SEM CONDUCTOR STRUCTURE Cross-reference to Rel ated Applications

[ 0001] The present application clains the benefit of the Singapore
patent application 201206356-6 filed on 27 August 2012 and the

Si ngapore patent application 201208983-5 filed on 6 Decenber 2012,
the entire contents of which are incorporated herein by reference for
all purposes. Technical Field [0002]Enbodinents relate generally to
a sem conductor structure, and particularly relate to a sem conductor
structure having a via. Background [0003] Anbngst numerous upcom ng
sem conduct or technol ogi e | i Through Silicon

I nterposer (TSI) as well §Ebﬁ@@)ﬁ¢g§iﬂ%¢&{§ Integrated Circuit
(1C technol ogies are denonstrating significant prom se towards

bui l di ng cutting edge high speed VLSI (Very-Ilarge-scale integration)
circuits and systens. Through Silicon Via (TSV) interconnects running
vertically through sili cEnossmreferencetoRelated Applicasions)| | shi ng

el ectrical connections between inter-die nodes. [0004] Three

di mensi or@001] nt eGheapreskne appdgatian Paiowithiebemehtyofattiv Snigapmes pateotr appkeatiohe,

201206356-6 filed on 27 August 2012 and the Singapore patent application 201208983-5
filed on 6 December 2012, the entire contents of which are incorporated herein by

reference for all purposes.

Technical Field

[0002] Embodiments relate generally to a semiconductor structure, and particularly

relate to a semiconductor structure having a via.

Background

[0003] Amongst numerous upcoming semiconductor technologies, 2.5 Dimensional
(2.5D) Through Silicon Interposer (TSI) as well as Three Dimensional (3D) Integrated
Circuit (IC) technologies are demonstrating significant promise towards building cutting
edge high speed VLSI (Very-large-scale integration) circuits and systems. Through
Silicon Via (TSV) interconnects running vertically through silicon are instrumental in
establishing electrical connections between inter-die nodes.

[0004] Three dimensional integrated circuits provide many advantages. For example,
3D ICs could alleviate some CMOS scaling related performance limitations (e.g.

mterconnect bottleneck), reduce system size, allow heterogeneous integration (e.g.



3D ICs could alleviate sone CMOS scaling rel ated performance
limtations (e.g. interconnect bottleneck), reduce systemsize, allow
het er ogeneous integration (e.g. Menory-Logic integration, IIl-Vto

Si integration, etc.), and enable novel systens using high density
TSV approach. [0005]Fig. 1 illustrates a diagramof a 3D integrated
circuit 100, in which a plurality of conponents circuits di es

and/ or

(radio f ;}\é[ §ch(5glc tofni @f@e or oldrgtgm‘ l%r? S °gfaf‘ ad 511 %gey ovetrs’r@/Stsems st
board/ I nter er obes and battery being stacked vertically. The
verticallﬁgﬁaﬁﬁFYEg PWOAY t he stacked | ayers may be achieved t hr ough
TSVs. [0006] Fi g. hows an exenplary TSV structure 200 in

cr oss- sed0P@Mal Ehgdbﬂwsarwe%éwara@‘r @%%31% é@?gféﬁélclr%bl(?ﬂ Whlﬁh@rl’éurﬁ"%/h
a lunped RC nodel of the TSV. [0007] As shown in Flg , the TSV 220
enabl e t haf dompenents earetiiiso dids endéor interppesy mfiyebestacked bod tistegudied, such as
wherein the top die and the bottom di e are bonded t hrough a BCB

( Benzocy cdendont i) (rdalden direxppeh @y e rFPEDR . (fldld-plogragingkblof gatdh eartag dieeyorg,he
TSV 220 extends through a substrate 204 and a pre-netal dielectric
(PVD) | ayward@Grpier, pestek \«asd bitdyBican uskb@gertichilRuuR wriantasiccpad
formed on the PVMD | ayer 206. At the side of the bottomdie, a | anding

pad for meghdy t@@gtadmtayaﬁtnedywa%hﬁcwth&u h 85| ayer 208 connects the
body of the TSV 220, and the IMD | ayer 208 is further connected to a

copper 'gg@ﬁ%ZloﬁlgTE%P&@pmxé [T%gg?%urg?gg i3 c?&%%%dt?hﬁlym& Abw

about 1 exanp I nc
conducti Va%dfalcross -§€C %mnabirt&? %lagvea ong wath I?ILIEGCJ ﬁt modely St'the TSV,

[0007] As shown in Fig. 2, the TSV 220 enable the interconnection between a top die

and a bottom die, wherein the top die and the bottom die are bonded through a BCB
(Benzocyclobutene) bonding layer 202. At the side of the top die, the TSV 220 extends
through a substrate 204 and a pre-metal dielectric (PMD) layer 206 and receives TSV
Bias voltage through a contact pad formed on the PMD layer 206. At the side of the
bottom die, a landing pad formed in an inter-metal dielectric (IMD) layer 208 connects
the body of the TSV 220, and the IMD layer 208 is further connected to a copper layer
210. The copper layer 210 may have a resistivity p of about 1.68e-8 2-m, for example.
[0008] The TSV 220 includes a conductive fill 222 surrounded by a dielectric layer
224, The dimension of the TSV 220 may include a TSV length Lygsy, a TSV dielectric
thickness t,,, and a TSV diameter @4g,. The PMD layer 206 may have a predetermined
thickness and permittivity.

[0009] Fig. 2 further shows a cross-sectional top view 230 of the TSV formed in the

substrate 204, wherein the substrate 204 is grounded. The substrate 204 may be a p-Si



224. The di nmension of the TSV 220 may include a TSV length LTsv, a
TSV dielectric thickness tox, and a TSV dianeter Tiny. The PMD | ayer
206 may have a predeterm ned thickness and permttivity. [0009]Fig. 2
further shows a cross-sectional top view 230 of the TSV forned in the
substrate 204, wherein the substrate 204 is grounded. The substrate
204 may be a p-Si  substrate, for exanple. The TSV includes the
conductive, fill 222 surroun b n.oxid i el ic |layer.,224. |
oper at 1 orttoata Sapedile EhT RV 50 AR R P el oS ol
dielectrig |ayer 22 ich may introduce a TSV depletion capacitance
Caop. | OGTBPRNE B FELo TP { BlfSRn e st i ogmed RS FEBes Bt <
illustrated by G Katti et al. in "3D stacked ICs using Cu TSVs and
di e to wahelpctAy bwpl Wohichmaydnteivgs ad SV depletiopopaciiggce 8g7- 360" . | n
the | unped RC nodel 240, the equivalent circuit of the TSV 220

i ncl udes [#8&W0]r esAsoanenonding S VTigmpesk Rfemodg) 249 vhtheel S3b22Gisdllvpgwted by
depl eti on capacitance Caep. [0011] The parasitic resistance (RTsv),
capaci t an@eKaGTa\vdl. antBD nadcdlalisens{riglen )THfs dd\diarte hwaferch yiridscohlastere
al so been nodel ed and characterized, e.g., by G Katti et al. in

" El ect ri asndimpdelBDN 2000hgp.axd7essat IrdtheOlndpbd R odkl 240 nthe equit &)
for 3D 1Cs, |EEE Trans. Electron Devices, vol. 57, no. 1, pp.

256-262, @bt 2UOTsVIZeRERBES BV LBGEinck MPRGI TON ReCdapidifah& @hnd
systens. It has been shown that RTSV has m ninmal inpact on the 3e|ay

of 3D ci reddy 1Sy et §§?ﬁ§§y is the nost dom nant parasitic conponent
i npacting t ea%?ectﬁﬁca peﬁ%ﬁrn&nce of 3D circuits and systens. In

order to ild hi.gh_speged VLS| syste exi sti i_ghl.yv, capacjti ve
Seve beod Bt PR o SBAAE! o Y P Ran ik (B o e EARBE LY or
r educed. 12] Vari o met.hods to C he Clsv, b er.ating the
v o SRR R Pl O Fep el SR G Pt mt G kel in

capaci tance CTsy of the contenporary TSV architecture

h s for 2.5D TS
t echnol ogifdtiss! grodelmg &; shargiesraioprofithougtssiligonvigd Ty fardDides, IFEG =
100 gm and a_dopi ng concentration of Na = 1.4 x1015/cn8) and 3D I Cs
(e.g. thelnsrElsironHepices, Hel. TE\noat eore 886262, J3n.AR107T, T gstablsly thepy impaet a
dopi ng concentration of Na = 1.4x 1014/cnB) is estinmated to be 100 IF
and 50 i for 3 pieatifswed yystems. It has been shown that Rrgy has minimal impact on the delay
of 3D circuits, whereas Crgy is the most dominant parasitic component impacting the
electrical performance of 3D circuits and systems. In order to build high speed VLSI
systems, existing highly capacitive TSVs become a major bottleneck and the TSV
capacitance should be reduced.
[0012] Various methods to reduce the Crgy by operating the TSV in the depletion
region have been proposed. However, the TSV capacitance Crgy of the contemporary
TSV architectures for 2.5D TSI technologies (e.g. the dimensions of the TSV are @r¢p=
12 pm, Lgy = 100 um, and a doping concentration of Na = 1.4x10"/cm®) and 3D ICs
(e.g. the dimensions of the TSV are @pey= 5 um, Ltsy = 50 pum, and a doping

concentration of Na = 1.4x10"/cm?) is estimated to be 100 fF and 50 {F respectively,



which is still nuch |arger conpared to the capacitance contribution
of about 0.02 IF/Amfor the Back End of Line (BEOL) interconnects.
[0013]In TSV architectures with p+ substrate contact, the | ower TSV
depl etion capacitance may be achi eved by enpl oying | arger fixed oxide
charges and | ow density of interface states at the Si-Si02 interface.
In TSV architectures with ohm c p+ substrate contact, the TSV oxide

capaci tance .( Cox), i s.lowered due.to.the conbinat.i.on. of | et

capac  antied ol mien SHEET EamiFen o ne “ioer Bk AR iy R 6
effective, TSV ¢ citance CTSV.is given as 1/ CT5v =1/ Cox- Fl/ Cdop, and
is close Pb ﬁ@agﬁﬁ@P€¥m9§$E Lymt 5% Cdep in series. [0014]1t is
required to further reduce the TSV capacitance CIsv to neet the

i ncr easi n§P18lst ebp T§Yeaghitgsirpondh pegubstewesnnsact,nthgdower dGivt depdgiion
systens. Summary [0015] Vari ous enbodi nents provide a sem conduct or

st r uct ur ecapadifenceaniycbnahhetved by employingdangeny/fixedoixidtehargsemidclowdisosirof
substrate; a via extending through the sem conductor substrate; and a

capaci ti vetegfhd¢eusthtes et thgr SicRiOdimerfak. [eASV achecmianvitd ohfe w aubsithie
capacitive structure may include a netal |ayer fornmed on the

sem condughtt, OBV dkRle cBfdcRindER) iPloveitd Aue td) treldombiragion of Béhl&iohn

the draw ngs, |ike reference characters generally refer to the sane

parts capacitance (Cqep) in series with the oxide capacitance. The effective TSV capacitance
Crsv is given as 1/Crgy =1/Co+1/Cyep, and is close to the smaller value of Coy and Cyep in
series.

[0014] It is required to further reduce the TSV capacitance Crgy to meet the

increasingly steep speed and power requirements in 3D circuits and systems.

Summary

[0015] Various embodiments provide a semiconductor structure. The semiconductor
structure may include a semiconductor substrate; a via extending through the
semiconductor substrate; and a capacitive structure surrounding at least a portion of the
via, The capacitive structure may include a metal layer formed on the semiconductor

substrate.

