SYSTEMS AND METHODS FOR ENABLI NG ESD PROTECTI ON ON 3- D STACKED DEVI CES
TECHNI CAL FI ELD [0001] This disclosure relates generally to electrostatic
di schar gewOB®&Myo3pssot ecti on for sem conductor devices, amdTIOR@9/055620
particularly, to systens and net hods for enabling ESD protection in 3-D
stacked sem conductor devices. BACKGROUND [0002] In through silicon
stacking (TSS), silicon chips are stacked to form 3-D el ectroni c devi ces.
I n such devices, interconnects between the chips are constructed. These

i nterconnects often include through silicon vias (TSVs). [0003] Each

circuit on each of the stacked chbﬁg requi res ESD protection on the

circuit's |/ GYSIEMS ANPMETHHOPS HBLNE DR FROTEGTIPMON 3D
relatively large footprint on th [P y%@ existing circuitry is split
anong nmultiple chips of a 3-D desrgghtﬁﬁgD%lrcﬁ§ts (and their respective
ESD protection) may be separated. Consequently, ESD protection is provided
on each chip to protect each portTEOHBICAR&IELDcuit split anongst different
chips. As a result, the ESD protection circuitry requires even nore space

t he 3-D st hi . Rl EF . SUMVARY [ 0004 SD t ti i i i
SO et 1 DA N R o R o el S RS
(TSVS)) betyneRiotbi ¥enib@Rtor aByitis heT Bk ShiRBasf, (BsyRtchiamlark e s

thereby utilizing space that woul d ot herw se be used only for communi cation
pur poses. TFheblingrkiSI2 ptoteptiph ax &-Dhsteckedsemivenduntendgivioss.| i con vi as absor bs

| arge ESD events. [0005] In one e | anﬂ]seniconductor di e includes at
| east one active circuit within aggggggﬁﬁ € via constructed in a

substrate. [0006] In another enbodi ment, an ESD protection diode is created
in the vertical [0002¢nsi on Ihehwagh siohweadkaywe(BSf sisicad kiips direstackdd so ESD
protection di ode can be shared b¥ circuyitry on both sem conductor. dies of

t he stack to&Em ébp %lgq;;qq& éﬁ‘éﬁ@ n such devicés, interconnects between the chips are

constructed. These interconnects often include through silicon vias (TSVs).

[0003] Each circuit on each of the stacked chips requires ESD protection
on the circuit’s 1/O ports. Unfortunately, ESD protection circuitry has a relatively large
footprint on the silicon. When existing circuitry is split among multiple chips of a 3-D
device, the circuits (and their respective ESD protection) may be separated.
Consequently, ESD protection is provided on each chip to protect each portion of the
circuit split amongst different chips. As a result, the ESD protection circuitry requires
even more space on the 3-D stacked chips.

BRIEF SUMMARY

[0004] ESD protection circuitry is constructed in the vertical space (for
example, through silicon vias (TSVs)) between active layers on different chips of 3-D
stacked devices thereby utilizing space that would otherwise be used only for
communication purposes. The vertical surface area of the through silicon vias absorbs
large ESD events.

[0005] In one embodiment, a semiconductor dic includes at least one
active circuit within at least one via constructed in a substrate.

[0006] In another embodiment, an ESD protection diode is created in the
vertical dimension between active layers of stacked dies. This ESD protection diode
can be shared by circuitry on both semiconductor dies of the stack thereby saving space

and reducing the chip area required by ESD protection circuitry.



and reducing the chip area required by ESD protection circuitry.[0007] In
yet anot her enbodi nent, a sem conductor die is constructed having at |east
one throwyb 2eiddsessa via (TSV). The TSV contai ns at | easPCoONS2@0053620
circuit. The sem conductor die is stacked in a parallel conbination with a
second sem conductor die, and the TSV i< positioned vertically between
active layers of the stacked dies. [0008] In yet another enbodi nent, a

net hod for constigerA i ng eligckt asstBéd EmbbEmBAL Aeschi&IAduMoPdRCtsl @ﬁs@udt@dutry
i ncludes arranging a stacked sem conduct or devi ce such that thr ough silicon

vi as (TSVs)havingmt derst eenileewshusiieon wiae(TSHV )t NEhedEVY ceontains #todlapit exre tastivh
adj acent S%{{F'c&?”dﬂ{’t e{r%lrgé)rgiuc{g?'d}g %Q{aékead' ag%fa I%ﬁ co{xfb%aPaﬁSthﬂ %”3 Bnd east

