PACKAGE INTERCONNECTS BACKGROUND 100011Wafer level packaging has ek.n proposed to
stack wafers together to produce extremely dense electronic packages 'Through silicon via (TIN)
process is one of the techniques used in wafer level packaging. It enables the production of small form
factor de vices and stacking of wars to provide integration. Although TSV may provide higher reliability

arid less parasitic effect, it, however, paquifas] fNNATPRaSEINGN NG {0 etch deep vias; for example.
having a depth of about 1 50 p.m Furthermore, ISA/ is a relatively expensive technique and also

produces high stinch may impact yield. This ggu¢asgiyorghput and leads to an increase In the
manufacturing cost of the &Y.) es. [00021ltts dcsirah]eto -ovide packages with increased density, high

reliability @ jow manUfactuip2:cost ARY AQ003IA methed i1 IRFRing a,device is prgsented. The

method includes providing a support substrate having first and second major surthces. The method

further inclydesfonaHng A IR ARNELLANTauah, aesfirsh A95h $88aNd MAISL SUSTRGESIHR thenaHRROM

substrate. The imerconnect has first and second portions. The flrsi portion extends from one of the first

or seconglfmajpiarfaces pndibs secondhpruion gxiendsoiiomsatheratihedisstaod segand major

surthcesinterconnect includes partial via plug having a conductive material in a first portion of the

interconpgeliIHe Mg RILG Das & fottem atisRoutian interfase pf the Jist-andisecond pritiansiihe

second portion ol the interconnect is heavily doped with dopants of a first polarity typo. 190041In one

embodimpentimethed for Hineing a-sericondustorpackags isidiscloged, ThE for e8lydes pIoviding a

support substrate having first and second major surfaces. The method also includes forming an
interconpeelthrough the firstandserandbraains $uLfaces i dheexpensive technique and also

produces high stress which may impact yield. This reduces throughput and leads to an increase
in the manufacturing cost of the devices.
[0002] It is desirable to provide packages with increased density, high reliability and low
manufacturing cost.

SUMMARY
[0003] A method for forming a device is presented. The method includes providing a
support substrate having first and second major surfaces. The method further includes forming
an interconnect through the first and second major surfaces in the support substrate. The
interconnect has first and second portions. The first portion extends from one of the first or
second major surfaces and the second portion extends from other of the first and second major
surfaces. The interconnect includes a partial via plug having a conductive material in a first
portion of the interconnect. The via plug has a bottom at about an interface of the first and
second portions. The second portion of the interconnect is heavily doped with dopants of a first
polarity type.
[0004] In one embodiment, a method for forming a semiconductor package is disclosed. The
method includes providing a support substrate having first and second major surfaces. The

method also includes forming an interconnect through the first and second major surfaces in the



support substrate. The interconnect has first and second portions. The first portion extends from one of
the first or second major surfaces an.d the second portion extends from other of the first and second
major surfaces. The ntereonneet includes a partial via plug having a conductive material in a first
portion of the interconnect. The via plug has a. bottom at about an interface of the first and second

POftiO“S-sﬁgso?F&%@rﬁgr teR.oh e JNIRIGANRSHLISRE QUL A REE NI HRPERIS SR TSt iBRIRM R Ay Pe-

The method further includes providinn a semiconductor device over the support substrate. 100051In

another emboaimeat & AYIGEISAISFIases-L G AEWSEMAIYRRE A SHRRRI RURSUAIS bAvipg:fst and

second major surfaces. The device also includes an interconnect through the first and second major

surfaces |p {he SHARRLFURRHRLE: TAEINLCARARSHhERR LU P LARASRAALPLMIARS: Jififikgleortion

extends from one of the first or second major surfaces and the second portion extends from other of

the first apgse00nd MRAIPFHHRCE S PRIUGIEAINGGNEYAES RPATRkYIA AlYBRRYINGR GondyEtive

material in a first portion of the interconnect. The via plug has a bottom at about an interface of the first

and secqgd paRtionsand g, feGaNARRrIoR of %&%ﬁgﬂ%ﬁmﬁ}ﬁ@mﬁe@t\@%@% djfbadgrg-nts of a

first polarity type. [0006]These embodiments, along with other advantages and features herein

discloseg Hh&%ﬁﬁ@?%%o tifpoughciaranse dadhg fR&RWéQ%&%ﬁBﬂBtP&ﬁ%H&&SPBWWng

drawings. Furthermore, i e understood that the features of the various embodiments described
herein argvgp{}{pg%g?_gytgﬁggﬁie@ and can. exist in various combinations and permutations. BRIEF
DESCRIPTION OF THE DRAWINGS [0007]In the drawings, like reference characters generally refer

to the sappgorarts tﬁ‘ﬁ%@ﬁﬁlﬂteﬂﬁ%dﬂffﬁé‘ﬁﬂtaVéﬁ‘O&%g%Sﬁséﬂﬁé&fam%ﬁ'& Mlﬁ%%@&%ﬁp scale,
emphasis instead generally being placed. upon illustrating the principles of the invention. In the

