A and 7B, a plurality of via holes 702, is

formed in the organic material 602 to coincide with the bond pads 204. FIGs. 16A and 16B

illustrate a seventh step 850 in the second exemplary method of manufacturing the through-hole via

stackable semiconductokt ?Svice sé‘nown in FIGs As%nrd B as seen in ahsig% and top view, respectively.
0

Step 850 is again similar ﬁﬁat% O\iavrﬁclln ?:]?G%.l A and of mse?éiep%%temm& f %nnetglht?aces 206 to

electricallyfdoupte theshprich pad 2041 mtationstonthieavia rO2rgcationst hrough-FIGke 1vAaand 17B
lllustrate an eighth step 950 in the,second exemplary method. of ufactyring the through-hale via
stackable éc’gr%%:%% Stijgto“?e evice s %%%noﬁl I%x%%.l% és’rgt;p JB. The %%257025 laAre p gggegd , p?é{lte‘éloar
otherwise depesitettwith dsgoreluttivermaterial 3o fill theeafwles 02 andirendesthielhgtd) Vias 902 as

shown. d@ggwm&gm@tﬁ% 90 formation process, fhe yahole \/}’f‘éerh%gpeié transterred onto
an additional dicing tape 410 as shown in FIGs, 18A and 18B, which lllustrates the depicted ninth step.

FIGs. 19AWIE’LQBI llrustratela ferﬂlﬁ st@(tﬁ‘ﬂthéis’e%oﬁ@ %xenﬂﬁh@ry%é&@@tdf\rﬁamﬁ‘a@mﬁﬁé the
through-hqlg yig-stackable semiconductar,deyice,shqwn jn FIGS, 24-and 2B, Aculting spurge)402 is

again used to singulate the via hole wafer 960 into the depicted segments 970, resulting in the gaps 904.

As a final stepafolloRinteihesEtdnd sirtul&forPprocess, 2 tiedsitle and fpidce machineschn be utilized to

again remeve g ch dﬁ)ﬁ&?@?%‘ﬁ@“rﬁ@%QiCi%?@e%]zo-are _fofrxl@dzgr!”%@?%%@éhi{%exemp|ary
embodiment of through-hole via stackable semiconductor devices 910, shown utilizing a die-to-die

stacking cBifiqtiratidn 2 sidevigwr Aeries fof Bebited 200rchn 56 StatkEE 910545 Sowit fs'suit a

particular applicgtign.cach-efthe metal vias 202 can be goupled Pl2-using airest yiajmetal bonding
process. As one skilled in the art would anticipate, any number of devices 200 can be stacked as shown

to realize a desired impledfentatigh and 1 el ifistatss & fomtPBkémpiary erfbddiRent of
through-hdle via stagkalle semisendustorsdevices, shewnutiigingradientodigstacking ¢anfiguration

which Incorporates solder paste 916, again in a side view. The solder paste 916 Includes a mix of small

SOMerpmﬁaéggﬁBle semiconductdr device shown in FIGs. 2A and 2B. The
wafer assembly 300, and 900 is singulated for a second time by
a cutting source 402 to form gaps 904. As would be understood
by one skilled in the art, the various dies 202 shown in FIGs.
10A, 10B, and the preceding exemplary figures represent a
smaller portion of a totality of chips which are yielded from a
particular wafer 300. As such, following the conclusion of the
second singulation step, a majority of dies 202 are rendered to
be like the embodiment shown in FIGs. 2A and 2B, where the
organic material 210 completely surrounds the peripheral
surface of the die 202, and the through-hole vias 902 are
configured in rows along each side surface of the die as
previously represented.

In one embodiment, following the singulation step

depicted in FIGs. 10A and 10B, individual dies 202 are removed

by a die pick and place process to remove each die 202 from the

dicing tape 404.
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flux. A variety of solder pastes of various materials can be Incorporated. The solder paste 916 can be
applied using a reflow soldering method to create a strong metallurgical bond between each of the
stacked devices 914. A fifth exemplary embodiment of a through-hole via stackable
semiconductor device 918 is shown in FIG. 22. The present embodiment Includes multiple rows of bond
pads 204 and multiple rows of via holes 902 as shown in a top view which are appropriately connected
with metal tracings 206.£a(§h Oflgi' via E\O'??égolzﬁre qfisfpotsed in the organic a&g%al 6020%3 ghown.