one of the “S&én cono I'eS cah be cou ostatic diseh

(ESD) prot Séﬁllo@ﬁdlﬁdtdircdlbl and €eNBSV Us tpe@ltlaﬁedJ eastalyabdtivadd yctivet i drs aif th«east
one of the TSVs [0009] In still another enbodi nent, a stacked

seni conducttekebditte |ncI udes first and second seniconductor dies

positioned in p%(ﬁjsl rellf,-xt h@NSRidhdrO SHRiRIAIE 2 @[}SO(Ae¥Opecglll cﬂl | udes

means for coupli ctlve ayers of the positi oned I es. e coupl i means
i ncl udes a@iactrestethcerthlmrge[ QESD) fieeection egioduitgy hasludeog Iaimmgmgatahestacbecbadl y

the features and, tech |cal f the nt invention in or er
Lhot ' the aoemipad GO Rasparranoes sisah el T Shhomane Simeped beg
Addi tional ofentdéae a@éﬂé&%‘l@d@ﬂtaﬁgﬁﬁc&ft s&rhf%ohme%}tdl@ nuwng ltmp@rr@!@g%ﬁfehb@@
herei nafter which formthe subject of the clains of the invention.

shoul d be @pgy dwinataededsy Otnho@feﬂ@ksetmledndu@tqrh@emcan thgacouphest (t@f?&,f@tmlit@'fmc and

fi b I
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of the presgntsvgvention. It should also be realized by those skilled in

the art that such equival ent constructions do not depart fromthe spirit
and scope of thd09®enti odn adills apothesy embe¢imene %ﬁf?@h@bde@l%ﬂwmﬁﬁ@Vl%vel

features whj Gy ardhely &%X&@hste 1p?q1d§€t§¥ gfeg g)rohlﬁg)oge aﬁrem?el H]'th f[uﬁn[o Rath as

to its organi zati on an er W er objects
and advant ages. Wht ldchiec bigd iiludendeast edoliplom dchiec tayktsafithgpekitsaicd mlﬁdson
when consi defle cgull)angCn?Qarrlles}%ch?c{ES a.ctlxbe elements.

[0010] The foregoing has outlined rather broadly the features and
technical advantages of the present invention in order that the detailed description that
follows may be better understood. Additional features and advantages of the invention
will be described hereinafter which form the subject of the claims of the invention. It
should be appreciated by those skilled in the art that the conception and specific
embodiments disclosed may be readily utilized as a basis for modifying or designing
other structures for carrying out the same purposes of the present invention. It should
also be realized by those skilled in the art that such equivalent constructions do not
depart from the spirit and scope of the invention as set forth in the appended claims.
The novel features which are believed to be characteristic of the invention, both as to its
organization and method of operation, together with further objects and advantages will
be better understood from the following description when considered in connection with
the accompanying figures. It is to be expressly understood, however, that each of the

figures is provided for the purpose of illustration and description only and is not

intended as a definition of the limits of the present invention.



the acconpanying figures. It is to be expressly understood, however, that
each of the figures is provided for the purpose of illustration and
descri pt iwo 20mlo3osad i s not intended as a definition of pcmaskeoviosm20f t he
present invention. BRIEF DESCRI PTI ON OF THE DRAW NGS [ 0011] For a nore
conpl ete understanding of the present imvention, reference is now nade to
the foll ow ng descriptions taken in conjunction with the acconpanying
drawi ngs. [0012] FI GURESBRAERMEI@ERIPITIOStIORTEEDRUeVING®al ESD prot ecti on
circuitry. [0013] FIGURES 2A and 2B are cross section views showi ng one
enbodi nment. [0014] FI GURES 3A through 3G are cross section views show ng
enbodi nents of A0dcess fHOF & H1EE rQEIPIGHY WHRSPEYING eOfs HISWATCS ¢t FNERIRISS. 2 A

and 2B. [0 4 ] i i i Ng not

embodi ment <A TERTBERAR iBRTDTER Rl AR ROphochaR, VEF ghe
convent i onakcdaflanpingtdeawingn circuitry. FIGURE | A shows a portion of a
device 10 in whi nil/oO cepts _a.high voltage or i gh current