followingdlgseriRtion: yatiays smpodiments of thedasentdniention e deaetngdiithogference to the

following drawings, in which: 100081Figs,show”s-sectional views of various embodiments of a device;
[00091Fin§08§hh}$ﬂ% arfd 9@@0?1@9?19}@'5%?1‘3&@91 %Wﬁﬁfo@ﬂsﬁ@ﬁ@@im%@tiﬁe%bnnect has first
and second portions. The first portion extends from one of the first or second major surfaces and
the second portion extends from other of the first and second major surfaces. The interconnect
includes a partial via plug having a conductive material in a first portion of the interconnect. The
via plug has a bottom at about an interface of the first and second portions and the second
portion of the interconnect is heavily doped with dopants of a first polarity type.
[0006] These embodiments, along with other advantages and features herein disclosed, will
become apparent through reference to the following description and the accompanying drawings.
Furthermore, it is to be understood that the features of the various embodiments described herein
are not mutually exclusive and can exist in various combinations and permutations.
BRIEF DESCRIPTION OF THE DRAWINGS
[0007] In the drawings, like reference characters generally refer to the same parts throughout
the different views. Also, the drawings are not necessarily to scale, emphasis instead generally
being placed upon illustrating the principles of the invention. In the following description,
various embodiments of the present invention are described with reference to the following

drawings, in which:

(3%



interconnect: 1001.0]Fig, 3 shows a circuit model of a embodirnent of an interconnect; and [0011]Figs.
=lack show an embodiment of a process for formirw DETAILED DESCRIPTION [00121The
ctnbodmtents generally relate to devices. The devices may be far example. semiconductor devices In
other embodiments, the devices may be hybrid types of devices which include MIIIVIS and

semiconpgy or I€;gevigessithe MMS denitasnay beMalioum biRes ol WEMS sevkies, such as
Rh MENIS, inertial MEMS or BioNIENIS. Other types of MI.INIS devices may also be used. lin

particulappgnejembpgiments srlate: o dntescamnactmwhiah facilitae.packadingof the,devices. The

embodiments may be employe; in, for example, wafer levelaging techniques. The devices may be
incorporateddhtecéer example, products such ceelerometers, gyroscope or resonators, Other t' Ties
of products may also be useful 100131Fins, lad show: cross-sectional views of a portion of various

embodinents|of a devige kA I BRRArHUMaY o ehSXAMRIE: e halfialthe devige: Referring to Fig. |

a, a support substrate 120 is provided. The support substrate may serve as a handle substrate or

handler yeafer] For iexample. dhashandies suBstials mav he ApRCKAYR.ON @pait of a package of the

device. In the case of a handler wafer, it may be used far wafer ley.) packaging. in some

embodiments, the support substrate mayeaarpiorpgdretrgneskanieai system (MENIS) device. The
support substrate includes first and second major substrate surfaces 122 and 124. The first rm.jor

surface, [igrpig, 1S;Tademsyiacewhila dheisecandmaiolcsyrfage ik & RQUR '59,%9%%@4{%@!& the top
none

surface may provide a surface on whjch a semiconductor or IC device is mounted. [001

embodirsentdhieisuppadsthstIateEONRTisRE RSO NEVCHES Jaterd sieh SeRICIAYRier materials,
such as silicon-germanium (SiGe), germanium (Ge), gallium-arsenic (GaAs) or any other suitable

semicongutibroRiGMENTC idingrsidbsaduently developed materialsionayialsq e ysedigserve as
the support structure. The thickness of the handler substrate, for example, may range from about 150

to 71‘25I prypter @ R00NIRIWAIEY, fRcavidirg handisr sibstiateswithotherthiaknasaes mayajso be

usertul.
MEMS devices may also be used. In particular, the embodiments relate to interconnects which
facilitate packaging of the devices. The embodiments may be employed in, for example, wafer
level packaging techniques. The devices may be incorporated into, for example, products such
as accelerometers, gyroscope or resonators. Other types of products may also be useful.
[0013] Figs. 1a-d show cross-sectional views of a portion of various embodiments of a
device 100. The portion may, for example, be half of the device. Referring to Fig. 1a, a support
substrate 120 is provided. The support substrate may serve as a handler substrate or handler
wafer. For example, the handler substrate may be a package or a part of a package of the device.
In the case of a handler wafer, it may be used for wafer level packaging. In some embodiments,
the support substrate may be a micro-electromechanical system (MEMS) device. The support
substrate includes first and second major substrate surfaces 122 and 124. The first major surface,
for example, is a top surface while the second major surface is a bottom surface. For example,
the top surface may provide a surface on which a semiconductor or IC device is mounted.