Brief Description of the Drawings

[0016] In the drawings, like reference characters generally refer to the same parts
throughout the different views. The drawings are not necessarily to scale, emphasis

instead generally being placed upon illustrating the principles of the invention. In the



t hroughout the different views. The drawi ngs are not necessarily to
scal e, enphasis instead generally being placed upon illustrating the
principles of the invention. In the follow ng description, various
enbodi ments are described with reference to the foll ow ng draw ngs,
in which: Fig. 1 illustrates a diagramof a 3D integrated circuit.
Fig. 2 shows an exenplary TSV in a cross-sectional side view and a

cross-sectj,onal top view .alon ith.a | e nodel of t/h SV.
oo bl e gl Yar S Dot o ARG e B GneRisg e Fotloving
enbodineg&s._ . Fig. 4 shows a top view of a sem conductor
struct ur AR YNy vari ous enbodi nents. Fig. 5 shows an

el ectrical nodel of TSV in a sem conductor structure of Figs. 3-4,
accordi ng to VAgilolusteigsadiismsm of a 3D integmied cirguishows a 3D vi ew of a

sem conductor structure according to various enbodi nents. Fi g.
7A shows si nultag.ed sws ehaxauplry JiSVe & howosFSvetidonl 2ids [yiekh rapd gh cross-
Silicon Interposer (TSI). Fig. 7B shows sinulated CV

char act ersestidnabtop eiew] SMag iwithIDuimpt&BCah@itl of theTBVs. Fig. 8 shows
simul ated GV characteristics for TSV of various enbodi nents in

conparison to FS\ shbivh a efficendiRitl 8€hcturklaBeor@ing ROWSioas &ERAdEMBELICT Or
structure according to various enbodi nents.
Fig. 4 shows a top view of a semiconductor structure according to various
embodiments.
Fig. 5 shows an electrical model of TSV in a semiconductor structure of Figs. 3-4,
according to various embodiments.
Fig. 6 shows a 3D view of a semiconductor structure according to various
embodiments.
Fig. 7A shows simulated C-V characteristics for TSVs in 2.5D Through Silicon
Interposer (TSI).
Fig. 7B shows simulated C-V characteristics for TSVs in 3D integrated circuits.
Fig. 8 shows simulated C-V characteristics for TSV of vartous embodiments in
comparison to TSV with ohmic contact.
Fig. 9 shows a semiconductor structure according to various embodiments.

Fig. 10 shows a top view of a semiconductor structure according to various

embodiments.



Fig. 10 shows a top view of a sem conductor structure according to
various enbodi ments. Description [0017] Various enbodi nents provide
a sem conductor structure with reduced capacitance for a via.
[0018] In this context, a "circuit" nay be understood as any kind of a
| ogic inplenenting entity, which nay be special purpose circuitry or
a processor executing software stored in a nenory, firmwvare, or any
conbi nation thereof. Thus, in an e e&%{gﬁﬂt, a "circuit" may be a
hard-wired logic circuit or a prog logic circuit such as a
progra progessor, e.g. a mcroprocessor (e, g. a Conple

ot uct nah by EERAG: sropdineds il Sorarondebiot, slig oV b e
Set Conmputer (RISC) processor). A "circuit" may al so be a processor
execut i ngFABIIENS BT 2 ¥y any kind of conputer program e g. a
conputer programusing a virtual machine code such as e.g. Java. Any
ot her ki l@0BH | nin dnerrortekore Ofirquid may pec nhdesstgash es japbiskinghi atha vpgic
be described in nore detail below nmay al so be understood as a
"circuit "implenzntiog datmtye whichhmagn balspeial apnipose ettty we nt pro¢ B8tk Axvartingus
enbodi nents provide a sem conductor structure. The sem conductor

st ruct ur esofféyre Boteddi a membeONtitds, GUlS! cainbinadolV itlkeré ! €TilisN@n an
t hrough the sem conductor substrate; and a capacitive structure

sur r oundi dxghodimdn®as t'cidculd®thi P Be Qf hdri8vivddalogtNEr&GRPACH toryBariinabliet 108
may include a netal |ayer fornmed on the sem conductor "substrate.

[0020] I'n diful,% LERLRXE  prbREmGRABRC hlok%So:Std 41CH UhRrdFRdeREr %e.glt raUéBHxPFcéf

exhibiting a capaC|taH%e under rking condition. The net | aye
the capaqh bl efo? tgey(éolﬁgp%téit%lgé) processor or a Reduced Instruction Set Computer

(RISC) processor). A "circuit”" may also be a processor executing software, e.g. any kind
of computer program, e.g. a computer program using a virtual machine code such as e.g.
Java. Any Aother kind of implementation of the respective functions which will be
described in more detail below may also be understood as a "circuit” in accordance with
an alternative embodiment.

[0019] Various embodiments provide a semiconductor structure. The semiconductor
structure may include a semiconductor substrate; a via extending through the
semiconductor substrate; and a capacitive structure surrounding at least a portion of the
via. The capacitive structure may include a metal layer formed on the semiconductor
substrate.

[0020] In this context, the capacitive structure may be a structure exhibiting a
capacitance under working condition. The metal layer of the capacitive structure may be

a metal pad formed on the semiconductor substrate, wherein the metal pad may be



a netal pad fornmed on the sem conductor substrate, wherein the netal
pad may be configured to receive a voltage. The capacitive structure
may al so be referred to as a capacitive contact, or a capacitive
substrate contact. [0021]In various enbodi nents, the capacitive
structure may include or may be a Schottky contact forned by the
netal |ayer and a region of the seniconductor substrate under the
metal | ayerﬁg.[rg&) elc_:htevesae%l &30 t((:)a{ agl 1Q§ts cture 8 gl Y Be refrrgcll g aO]c a
predeternlne ConCENtrat Oh &hd Ot prede er - ned opant ype,

t he region of .the sem conduct.or iybstrate included in the Schottky
cont act ﬁﬁ?mﬁ%vemamﬁbﬁt%ﬁ“ﬁ@ntﬁﬁlﬁ?@ﬁé?ﬁ?ﬁtned concentration and of
the predeterm ned dopant type. [0023]In various enbodi nents, the

semi condU89%H subisyaious emboflimsnish dhedeappritve Siridhe prasBchidaig dgay be a
concentration may forman extrinsic sem conductor substrate. In

vari ous dithoidnemtast farhed dyrthe mwetid bvor anslb setgraat & theugenbieondugler sybstrate
doped, for exanple, with a doping concentration selected froma range
from 1013mndaBhe mefd llgbcnB. The sem conduct or substrate may be doped
with p-type or n-type dopant. For exanple, the sem conductor

substrat gooz] beThe Sehi®afuddr RulsdiateC AihyS hBed ratdepinghef re Predtt@iideie
sem conduct or substrate form ng the capacitive structure may be a

p- doped r@aéQRatith Shd HBY pREeRrmbinéd Hbﬁh‘ﬁf‘t)}i)@gérﬁnthe kQ0GAL the \sBtaicBHGuCtor
enbodi ments, the sem conductor substraté may be an |ntr|nS|c

substrat & p&r% incAlledNnd Q%Qhﬁﬂéés SridcE - VeCQIdBPind  of! A€ pred d
sem condugt olta lrB:st rGatIé ?ncl u {:n tchemg]ﬁ%tet ) toac r‘}?ée etez;T\I/l(lanea
dopi ng of _a é 8t§%Ig%ed C&ﬂmﬁﬁ%ﬁ%ﬁg nd of a predeternlned dopant

type. I n Var rent ™5t the semi conduct or

substr at | uded i.n the ottky cont act na be I htI for
oann! o b o B! Cere S e OB he R e hie e ARG ot 12

1013/cnB to 1016/cn8 The .region of the . ) )
predetermined concentration may form an extrinsic semiconductor substrate. In various

embodiments, the semiconductor substrate may be lightly doped, for example, with a
doping concentration selected from a range from 10%cm® to 10'%%cm’. The
semiconductor substrate may be doped with p-type or n-type dopant. For example, the
semiconductor substrate may be p-silicon or n-silicon substrate. The region of the
semiconductor substrate forming the capacitive structure may be a p-doped region, e.g.
may be a p-silicon region.

[0024] In various embodiments, the semiconductor substrate may be an intrinsic
substrate, e.g., an un-doped substrate. The region of the semiconductor substrate included
in the Schottky contact may have a doping of a predetermined concentration and of a
predetermined dopant type. In various embodiments, the region of the semiconductor
substrate included in the Schottky contact may be lightly doped, for example, with a

doping concentration selected from a range from 10"%¢m?® to 10'%em’. The region of the



sem conductor substrate included in the Schottky contact may be doped
wWith p-type or n-type dopant. In various enbodi nents, the region of
the sem conductor substrate included in the Schottky contact may be
formed by doping a region of the sem conductor substrate under the
top surface of the substrate on which the netal layer is to be
deposited. [0025]1In various enbodi nents, the capacitive structure may

include the.npetal |ayer and - N ety on forned.in the .
semi conauerur ez P AT E Rl Tnd ROEMSR S i tsdsb Pyt gromegn

of the sem conductor substrate having the ing of,a first .
Concent r APPOSPR Lo Fau3pUR SinpCiishn e s ol seisShsfir e itudede
sem conduct or _substrate have g doping of a second concentration and
of a secdAdha¥panky sgptst H{aﬁé?%@wﬁdw%sb@a@ regipR OhiBe senispRlistor sulshatene
first dopant type. The second region of the sem conductor substrate
i s ar r angdet thg spviaeipca ofdhesubatrate ey whichtle: mpfel lyards torbegliepesited. t he
sem conduct or substrate. [0026] I n various enbodi nents, the second
concent r g002) main vxeioss bmbediticads) the sapucitae strocttdeendyi mslude the metal layer
concentration. In various enbodi nents, the second concentration may
be hi gherantihgin junetidd fosihed it Bdniiddrdabior subsitae. THeS-€ finodbmay fclidba
second concentration may be at | east one hundred tinmes higher than

the firstf50ReRALY #ld RRhicdnB@idd siBgrdd Fsking B id@%ingfofﬁ st $6HdcARRACEEr
substrate may be a lightly doped region, e.g. having a doping

i f
concentr a&ﬂaoﬁ}ststg‘dpt%ﬁttt?ﬂe, ah@ P s8cdr@8Gioh bPMRe Js%r’t’oﬁ&ﬁ%é&g%gﬂsﬁé%{/ lﬁ@g a C?EJSE@&

second region o e sem conductor substrate nmay

6357 e 4% $58Y) BohRafBRlARaSaNE COLER bl Bl Bl O Anr RSBk
b i dwth i d | .
T me R R BB e PR RN e

a p-doped region of a p-t substrate, and the second regi on may be
anp P an'anged inbetween t%e m%?a layer and tﬁe Erst reggon ol} the sem?conductogr su{;lstratg./

=

[0026] In various embodiments, the second concentration may be substantially
similar to the first concentration. In various embodiments, the second concentration may
be higher than the first concentration. In various embodiments, the second concentration
may be at least one hundred times higher than the first concentration.

[0027] The first region of the semiconductor substrate may be a lightly doped region,
e.g. having a doping concentration selected from a range from 10" /em?® to 10'%cm®. The
second region of the semiconductor substrate may be a heavily doped region, e.g. having
a doping concentration selected from a range from 10'%/cm’ to 10%/cm’.

[0028] The first region and the second region may be respectively doped with
opposite types of dopants selected from p-type and n-type dopants. For example, the first
region may be a p-doped region of a p-type substrate, and the second region may be an

n'-doped region formed in the p-type substrate. In another example, the first region may



n+-doped region formed in the p-type substrate. In another exanple,
the first region may be an n-doped region of an n-type substrate,
and the second region nay be a p+-doped region forned in the n-type
substrate. [0029] The second region may be forned by doping a region
of the sem conductor substrate next to the top surface of the
substrate on which the netal |ayer is to be deposited, with a dopant
type oppqslte t,0_ t.he doQ@nt t doped.sem ¢ nduct

LPet PP din iGadi B RE A RS afbbufte) 4l the YRR A SE RS RO Bocd

directly used_for .the first on of the p-n junctlon wi t hout

addi t i ondFEaBHAGI B é@@PeféﬁgﬁTThe seni conduct or substrate may be
an intrinsic substrate e.g., an_un-doped substrate. The first re |on
may be fdPPH byThopscard seiagman befonned byedapisn (REGY olsihp semisordys

the top surface of the substrate on which the netal layer is to be
deposi t ecsubsirate néws toelboridp sedicsnointy bstfate wadviigh depmetpl dayeegs om be

i nbetween the first region and the top surface of the substrate.