Any number of configuratlonss'of ies 20 having mulltlus) e fows of bsoencdpﬁ)ladse X and en%ltiple rows of via

holes 902 tan dedmplerhenteta Irs additie te thespresentienmbodimenti®d8, ahether embodiment can be
realized which connects the depi %q: Qfdf-cut quter é/iasl%(%Ze tthlond §%a%%2% V\{fh.iCh are not Located on

the active é&ﬁgééOSF |e12rb%, %u}?on an alcyd\ftional surface, suc é:sog fflonal d‘l%SZ’OZaosr elsewhere as

a specific imsplementationaeqairds.side vigsgixthrexemplary embodimientofathroughthele via

stackable ,%%’PE%@Q“%‘&&@S%@ P01 Sﬂ‘?"“@hig @Qe%ol?%‘gﬁ?g%oe'gué%te dditional

configuration of bond pads 204, traces 206, and a series ot ~cut vias 902 which are disposed on
opposing sides vfla e 202.de0Zgainothe diesio02 fe fermfedinttheé orgamié msteriali6d2 which is

disposed o .gach,periphesal sie of die; 902 ag shown. in  varalign o the depicted gmhediment 920, a

configuration can Include complete vias 902. A seventh exemplary embodiment of a through-hole
via stackableSerRicoraRteiaevice 999 is HEpICKRPIATIG. 4. Devided2mtfidesaBsértes of so-called

"qlummy" Vé%QO‘eéo%%ﬁ\é/E@,h'a@rﬁiiﬁ%ﬁ?dﬁ‘ ggqq%nglg@gscqjgh%gies%%ag@'gwg. Vias 9_02 are
disposed on the left and right hand side as shown. Dummy via holes 924 can provide for electrical

connectivilyAFoUYRSthBTHRRACES P for spegifie ippliE&ibrizoDuhGRY Vid h6leSo22°dth He @8ed to
connect an gdditighaldevica 922 oppagkage-using awire bendingrecess. 4a additiogs the holes 924 can

act as a ground or as a conduit for input/output (I/023 signals. ,
street guide 302 as seen in FIGS. 3A and 3B. A wider saw street
guide 302 allows the organic material 602 to be cut as shown,
retaining a complete via hole 908.

FIGs. 12A and 12B illustrate a third step in a second
exemplary method of manufacturing the through-hole via
stackable semiconductor device shown in FIGs. 2A and 2B as seen
in a side and top view, respectively. The second method of
manufacture as described shares the first two steps (i.e.,
providing a wafer and singulation into respective segments upon
the dicing tape 404) as the first exemplary method previously
described. In addition, various features (i.e., bond pads 204)
are again seen.

As a next step, wafer 300 segments 550 are picked
from the first dicing tape 404 and placed onto a so-called
"wafer support system" 405 as seen. The wafer support system
can logically include a second dicing tape 405. However, the
wafer support system can also be a temporary wafer support
system, such as glass, ceramic, laminate, or silicon (Si)
substrate. In one embodiment, the sawn dies 202 are picked

from the dicing tape 404 and placed onto the wafer support

-12-



Dummy holes 924 can be configured, as with vias 902, in a variety of implementations. For example,
multiple rows, or full or half-cut holes 924 can be Implemented. FIG. 25 lllustrates one such embodiment
of a device 926, which Includes a row of halt-cut dummy vias 924 on the left side of die 202, and a row of
through-hole vias 902, on the right side of die 202, again disposed in the organic material 602.

FIG. 26 lllustrates a ninth exemplary embodiment of a through-hole via stackable semiconductor device
928, depictin% two sg%cé(ed dies 202 and 20 utﬂiazicneg the %u.m@g.via @gles 902 as seen :analéle. 24 and

25 to connet a%np ie°203 With & Wiré-bon ir‘Pg procelrsné"l.C séries of bond Bégs 2055s %lspoged on an

active surface ot the dierkD3: Wise bendg 207 lcannect thedrondepadsA04td thedtias ©02. A dielectric,
insulating 8rib%r5dig% nlgg%'&%%@ di§:posed etween the dieC%O% g@d 203 to provide structural support

for the dewce%pa&age ‘Semiconductor devi éng,nsuch as device 200 incorporating a series of

through-hole vias_, 208 oF 902 can provide al\%\%iei)ld)ﬁfﬂhc_ﬁ@mlmy énd.lfl‘ebzibﬂittfm \iarictdg@pplications.
Use of the organig r@@‘gﬂ?héﬁ% allows, 859089‘%&'3 ﬁ'}:&é@% 208 %%'d%ﬂ Jig, 202, whigh ﬁ”ows for

additional circuitry within the die 202 and enhancing the functionality of the device 200. In addition, by
using the crganicahateriaé 210 dnstoad of waferi3o0 whatetial ithelF réspective piettl p&r-wafBrés increased.