[0014] In one embodiment, the support substrate comprises a semiconductor material, such

as a crystalline material. For example, the support substrate comprises silicon. Other types of

(oS



[0015]The support substrate may be doped with &pants having a polarity type, For example, the
subsrate may be doped with p-type or | type dopants. P-type dopants can include boron (B), aluminum
(AD), indium (in) or a combination thereof, while n-type dopauts can include phosphorus (P), arsenic
(As), antimony (Sb) or a combination thereof. in other embodiments, the substrate may be an intrinsic

substratg. hOAHAIID NG sEReC e mbandiahaMRBate gy -ANGA IMgoRataHbRtaR, In one

embodiment, the substrate comprises a heavily doped n-type (riF) substrate, Providing a heavily

doped pg@&&%hﬁy%ﬁ&@t&weaé_&%@smtuk AheHepant conseiFRgR-afiihesuRpiate should be

sufficient to provide a low sheet resistance. The dopant concentration, in nit.. embodiment, should be

sufficient 1o QAR SR SSIRIANCE O abant Q0% R GRILIOWE: TRYISINY & Bithsiraierhaving other

sheet resistance values may also be useful. 10017]The first and second major substrate surfaces are

pfovidedsﬁ%i%éi{e%tfep%éﬁﬁﬁ@%é&rfﬁaﬁ(%@%%%{ﬁw@%%9&%%4&'@9 Aiglerns layeraafay example,

may be silicon oxide. Other types of dielectric materials, such as silicon nitride, may also be used to

serve as;fhe dielegtic fayekit dsupdersinrdthat thafirst apeksecond dielectric layers need not be

formed of the same material. [0018]The first substrate surface includes first contact pads 146 formed

on first cigdgtive faces LA sﬁB&ﬁf&%ﬂQf%@H&ﬂcﬂ%ﬁ%%&H& ﬂasﬁﬁgi%tg&igaﬁ@%ﬁciﬁt@;e& for

example, electrical coupling to contacts cit. a semiconductor device w mounted on the first

substrate,shyface QL EXIDRIe (e JUskeoniast AR yeutfeqiiales. conopeianaIQ cantackaie a fi

chip. The first contact pad layout may also be used to facilitate connections to other types of chip via

wire bonﬂ'éﬁxefﬁ%ﬁwﬁﬁuﬁﬁmm%ézqgaﬁlﬁyaﬁsra}% sufassaincludes SEcone srRpCtBass sLe6 formed on

second conductive traces 150. Package contacts 160, such as conductive contact balls are formed on

the secopd,captaeipadRasT ,ra?sfé@&(sAq}r,naﬁﬁ;ﬁofgr@mmeodmynaamm&%?e@glqﬁm@&s- Other types

of packagi- contacts may also be useful. The arrangement or layout of the second contact pads may
form a bajl, grig Aray, BO&bLermat. Rrevigding ethes Hpes.ef contact pad layouts to provide other

package con tacts configurations may also be useful. The contact pads and conductive traces may be

fatmed fiig{y gy conguicth verRaialiathsUaR RsARRRELAFAORRET R IQhFAINING CORMEtVE tigemand
contact ads using other types of conductive materials may also be useful, The co luetive traces and

contact pads,ale dselated R b 8ospRAI §%@§@ﬁ?§%@ﬁeﬁ‘ﬁ1§1ﬁéi{ﬁe) digleghic |aysviling a heavily
[00191Interconnects t 70 are disposed in the substrateprovide electrical connections
doped p-type (p') substrate may also be useful. The dopant concentration of the substrate should
be sufficient to provide a low sheet resistance. The dopant concentration, in one embodiment,
should be sufficient to provide a sheet resistance of about 0.05 Q cm or lower. Providing a
substrate having other sheet resistance values may also be useful.
[0017] The first and second major substrate surfaces are provided with first and second
surface dielectric layers 132 and 134. The dielectric layers, for example, may be silicon oxide.
Other types of dielectric materials, such as silicon nitride, may also be used to serve as the
dielectric layer. It is understood that the first and second dielectric layers need not be formed of
the same material.
[0018] The first substrate surface includes first contact pads 146 formed on first conductive
traces 140. The arrangement or layout of the first contact pads facilitates, for example, electrical

coupling to contacts of a semiconductor device which is mounted on the first substrate surface.

For example, the first contact pad layout facilitates connections to contacts of a flip chip. The



between the last and second conductive traces on the first and second major surfaces. This allows the
first contact pads to he electrically coupled to the second contact pads and package contacts, The
electrical traces may serve as redstribution layers to facilitate the desired first and sixioiiid contact pad
ay outs on the first and second surfaces. 100201An interconnect generally' provides an electncai

conneetonspeRenNTREREeveniis RIS SEcaND saninstPadte LGNS ARk XAMRIEnRIOVIdes

electrical connections to both surfaces of Me substrate. In some cases,interconnect may provide an

interconpgRHAT R IRSR BT RNECONBCIRALS o ASUITRARIE QL MRIBIR.IME GaBtaghRads may be

common contacts on a surface. [00211In anc embodiment, an interconnect - isolated from other parts