[ 0031] Thedepeditedd withgiaodopemy type fappose by thepdapiabt ngpea oflopdihtlegideredon
t he sem conductor substrate. The netal |ayer nay be fornmed on top of

the secon@mi@tiwior FEH3B2E] The adeiritind OO ub¥eBleS beihd Qighfipaddped iBay be
structure may include or nay be a netal -oxi de-sem conductor (MX)

contact. dJiReFaRATHLthY Arst fottaldfiR: fB Yudch6H, wqeohh&idﬂ%atl dop@¥8frocess.
regi on of the semiconductor substrate under the netal llayer, and an

oxi de | ay%sﬂjr ra Q&Qenh@&%h%?&b%ﬁ&e% P EinsR bl e, 'G0) MNuRliofR®

sentcond strat

substrate. The first region may be formed by doping a region of the semiconductor
substrate under the top surface of the substrate on which the metal layer is to be
deposited; and the second region may be formed by doping a region inbetween the first
region and the top surface of the substrate.

[0031] The second region may be formed by depositing a doped region on the
semiconductor substrate. The metal layer may be formed on top of the second region.
[0032] In various embodiments, the capacitive structure may include or may be a
metal-oxide-semiconductor (MOS) contact. The capacitive structure may include the
metal layer, a region of the semiconductor substrate under the metal layer, and an oxide
layer arranged inbetween the metal layer and the region of the semiconductor substrate.
[0033] The oxide layer may be deposited on the surface of the semiconductor
substrate, and the metal layer may be deposited on top of the oxide layer. The oxide layer
may also be formed in a further region of the semiconductor substrate inbetween the
metal layer and the region of the semiconductor substrate. For example, the oxide layer

may be formed by oxidizing the further region of the semiconductor substrate next to the



[ 0033] The oxide |ayer nmay be deposited on the surface of the

sem conductor substrate, and the netal |ayer nay be deposited on top
of the oxide layer. The oxide |layer may al so be fornmed in a further
regi on of the sem conductor substrate inbetween the netal |ayer and
the region of the sem conductor substrate. For exanple, the oxide

| ayer nmay be fornmed by oxidizing the further region of the

sem conduct or -substrat e next tg.t t surfac t he bstrate an
wht ot naopart LY by g B B M L G helen ol MR Lt
silicon oxide (Sj.02) | [ 0034] The sem conductor substrate and the
region(ﬁnW$k?%%h?%%ﬁﬂ%%ﬁ&?ﬂgﬂﬁgtrate included in the MOS contact may
be doped or_un-doped. |n various enbodi nents, the sem conduct or

subst rat dOP34 beThs ssmicendysios subisaier andethe Jpgion 196 thesgprypongiuctop gubstrate
semn conduct or substrate included in the MOS contact may be un-doped.

| n var i ouscladdsion the MQ@S cohectsiaay be ddprsk or wsdepsdr b varions emibedimegisotheof
the sem conductor substrate included in the MOS contact nay have a
dopi ng ofsemiq@néutedre rsubst@tt coac dret rmat iwnnaa dsubtrage, paedl ether ragoad odofent
type. The predeterm ned concentration may be a dopi ng concentration
sel ect ed femiddnaudt@ngdsirito Nndl0dedl fvthet MAD t6htadtBmay B30I dopertali tiSous
enbodi nents, the via of the sem conductor structure nmay be forned

Wt hi n - anenaRaihds, iy REENIRGoSRIBEEAN BRCTe registDt tha k8nichiductyr Substrate
context, the via extending through the sem conductor substrate may be

f d; t; ik ' i '
refrerred gdudedi rtl%’%&?édn'ta%?%? #ep? z(g %%ﬁ ]grg%\(%rﬁnﬂga%oﬁ&@ltmn %PdaOf

i nclude an 1 nsulating | ayer e opening; an

conduct i ve fLkleforHegomd W 1e SRaDkA% Wi AaS LA bDG, IRKeE

surroundiané’r e conductive Tl Insu ing Tayer m an de
| ayer, e.qg. a sjlicon i de | ayer., or.isaysbe @ nitride |ayer, e.g. a
silicon rﬁ%flf‘?nﬁrén‘?lhvg‘?pfe%ﬁlfonﬁﬁr 8ff8frh{eq /?'ép@gloo(mi‘ hsul ating material s.
The conductive fill may include a conductjve nmaterial, such as netal
or al l oy P83, chppaiousr epbafyments, the WA ofl thsysearicangpgier seictirgmgay &9) |
or polysiIicon._£0036]ln.various enbodi mnents, the netal |ayer of the
capaci t i viermed withinran epepingthroyghylzp spmigongueton pbstraialn fisorpntars the via
insulating layer of the via. Illustratively, a portion of the
i nsul at i regxtdndingr tlobugthethwi sermagndoetoe xpibseate amay hbe t wfersdr fance tiroughe
sem conduct or
silicon/substrate via (TSV). The via may include an insulating layer formed at a wall of
the opening; and a conductive fill formed within the opening with the insulating layer
surrounding the conductive fill. The insulating layer may be an oxide layer, e.g. a silicon
oxide layer, or may be a nitride layer, ¢.g. a silicon nitride layer, or may be other types of
insulating materials. The conductive fill may include a conductive material, such as metal
or alloy (e.g. copper or tungsten or an alloy of copper or tungsten), or polysilicon.
[0036] In various embodiments, the metal layer of the capacitive structure may be

formed at a distance away from the insulating layer of the via. Illustratively, a portion of

the insulating layer of the via may be exposed at the top surface of the semiconductor
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substrate, and the netal |ayer may be forned at a distance away from
t he exposed insulating layer on the top surface of the sem conduct or
substrate. [0037]1In various enbodi nents, the netal |ayer of the
capacitive structure nmay be formed as an annul ar | ayer surroundi ng
the via on the surface of the sem conductor substrate and at a

di stance away fromthe via. The netal Iayer of the capacitive

structure g‘?ly &l23 Be mcﬁalni%d /! rrr‘la"tbhef’o daQteaOc{lst%:r%nfévgaurﬁ'tl Ve cxpoked >
r

a rect angsf'l square shape SUI’I’OUI’]dI ng e VI on t dace

of the sem ctor substra %@ gfﬂ a stan% away fromthe via.
In vari oJss 8 YSEAR 8¢ PIHBUIFEE O TP SRPUFOHCORESYYSci ti ve structure

may be forned at one or nore | ocations on the top surface of the
seni condUB9B  sulastariope embpdimspts. die merlelayeceft the farasHi epgugiureamay be

di stance away fromthe via, e.g. at a distance away fromthe portion
of the vifamesdpes el aomﬂmhbycroplrmunﬁlag ghofvia pre theemirbsa dddhosemisbaductre.
In other words, one or nore capacitive structures nmay be forned at a
di st ance sabﬂt;ata‘ andmt taRiéstatica awhp froar tho wrix. Fhi oddtainbayeisof theaprettiak stnaper
of the capacitive structure may be forned such that it is spaced

apart franayt 4l vé formid 038thdihehiapeoi emniguiation, esd ayi 6 rebthgiSordREHE ishg@ddi n
various enbodi nents above nmay be used or included in a 2.5D through

silicon iMSERMNAingQhe VA dh BPsric 9F ﬁ{e%‘émﬁ‘doﬁﬁlkﬂtér s‘iﬁé&a@@and at a distance
[0039]Var|ous enbodinments further provide a through licon

i nt er pos r t f
enbodPne%%? E%%gnﬁygbgb%gﬁﬁgggﬁgﬂgﬁgﬁaIé?%aﬁig%?ﬁgé%%ggegMg??%Rﬁ%mﬁs
a form of 3D I% i nt atl on, dloczﬂlon' nes.,,si I icon.int

r
i cr obunp’ a'nae 6)6 Ine1%ret o erla%lon thﬁt OBrsu il‘a%en 0? '[E semiconductor

(f)lt;lt S LCe)g? %ﬁ USH: r%“ grlle_ gr 1%01$ey E)Ee(latlrg%s Irrll’]ay € atnag dlstagcecgwagyefrom t elvl?at %r C)tser
distance away from the portion of the via exposed on the top surface of the
semiconductor substrate. In other words, one or more capacitive structures may be
formed at a distance away from the via. In various embodiments, the metal layer of the
capacitive structure may be formed such that it is spaced apart from the via.

[06038] The semiconductor structure as described in various embodiments above may
be used or included in a 2.5D through silicon interposer, or in a 3D integrated circuit
device.

[0039] Various embodiments further provide a through silicon interposer (TSI)
having a semiconductor structure of various embodiments above.

[0040] 2.5 dimensional (2.5D) integrated circuit is a form of 3D IC integration, and
combines silicon interposer, microbump and TSV technologies to enable integration of

heterogeneous, multi-die systems in a single package. The interposer or the through
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silicon interposer (TSI) may be utilized for interconnection in a
2.5Dintegrated circuit, and may be referred to as a 2.5D TSI.

[ 0041] Vari ous enbodi nents further provide a three dinensional
integrated circuit device having a sem conductor structure of various
enbodi ments above. The three di nmensional integrated circuit device
may be referred to as a 3D I C device, using the sem conductor

structure.of various odi nents.fqr. vertical inter ectio anong
vertt cal 1yp atirase EEPAMMCRY i it ik ShqisB S PR g FtinRn <R
sem conductor structure 300 rding to various enbodi nents.

[ 0043] | n 38fl gpay FrQ%E?%§§¥§%%§$gﬁél vi ew of the seniconduct or
structure 300 is shown. The sem conductor structure 300 may include a
seni condu@®b suMarqust entsgimenss fyrthen prpvider & HHph dimanpiony Hnteeated circuit
sem conductor substrate 302; and a capacitive structure 306

sur r oundidsgicathavingse ssmpontacer gfuchire ofi warR0g . embledinesagraghbaviev dhe three
structure 306 may include a netal |ayer 308 forned on the

sem condufimersiiab &tegrited 3G2uit HOGdAmhn biehrefeerst) odl iasra rdl> 16 hiewice,i ukidg the
3, the capacitive structure 306 is shown to have two | ayers on the

sen condugi@ongktist staiceird @2, varibhe Bmbsditenisefpr @8£REl fntdtorinB&ions among
capacitive structure is a nultiple-layer structure. However, in

various epppdifentiedesithitR@niRasdi.bed in Fig. 4 below, only the
nmetal |ayer of  the capacitive structure 306 nay be forned on the
sem cond supst r at 2 | p I ONs ~63paci

struct urgﬁgﬁl magl%beﬁf gf}(%\%d a:MrFet %Onggﬁl&con Etu?é;rngbicg ‘?3"3 ggz%%ﬁlg
metal | ayer §08 f the capacitive structure 306 may be a netal pad

f or med chqH?IQ§§%'conductor substrate 302, wherein the netal pad may

be confi to recejve a voltage.. [0Q045]1n various enbodinents,
Phe ot a S| O BEFL irstsriaciaadl view b g SruStire S00S Hidn

The semiconductor structure 300 may include a semiconductor substrate 302; a via 304

extending through the semiconductor substrate 302; and a capacitive structure 306
surrounding at least a portion of the via 304. The capacitive structure 306 may include a
metal layer 308 formed on the semiconductor substrate 302.