The organjc material fan besconfigyred; o beas thick a¢ negded tq agcommodade avarigty of vias 208 in

any number of applications. ~ While one or more embodiments of the present invention have been
illustrated Fiddtad rtherskilledamtisary wilhgsptetiate fRe heddifeationsdritPadapmansis those

embodimepts.may, he made withaut depaging from the seope gftherpresent inyention as set forth in the

following claims. Claims
substantially coplanar with plane 654 of organic material 602.

Turning to FIGs. 14A and 14B, a fifth step in the
second exemplary method of manufacturing the through-hole via
stackable semiconductor device shown in FIGs. 2A and 2B is
shown. The recoated wafer 300 is transferred onto a second
wafer support system 408. The second wafer support system can
again include glass, silicon (Si) substrate materials, ceramic,
and laminate materials.

FIGs. 15A and 15B illustrate a sixth step in the
second exemplary method of manufacturing the through-hole via
stackable semiconductor device shown in FIGs. 2A and 2B as seen
in a side and top view, respectively. In a step 750 similar to
that shown in FIGs. 7A and 7B, a plurality of via holes 702, 1is
formed in the organic material 602 to coincide with the bond
pads 204.

FIGs. 16A and 16B illustrate a seventh step 850 in
the second exemplary method of manufacturing the through-hole
via stackable semiconductor device shown in FIGs. 2A and 2B as
seen in a side and top view, respectively. Step 850 is again
similar to that shown in FIGs. 8A and 8B of metal patterning of
metal traces 206 to electrically couple the bond pad 204

locations to the via 702 locations.
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What is claimed: 1. A semiconductor device, comprising: a first semiconductor die; a plurality of bond
pads formed over a surface of the first semiconductor die; an organic material disposed around a
peripheral region of the first semiconductor die; a via formed in the organic material; a dummy via
disposed in the organic material that is electrically isolated from the bond pads; a conductive material
deposited in the via to form a conductive via; and a metal trace connecting the conductive via to one
of the bond pads. FIGs. 17A and 17B illustrate an eighth step 950 in
the second exemplary method of manufacturing the through-hole
via stackable semiconductor device shown in FIGs. 2A and 2B.
The vias 702 are plugged, plated or otherwise deposited with a
conductive material to f£ill the via holes 702 and render the
metal vias 902 as shown.

Following the metal via 902 formation process, the
via hole wafer 960 is transferred onto an additional dicing
tape 410 as shown in FIGs, 18A and 18B, which illustrates the
depicted ninth step.

FIGs. 19A and 19B illustrate a tenth step in the
second exemplary method of manufacturing the through-hole via
stackable semiconductor device shown in FIGs. 2A and 2B. A
cutting source 402 is again used to singulate the via hole
wafer 960 into the depicted segments 970, resulting in the gaps
904. As a final step, following the second singulation
process, a die pick and place machine can be utilized to again
remove each device 200 from the dicing tape 410.

FIG. 20 illustrates a third exemplary embodiment of
through-hole via stackable semiconductor devices 910, shown
utilizing a die-to-die stacking configuration in a side view.
A series of devices 200 can be stacked 910 as shown to suit a
particular application. Each of the metal vias 902 can be
coupled 912 using a direct via metal bonding process. As one
skilled in the art would anticipate, any number of devices 200
can be stacked as shown to realize a desired implementation.

FIG. 21 illustrates a fourth exemplary embodiment of
through-hole via stackable semiconductor devices, shown
utilizing a die-to-die stacking configuration which
incorporates solder paste 916, again in a side view. The

solder paste 916 includes a mix of small solder particles and
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2. The semiconductor device of claim 1, wherein the organic material includes benzocyclobutene,
polyimide, or acrylic resin. 3. The semiconductor device of claim 1, further including a second
semiconductor die stacked over the first semiconductor die, the second semiconductor die being
electrically connected to the first semiconductor die through the conductive via. 4. The semiconductor
device of claim 1, wherein the conductive via is cut through during singulation. 5. The semiconductor
device of ¢ ?ihr%ﬁl’ fugther inlclqadin%:fa Q'g[?ie% of fuII-condugti\\/fe vias disposed in the or ani%énaterial; and

. v%r e astes. O arfqyaxmaterlals can L
a pIurallty (0] f-conductive vias Isposed in't organic material. 6. A semiconductor device, comprising:

a first semiconduptor gliesd .  alhendspaditormeasaver @lsurface dfthedirstisemicenductar die;
reflow soldering method to create a strong metallurgical bond
between each of the stacked devices 914.