oldie suppash3Wbaale Ry ARIDtEIGoMIEE! dieleatiiclayier 160 - T be iniercennaeidielactic layer, for

example, may be silicon oxide. Other types of dielectric material may also be useful to serve as the

interconpgeh dielgaticslaygn 48:A08 prbodinentithe inteicornestdiglegtric layer surrounds dhe

interconnect and extends from the first to the second major surface of the substrate. 10022IThe

intercongggs Mahhaved MANgYRLSIestsesianal shareu endiametenefihe: %ﬁéﬁf%?‘fﬂ@n may be,

for example, about 40 urn Providing an interconnect having other cross-sectional shapes or sizes may

also be ysefuh dQA231The IMGrennansehiinAde eMRedimg pbrAMRriseRim donrd faaionab g d

substrate. In one embodiment, the interconnect is a heavily doped interconnect region. For example,

the intergonaechia a.beavily dRRedBIBESQRBRLIL eBIRRWIER Snantsi of enfirsLiRQI ity tpe- Tie first

polarity type may be n--type, forming a heavily doped n-type (n+) interconnect reiTion. Providing a

heavily doped ipivRe A8 dRtRIGARNSLIeFIANINAY RIS REYseithdlng dopant congantratign.of the
heavily doped region should be sufficient to provide a low sheet resistance. The dopant concentration,

in one efpdimeny. shawlthbe suficiont tarovide asheghirsisianeenef B conductive
materials may also be useful. The conductive traces and contact pads are isolated from the
support substrate by the surface dielectric layers.
[0019] Interconnects 170 are disposed in the substrate to provide electrical connections
between the first and second conductive traces on the first and second major surfaces. This
allows the first contact pads to be electrically coupled to the second contact pads and package
contacts. The electrical traces may serve as redistribution layers to facilitate the desired first and
second contact pad layouts on the first and second surfaces.
[0020] An interconnect generally provides an electrical connection between respective first
and second contact pads. The interconnect, for example, provides electrical connections to both
surfaces of the substrate. In some cases, an interconnect may provide an interconnection to more
than one contact pads on a surface. For example, some contact pads may be common contacts
on a surface.
[0021] In one embodiment, an interconnect is isolated from other parts of the support
substrate by an interconnect dielectric layer 166. The interconnect dielectric layer, for example,

may be silicon oxide. Other types of dielectric material may also be useful to serve as the



0.05 n em or towel Providing a doped region having other sheet resistance values may also be uscfM.
100241The terconneet, in one embodiment, may have the same dopant type and concentration as the
support substrate For xa iple, the substrate comprises a heavily doped substrate with dopimts of the

first polarity YPe, in one embodiment, the substrate may he an if doped substrate for a il interconnect.

In other sbeRIMEntFLIns sLRRL Syl M el Terant Apleryee dhnabts ot diferant

dopant concentration t Interconnect region. For exam e substrate may be intrinsic or

doped wiiierent SaRania  EtR0LAgRIG cRsENITRn ARG iersaAne: n such cases.

the interconnect may be separately dope , thr example, 1o antation using an implant mask.

00251 ThG ftgrcongeet gles. 7Sk AN, SR RRTIRDS LT a0 k7. Th frskRarianssdrom one of

the major surfaces and the second pottion Is e other of the major surfaces of the substrate. An

interface ki it Ad SREoRd Bariane sbdliedpigteoPRRRLIAIRAAREANINE IS AbaHA! s

o s
t00261TI%e ?II’S'[ portion of the intercorinect includes at least oné partial conductive via plug 176, The

Partial cgagﬁ%y%h\gﬁe@ig%%% %quias%eo%:ﬁge%fgnding from one of the major surfaces of the

substrat e partidl conductive via plug has a surface end and an inner end. The surface end of the

Partial Vigyipdpr xR coRI BRI ARUICEAT IS SHRRRH RURaTBIShd I Stfece.end.

one embodiment, is coupled to the conductive trace on the surface of the Substrate. The inner end of

the partil congicliveeia il g s disnesed 2haha iBdatiacs:hid abih Nt AndpRomfkportions of

the interconnect. As such, the partial conductive via plug does not extend from e major surface to the

other m%&%ﬁiﬁ&& 994105 SN R SIRLAQHREIS/ AR HPRERPOFIAT QTG ARaIERNNER! QR

example,

polarity type may be n-type, forming a heavily doped n-type (n') interconnect region. Providing
a heavily doped p-type (p*) interconnect region may also be useful. The dopant concentration of
the heavily doped region should be sufficient to provide a low sheet resistance. The dopant
concentration, in one embodiment, should be sufficient to provide a sheet resistance of about
0.05 Q cm or lower. Providing a doped region having other sheet resistance values may also be
useful.

[0024] The interconnect, in one embodiment, may have the same dopant type and
concentration as the support substrate. For example, the substrate comprises a heavily doped
substrate with dopants of the first polarity type. In one embodiment, the substrate may be an n’
doped substrate for a n” interconnect. In other embodiments, the support substrate may have
different polarity type dopants of different dopant concentration than the interconnect region.
For example, the substrate may be intrinsic or doped with different dopants or different doping
concentration than the interconnect. In such cases, the interconnect may be separately doped by,
for example, ion implantation using an implant mask.