[0044] In the embodiments shown in Fig. 3, the capacitive structure 306 is shown to
have two layers on the semiconductor substrate 302, which is to represent that the
capacitive structure is a multiple-layer structure. However, in various embodiments as
will be described in Fig. 4 below, only the metal layer of the capacitive structure 306 may
be formed on the semiconductor substrate 302 while other portions of the capacitive
structure 306 may be formed in the semiconductor substrate 302. The metal layer 308 of
the capacitive structure 306 may be a metal pad formed on the semiconductor substrate

302, wherein the metal pad may be configured to receive a voltage.
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silicon/substrate via) 304, may be formed w thin an opening through
t he sem conductor substrate 302. The via may include an insulating

| ayer 312 forned at a wall of the opening; and a conductive fill 314
formed within the opening with the insulating |ayer 312 surroundi ng
the conductive fill 314. The insulating |ayer 312 may be an oxi de

| ayer, e.g. a silicon oxide (Si02) layer, or may be a nitride | ayer,
e.g. a sikjieon nitride |ayer. 0 No] t her types. of in tjn
e ar 0BG M asiiie PR, Trg? 3ol reRRT o R TRY e e
a conductiye terjal, such a tal, or. alloy (e.g. ¢ er or

t ungst en S&fcoaﬁ%trﬂw@r foé*oﬁﬁaﬁwgfgﬂ?%ﬁglelarﬂx%aﬁm%ghg)g@f SRR A
top view 400 of the sem conductor structure 300 according to various
enbodi nerfubstiate 3Bbwhhe wapngy ingludeogy msplating diysr A2 tpansd o iwrnelisthef
Fig. 3 and Fig. 4, the netal |layer 308 of the capacitive structure
300 may bwehingnad atondugiit AlhSé4 doaedf widhm tileeonenmgl with thy insyletimg3agerof
the via 304. Illustratively, in the top view 400 of Fig. 4, a portion
of the i rdalsatrownglinghe co@dli2tivd fill Bé4.Vite iBOdating Javiee 3 EXpag bd aabxidhdayenp
surface of the sem conductor substrate 302, and the netal |ayer 308
of the capacidilicon ocxideUSIOH) ¢ay2h)r iy teen higideEayer! e.@ Hiihéangeideviayer,fdrom
the exposed insulating layer 312 on the top surface of the

sem condygioke SHBSHPALS iditatink WA al) e.gaa (R nehndi TR Adudibe rieh al

| ayer 308 of the capacitive structure 306 may be formed as an annul ar
| ayer sur 1 ks e ]
e O e
Fig. 4, t

ahl% n Eal 1I ayer s?e%goirs Reparat ed fromthe insulating |ayer
312 of thé Vi 48 %y THREEEPESdatt or substrate 302. In various
oo e, B e B Sl 6 DB P hE L 0™
or square shaped layer. [Q049] Al t hough the enbodi nents of Fig. 4

shows a CHPREIMSNiEs shaveindiie 406 formed as an annul ar structure
surroundi ng the via, it is understood that one or nore capacitive

st ruct ur d804@y bés slarwred thy embediinepts o &g P and Feg. dethgimetaylayes 388 obihe
or nore |locations on the top surface of the sem conductor substrate
302, whermparitieston@ro’inmaebe &pmed @t ¥ dissncaiovayr Bem iy insdatingelager 312
continuous structure surrounding the via. The one or nore |ocations
may be atofaheliviit 304c dllawayvely, dmthdepwiew 480 @f Fag. 4 adpstian o theviayuldtingm
the insulating layer 312 of the via exposed on the top surface of the
sem condug}pn 13 Ubsik v 4302 be exposed at the top surface of the semiconductor substrate
302, and the metal layer 308 of the capacitive structure 306 may be formed at a distance
away from the exposed insulating layer 312 on the top surface of the semiconductor
substrate 302,
[0048] In various embodiments, the metal layer 308 of the capacitive structure 306
may be formed as an annular layer surrounding the via 304 on the surface of the
semiconductor substrate 302 and at a distance away from the via 304. As shown in Fig. 4,

the metal layer 308 is separated from the insulating layer 312 of the via 304 by the

semiconductor substrate 302. In various embodiments, the metal layer 308 of the
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[ 0050] The capacitive structure 306 nay have various configurations
according to various enbodi nents. Fig. 4 shows three exenplary
configurations 410, 420, 430 of the capacitive structure 306. It is
understood that the capacitive structure 306 may have ot her
configuration or |ayer arrangenent in other enbodinments, which

exhi bits a capacitance under working condition. [0051]In various
enbodi nents sho in 4 t he. capagcitive structure 306.may.include a
Sehot t Ky CEIRE e 3P BT Frorred i EAer OB ror S0RS I Pl PO
412 of the sem conduct or bstrate 302 under the netal |ayer 308.

[ 0052] Thee<#Ble oYy eeshars E@?Fate 302 may have a doping of a
predeterm ned concentrati on and of a predeterm ned dopant type, and

t he regi dA04I2 oflthenghgberpraberiients pf Eighd shewea cenaritige srpgiure ﬁgﬁ formed
Schottky contact 410 may have a dopi ng of the predeterm ned

concent r asiapranavidr gfuctire sprevdingrthe viedit dopaderstoadothat orfe0@584rE capegitivous
enbodi nents, the sem conductor substrate 302 having the doping of the
pr edet er rgtmedres onein foarhedby fagnidgos® @rmax tnfdtd] dhyersenine @ thiocé bications
substrate. In various enbodi nents, the sem conductor substrate 302

may be | idgghhé wplape offte seei@iBh@or sobitiht3 @O RhBRICHO 6RNG Bbie @Bpacitive
selected froma range from 1013/cnB to 1016/ cnB. The sem conduct or

subst r at & 302diBY%aPSod B8P cMtinloRy {MRAIO suRoldRE HRPAR! ThEQhe Q¥ AR,
t he sem conduct or substrate nay be p-silicon or n-silicon substrate.

The regi QH%%E%%?& lﬁleeatsg'ﬁis?egﬁg lﬁ%}ag:]f}'ﬁﬁ' l%ﬁ{.- g/gat %eé ;é‘i'E' E&Qtaﬁ&?a&%p?rS{nLgl\ée

structure be” a doped reqi reg ., aregion-o
AL T TR W S T TS
an intri n350|2f:
[0050] The capacitive structure 306 may have various configurations according to
various embodiments. Fig. 4 shows three exemplary configurations 410, 420, 430 of the
capacitive structure 306. It is understood that the capacitive structure 306 may have other
configuration or layer arrangement in other embodiments, which exhibits a capacitance
under working condition.
[0051] In various embodiments shown in 410, the capacitive structure 306 may
include a Schottky contact 410 formed by the top metal layer 308 and a region 412 of the
semiconductor substrate 302 under the rhetal layer 308.
[0052] The semiconductor substrate 302 may have a doping of a predetermined
concentration and of a predetermined dopant type, and the region 412 of the
semiconductor substrate included in the Schottky contact 410 may have a doping of the

predetermined concentration and of the predetermined dopant type.
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substrate, e.g., an un-doped substrate. The region 412 of the

sem conductor substrate included in the Schottky contact 410 nmay have
a doping of a predeterm ned concentration and of a predeterm ned
dopant type. In various enbodinents, the region 412 of the

sem conductor substrate included in the Schottky contact 410 may be

i ghtly doped, for exanple, with a doping concentration selected from

a range f 1013/cnB to 1016/ cnB. The.region 4 f e . .
e cond RPEN " SuBoFRe S Tigts s PR BT el e e e
doped wit -type or, n-type dopant. |n various enbodi nents, the

regi on 41’? tg‘? P%/“’%Ste ‘%G%ECGE% NSMAY O1g 81 ERTPSg SEicn ‘F?éorssd-‘iiﬁfﬁt%;ln
contact 410 nmay be forned by doping a region of the sem conductor
subst r at e/afife embpdimeals, dhg paBicopductasesubsiae r32e 1y 2bo AighRY depedefor
nmetal layer 308 is to be deposited. [0055]In various eqpodgneng§ ;
shown i n ex20plet With aadspirigt ¢oneensiation seledeB Femmmyanpe framPN) déodte HbHemct
420 including the netal layer 308 and a p-n junction forned in the

sem condUkHeosenscdigluciat auidftdte IR mmynbg dopdd eMithn@yypenal nagpeaddpanstFor
region 422 of the sem conductor substrate having the doping of a

first congemnpleaihe@8manadrioraubdtatl meppapilicyip 65 nailidoR sHBEABITHEGERA
424 of the sem conductor substrate have a doping of a second

concent r af1b ¥ B8 deRfcoRduR it WAGstHP alnidy BR capRgiine&ARerd AP@Hayt ¥PG p-
bei ng opposite to the first dopant type. The second regi on 424 of 'the

The 1irstopayrai s f il BRI SIERE, M r T B2 Pl

enbodineq%% agf second concentration may be substantially simlar to
the first@8hdtfitration. In various enbodi nents, the second

concentr gtj be higher .than the first congentration. .In various
enbodi menPSHT helnodaet R BHIBRR AT SF Gy BE: SEsaaD SHY B P EES:
times higher than the first concentration. [0057] The first region 422
of the scHPYGHFeton Yirdepsdatubstiaty- boe segiqyht] ¢f thsprenicaypear sebsyate
havi ng a dopi ng concentration selected froma range from 1013/cn8 to
1016/ cnB.indthdedgn derithpidlyi eomtagpdl (onay havesedeptendaotesictesnived pertcentratipnbe
a heavily doped
and of a predetermined dopant type. In various embodiments, the region 412 of the
semiconductor substrate included in the Schottky contact 410 may be lightly doped, for
example, with a doping concentration selected from a range from 10"/cm?® to 10'%cm’.
The region 412 of the semiconductor substrate included in the Schottky contact 410 may
be doped with p-type or n-type dopant. In various embodiments, the region 412 of the
semiconductor substrate included in the Schottky contact 410 may be formed by doping a
region of the semiconductor substrate under the top surface of the substrate 302 on which
the metal layer 308 is to be deposited.
[0055] In various embodiments shown in 420, the capacitive structure 306 may be a

PN diode contact 420 including the metal layer 308 and a p-n junction formed in the

semiconductor substrate 302. The p-n junction may include a first region 422 of the
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region, e.g. having a doping concentration selected froma range from
1018/ cnB to 1022/ ena3. [0058] The first region 422 and the second
regi on 424 may be respectively doped with opposite types of dopants
selected fromp-type and n-type dopants. For exanple, the first
region 422 may be a p-doped region, e.g. a p-Si region of a p-type
silicon substrate 302. The second region 424 may be an n+-doped
region forned in the, n- e.si i con. subst e 302. .In_angth examl e
ot showneiop i Eofiidd Rid oS8Pk 3 ARL Srpdtiabh BT SE A Hra RN
an n-type substrate, ;and the second regjon 424 nay be +- daped

egh o dvibdtd A orinad AEyh A4 SEER PemteSH s steraedton dopidg 00 R sieand
may be forned b¥ doping a region of the sem conductor substrate 302
next to tHRBCAYRNYLFFRIR $rond donaplyyps: dheesesand PomsAt YR beiag APPasy & theos
is to be deposited, with a dopant type opposite to the dopant type of
t he |i ghtfirgt WéﬁtMmTh@ﬁmﬂd\eg@ubéﬂr@ftgﬁ sEhécoseyrterotsitatois arranged
substrate 302 being lightly doped nay be directly used for the first
regi on 4Z4gbavkedntbe meral Jayeici(Samd the firstoagicada? of tha s¢tmidapiuagr puteteatss.

[ 00601The sem conductor substrate 302 may be an intrinsic substrate,
e.g., an [0056]doprd vatikast eilab&limdine, tHer sdcofi@ PoatenddZonmayayb e f @bsmetially
doping a region of the sem conductor substrate 302 under the top

surface Qfimfiiigo SMPSt rBetiioRNMnWAHEES dritsddiRémd, theAdBbnd3QRcériration Ry

deposited; and the second region 424 may be formed by doping a region

on top Ofbetﬂ?%cj} ittl?f]a%tthé A le}cégtgatio%l: lt%hxéa&igg%érﬁ%d?ﬁeﬁté‘ Bat veond LR ehitdidh

region 422 a e top surface o strate 302. [006111n various

enbodi ”E%%:nb%ﬁ?%a%tgo%%’i%ﬂnér%@'%'%? gﬁ%ﬁes{}@ésé}tﬁ% Bt g@;‘}&%ﬂ. by depositing a

doped regqi n sem conduc tra metal |ayer 308
may be f ci%?ﬁ OnTlgeOHrs?fregtiglneﬁffng H‘% srei% éo%gucltlgrlls'ubstrate may be a lightly doped

region, e.g. having a doping concentration selected from a range from 10"%/cm’® to
10'%cm’. The second region 424 of the semiconductor substrate may be a heavily doped

> to

region, e.g. having a doping concentration selected from a range from 10'%/cm
10%%/cm?.