di scharge, such [g‘glzioul d g@@ﬂﬁﬁh ﬁ% 35% éﬁ)llé‘\‘fsgrﬁ’te. C‘PIhVeg?%‘éﬁl ]f?%glpl%BEeéE?n t he
circuitry Lfcfitgm negative effects of an ESD event, a surge di ode 12

di scharges the éxcess voltage to Vdd. In sone cases, for exanple when a
negative high vdfiidde (or RRGURdN RAevadt2Bborerasgssasaiioneviddf sipsigapges t he
excess voltage . ,to VYss or ground. Typically the diodes 12, 100 are quite

| arge. [ 007008 E I B shows a typical diode structure 100 having a P

section 102 and [gm4) sect iRGUREL 3Ehem@ugh OB &¢I d6dsUs&Sion OPicdk eshodiige 1N
order to handle the relatively |large voltages involved with ESD events. One

of these dicoedimantyeireprardsy forsronutustiag thei doricewbeyn iy BGIARES PoowE] 2B GURES
2A and 2B show glﬁgllsi”b"d' rﬁéyp\%‘; Ahg Qr‘@%@”ts&@h&%' qgvglr ShowinP e HoflPws a

device 20 havin s 2 1an I n"a stacked para
embodiment.
DETAILED DESCRIPTION
[0016] FIGURES 1A and 1B illustrate conventional ESD protection

circuitry. FIGURE 1A shows a portion of a device 10 in which an I/O pad 11 accepts a
high voltage or a high current discharge, such as could occur with an ESD event. In
order to protect the circuitry 14 from negative effects of an ESD event, a surge diode 12
discharges the excess voltage to Vdd. In some cases, for example when a negative high
voltage (or current) event occurs, a diode 100 discharges the excess voltage to Vss or
ground. Typically the diodes 12, 100 are quite large.

[0017] FIGURE 1B shows a typical diode structure 100 having a P
section 102 and an N section 101. These diode structures 100 are large in order to
handle the relatively large voltages involved with ESD events. One of these diodes is
generally associated with every I/O pad.

[0018] FIGURES 2A and 2B show one embodiment of the present
disclosure. FIGURE 2A shows a device 20 having dies 21 and 22 in a stacked parallel
relationship with each other, and having an ESD protection device 200. The top die 21
has its backing layer 21-1 positioned on top of its face (active layer) layer 21-2. The
bottom die 22 is positioned in the same orientation with its backing layer 22-1 on top of
its face (active layer) layer 22-2. Note that each die can have any desired orientation

and the concepts taught herein can still be applied.



relationship with each other, and having an ESD protection device 200. The
top die 2 1 has its backing layer 21-1 positioned on top of its face
(active |Iwpenjoidsesser 21-2. The bottomdie 22 is positi oRred/usaomisscs@nme
orientation with its backing layer 22-1 on top of its face (active |ayer)

| ayer 22-2. Note that each die can have dany desired orientation and the
concepts taught herein can still be applied.[0019] Through silicon vias

(TSVs) 23 are cqogty)uct ed Tihfoddhesibasking (T8ysy 222rd chstrneed ih g dedliye
surfaces 21-2, 22-2 of the dies 21, 22 to carrg i nter-di e communj cation, as
desired. Ohycsr2nibbEween theexrdiveiswdaces 2drke 22chst tecdien2 hs22atoveartyi wgar-drsp
protection I .SUC . dev} 0 i r i . hi s
Bont oxt | vl uifea Sl e T ORE of b UPHI0pAT3 s ERRE GRS vcle

prot ect i on BE§EY proeecB0 desicelsatlgaedbvice J000hadhg odder merd dicdds. Ebbhipreiteat i on

device 200 can be constructed fully on one chip, or partially on each chip
of two adj &6Eiel %?%E@klé‘ép%lﬁiﬁﬁg?r tonthcoplapgaf herdicsc e F@égp@ée%e dewise 2ABS be

exact | er, L cul o] i i - ar £a. af i

conl o e Sonpi RSt 1 ek RADL S it Eickbobofh BbLARtpea RALNM ) |
t he area. [02028]p, ek EaRBIZBN tdchsthipbé swondjasathstacked ichpk! yAlsantht medtoad

devi ce 200 havi a pair of diodes 201 and 202. The. dj ode 1 js sho

hovi ne. pondegitr 290 SeRBhgh bR Gt eresrataly b fie JongidinLarar 6GRe sbs P hown

havi ng N- may,e&diadl b flasidd FREREH Pl BdraNd13b (1R GtacREd &mgm BLOMn AR &parat es
each di ode 201, 202 fromthe sem conductor substrate 28. El ectrode