[0025] The interconnect includes first and second portions 171 and 172. The first portion is

from one of the major surfaces and the second portion is from the other of the major surfaces of

6



first portion is formed from he upper (or first) surface of the substrate. In other embodiments, the first
portion may be a lower portion of the interconnect. For example, the first portion is formed from the
lower (or second) surfipeci of the substrate. [00281The conductive via plug or plugs, in one
embodiment. comprises polysilicon doped with dopams of the same polarity type as the huetregion.

For exampleutheRelyailicanmig isydoped with ﬂﬁatsl%elﬁ{éiwf?sn@%ﬁ%@iﬁﬂ%&ﬁﬁﬂepﬁéﬁwﬁws% may be

n-type(n) or p PC (p), in one embodiment, the conductive via plug comprises polysilicon heavily doped
with &pantsaf the Jinstipetarity type. For example, the conductive via plug may heilly doped n--type (ii')
or p-type (p") polysilicon via plug. The use ofpolysilicon enables a via first approach and is useful in

high temprmagpre MG%%F}%A%HW&@HMWME&Q%%&Y%Né%%& DAY GQPYSEApductive

materials, such as copper (Cu), tungsten. (W) or aluminum (Al). Providing other types of conductive

materials 7ea.yiRispumiusslificlive majpniaismavbecelaated dRpending oRbe dRMPEEALYgLLsed In

the process. [00291The second portion of the interconnect comprises the substrate material heavily

doped withithe;fisst:pelanity. typai slapaats.ae hsavihdoped: prutioniof thentgrcafarman glegtrical

connection between the partial conductive via plugs and. the substrate material of the interconnect

region. s creaies.eiectical sonsestipns hetwesthihg.firstandsasondrelrclisph traggs.Qn the first

and second substrate surfaces without the need of through contact plugs which extend from one major

surface tohtheuather Major sHEfasd afitensurRaRubainae JAARAIRIN R Shows anether,empodiment

of a device 100. The device is similar to that described in Fig. la. Similar reference numerals designate

similar elgments. Sinailahelementsipay-aal b disessad dtailifn showniR supRAMSWastrpsg 120 is

provided. The support substrate, for example, comprises a semiconductor material and serves as a

handler sobsimie. dRORe R POIRRNT e HURRORSHOSHAIR QOMRIISERA G- BYLSIAIR.BAMRS, a
cavity 128. The cavity substrate, for example, may be used to form MEMS devices such as RI; MEMS

or inertial MEMSd Ferming athRs tRes oTMEMS gevisRS Baw@lso be useful. The MEWLS devices, for
example, are incorporated into products such as microphones, pressure sensor or energy harvesters

The 'AEIR dlevicessmiayalstbei s adribathamtupps: poprodunts: 003 idmene isrbodiprntythe

cavity substrate includes a roam or bulk substrate 121 haying
first portion is formed from the upper (or first) surface of the substrate. In other embodiments,

the first portion may be a lower portion of the interconnect. For example, the first portion is
formed from the lower (or second) surface of the substrate.

[0028] The conductive via plug or plugs, in one embodiment, comprises polysilicon doped
with dopants of the same polarity type as the interconnect region. For example, the polysilicon
plug is doped with first polarity type dopants. The first polarity type may be n-type (n) or p-type
(p)- In one embodiment, the conductive via plug comprises polysilicon heavily doped with
dopants of the first polarity type. For example, the conductive via plug may be a heavily doped
n-type (n') or p-type (p') polysilicon via plug. The use of polysilicon enables a via first
approach and is useful in high temperature processing. In other embodiments, the conductive via
plug may comprise conductive materials, such as copper (Cu), tungsten (W) or aluminum (Al).
Providing other types of conductive materials may also be useful. The materials may be selected

depending on the temperature used in the process.



a cavity 128 and a surfae,e substrate 123. The bulk substrate may optionally be separated by a buried
dielectric layer 126. Such a configuration, for example, creates a crystalline on insulator (COI)
substrate, such as silicon on insulator substrate (501). Other types of COI substrates may also be
useful. The COI substrate may include features and device layers which form. a. MEMS device, The
support gybgjrate ingludes, fist sontack pads A8 And fish sondugtive aces HA%Am adishmaigta
surface w%iﬁecondfi coﬁtact a{%’% 15% \?/%h paf:}ﬁage conta%ts 160 and second c%nductive ?r?é%s 150
O 2 SeCOnf At IAGS 134 A0derdaneatn d 1,28 ASEIRSE et IS d. sow
other em“k’)%%i{rﬂner%ts i)f d%\gt%ea}}szp 00. 9Tahe de;\i%}lca:es, as}s 0 n,gn(:l%fde support scubstrates, similar to that

shown T&ggg{@ép . %ﬁ&%{oﬁe erese @}grp?&?é designare \%W#iﬁtg eI ANIS, BUPIBTSIRMENT the

mayiscussed in detail. Referring to Figs. Ic-d, support substrate 120 is provided. The support

substrati RISy SO RIRGR, 3RRTIEANS LR MAGHARNI RABYER.27 ACARY G PSR Gt ROMe
ts, the hal

enihodiiinen er substrate may include a cavity substrate with a cavity 128, as shown in Fig.