[0058] The first region 422 and the second region 424 may be respectively doped
with opposite types of dopants selected from p-type and n-type dopants. For example, the
first region 422 may be a p-doped region, e.g. a p-Si region of a p-type silicon substrate
302. The second region 424 may be an n'-doped region formed in the p-type silicon
substrate 302. In another example not shown in Fig. 4, the first region 422 may be an n-
doped region of an n-type substrate, and the second region 424 may be a p+-doped region
formed in the n-type substrate.

[0059] The second region 424 may be formed by doping a region of the

semiconductor substrate 302 next to the top surface of the substrate on which the metal
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[0062] I n various enbodi nents shown in 430, the capacitive structure
306 may include a netal -oxide-sem conductor (MOXS) contact 430. The
MOS contact 430 may include the netal |ayer 308, a region 432 of the
sem conductor substrate 302 under the netal |ayer 308, and an oxi de

| ayer 434 arranged i nbetween the netal |ayer 308 and the region 432
of the sem conductor substrate. [0063] The oxide |ayer 434 may be
deposi ted_an e surface.of the sem conductor supstrate. 302. .and.the
recal | ayere 308 % B e Bb G En GTRE BB SFb s OB GoBE ot o1 B Vil
oxide | ayer 434 may also pe forged in the sem cond r.supstrate
500 e o Ebpd SEmianduRisr Bt s ecBroH i e OB 0L i BRttbal g0
i nbetween the netal |ayer 308 and the region 432 of the sem conductor
subst r at @nax-de digethpresd fordhofirgdegiay de2 Afthenyn prnctipn, ngidhqyy additional
oxidizing the further region 434 of the semi conductor substrate next
to the tojepingmiresses-of the substrate on which the metal layer 308 is
to be deposited. The oxide |layer 434 may be a silicon oxide (Si02)

| ayer. 1(0660] TheThk«esintondiuctoosulsubiet Y0atea3de aandrinkie snlsdpatn e43 Zinodn-

t he sem conductor substrate included in the MOS contact 430 may be
doped or dopediGaBghate Mheafirdusgionbdi mantls fémfirdskeyridopigdus tiogion of the
substrate 302 may be an intrinsic substrate, and the region 432 of

the sem copsalRKorSHBELAABE2 iGUdiedop Bultlt® JYRe GABYLARL 30836 iwhich the
un-doped. In various enbodi nents, the sem conductor substrate 302 and

t he regi f ] r.age. i '

cont ot 408 ey po8 B e A e ok A Ep BE el B Ve
a predetermned,do P . The predeterm gncent r at i a
bt ng. carREnen PP SR ot RE R PR LS PEG U A8 20 B8
[ 0065] The sem.conductar structure 300 as described in various
enbodineﬂ?gsgﬁﬁe89ﬁﬁﬁgﬁﬁﬁﬁé§5the overal | capacitance of the via, as
will be illustrated with r%%ard to Fig. 5 below. [0066]Fig. 5 shows
an el ect riP8M] nolferamyy @rRbopaRent the SEeANdoIFEINE B4+ SBYLREUDE BBBeh LY

Figs. 3-4, according to various enbodi nents.
depositing a doped region on the semiconductor substrate 302. The metal layer 308 may

be formed on top of the second region 424.

[0062] In various embodiments shown in 430, the capacitive structure 306 may
include a metal-oxide-semiconductor (MOS) contact 430. The MOS contact 430 may
include the metal layer 308, a region 432 of the semiconductor substrate 302 under the
metal layer 308, and an oxide layer 434 arranged inbetween the metal layer 308 and the
region 432 of the semiconductor substrate.

[0063] The oxide layer 434 may be deposited on the surface of the semiconductor
substrate 302, and the metal layer 308 may be deposited on top of the oxide layer 434.
The oxide layer 434 may also be formed in the semiconductor substrate 302, e.g., in a
further region 434 of the semiconductor substrate 302 inbetween the metal layer 308 and

the region 432 of the semiconductor substrate. For example, the oxide layer 434 may be
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[ 0067] As shown in Fig. 5, the electrical nodel 500 includes the TSV
resi stance (Rrsv), and a series conbination of the TSV oxide

capaci tance (C33) and depl etion capacitance (Cdep), simlar to the

| unped RC nodel 230 of Fig. 2. [0068] Conpared to the TSV structure of
Fig. 2, the sem conductor structure 300 of various enbodi nents
includes a capacitive structure 306, which introduces a further

cont act capacj.t.anc daet). in seri,es.with the, TSV oxi.de ca itance
(CB) an (]i%%%eb bé{oxu%z{ngthe {tlier reg%eﬁ%tg f mféw%lucgog St nsltra e nedp t?)ﬁié% f’s%p

I on capacltance CC Ing to va
enbodi nents, a | I.er capagi.t.i yve suaétra contacy capacitanc
(Coont aceed efglF SeteE SRanith e TR LPPBE PUE CrasBa pa Patraver
such that 1/CTsv =1/ Cox-F1/ Qdeg+1/ Ccontact. In this case, the contact
capaci t arf3é negydistaaslicopogifede@®:hlpyehe capacitive structure 306 may be
much | ower conpared to the oxide capacitance and the depletion
capaci t arl8@64]lsuchha pempicentcior sulstiatpe3 Paprat theatsgion iy dfethe |sericondyictare
substrate contact capacitance Ccontact. [00701Fig. 6 shows a 3D view
600 of t lsebstewd cwhaledtiorthe tVMOSt comgac8 00 angw bdi doged @rvardaped. In various
enbodi ments. [00711As shown in Fig. 6, the sem conductor structure
300 nmay idnHodfigen®s, the semiconductor substrate 302 may be an intrinsic substrate, and the
region 432 of the semiconductor substrate included in the MOS contact 430 is un-doped.
In various embodiments, the semiconductor substrate 302 and the region 432 of the
semiconductor substrate included in the MOS contact 430 may have a doping of a
predetermined concentration and of a predetermined dopant type. The predetermined
concentration may be a doping concentration selected from a range from 10%/cm’® to
10"%/em’.
[0065] The semiconductor structure 300 as described in various embodiments above
may reduce the overall capacitance of the via, as will be illustrated with regard to Fig. 5
below.
[0066] Fig. 5 shows an electrical model 500 of TSV in a semiconductor structure 300
of Figs. 3-4, according to various embodiments.
[0067] As shown in Fig. 5, the electrical model 500 includes the TSV resistance
(R7sv), and a series combination of the TSV oxide capacitance (Cox) and depletion
capacitance (Cqep), similar to the lumped RC model 230 of Fig. 2.
[0068] Compared to the TSV structure of Fig. 2, the semiconductor structure 300 of

various embodiments includes a capacitive structure 306, which introduces a further
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sem conduct or substrate 302; a via 304 extending through the

sem conductor substrate 302; and a capacitive structure 306
surrounding at least a portion of the via 304. The capacitive
structure 306 nmay include a netal |ayer 308 fornmed on the

sem conduct or substrate 302. 100721l n the enbodi nents shown in Fig.
6, the netal layer 308 is forned as an annul ar | ayer surrounding the

top surface of the. vi r TSV.304. . |, : er.. (o] i th
the regi ariar ¢RATeloe e & s el i B TRV B BBl (CRIRA Bhoioh

forns the capacitive structure 306 which surrounds at |east a portion
of the viAPHEACNEeplous embodi nents described with regard to Figs.
3-5 above are anal ogously valid for the sem conductor, structure shown

in Fig. d00eflg vieeordig 48 varipppspadimenisnp HHUGE CoRacEVE juPtiFde soads

described in various enbodi nents above may be used or included in a

2. 5D t hr caparitgnde] (€omud)ris devstased to aghisve leweDeffastivgydaleepasitaped such that

device. [0074]Using the VLSI (very-large-scale integration)

f abri cat i ld@rsprdd@ssl/Cuat /Ous.ebthdi caenttse ofntdch eaprapace U.ue: Brobsled dye
contacts 306 may be realized, including the Schottky substrate

cont act A4ROcapabifive strctird 1306 intdy omticClowsd? Gompdared tohe Mdde iapsithdeend
contact 430 described in Fig. 4 above. [0075]Fig. 7A shows simulated

C-V char agé Qfepietibif Sagdtladc@] i@ tAYShS @Me&RRAMMPhATanSS MGt YE @Jose to the
including TSVs in 2.5D Through Silicon Interposer (TSI). [0076] The

SDevi ce (&%ﬁ&@ﬂ&M&wP&%&ﬁﬁ%céb&ﬁh@ti0” results for sem conductor

[0070] Fig. 6 shows a 3D view 600 of the semiconductor structure 300 according to
various embodiments.

[0071] As shown in Fig. 6, the semiconductor structure 300 may include a
semiconductor substrate 302; a via 304 extending through the semiconductor substrate
302; and a capacitive structure 306 surrounding at least a portion of the via 304. The
capacitive structure 306 may include a metal layer 308 formed on the semiconductor
substrate 302.

[0072] In the embodiments shown in Fig. 6, the metal layer 308 is formed as an
annular layer surrounding the top surface of the via or TSV 304. The metal layer 308
together with the region of the semiconductor substrate 302 under the metal layer forms
the capacitive structure 306 which surrounds at least a portion of the via 304. Various
embodiments described with regard to Figs. 3-5 above are analogously valid for the

semiconductor structure shown in Fig. 6, and vice versa.
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structure of various enbodinents as well as for existing TSV
architecture with Chmc p+ contact in 2.5D TSI are illustrated. Fig.
7A shows sinmulated GV characteristic of a TSV with an Ohm ¢ cont act
702, sinulated GV characteristic of a TSV with a Schottky cont act
704 (e.g. the Schottky contact 410 of Fig. 4), sinulated GV
characteristic of a TSV wwth a PN di ode contact 706 (e.g. the p-n

juncti on act i aracte f
LTSV wi O e e By %*?ucm"t@?ﬂ@ B 00 destén% o8
[0077]1n th | ati f Fi TSVs have a di er o about
12 gm and"® TOHGH AL BFABbI %8 e sticongamegticords S ek eim
gm, and an oxide |ayer thickness of about 1 gm(i.e. tox =1 prr)
The TSVs %Vécformed in a substrate having a doping concentration of
1.4x 1015/cnB (i.e. Na = 1.4x 1015/cnB). [0078]Fi 7B shows

si mul at edO@4V chBsingttbe \deSIc@emsiaraedicals ainfegtation)e fbeigatiuic progess, various
structures including TSVs in 3D integrated circuits. [0079] The
SDevi ce (cBéwtionmntss oDéhei cppcisivamiiatraenconestsl 3¢5 oy tsamblcmidinctuding the
structure of various enbodinents as well as for existing TSV

ar chi t ect3chetthy fubs@itaicontadt LlNtRCH -p fudboh ConiattesA0) labid thea MBS sWbisgate 7B
shows simulated C-V characteristic of a TSV with an Chm ¢ cont act

752, si myoataeid3G-d¥sczibed actierad siove. of a TSV with a Schottky contact
754 (e.g. the Schottky contact 410 of Fig. 4), sinulated GV

char act erjpgig) c 01515271%{0% tsﬁhlﬁatg)&\lcdvct%glagﬁgﬂgt%t'ma%@r {&icds sélﬁfcoﬂdd%tor

junction contact of Fig. 4), simul ated G-V characteristic of
aTSVW|t 0 of Fig. 4).
[50080] Ig e SI ?UW%E f%&l Tgmuéﬁ‘%ﬂ@hﬁg@s&gyﬁﬁamt er of about

pm an ng ou ,
and an oxll%tﬁl ay chr?eég d%ﬁ"wfgoﬂt?ﬁla pn I%gqlgx%r f’é‘ﬁlcﬁ urgc’fhe
TSVs are forned jn a substrate havHF%O%ido pi.Nn conﬁ;ﬁntratl Qn of

1014/ cn8 Srpctare aﬂmis %&bqémrtsw)we F’l‘lﬁmtgn JeeftyTE Ity 1HBt°t?