A fifth exemplary embodiment of a through-hole via
stackable semiconductor device 918 is shown in FIG. 22. The
present embodiment includes multiple rows of bond pads 204 and
multiple rows of via holes 902 as shown in a top view which are
appropriately connected with metal tracings 206. Each of the
via holes 902 are disposed in the organic material 602 as
shown. Any number of configurations of dies 202 having
multiple rows of bond pads 204 and multiple rows of via holes
902 can be implemented. In addition to the present embodiment
918, another embodiment can be realized which connects the
depicted half-cut outer vias 902 to bond pads 204 which are not
located on the active surface of die 202, but on an additional
surface, such as an additional die 202 or elsewhere as a
specific implementation requires.

A sixth exemplary embodiment of a through-hole via
stackable semiconductor device 920 is shown in FIG. 23.

Device 920 illustrates an additional configuration of bond pads
204, traces 206, and a series of half-cut wvias 902 which are
disposed on opposing sides of a die 202. Here again, the

dies 902 are formed in the organic material 602 which is
disposed on each peripheral side of die 202 as shown. In a
variation of the depicted embodiment 920, a configuration can
include complete vias 902.

A seventh exemplary embodiment of a through-hole via
stackable semiconductor device 922 is depicted in FIG. 24.
Device 922 includes a series of so-called "dummy" wvia holes 924

which are disposed on opposing sides of the die 202 as shown.
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an insulating material disposed around a peripheral region of the first semiconductor die; a conductive via
formed in the insulating material; and a metal trace disposed in contact with the conductive via and in
contact with the bond pad. 7. The semiconductor device of claim 6, wherein the insulating material
includes benzocyclobutene, polyimide, or acrylic resin. 8. The semiconductor device of claim 6, further
including a second semiconductor die stacked over the first semiconductor die, the second semiconductor

die being glecticaly connected to the st semicondugtor die throygh the gonductve yia, 9, The
semiconductor devide of Claim %?W%ereln?he con§u0¥tlve via is cﬁléi%rougrﬁ during smgulaﬁon.nlo. The
semiconduntomgevice: ohcams 69 Atthexingludingda plurality lof full-corductiverviasdigposed in the
insulating material, and, . 4.3 plurality of palf-conductive vias disposed i the insulating material.
holes 924 can be used to connect an additional device 922 or
package using a wire bonding process. In addition, the
holes 924 can act as a ground or as a conduit for input/output
(I/0) signals.
Dummy holes 924 can be configured, as with vias 902,
in a variety of implementations. For example, multiple rows,
or full or half-cut holes 924 can be implemented. FIG. 25
illustrates one such embodiment of a device 926, which includes
a row of halt-cut dummy vias 924 on the left side of die 202,
and a row of through-hole vias 902, on the right side of
die 202, again disposed in the organic material 602.
FIG. 26 illustrates a ninth exemplary embodiment of a
through-hole via stackable semiconductor device 928, depicting
two stacked dies 202 and 203 utilizing the dummy via holes 902
as seen in FIGs. 24 and 25 to connect a top die 203 with a
wire-bonding process. A series of bond pads 205 is disposed on
an active surface of the die 203. Wire bonds 207 connect the
bond pads 204 to the wvias 902. A dielectric, insulating or
bonding material 209 is disposed between the die 202 and 203 to
provide structural support for the device/package 928.
Semiconductor devices, such as device 200
incorporating a series of through-hole vias 208 or 902 can
provide a variety of functionality and flexibility in various
applications. Use of the organic material 210 allows placement
of the vias 208 outside the die 202, which allows for
additional circuitry within the die 202 and enhancing the

functionality of the device 200. 1In addition, by using the

organic material 210 instead of wafer 300 material, the
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11. A semiconductor device, comprising: a plurality of stacked semiconductor die, each

semiconductor die including, (a) a plurality of bond pads formed over a surface of the
semiconductor die, (b) an insulating material disposed around a peripheral region of the
semiconductor die, (c) a plurality of conductive vias formed in the insulating material, and