connecti ons 29 490 hown tFIGERILIR ilhstratss onopsucheeNicalyl consgweteil dawice R e

that whil e ,di.odes are.hein | SC d d.n t.his odi nent, .transist.ors, or

ot her act  VavBEnefl 87 ASRA2L R0, HRHOA 20T P hashl PR REHE T ks
of the silisg@oudddignMgndiérese24li gdeshe?ode2082 ish shien eidath MeRdateria$ DEt ween
20 and 100 mcro-neters, thereby making the diodes 201, 202 relativel

| arge, and sappending Rim#stidnd -t e ipsvlelges wpagies crediaei 20141282 rfmf@éh%/ ESD)
events. Th%eﬁfc%ﬁ&#dtc\’resugétf)aqf2 rERASdd (\E}ﬁlﬁgﬁﬁﬁg 29 rékhold t& Qﬁaﬁ%?éc@gsetoemee a
around the circunterence o he vi a, Ich may be substantirally

cyl i ndri calN ying Pap&tions. n Noie tkearboliorgiodes hie béihgrdiss0ssds ,in tkisngnidbdinent,

construction, rather than. standard 2-5 di ode construction increases the
overal | actiaDEsiarsed ot Retirs pgettheowWd ke coviiuried 87 dewicl ' real estate' . Note

that when the dijgg gl 22 18keni3kRAEKEFhe 3icSH Phih P el GHRes2d1, 5L, Bhé&S

embodiment, is between 20 and 100 micro-meters, thereby making the diodes 201, 202
relatively large, and able to withstand the voltages of electrostatic discharge (ESD)
events. The effective diode area is increased by using the surface area around the
circumference of the via, which may be substantially cylindrically shaped, in one
embodiment. In other words, using 3-D construction, rather than standard 2-D diode
construction increases the overall active area while using the same amount of chip ’real
estate’. Note that when the dies 21, 22 are stacked, as shown in FIGURE 2A, both dies
21, 22 can share a common set of ESD diodes 201, 202. Also, one diode can be
constructed on one chip while the other diode, (or other portions of one or more diodes)
could be constructed on the other chip.

[0022] FIGURES 3A through 3G show embodiments of a process for
constructing the diodes within the through silicon vias (TSVs) with respect to the
embodiments shown in FIGURES 2A and 2B.

[0023] FIGURE 3A shows a via constructed by etching. Then, the

insulator material 25 is deposited over the silicon 30 (or other semiconductor material).



21, 22 can share a common set of ESD di odes 201, 202. Also, one diode can
be constructed on one chip while the other diode, (or other portions of one
or nore dvoder)o3essal d be constructed on the other chip. PLOABR2J0IBFGRURES 3A

t hrough 3G show enbodi nents of a process for constructing the diodes within
the through silicon vias (TSVs) with respect to the enbodi ments shown in

FI GURES 2A and 2B. [0023] FI GURE 3A shows a via constructed by etching.

Then, the insul gbea4] et er IRGURE 3B sd6R9shd Rdn@ail 1d@cpdsitdd o BOth(dibd®t her
sem conductor material).[0024] FIGURE 3B shows the N-material 26 deposited

i nto both dp#&ge agapestheapsular waterigleSi nsul at or material 25. [0025] Fl GURE

3C sh the N ial 2 i i { | e),
oC Shove e Wyl 25,eskaci el et aney Lol eyl from
space. [ 002G} ckdipIRE SR thd fisdibdweorRpadd. eXinadterZid 2d egasing adhid thBiright diedd ef t

di ode space and the P-material 27 also deposited within the right diode
space. [002RJ°°FI GURE 3E shows the N-material 24 is deposited within both

the | eft and rigiiaefi odes 58aRessnl 4038 KRR 3F-ShoNsRx e TR &l a

pol i shed or otherw se renove o vyie PN a NP di odes. I n anot her
enbodi nent didde spact 48N the Bmsitetiad 23 a(sordepodited wathin the reghedmedt spacare created in