Fig. 7A and Fig. circular substrate contact ring
contact in 2. 5D TSI are illustrated. Fig. 7A shows simulated C-V characteristic of a TSV

with an Ohmic contact 702, simulated C-V characteristic of a TSV with a Schottky
contact 704 (e.g. the Schottky contact 410 of Fig. 4), simulated C-V characteristic of a
TSV with a PN diode contact 706 (e.g. the p-n junction contact 420 of Fig. 4), and
simulated C-V characteristic of a TSV with a MOS contact 708 (e.g. the MOS contact
430 of Fig. 4).

[0077] In the simulation of Fig. 7A, the TSVs have a diameter of about 12 ym and a
length of about 100 pym (i.e. ¢rsy = 12 um, LTSVI = 100 um), and an oxide layer thickness
of about 1 pm (i.e. tox = 1 pm). The TSVs are formed in a substrate having a doping
concentration of 1.4x10"/cm’ (i.e. Na = 1.4x10"%/cm”).

[0078] Fig. 7B shows simulated C-V characteristics 750 for various semiconductor

structures including TSVs in 3D integrated circuits.
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(i e Chmc contact, Schottky contact, PN diode contact, or MOS
contact) is surrounding the TSV, wth a radius/thickness of about 1
pmat a distance of 1 pmfromthe edge of the TSV. Further, the
Schottky contact 704, 754 may use a titaniumsilicon Schottky
interface. The PN di ode contact 706, 756 may use a n+-p junction
contact, wherein the n+ region has a donor doping concentration Nd =

1X.1020/ Cg%%%!)-{he '?‘PS $19 V(l)%8;f%gau %evwey FSI 3.9%\19 %)éllgs for A& hicon uct01

t hi cknes 500 ni n. Shown |n € séni conduct or
structure with hatt ky contact 70 i eves | SV capa ce.
compar ed PHPRSTHEGO% ‘?ctdé‘B‘f‘E?%SW g ﬁﬁefcﬁﬁwremﬁi D
sem conductor structure N _di ode contact 706 and w

contact 7098ECLBRR (s §1ieg‘HP5’rtTa£f‘énflgT§@ Bapacinuized Cr&ﬂl}élta%ﬁst@oquﬂ%}i

to the TSV architecture with Chmc contact 702. [0083] As shown in
Fig. 7B, Wwitle ar &Mingie mpntaco 7535t vimulatpdeS-Wvichtrastesict dya dSivt adth 77 Sahotiky
di ode contact 756 and with MOS contact 758 all achieve significant
TSV capadioh@aoic®4r @duchd Schotthyrpamtect 410 dfiteg. AS\sismbkadt @Af oharactéristic Ofmi
contact 752. The sem conductor structure with PN di ode contact 756
and w t h T836vatini N dikdl8 ahtevss (@g.oas phibjumrapaeoiiadce2or MRt URrnd
conpared to the sem conductor structure with Schottky contact 754.

100841 TahkRultted MWScHaRR1drREY b b MEVI RUh GRS Eabiee 768 /. ftBE MIOS icOMact
capacitive substrate contacts of various enbodi nents as well as the

per cent ag8oQfk rikoY) capaci tance reduction (%Tsv) achieved using the
respective capaC|%ive contacts. Table 1. CTSv and VoCTsv reduction

usi ng Cap[@&é()tll Velnst'ﬂQ %Erﬁlﬂgt?oncgpﬁf’é?%,sthie nFSZJSSIBVI% diameter of about 5 um and a

length of about 50 pm (i.e. ¢rsy = 5 pm, L1sy = 50 pm), and an oxide layer thickness of
about IOQ nm (i.e. tox = 100 nm). The TSVs are formed in a substrate having a doping
concentration of 1.4x10"/cm’ (i.é. Na= 1.4X1014/cm3).

[0081] In the simulation of both Fig. 7A and Fig. 7B, a circular substrate contact ring
(i.e. Ohmic contact, Schottky contact, PN diode contact, or MOS contact) is surrounding
the TSV, with a radius/thickness of about 1 pm at a distance of 1 ym from the edge of the
TSV. Further, the Schottky contact 704, 754 may use a titanium-silicon Schottky
interfe_lce. The PN diode contact 706, 756 may use a n'-p junction contact, wherein the n*
region has a donor doping concentration Ny = 1x10%*cm’. The MOS contact 708, 758
may have an oxide layer thickness of 500 nm.

[0082] As shown in Fig. 7A, the semiconductor structure with Schottky contact 704
achieves lower TSV capacitance compared to the TSV architecture with Ohmic contact

702. The semiconductor structure with PN diode contact 706 and with MOS contact 708
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and 3D I C technologies TSV in 2.50 TSI % CTSV Reduction TSV in 3D
| Cs %CTSV Reduction CTsy with Ohm c p+ contact

achieve signiﬁcant TSV capacitance reduction compared to the TSV architecture with
Ohmic contact 702.

[0083] As shown in Fig. 7B, the semicondﬁctor structures with Schottky contact 754,
PN diode contact 756 and with MOS contact 758 all achieve significant TSV capacitance
reduction compared to the TSV architecture with Ohmic contact 752. The semiconductor
structure with PN diode contact 756 and with MOS contact 758 achieve larger TSV
capacitance reduction compared to the semiconductor structure with Schottky contact
754.
[0084] Table 1 shows the resulting TSV capacitance Crgy for various capacitive

substrate contacts of various embodiments as well as the percentage of TSV capacitance

reduction (%Crsy) achieved using the respective capacitive contacts.

Table 1. Cysy and % Crsy reduction using capacitive substrate contacts in 2.5D TSI

and 3D IC technologies
TSV in 2.5D % Crsv TSV in % Crsy
TSI Reduction 3D ICs Reduction
Crgy with Ohmic p* 100 - 50 -
contact
Crysy with Schottky 71 29 18 04
contact
Crsv with p-n 10 90 5.1 89.8
junction
Crsy with MOS 4 96 2 96
contact
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100 -- 50 -- CTsv with Schottky contact 71 29 18 64 CIsv with p-n
junction 10

[0085] It could be seen from Table 1 that the capacitive structure of various
embodiments all provide TSV capacitance reduction over ohmic p+ substrate contacts,
wherein the n'-p junction and MOS based capacitive substrate contacts achieve
significant TSV capacitance reduction over ohmic p+ substrate contacts. The Schottky
contact based capacitive structure provides 29% Crsy reduction over existing ohmic p+
substrate contacts in 2.5D TSI, and 64% Crsy reduction over ohmic p+ substrate contacts
in 3D ICs. The n'-p junction based capacitive substrate contacts provide about 90% Crgy
reduction over ohmic p+ substrate contacts for both 2.5D TSI and 3D ICs TSV
technologies. The MOS based capacitive substrate contacts provide >90% (i.e. 96% in
Table 1) Crgy reduction over ohmic p+ substrate contacts for both 2.5D TSI and 3D ICs
TSV technologies, which provides the largest TSV capacitance reduction.

[0086] Fig. 8 shows simulated C-V characteristics 800 for TSV of various
embodiments in comparison to TSV with ohmic contact.

[0087] In the simulation of Fig. 8, the TSVs have a diameter of about 12 um and a
length/height of about 100 um (i.e. ¢rsv = 12 ym, Lysy = 100 um), and an oxide layer
thickness of about 450 nm (i.e. tox = 450 nm). In the simulation of Fig. 8, a circular
Schottky contact ring is surrounding the TSV, with an inner annular diameter of about
16pum and an outer annular diameter of about 20um,

[0088] As shown in Fig. 8, the TSV architecture with Ohmic contact 802 has a TSV
capacitance Crgy of about 180fF at a frequency of 1MHz, which is scaled to about 15fF
using the TSV architecture with Schottky contact 804. Accordingly, the semiconductor
structure with Schottky contact 804 of various embodiments achieves more than 920%

Crsv reduction compared to the TSV architecture with Ohmic contact 802.
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90 5.1 89.8 CTsy with MOS contact 4 96 2 96 1008511t could be seen
from Table 1 that the capacitive structure of various enbodi nents al
provi de TSV capacitance reduction over ohm c p+ substrate contacts,
wherein the n+-p junction and MOS based capacitive substrate contacts
achi eve significant TSV capacitance reduction over ohm c p+ substrate
contacts. The Schottky contact based capacitive structure provides

29% CTsv [2@@1“ | 90, cafio G Blo0d &tﬁ%aﬁorpof éaggc%{we %u%st?&@%t%é%c% of an%cBéD

TSI, and CTsv reduction over € con

| Cs. The unct.i on bas aci ubstrat e, cont act OVId
about 9009%@941 FERISEF 819 U7 e VI B at ol Aot ghs bR
2.5D TSI §W3D ] Cs TSV techno] ogi es. The MOS based capacitive

subst r at dhe EgFisgios agd W?&i@@gﬁmqm@e selgdrate coniag i the) exestigg 2 5BHIRLa0E n
over ohmc E: substrate contacts for both 2.5D TSI and 3D I Cs TSV

t echnol oAlCs mprudtetysmalogesss feqaiblear gest TSV capaci t ance reducti on.

[0090] By way of example, n*-p junction contacts on a p-Si substrate may be readily
implemented using n+ implantation available in the 3D ICs CMOS fabrication lines. By
way of example, MOS substrate contacts can also be implemented using the same set of
tools employed for TSV fabrication. For example, the MOS substrate contact can be
created using the CVD (chemical vapor deposition) or thermal oxidation techniques
followed by metal deposition and plating, making it suitable for integration in both the
2.5D TSI and 3D IC manufacturing lines. The implementation of Schottky contact is not
necessarily a standard process in all the CMOS fabrication lines.

[0091] While implementing thf; capacitive substrate contacts of various embodiments
it may be ensured as a stringent design rule that there are no ohmic substrate contacts in
the vicinity. Ohmic substrate contact will provide low impedance path to ground
nullifying the effect of high impedance capacitive substrate contact. For TSI, this may be
readily achievable as there are no n' and p* contact on the TSI substrate. However, for
3D ICs, the nMOS and pMOS transistors may need to be fabricated using twin well
technologies so that the p* contacts do not provide low ground impedance for TSV
signals. Adequate DRC (design rule checking) rules may be required to ensure lower
Crsv designs.

[0092] The capacitive substrate contacts of various embodiments are easy to

implement without cost burden, for example, using modified standard FEOL (Front End
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[ 0086] Fig. 8 shows simulated C-V characteristics 800 for TSV of
various enbodi nents in conmparison to TSV with ohm c contact. [0087]1n
the simulation of Fig. 8, the TSVs have a dianeter of about 12 pm and
a |l ength/height of about 100 pm (i.e. oksv = 12 pcm LTsv = 100 Am,
and an oxide | ayer thickness of about 450 nm(i.e. tox = 450 nm. In
the sinulation of Fig. 8, a circular Schottky contact ring is

surroundi : s \WA i r i et er - 6 and
an outer At SoAR S 18R coRAR mERREL oF BRIy oRRSENTL IR A
the TSV arghitecture wth m c_contact 802 .has.a TSV capaci.t.anc

Clov of BGUCTHBGPEIeR: SepreiRhy Edy P61 PRHRBTCWTERR | B8 ARaioh oot
15fF using the TSV architecture with Schottky coniact 804.