(d) a metal trace connecting one of the conductive vias to a first one of the bond pads and a dummy via
disposed in the Insulating matgtial glecirically isplated from the,bond pads, janic material
can be configured to be as thick as needed to accommodate a
variety of vias 208 in any number of applications.
While one or more embodiments of the present
invention have been illustrated in detail, the skilled artisan
will appreciate that modifications and adaptations to those

embodiments may be made without departing from the scope of the

present invention as set forth in the following claims.
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12. The semiconductor device of claim 11, wherein the insulating material is an organic material. 13. The
semiconductor device of claim 11, wherein the insulating material includes benzocyclobutene, polyimide,
or acrylic resin. 14. The semiconductor device of claim 11, wherein the conductive vias are cut through
during singulation. 15. The semiconductor device of claim 11, wherein the conductive vias are uncut
during singulation. 16. The semiconductor device of claim 11, wherein the bond pads are arranged in a
plurality of rows. 17. A semiconductor device, corHRrisin : a first semiconductor die; a plurality of

. . alm .
bond pads formed over a surface of the first semiconducior die;

What is claimed:

1. A semiconductor device, comprising:

a first semiconductor die;

a plurality of bond pads formed over a surface of the
first semiconductor die;

an organic material disposed around a peripheral region of
the first semiconductor die;

a via formed in the organic material;

a dummy via disposed in the organic material that is
electrically isolated from the bond pads;

a conductive material deposited in the via to form a
conductive via; and

a metal trace connecting the conductive via to one of the

bond pads.

2. The semiconductor device of claim 1, wherein the organic
material includes benzocyclobutene, polyimide, or acrylic

resin.

3. The semiconductor device of claim 1, further including a
second semiconductor die stacked over the first semiconductor
die, the second semiconductor die being electrically connected

to the first semiconductor die through the conductive via.

4. The semiconductor device of claim 1, wherein the

conductive via is cut through during singulation.
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an insulating material disposed around a peripheral region of the first semiconductor die; a plurality of
conductive vias formed in the insulating material; and a metal trace connecting one of the conductive
vias to a first one of the bond pads, wherein a second one of the bond pads is electrically isolated from
the conductive vias. 18. The semiconductor device of claim 17, wherein the insulating material is an
organic material. 19. The semiconductor device of claim 17, wherein the insulating material includes

benzocyclabuteng, polyimide, or acrylic resin. . 20. The semiconductor device of claim 17, further including
a second s%e'micoﬁgﬁct%regr}acs%ggﬁle# 86er ﬁé”fi?set s%i}riiggr?&@cté[il’ dig}%%hseercolnlacsle%%lﬁductor die

being electrically eophected 1a theofirst séicondiictar idre thrbagh dhies porductive vidse 21. The

semiconductor device ofcclaim Fl?, wherein the conductive vias are cut through during singulation. 22.
C materjal; 4

. organi .
The semiconductor device of claim ,wherein the
a plurality of half-conductive vias disposed in the

organic material.

6. A semiconductor device, comprising:

a first semiconductor die;

a bond pad formed over a surface of the first
semiconductor die;

an insulating material disposed around a peripheral region
of the first semiconductor die;

a conductive via formed in the insulating material; and

a metal trace disposed in contact with the conductive via

and in contact with the bond pad.

7. The semiconductor device of claim 6, wherein the
insulating material includes benzocyclobutene, polyimide, or

acrylic resin.

8. The semiconductor device of claim 6, further including a
second semiconductor die stacked over the first semiconductor
die, the second semiconductor die being electrically connected

to the first semiconductor die through the conductive via.

9. The semiconductor device of claim 6, wherein the

conductive via is cut through during singulation.

10. The semiconductor device of claim 6, further including:
a plurality of full-conductive wvias disposed in the

insulating material; and
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conductive vias are uncut during singulation. 23. A semiconductor device comprising: a first
semiconductor die having a top surface, a bottom surface, and a plurality of peripheral surfaces; a
bond pad disposed over the top surface of the first semiconductor die; an insulating material
connected to the first semiconductor die and disposed around the peripheral surfaces; a conductive via
disposed in the insulating material; and a metal trace disposed on the top surface of the
semiconductor die, the metal trace contacting the conductive.via and the bond pad., 24. The

. a . u CLlve vi1a 1Spose In = .
semiconductor dévi€e of SlainT 23Whergin thensula ing matenal comﬁjrlses an organic material. 25. The

semiconducterdemicen of claine 2dawherein the organic material comprises benzocyclobutene (BOB).