3 The SRR AURSHAIEMALB8E M. ARKIRe TR SHRROHM RIS LSRR [Tl EoWARkPads

146 and ftirst conductive.s 140 on a first major stirlhee 122, second contact pads 156 with package

contacts 430,34 seqonh eapdusiive traesdef.ana seagndyralesstace,b2d,and interc(‘meets

170. [00% 1In one embodiment a semiconductor device 110 is mountéd on the first surldce of the

support ib@niate’ f‘igc?ﬂ%b%%dj%‘%ﬂér heRamicangrsiRndevien mayhe allachad in,ihe aypport

substrat g eutectic bond 182 The eutectic bond may comprise materials such as Al, Cu, Au, A.0

In, Sn, Ge,sqldler kg f.combination ere Al N ARG EMPRAUNARLS <{BMHSHIECERAPH BidhROMPrSe

Al-Cie orEutectic bonding canas an interconnect between the support substrate and semiconductor

device. Adgienalae:aulertic RARTINGJORY. DU, RETMRNGARARAEEDiE SYRPGH,BURStrale and

semiconductor device, serving as an hermetic bond. In other embodiments, the semiconductor device

may be aifaghed @ the SipRo, sihsirateusing AHReSIVRRANAS S CH-4S BCBnadiM ezl dvt with Si

nano particles. Providing other adhesives or bonding methods such as Glass Fritalso be useful,
depend'%geoéﬁ%%éﬁﬂ W@%SBB?T substrate comprises a cavity substrate having a cavity 128. The

cavity substrate, for example, may be used to form MEMS devices such as RF MEMS or Inertial
MEMS. Forming other types of MEMS devices may also be useful. The MEMS devices, for
example, are incorporated into products such as microphones, pressure sensor or energy
harvesters. The MEMS devices may also be used in other types of products.

[0031] In one embodiment, the cavity substrate includes a main or bulk substrate 121 having
a cavity 128 and a surface substrate 123. The bulk substrate may optionally be separated by a
buried dielectric layer 126. Such a configuration, for example, creates a crystalline on insulator
(COI) substrate, such as silicon on insulator substrate (SOI). Other types of COI substrates may
also be useful. The COI substrate may include features and device layers which form a MEMS
device. The support substrate includes first contact pads 146 and first conductive traces 140 on a
first major surface 122, second contact pads 156 with package contacts 160 and second
conductive traces 150 on a second major surface 124 and interconnects 170, as described in Fig.

la.



10034)The semiconductor device for example, is a flip chip. The hp chip includes chip contacts 116 on
a contact surface. The chip contacts can he arranged in, for example, rows such as single or dual in
line flip chip. in other embodiments, the chip contacts may be arranged in BOA format. Arranging the
chip contacts other contigttrations univ also be useful. The chip contacts are mated to the first contact

pads on [i33yPPOF; st hstra@ta ol Q3R ether s dimentssthgse MicArGelor dayics, mayi ke other

types of semiconductor devices. For example, the semiconductor device may include bond pads. The

bond pagspmay fiwseplediathedinsicontast pads of e suppartsubsiate . thisexamplg, wire

bonds. Other techniques for coupling a semiconductor device to the support substrate may also be

useful. 1903RiFigsnah shanacwsssastionahanstRiabiRYSOiamemneedimentofian intercpnnect
170 in greater detail. The interconnect extends from the first and second major surfaces 122 and 124

of the substsateskBO:dibe dotergannest. fonexappple sepavidesrslestical coangRiian between elements,
such as electrical traces, on the first and second major surfaces. An interconnect dielectric 166

surroundsiihievinteccannee:ia iselate-tbednterepmpest fomothespaits Ahig SLURROSHARate,
[0037]The interconnect, as shown, comprises a rectangular cross-sectional shape. Other

cross-seatisnatshapasdodthe dnesconnectmayralsa e usaiuls Thediameter of tﬁ%&&%ﬁ?aﬁ—cﬂon of
ul.