Normal cirour ¢TI an actig0 e eihe BEN PHEHIDET RABPP UGt SR SO |

known nannqﬁimﬁpﬁgﬁkmﬁmgg sition (not shown) insulates the fabricated
circuitry. Contacts 301, 302, 303 and 304 can then be forned so the diodes
are accessi bl e [0028se codl@PRE cHn dhewdorxasds | materialy pebistedand pthedess r ed

can be wires, pads or i ions thereof. For. .exa t ads 302, 303
can be 11 0pual R BRI UBNE, AeERes PRGNS S RRiSe By San
couple to Vafr RvéeRMmdnR) RkEHRated. inl B03Qoddcpacddi npisicad & heEuAeMN t he
area of the PN or NP diodes is sufficient to safely handl e (dissipate)

el ect r ost atdiedegdescHhedgepveThese di scharges can be
[0029] Normal circuitry of an active layer 31 can then be fabricated in a

well known manner. An oxide deposition (not shown) insulates the fabricated circuitry.
Contacts 301, 302, 303 and 304 can then be formed so the diodes are accessible . These
contacts can be formed in many ways and if desired can be wires, pads or combinations
thereof. For example, the pads 302, 303 can be I/O pads, the contact 301 can couple to
Vdd and the contact 304 can couple to Vss, as seen in FIGURE 4.

[0030] According to an embodiment, the area of the PN or NP diodes is
sufficient to safely handle (dissipate) electrostatic discharges. These discharges can be
on the order of 100 volts to several thousand volts.

[0031] FIGURE 3G shows the TSVs exposed from the back (bottom) by
back grinding. An insulating layer (not shown) is then deposited and a via is etched so
that connections to the back side of the diodes are possible using die to die connections
405 (FIGURE 4). Using this back side connection, normal circuitry on the active layer
of another stacked die 400 (FIGURE 4) can couple to the TSVs and benefit from ESD
protection on another die. In another embodiment, the connection from the back side
enables the diodes to be coupled to a ground. This embodiment can be useful when
analog circuitry exists in the 3-D device and noise impact should be reduced.

[0032] Referring to FIGURE 4, protection of an internal circuit 410 by
diodes 201, 202 within vias is now explained. The internal circuit 410 receives signals

from the PAD 420. If the voltage of the received signal is too low, the right side diode



on the order of 100 volts to several thousand volts. [0031] FlI GURE 3G shows
the TSVs exposed fromthe back (bottom by back grinding. An insulating

| ayer (nowo=howvusds3ses then deposited and a via is etchedpso/ush@b/osmemect i ons
to the back side of the diodes are possible using die to die connections
405 (FIGURE 4). Using this back side cormnection, normal circuitry on the
active layer of another stacked die 400 (FIGURE 4) can couple to the TSVs

and benefi 0f rcofmdeRia Brvdsatils O Hd ARRhORII Hbe- frdh tRPAEs2efOVE. NENke  t he
connection fromthe back side enables the diodes to be coupled to a g;ound.

Thi s enbodivRbge gdee BighudefdipdadEntuaiatrogndihe cyrrentyflasys Gom thy Prda 420

devi ce and i I 0 d ; i . = 4,
protection o -2%“%ﬂ?grE3ﬁn%¥%%@$?(égmﬂﬁﬁﬂ%?%%%ﬁﬁ%ﬁﬁshﬁé@’&%ﬁﬁ%ﬁﬁégggﬁfs now
expl ai ned. 4Thecdeiice thvadigral froti the #AD 4Xcei ves signals fromthe PAD 420. |f
the voltage of the received signal is too |low, the right side diode201

connected to Vsd0@Hns onNate ©af teniprogassest ratEbrEhiyPAD RIOEH® Vs, |1 1
the VoLt ad8ehioh@R:th Mbhiciof «Al Al w%ﬂzlﬂfoWnnt%clg{f%%n;ﬂ%%sg&' b fithn tht @4 T rom

the PAD 420 to Vdd. e voltage I's accepta , ho ESD event has
occurred), prdtectiont devaad irciar eertitalddifection dietvesent heivsi pyads ¢f @ metiednBA@oA 20.