Accor di ngimplemenisdseaRpabyr RSt SeRtaets (G afipis emboimenty appASH AP 184S of
vari ous enbodi ments achi eves nore than 90% CTsv reduction conpared to
the TSV ardhiFpeetample, girapition rink ¢ ditVaaraydganeaspigd 8sipgabCRcmetebn and
process integration of capacitive substrate contact of various

enbodi ner0893bov¥anens embddimente piayiden§S VLaBthifeatords astngorapaaves swsttate
met hods. As a result, the fabrication and integration of capacitive
subst r at ecoatbls 3¢ tedute THE captcinc8 Cra:. Yaridd capidtidBubitmtdEsmtdcamthiiqurg,
flows is feasible. 100901By way of exanple, n+-p junction contacts on
a p-Si suhsk hatsehdfly BRtdeeadiy Yunkfidt SHRAIE IndMOY sistiat®Pl ARt In@P be
available in the 3D 1Cs CMOS fabrication |lines. By way of exanple,

MOS subst g R&ERE BLLS ﬁ-ﬂ@u&étﬁﬁ_c@ﬁa&t%h@ﬁﬁﬁ B4bed EhEitvD QuRATR BRfackf
tool s enployed for TSV fabrication. For exanple, the MJXS substrate

t act : . e

hermal Rt dteBiE T SR Goba OB Bt dhe B, ¥ 3Rkl Som et

| ati ng, Ki it i tabl e f i pt L in.both the 2.5D TS d

501 C narRaetar g riass e S BLRn puploaid by Cantiay Eshlr s

not necessari“y a standa%g RLOcess in akl the, fabricatiop | i nes.
lines for manufacture. The TSV structure with capacitive substrate contacts of various

embodiments above may be used or comprised in a through silicon interposer as well as a
three dimensional integrated circuit.

[0094] As described above, the dominant impact of parasitic capacitance (Crsy) of
TSV architectures on electrical performance of 3D circuits and systems cannot be
ignored, and Crsy of data signal TSVs is desired to be reduced as much as possible to
build high speed data signaling in 2.5D TSI and 3D ICs.

[0095] On the other hand, TSVs carrying power/ground signals will be benefited by
high decoupling capacitance, which may enable reliable power/ground networks. Hence,
the TSV capacitance of the power/ground TSVs is desired to be as large as possible
acting as a decoupling capacitor, conflicting with the requirements of low capacitance for

data signal TSVs.
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100911Wni l e i npl ementing the capacitive substrate contacts of various
enbodi ments it may be ensured as a stringent design rule that there
are no ohm c substrate contacts in the vicinity. Owmc substrate
contact will provide | ow inpedance path to ground nullifying the
effect of high inpedance capacitive substrate contact. For TSI, this
may be readily achievable as there are no n+ and p+ contact on the

TS SubsUuRle, HRURNER, WLObnBRLCR B AR e BN AR SRS

need to tJe usi ng ecnno I es

contacts do, not.provide lo round i npedance for TSV si.gnal s .
Adoquat o e iishist edifirng Il QG rorBRee iy B Fuyatott Tt gapa

| oner CTsV _desj gns. [0092£The capacitive substrate contacts of

vari ous elbodvitkhigkerpadedhickngss proyilingdomer firsviseito Reolabrigstfdd £he proggss
exanpl e, using nodified standard FEOL (Front End of Line) contact
modul e. Teeelepnen cvoud duobventhy deeclopiént iof dwoi dispasrd 48V auplulesmnsnchihat
additional barrier deposition may be perforned before netal

deposi t i ame dbtsnoat nppaetrthe todetr,cepeltinhy uet teulesitadat &bcioaicact s of vari ous
enbodi nents are easy to test as well. For exanple, capacitive bank of
TSVs may [beoMmeasvagshsushivdirmedtCResmeibed belo®09dhVidgiraus Bighodindepilgs 10
provide TSV architectures using capacitive substrate contacts to
reduce THYowHaPaGrhidbsRiclor Stucta! InGUHS cIE e 3% istihy TS TURSIul&lvRh GRMT2 Gkide

t echni ques, such as Schottky contact, n+-p junction contacts and MOS
substrat q; 3 : . - ki = el ' S
and NS e S B o e T o TS O FERLE6
reductio r i substrate contact counterparts,
and may ﬁggggﬁgdggﬁgﬁ?%gfvggﬁg%éﬁ%1oyed i n contenporary manufacturing
l'ines for &E€Uf ture. .The TSV strucgture with capacitive. substrate
contact s (8% ar i s ZnERSdSmeht ETHITIEC R SIHENTFS otPo rC e DB &4 VAP
through silicon interposer as well as a tHéee di nensi onal integqgrated
circuit. FthooUAL &b&g HefOShtsedon YiRw fdhs semEondupiQE strgtuis 108 daying
capacitance(&CTsv)_of TSV architectures on el ectrical perfornmance of
3D ci r cuireenotiffdcally dntegrated pawer/ smpand Hhd Pée anddrie Tural TOV Batiashovanal
TSVs is desired to be reduced as nmuch as possible to build high speed
dat a si grid09%g i Fig2lGBhd®i adopl vBY bTthe §ea09BHG 0t beuctirt @00 haoading Vs
carrying power/ground signals will be benefited by high decoupling
capaci t anagpusdmigidimays, énehlch arpeicaploand 08E Y10 aad adanaignalr RSV ok nae,
the TSV capacitance of the power/ground TSVs is desired to be as

| ar ge as HeassiolitiecaA9ihtBgaRe ida S@EosHIutRgsubeRaebdnr, conflicting with
the requirenents of |ow capacitance for data signal TSVs.

[00100] Both of the power/ground TSV 910 and the data signal TSV 920 may include
a conductive fill 904 through the semiconductor substrate 902, and an insulating layer
906 surrounding the conductive fill 904.

[00101] In various embodiments, the power/ground TSV 910 may further include an
Ohmic substrate contact 912 formed at the surface of the semiconductor substrate 902.
The Ohmic substrate contact 912 may include a metal layer 914 deposited on the surface

of the semiconductor substrate 902 and a heavily doped region of the semiconductor

substrate 902 located under the metal layer 914. The heavily doped region may be a p*-

26



[ 0096] To satisfy the conflicting CIsv requirenents, power/ground TSVs
wi th | ower oxide thickness exhibiting |arge oxide capacitance are to
be fabricated, while data signal TSVs wi th hi gher oxide thickness
providing lower CIsv are to be fabricated. The process devel opnent
woul d i nvol ve the devel opnent of two disparate TSV nodul es such that
one does not inpact the other, which may not be desired in

Fro o ariopd gt ob A uE SBRAR OB o 87 Sk Aol AR lbd he " °

exi sting T§V nqﬁﬁle with simlar oxide |liner thickness can be

mai nt ai ned"BHE THe conflicting CTsv requirements for power/ground
TSVs and data_ signal _, TSVs can be net. [00981Fi . 9 shows a .

sem condu@PHl st ﬁ"u&%"&ﬂ’-‘é erhgdipaaty dhe,gate S1apg ff§?{s9%9rﬁtﬁé{i fnghersinciuge an
whi ch a cross-section view of the sem conductor structure 900 havi ng
monol i t hiasavlayisplatiemstacade B&venrogndina thetiie 9grel ARY WAt agsiugrundineie
920 is shown. [0099]Fig. 10 shows a top view of the sem conductor

st r uct ur éng8@@ingdeyar JI0Apittbe atai signe]l #RN0RATRUttImyingna distante away from the
power/ground TSV 910 and a data signal TSV 920 may be nonolithically
i nt egr at dflsuldling 2esr @M ALIEt Minua bisdlatadne stdtture [DA10QY ildhde @i ihdudating
power/ground TSV 910 and the data signal TSV 920 nmay include a

conduct i ygatéridl] e. 24 okleMalridd@asaM €ploctRh IsMRShitaig4. 902, and an
insul ating | ayer 906 surroundi ng the conductive fill 904. [00101] In

various E[ﬁ@fﬁ%'! Mefhe : sehidonBRUE /s QMR nlsY R1G @H%oﬁ?%ﬂ%{g&e.i h! Y&ifRN

Ohm c substrate contact 912 forned at tHe surface o

sem cond R AT é‘ﬁ]?sggl{ee%ﬁlg:fg Qﬁjstllgﬁ?agyg;)aﬁy-ﬁﬁg §$l§sﬁ‘%t% of 9l %es%%ﬁra@y

include a nmeta epos ~the surface o

e oM BB S R A R Rl bl o

heavily c{gg 8ﬂmr1ce sgljb(s)trr]atg%gntgc? (gg.pa;- Ohmic p* substrate contact) in the vicinity, the TSV
capacitance at low power frequencies may be equal to TSV oxide capacitance (Cgy).
Thus, the power/ground TSV 910 may provide a high capacitance.
[00105] For the data signal TSV 920 with the surrounding annular isolation regions
922, the TSV capacitance CTSV may be exhibited as a series combination of oxide
capacitance (Cg), depletion capacitance (Cgep) and an additional capacitance of the
annular isolation structure 922 (Cyuuuiar). Accordingly, the TSV capacitance Crgy may be
given by 1/Crgv =1/Cox+ 1/Caept 1/Capmutar- Thus, the TSV capacitance of the data signal
TSV 920 is reduced due to the surrounding annular isolation capacitance provided by the
annular isolation structure 922.
[00106] According to the semiconductor structure 900 of various embodiments,
power/ground TSVs and data signal TSVs may be monolithically integrated, in which the

TSV capacitance of data signal TSVs may be reduced by the annular isolation structure
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doped region of a p-type substrate 902, or nay be an n+-doped region
of an n-type substrate 902. [00102] In various enbodi nents, the data
signal TSV 920 may further include an annular isolation structure 922
surroundi ng the data signal TSV 920, e.g. surrounding the insulating
| ayer 906 of the data signal TSV 920 but having a di stance away from
the insulating | ayer 906. The annul ar isolation structure 922 may

i ncl ude A i - rical i F, DNLE L ter

e'g. s 03 isE TRy AR dr oo g BT T o bl oM e
may be a silicon substyrate. In various ,enmbodi ments,..the silicon
substrat € fray" e i“% t@“ﬁ%rdé“@og‘} V%H"é‘soe#nbéﬁ?%‘?”ﬁ%? ROt Mfpgratioho 3G Hf
For the power/.ground TSV 910 wi thout the annual_ jsolation structure
by with tqli‘\éﬁ@ﬁﬁg e 2ppder isplaionotiugre f@é?‘@?‘te Aa s @nd powerrpyng SV is
contact) in the vicinity, the TSV capacitance at | ow power

f r equencikEevidesy thsatishu die eanihutipe ok i capagiardet gawiEeieotx jor dagaud’S Ve rad
power/ground TSV 910 may provide a high capacitance. [00105] For the
dat a si griwe7Su8@®SWet h t he surroundi ng annul ar isol ation regions
922, the TSV capacitance CTsv may be exhibited as a series

conbi nat i[0a10y] ok eheicoap@abodimante, if Gay)be diepddeds 0 desimpatd thanbere(sEoald)
and an additional capacitance of the annular isolation structure 922
( Coni ar ) .nofaseo ksl REbsfrate BEntIEnC 822 Edgichn Berweds théTRlitab SigBAIVERVDYNd its
1/ Ctsv =1/C0x + 1/ Cdoo+ Mannal an Thus, the TSV capacitance of the

data si gn@lrodmheidatich fegdiced due to the surrounding annul ar
i sol ati on capacitance provided by the annular isolation structure

922. [00 cc i t i rast . f. i QUS
embodi et G080 EiicREer thd BECASTRRRRLE 10 aad b b 1R il Y
monol i thi cal.lyv-.ptegrated,. Jin_which the T aci.tance of. data
S onal  TSSLtR TSR Blav R ShaRal VI SCRRRART B e P Eh e
t he TSV capaci.tance qf power/ground TSVs w t hout. t he annul ar
i sol atiorf® sf??selﬁ?-ugemﬁﬁy?%ogﬁlap nreﬁﬁﬂgh.meacﬁsﬂa‘wr@tff‘ow 7 gudater than TSV
enbodi nents, nonolithic integration schene enpl oying the annul ar
i sol at i orfadtgatien grasiuiey Theforpationaphanmslar iselatignovseiong regtlisa thamy/thej TSV
provided to satisfy the conflicting TSV capacitance requirenments for
dat a TSVsabnratipoway/ e du sty the gamser]of ' TSY fbirsaitonesitpsdinsiicen. The
may be desired as a design rule that there should not be any
subst r at epremst foc thd mnthe TEFgitmotubstraselbe $ilmgled adrapaed)trathe TSV @ahdcdtios
surroundi ng isol ation region.

as the annular region only needs to be filled using CVD oxide, instead of achieving

conformal TSV isolation using CVD followed by metal filling in the annular region.
Alternative dielectric polymers with reduced dielectric permittivity could also be
employed for further data signal capacitance reduction. Moreover, in 3D ICs the annular
isolation region may be as much as possible designed inside the transistor keep out zone,
without leading any area loss for transistor placement.