the interconnect maybe about 40 um. Other sizes for the interconnect may also be useful. 10038]The
interconpesiisthaauilycopedmitidanantsespnerembadinenti thesnigreonngebisibeayity dopgd with

dopants of a first polarity type. The interconnect includes first and second portions 171 and 172. The

first portiondastsRawieis Foanthe fiishaaionsutaceans - the sereRd RAKIoIS flemhthgsecond major
surface of the substrate. An interface 173 of the first and second portions of thc interconnect is

disposedanithin e substaied [QOBRLTHe firsleparippnof theinisreannastinciugesatilaasipnepartial
conductive via plug, 176. In one embodiment, the first portion includes a plurality of partial conductive

via plugs 70761-176j. The partial via plugs have surface ends extending from the major surface and
inner ends at about the interface of the first and second portions of the interconnect, The via plugs, for

examplgasay have aeciabgiiararossceaicianal shapeias ishowmisukigd 38R ovidingmtheyrshapes

or a combination of different criss-sectional shapes may also be useful. The cross-
support substrate. In one embodiment, the semiconductor device may be attached to the support
substrate using a eutectic bond 182. The eutectic bond may comprise materials such as Al, Cu,
Au, Ag, In, Sn, Ge, solder, Si or a combination thereof. In some embodiments, the eutectic bond
may comprse Al-Ge or Si-Ni. Eutectic bonding can serve as an interconnect between the support
substrate and semiconductor device. Additionally, the eutectic bonding may form a hermetic
seal between the support substrate and semiconductor device, serving as an hermetic bond. In
other embodiments, the semiconductor device may be attached to the support substrate using
adhesive bonds such as BCB, SU8 or SU8 with Si nano particles. Providing other adhesives or
bonding methods such as Glass Frit may also be useful, depending on the process requirements.
[0034] The semiconductor device, for example, is a flip chip. The flip chip includes chip
contacts 116 on a contact surface. The chip contacts can be arranged in, for example, rows such
as single or dual in line flip chip. In other embodiments, the chip contacts may be arranged in a

BGA format. Arranging the chip contacts in other configurations may also be useful. The chip

contacts are mated to the first contact pads on the support substrate.



sectional shape selected should facilitate limning void free via plugs. For example, the cross-sectional
shape facilitates forming polysilicon via plugs or via plugs of other conductive materials. The
cross-section of the via plug may, for example, have a dimension of shout Other dimensions fr,r the
crosssection may also be useful. 10040]'1 he via plugs may be arranged in an array confipiration. For

examp'%[dbss'n;muglé o0 bepsrangad ima Nixdd1mattbs Lsishowy i bitle2Rpfieyia plugs are

arrange i.n asX5 (M._ 5 and N = 5) matrix. It is understood that N need not equal to M, Other
configurglighs afitReorid Rigs FRYBlag Re Hseihi EH@X ARSI @ W rad RAidavsathe sage

number of via plugs as other rows or a column need not have the same number of via plugs as other

rows. [0Q4LT Beapaitialhda RlpEs: i @Re AMRRANSANCOMRIise, Pty silicentdng plypligathjsdieavdly

doped with dopants of the first polarity type. The dopant concentration of the first polarity type,ample.,

dependsip dhe cagidirmments capabilitypfing Msenntprivsilicarfrelitates sompatiibawitafoniend
processes. For example, by being compatible with front end processes, high temperature processes
may be gnplayed. 100121In other embodiments, the partial via plugs comprise other types 0

conditctive, materials, such as copper, copper alloy, aluminum, tungsten and/or a comhnation thereof.

Other tynegsef conduictive, ipaignasBRkalaehe Aregdensndincapmibedrasr st andhiersparature
requirements. 100431Its understood that via plugs of different interconnects need not comprise the

same  170RRLAXABRIGIOMEJMRORRECER B1RY Redormadframilepekdhelsiisamndyleotheds are
formed from other types of conductive matcrialt Similarly, in some cases, via plugs of an interconnect

need notjali cemprisedhasame materiatc30044) Thelogarnnbihedntestace ptshaddirasabehsesond

portions, for example, determines
elements, such as electrical traces, on the first and second major surfaces. An interconnect

dielectric 166 surrounds the interconnect to isolate the interconnect from other parts of the
support substrate.

[0037] The interconnect, as shown, comprises a rectangular cross-sectional shape. Other
cross-sectional shapes for the interconnect may also be useful. The diameter of the cross-section
of the interconnect maybe about 40 um. Other sizes for the interconnect may also be useful.
[0038] The interconnect is heavily doped with dopants. In one embodiment, the interconnect
is heavily doped with dopants of a first polarity type. The interconnect includes first and second
portions 171 and 172. The first portion, as shown, is from the first major surface and the second
portion is from the second major surface of the substrate. An interface 173 of the first and
second portions of the interconnect is disposed within the substrate.