11. A semiconductor device, comprising:
a plurality of stacked semiconductor die, each
semiconductor die including,
(a) a plurality of bond pads formed over a surface
of the semiconductor die,
(b) an insulating material disposed around a
peripheral region of the semiconductor die,
(c) a plurality of conductive vias formed in the
insulating material, and
(d) a metal trace connecting one of the conductive vias
to a first one of the bond pads and
a dummy via disposed in the insulating material electrically

isolated from the bond pads.

12. The semiconductor device of claim 11, wherein the

insulating material is an organic material.
13. The semiconductor device of claim 11, wherein the
insulating material includes benzocyclobutene, polyimide, or

acrylic resin.

14. The semiconductor device of claim 11, wherein the

conductive wvias are cut through during singulation.

15. The semiconductor device of claim 11, wherein the

conductive wvias are uncut during singulation.
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26. The semiconductor device of claim 23, further comprising a dummy via disposed in the insulating

material that is electrically isolated from the bond pad. 27. A semiconductor device comprising:
semiconductor die having a top surface and a bottom surface;
surface of the first semiconductor die;

a bond pad disposed over the top
an insulating material connected to the first semiconductor die

a first

and surrounding the first semiconductor die; a conductive via disposed in the insulating material; and a
metal trac% gl.spo§gg on the top Hg‘%%% of the.semlcgng%ctor d% }hgﬂ etal .tracehcorg%%t@g the bond

pad.

emlcong device 0O aim erein the

pads are arranged in a plurality of rows.

17. A semiconductor device, comprising:
a first semiconductor die;
a plurality of bond pads formed over a surface of the

first semiconductor die;

an insulating material disposed around a peripheral region

of the first semiconductor die;

a plurality of conductive vias formed in the insulating
material; and

a metal trace connecting one of the conductive vias to a
first one of the bond pads, wherein a second one of the bond

pads is electrically isolated from the conductive vias.

18. The semiconductor device of claim 17, wherein the

insulating material is an organic material.

19. The semiconductor device of claim 17, wherein the
insulating material includes benzocyclobutene, polyimide, or

acrylic resin.

20. The semiconductor device of claim 17, further including a
second semiconductor die stacked over the first semiconductor
die, the second semiconductor die being electrically connected

to the first semiconductor die through the conductive vias.

21. The semiconductor device of claim 17, wherein the

conductive wvias are cut through during singulation.
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28. The semiconductor device of claim 27, wherein the metal trace contacts the conductive via. 29. The
semiconductor device of claim 27, wherein the insulating material comprises polyimide. 30. The
semiconductor device of claim 27, wherein a top surface of the insulating material is substantially
coplanar with the top surface of the semiconductor die.

22. The semiconductor device of claim 17, wherein the

conductive vias are uncut during singulation.

23. A semiconductor device comprising:

a first semiconductor die having a top surface, a bottom

surface, and a plurality of peripheral surfaces;

a bond pad disposed over the top surface of the first

semiconductor die;

an insulating material connected to the first

semiconductor die and disposed around the peripheral surfaces;
a conductive via disposed in the insulating material; and

a metal trace disposed on the top surface of the
semiconductor die, the metal trace contacting the conductive

via and the bond pad.

24. The semiconductor device of claim 23 wherein the

insulating material comprises an organic material.

25. The semiconductor device of claim 24, wherein the organic

material comprises benzocyclobutene (BCB).

26. The semiconductor device of claim 23, further comprising a
dummy via disposed in the insulating material that is

electrically isolated from the bond pad.
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27.

A semiconductor device comprising:

a first semiconductor die having a top surface and a

bottom surface;

a bond pad disposed over

semiconductor die;

an insulating material connected

semiconductor die and surrounding the

a conductive via disposed in the

the top surface of the first

to the first

insulating material;

a metal trace disposed on the top surface of the

semiconductor die,

28. The semiconductor device

trace contacts the conductive

29. The semiconductor device

insulating material comprises

30. The semiconductor device

the metal trace contacting the bond pad.

of claim 27, wherein the metal

via.

of claim 27, wherein the

polyimide.

of claim 27, wherein a top

surface of the insulating material is substantially coplanar

with the top surface of the semiconductor die.
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first semiconductor die;

and