[00109] According to the embodiments of Fig. 9 and Fig. 10, a semiconductor
structure including TSVs is provided to monolithically integrate the high capacitance

power/ground TSV and low capacitance data signal TSV. The annular isolation ring
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[ 00108] Fabrication and process integration to add an annul ar

isolation ring to the existing TSV process nodule utilizes

traditional VLSI fabrication tools and nethods and is feasible.

Annul ar isolation regions my be fabricated earlier or later than TSV

fabrication nodule. The formation of annular isolation regions

earlier than the TSV fabrication may aid in restricting the transfer

of TSV f i L re Ll GO Fiack SV
aa%dn‘aa&hgﬁgals%%ﬁsrw rﬁ?)b\hli% {églaﬁﬁ:g b%&?}%wfef?%om? T%@/“t dgdatl

structures nay er cormpare ricatron as

annul ar reaqi n needs,to be fill ed i.ng . oxi de, ,instead of.
S bl neTeRRT s P oS o 2P wkb e, T RVE R b RaE e sRRLRRE b
in the annul egi.on. Alternatjve_.dielectri.c polyner i,t h reduced
di el ectr ir}eé*p?ﬁ?ﬁ 9’?"1#9iCek}aceta‘eﬂ%atal%frs@eéw%dioaf% 103l b capgitgnce 15

si gnal capacitance reduction, Mreover, in 3D 1Cs the annular

i sol at i orfcdusgd gle riaythe anpdarniselation rigs capaitancee ding Rower/aonad cappsitance
transi stor keep out zone, without |eading any area |oss for

t ransi st exhibited drerthe JMHOCOI[SVAGE oroaiiparableo to WellMiadd i (metat-tnsolatoinggtal 9
and Fig. 10, a sem conductor structure including TSVs is provided to
nmonol i t hicapadityrs) ndpegitatce técdheolbgigh andhpachd funher inarsesed diyauditbingSHe aride

| ow capaci tance data signal TSV. The annul ar isolation ring around
t he dat a | thadkndsSVAREI9Hs A€ thel ifPh@tdf@Anlat MEgorP@NEE raielaid (RSYhramg
data signal TSV domai ns, such that power/ground TSVs with ohm c

ground sybsifoat @ickiBisbddmdik@hesT Mt Mibie HARAEL SLARGE iy L8 fib aRYIaRaY
whi | e data signal TSV capacitance is reduced due to the annul ar

i sol ationg;fi i / - i i hi by
the 3D | CUFRUPS SRR AR fracl BRUPRACH Leh PRORTHAARE. PHT Bk R
capaci tor capagi t.an echnol ogi es_.an be f her increased by
reduci ng S?%%mlbeﬁpc 'él&lpigﬁgytst“ﬁ&caknﬁglsrslﬁ r%sé?e)?és;l?fs% t%’fnafpf%:fcéiétlmf?pact of annul ar
isolatio re . radi us and,the a | ar .isaql.ation thickness .

dononst + 4PEER bk FiciR sRbasrsr b EERLEP TS hand Fis D F somirendhstos
signal TSV will provjde |arger r@ejﬁ?ucti on in data signal TSV )
capaci t arfSEcturEBa B de e pewedpionrd dp¥ and @1daw siepalr ER¥ haying diffsent giide
rings is feasible to manufacture. L_OOllO] I'n various enbodi nents

di f f er entliner glielpiegs, 50 amntp Fitegrate 3 highsepicibpeupewer/seyndc T8V eanday low

i nclude a power/ground TSV and a data signal TSV having different

oxi de | i mapacithnaskdedes signal T H6. By waytof (gaxamplea thei gwec/gmaod IV eay have a
power/ground TSV and a | ow capacitance data signal TSV. By way of
exanpl e, lolwer gxidelideg tidviadsslid\dchiaye haiphescapasi@nce) xihdeasd iheeatatsignak g s
to achieve a higher capacitance, whereas the data signal TSV may have

a hi gher 9 e hihier 6X1HE k@ IBckRs AR RlohRYBipa6i®ssi t ance.
[00111] In various enbodinments, the different oxide liner thickness

provi ded (h@f11{ hermPEiRL{ ShBYdthedSVaRN LR Sa4AiRd IR RknelSYrd¥Red F6r the
further conbined wth the sem conductor structure of Fig. 9 and Fig.

10 L OOL Ry S0 Bk PR il ST e
e G k) D L, oue e I for,
SeoDe W s T B DB e e i TR
O e b o e i s S AELTEY L

changes in form and detail may be made therein without departing from the spirit and

scope of the invention as defined by the appended claims. The scope of the invention is
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Clains What is claimed is: 1. A sem conductor structure, conprising:
a sem conductor substrate; a via extending through the sem conductor
substrate; and a capacitive structure surrounding at |east a portion
of the via; wherein the capacitive structure conprises a netal |ayer
formed on the sem conductor substrate. 2. The sem conductor structure
of claim1, wherein the capacitive structure conprises a Schottky
contact f n

substr at eﬂﬁﬂg&&%g%@%@ﬁk g%/dg%/lg%?aﬁ%lhazl Jshgg egg‘r/l ‘f:h %&Se z&trmuc@u%ge%

claim2, and range of equivalency of the claims are therefore intended to be embraced.
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wherein the sem conductor substrate has a doping of a predeterm ned
concentration and of a predeterm ned dopant type, and the region of
the sem conductor substrate conprised in the Schottky contact has a
dopi ng of the predeterm ned concentration and of the predeterm ned
dopant type. 4. The sem conductor structure of claim3, wherein the
sem conduct or substrate having the doping of the predeterm ned
concentration fornms an extrinsic sem conductor substrate. 5. The

sem conductor structure of claim1, wherein the capacitive structure
conprises the netal layer and a p-n junction fornmed in the

sem conduct or substrate, wherein the&lpins j unction conprises a first
regi on of the sem conductor substrate having the doping of a first
concentration and of a first dopant type, and a second region of the
sem conductor substrate have a doping of a second concentration and
of a second dopant type, the second dopant type being opposite to the
first doﬁghﬁlﬁﬁﬁ@ﬁﬂﬂﬁerein t he second regi on of the sem conductor
substrate is arranged i nbetween the netal |ayer and the first region
of the sem conductor substrate. 6. The sem conductor structure of
clainms, wherein the second concentration is higher than the first
concentr ati on.A femidtrelustenstaende,cbomprisinguct ure of claimb5, wherein the
second concentration is at | east one hundred tines higher than the
first concent raakin@dnductor substrate;

a via extending through the semiconductor substrate; and
a capacitive structure surrounding at least a portion of the via;
wherein the capacitive structure comprises a metal layer formed on the

semiconductor substrate.

2. The semiconductor structure of claim 1,
wherein the capacitive structure comprises a Schottky contact formed by the

metal layer and a region of the semiconductor substrate under the metal layer.

3. The semiconductor structure of claim 2,
wherein the semiconductor substrate has a doping of a predetermined
concentration and of a predetermined dopant type, and the region of the
semiconductor substrate comprised in the Schottky contact has a doping of the

predetermined concentration and of the predetermined dopant type.
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8. The sem conductor structure of claim5, wherein the first region
is a p-doped region, and the second region is a n+-doped region. 9.
The sem conductor substrate of claim1l, wherein the capacitive
structure conprises a netal -oxi de-sem conductor contact, wherein the
capacitive structure conprises the netal |ayer, a region of the

sem conductor substrate under the netal |ayer, and an oxide | ayer
arranged i nbetween the netal |ayer and the region of the

sem conduct or substrate. 10. The sem conductor structure of claim?9,

sem conddbt or Miseriiter sSRRE iR uEe R ot v ucture of cfaim o,

wherein the ox de layer is fornmed in a further region of the

seni conduct or B FEHEMNdECtPHIRE RS Rtipethrdpping phife predstermingd FayrpFation

t he sem conductor substrate. 12. The sem conductor structure of claim
9, wherein thdosemncaHEsrsemicondustorsubstefied t he regi on of the

sem conduct or substrate under the netal |ayer have a doping of a
predet ermi ned concentration and of a predeterm ned dopant type.

5. The semiconductor structure of ¢laim 1,

wherein the capacitive structure comprises the metal layer and a p-n junction
formed in the semiconductor substrate,

wherein the p-n junction comprises a first region of the semiconductor substrate
having the doping of a first concentration and of a first dopant type, and a second
region of the semiconductor substrate have a doping of a second concentration
and of a second dopant type, the second dopant type being opposite to the first
dopant type;

wherein the second region of the semiconductor substrate is arranged inbetween

the metal layer and the first region of the semiconductor substrate.

6. The semiconductor structure of claim 5,

wherein the second concentration is higher than the first concentration.
7. The semiconductor structure of claim 5,

wherein the second concentration is at least one hundred times higher than the

first concentration.
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13. The sem conductor structure of claim1l, wherein the via is forned
wi thin an opening through the sem conductor substrate. 14. The

sem conduct or structure of claim 13, wherein the via conprises: an
insulating layer forned at a wall of the opening; and a conductive
fill formed within the opening with the insulating |ayer surrounding
t he conductive fill. 15. The sem conductor structure of claim 14,

wherein the neﬁhglse%g%gaﬂ?tossfrﬁ)&ﬂ;% @famqsdl stance away fromthe

i nsul ating | ayer e sem con uctor structure of claiml1, mhereln
t he net al Iayer a.rectang

aver - or a Squhrae HRRCeBRRO0 R afieg B MDY ARl ek Pl £

sem conduct or substrate and is forned at a distance away frontthe
via. 17. A thre&i®h silicon interposer conprising the sem conductor
structure of claim1. 18. A three dinensional integrated circuit

devi ce conprising the sem conductor structure of claim 1.

9, The semiconductor substrate of claim 1,
wherein the capacitive structure comprises a metal-oxide-semiconductor contact,
wherein the capacitive structure comprises the metal layer, a region of the
semiconductor substrate under the metal layer, and an oxide layer arranged

inbetween the metal layer and the region of the semiconductor substrate.

10. The semiconductor structure of claim 9,
wherein the oxide layer is deposited on the surface of the semiconductor

substrate.

11. The semiconductor structure of claim 9,
wherein the oxide layer is formed in a further region of the semiconductor

substrate inbetween the metal layer and the region of the semiconductor substrate.

12.  The semiconductor structure of claim 9,
wherein the semiconductor substrate and the region of the semiconductor
substrate under the metal layer have a doping of a predetermined concentration

and of a predetermined dopant type.

33



13.

14.

15.

16.

17.

18.

The semiconductor structure of claim 1,

wherein the via is formed within an opening through the semiconductor substrate.

The semiconductor structure of claim 13, wherein the via comprises:
an insulating layer formed at a wall of the opening; and
a conductive fill formed within the opening with the insulating layer surrounding

the conductive fill.

The semiconductor structure of claim 14, wherein the metal layer is formed at a

distance away from the insulating layer.

The semiconductor structure of claim 1, wherein the metal layer is formed as one

of an annular layer, a rectangular layer, or a square layer surrounding the via on

the surface of the semiconductor substrate, and is formed at a distance away from

the via.

A through silicon interposer comprising the semiconductor structure of claim 1.

A three dimensional integrated circuit device comprising the semiconductor

structure of claim 1.
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