[ 0033] Not e t hat e processes. illustrat.ed are i.cal proc es in.

e conductBHeF abh bAoA G il {PevDr KRB T b s o ESD JBHCER f or m
the ESD prokeetd BAind@BhaRictdd @ HEMidsCBthedidePiet itpRtsREhVIBRNbARS icBRsthawar s of
a sem conductor device. Al so note that while the discussion herein has

f ocused on PESPr prastgsmend devdessi and sipeimygre brisanewd tladtypes efrdevideashat oarhes

devi ce types _can. al so 0 constsructed, Po managenent devi ces,.and
cirourtry srn B oRBedfe RIS UG AR R RIS TR b S FRBPER usi ng
t he teachi pgsidf of hhé MLtis€|dRSiE €canFUE tddREIIBEE ohhale HR HOREhIEH thAkiOAS a
portion of the active device can be constructed on the die in which the via
i s const ruéPedruciedo34] Al t hough the present invention and its advantages

have oeen Sescr b1 iy O0ULA, BRHAIEGRH BN AR

fromthe spicsdribcarid &topet hodlbebe nvdntdbah thas vAeibinebanpys,t hidstatnpemd et

cl ai ms. Nbra t(e)%lteigﬁs tca?ne bg Cl’(IjlaF,) e ggre}nhgvitgggts ?{enl;[arting from the spirit and scope of the
invention as defined by the appended claims. Moreover, the scope of the present
application is not intended to be limited to the particular embodiments of the process,
machine, manufacture, composition of matter, means, methods and steps described in
the specification. As one of ordinary skill in the art will readily appreciate from the
disclosure of the present invention, processes, machines, manufacture, compositions of
matter, means, methods, or steps, presently existing or later to be developed that
perform substantially the same function or achieve substantially the same result as the
corresponding embodiments described herein may be utilized according to the present
invention. Accordingly, the appended claims are intended to include within their scope

such processes, machines, manufacture, compositions of matter, means, methods, or

steps.



application is not intended to be limted to the particul ar enbodi nents of
t he process, machi ne, manufacture, conposition of matter, neans, nethods
and st epswdesovasbssd i n t he specification. As one of ordiPoams2@kiosic2e n t he
art will readily appreciate fromthe disclosure of the present invention,
processes, machi nes, manufacture, conpositions of matter, neans, nethods,
or steps, presently existing or later to be devel oped that perform
substantially the same function or achigwgssubstantially the sane result as
t he correspondi ng enbodi nents described herein may be utilized according to
the present invention. Accordingly, the appended clains are intended to

i ncl ude within t'Meatds dagesd isuch processes, machines, manufact ure,
conpositions of matter, means, methods, or steps. CLAIMS What is clainmed is:
1. A sem conductjor dygﬁ%gg&&ﬁék@g%(%hghg t one active circuit within at

| east one via constructed in a substrate on a first sem conductor die. 2.
The sem conductor die of claiml1 in which the first sem conductor die is

st acked i n conbishknstemewnitive @rvoitivethis enfcesd nueiei gonsdivstedna awhestiaon he
active cirﬁuit S ﬁﬁs%ti£ned bet ween active |layers of the stacked dies. 3.
The seni contRISEBIGIEHF &) ai m 2 wherein the active circuit is coupled to
I/ O pads fromboth of the stacked sem conductor dies. 4. The sem conduct or
die of claim1l whereiThelbRicaalude dit bEL i 1 $n PaIch tBf fiansehiesiduomt dld i

di scharge (ESD) protection device. 5. The sem conductor die of claim4
wher ei n t hetack inrcombitation vadanethcs smpigpriictor g andovieseis theaativg cBeHit iSci ent
area to saflia el pahe. Bl eREATHld fdbgaigroes. 6 A S-D stacked

sem conductor device conprising: first and second sem conductor dies
stacked relative to each other; at |east one through silicon via (TSV)
constructed to éxtendhsubmicantucbid die betlamed whetdiv thelaayrer sravt is beupléd ot and

second sem conductor.dies;, and active circuitry constructed at | east
Sartial 1y LTS T b O ehe ok Semiafdyietor dics

4. The semiconductor die of claim 1 wherein the active circuit is part of an

electrostatic discharge (ESD) protection device.

5. The semiconductor die of claim 4 wherein the ESD protection device

contains P/N junctions having sufficient area to safely dissipate electrostatic discharges.
6. A 3-D stacked semiconductor device comprising:
first and second semiconductor dies stacked relative to each other;

at least one through silicon via (TSV) constructed to extend substantially

between active layers of the first and second semiconductor dies; and

active circuitry constructed at least partially within the at least one through

silicon via.

7. The device of claim 6 wherein the active circuitry comprises

semiconductor devices.

8. The device of claim 6 wherein the active circuitry comprises at least one

electrostatic discharge (ESD) protection device.



silicon via. 7. The device of claim6 wherein the active circuitry
conpri ses sem conductor devices. 8. The device of claim6 wherein the
active ciwountwogossenpri ses at | east one el ectrostatic dipsThaege/0§H63D)
protection device.9. The device of claim®6 wherein the active circuitry
conprises P/N junction devices. 10. The &evice of claim6 wherein the
active circuitry is constructed in both of the sem conductor dies. 11. A

met hod for constoruct iThg daviee ot lans B eiRrcifl il Lve tiRRitietoapkiRe PRI Si ng:
constructing a first sem conductor die having therein at |east one through
silicon vi auefigwyleviggte t hrough silicon via containing at |east one active
circuit; and stacking the first sem conductor die with a second

sem conductor di;g su tha; Syl 1.8 ctive
| ayers of the fﬂ?St ?ﬁadgﬁ%gﬁgagﬁﬁﬁgﬁﬁ ﬁ%P%f&g?%§¢&T§%h%ﬁgﬁﬂgﬁﬁﬁﬁ%ggpcIaim
11 furt her of dnpeiséanguctoodips.i ng circuitry fabricated in the first

sem conductor die to the at |east one active circuit. 13. The nethod of
claim12 further, _conprising.. coupling circuitry fabricated i he second
seni conductor dild" to A e PEGERTie driionglsef ey e mithodver hod of
clai m 13 wherBiiBinghe coupling fromthe second sem conductor die is addition
to the coupling fromthe first sem conductor die. 15. The nethod of claim

11 wherein the active circuit conprises: an electrostatic discharge (ESD)
protection circ@prstrueBng Fiest semivoadustorliahawingthareen af lpast pree thgyghsdtcedt i on

Ut o885, B8 o PPN LI PRL BB S g o

em con € ‘met hod conpri si ng:

stacking the first semiconductor die with a second semiconductor die such that
the through silicon via extends between active layers of the first and second

semiconductor dies.
12. The method of claim 11 further comprising;:

coupling circuitry fabricated in the first semiconductor die to the at least one

active circuit.
13. The method of claim 12 further comprising;:

coupling circuitry fabricated in the second semiconductor die to the at least one

active circuit.

14.  The method of claim 13 wherein the coupling from the second

semiconductor die is addition to the coupling from the first semiconductor die.
15.  The method of claim 11 wherein the active circuit comprises:
an electrostatic discharge (ESD) protection circuit.

16.  The method of claim 15 wherein the ESD protection circuit comprises a

diode.



coupling through silicon vias (TSVs) froma portion of one sem conduct or
die of the sem conductor device to a portion of an adjacent sem conduct or
di e, the wouplwagsseonpri sing: coupling I/O pads from at pceastooonsseed t he
sem conductor dies to electrostatic discharge (ESD) protection circuitry
constructed at least partially within atd | east one of the TSVs. 18. The

nmet hod of claim 17 further conprising: coupling I/O pads froma second one
of the sem condugt or Aol ot dlectkeSlAiPURLRALE ProteetibR M {thoked L8micbhéudidt hod
of claim 18 wherein the ESD protection circuitry conprises: a diode. 20. A
st acked serc¥iendtrpethedoemprivegipri sing: first and second seni conduct or
dies positioned in parallel relationship to each other; and neans for
coupling active . it i i i udi ng
ot ve a1 oment s, O MGiEnGingh §EcRESlL POPY, Mg okle FRHPLUREORERRT A6
means conprhsesicatdutteadtviont® a puroegbf @i ddjaent semacdndSidr tiaythagowdinigai ned
therein the active elenents. 22. The device of claim2 1 wherein the active
el ement s h&VBPENBEgh area to safely dissipate el ectrostatic di scharges
occurring on either of the sem conductor dies.

coupling I/O pads from at least one of the semiconductor dies to
electrostatic discharge (ESD) protection circuitry constructed at least partially within at

least one of the TSVs.
18. The method of claim 17 further comprising;:

coupling I/O pads from a second one of the semiconductor dies to the ESD

protection circuitry.

19.  The method of claim 18 wherein the ESD protection circuitry comprises:
a diode.
20. A stacked semiconductor device comprising:

first and second semiconductor dies positioned in parallel relationship to each

other; and

means for coupling active layers of the positioned dies, the coupling means

including active elements, .
21.  The device of claim 20 wherein the constructing means comprises:

at least one through silicon via (TSV) having contained therein the active

elements.

22.  The device of claim 21 wherein the active elements have enough area to

safely dissipate electrostatic discharges occurring on either of the semiconductor dies.