[0039] The first portion of the interconnect includes at least one partial conductive via plug
176. In one embodiment, the first portion includes a plurality of partial conductive via plugs
176,-176;. The partial via plugs have surface ends extending from the major surface and inner
ends at about the interface of the first and second portions of the interconnect. The via plugs, for
example, may have a rectangular cross-sectional shape as shown in Fig. 2a. Providing other

shapes or a combination of different cross-sectional shapes may also be useful. The cross-

10



the depth of the partial via plugs. The depth of the via plugs, for example,may range from about 2 pm
to 200 tm, For example" the depth of the via plugs may be about 80 inn. Other depths for the via plugs
may also be useful. The dimensions of the via plugs, such as cross-sectional, size and depth may
depend on design requirements, such as resistance of the via plug. The resistance, for example, may
depend @ébtﬁﬁizmﬂi@p@kf@%&ﬁﬁ@ﬂ@ﬁa@flﬂﬁt@%iﬂfgﬂm&%%laﬁf%?sﬁgfie%dﬁié?tﬁggrgfs@th of the
via plug. in addition, the overall resistance of the interconnect is taken into consideration regarding the
design ofdhe infeseanneetiitis ivelkidesdhraNampie plesisianceaf dhe Maplugsdnumber of via plugs
as well as the substrate material and doping concentration. [00451As shown, the first portion

containingatbearia phigeasMiadelugsds @l‘@mssmgm?,%p%&mﬁ&m@&é%ﬁ%@ﬁgmbw example,
0}

the first portion is from the upper (or first) surface of the substrate. In other embodiments, the first

portion roalycbeiantowenpestian of she Jatarsrnaeclsh e example, the first portion is formed from the
lower surface (or second) surface of the substrate. Furthermore, it is understood that all the

interconq@piejof theisuppgusybsikate nee-RA AN hS SBRMBVIaRINY ﬁ@y@saanlfﬁé,%@mefl@ﬂerem

interconnects may be provided with different via plug layouts, depending on, for example, design
requiremgntsdQ846Fig.H showsna gikgsit medabofam embog @ﬁ%ﬁﬁ@}zﬁ%&%ﬁ%ﬂ&@d /95 Bhe various
resistance components between a first end 141 and a second end of 151 of the interconnect are
representad- Thadirst-endhisipart ofithedesipodtian: 1 Aehithe nigicannectand the sesand.antis part
ollhe second portion 172 of the interconnect. [0047]In one embodiment, the first portion of the
interconniectielytgs apjumbity oh st resistanag serapenamsdiciRacouplesin naralislo g first
resistance components correspond to via plugs 1761 --- 176. In the case where the first portion
includespiugingle pleigothe dirstieaitionincludesa singledirst iasistance wmpangihthe first resistance

component or components are coupled in series with a second resistance component in the second

portion gftae jintercbenactalhia saceNchresistancr CAMPQIRILCRIRIPANdsHothe sesistangeiof the
substrate material R "b. For example, the second resistance component corresponds to the resistance

of the secandyoddpuewipodipans treitbdimeseennesh.T heregisiancehetweantherfikstagd second
ends of the

polarity type, for example, depends on the equipments capability. The use of polysilicon

facilitates compatibility with front end processes. For example, by being compatible with front
end processes, high temperature processes may be employed.

[0042] [n other embodiments, the partial via plugs comprise other types of conductive
materials, such as copper, copper alloy, aluminum, tungsten and/or a combination thereof., Other
types of conductive materials may also be used, depending on the process and temperature
requirements.

[0043] It is understood that via plugs of different interconnects need not comprise the same
material. For example, some interconnects may be formed from doped polysilicon while others
are formed from other types of conductive materials. Similarly, in some cases, via plugs of an
interconnect need not all comprise the same material.

[0044] The location of the interface of the first and second portions, for example, determines
the depth of the partial via plugs. The depth of the via plugs, for example, may range from about

2 pm to 200 pm. For example, the depth of the via plugs may be about 80 um. Other depths for



interconnect can be defined by Equation | as fbilows: Rtoo)"-mation [0 481The variables of Equation I,
Ro is the total resistance of the interconnect; llipiug is the resistance of a via plug; N is the number of
via plugs in the first portion; and Rsui, is the resistance of the second portion of the interconnect.
10049}Equation 1 assumes that the resistance of the via plugs are all the same resistance. In the case

where vig plgs Rrg netAliIhe Same fesisianste iR A0 ivsisianeg Mavbedetrimingd by, sadify’

Equation 1 accordingly.”"For example, one of more via plugs of a via layout may have different

?é%isaz)eﬁﬁ)ﬁéﬂﬂ%@%bgfﬁ BlvgssitAdeQinadditiondesistancadsdsfined Ayphguation2 as follows pL
resistance, for example, may depend on the material, concentration of dopants (if applicable),
cross-sectional size and depth of the via plug. In addition, the overall resistance of the
interconnect is taken into consideration regarding the design of the interconnect. This includes,
for example, resistance of the via plugs, number of via plugs as well as the substrate material and
doping concentration.

[0045] As shown, the first portion containing the via plug or via plugs is disposed in an
upper portion of the interconnect. For example, the first portion is from the upper (or first)
surface of the substrate. In other embodiments, the first portion may be a lower portion of the
interconnect. For example, the first portion is formed from the lower surface (or second) surface
of the substrate. Furthermore, it is understood that all the interconnects of the support substrate
need not have the same via plug layout. For example, different interconnects may be provided
with different via plug layouts, depending on, for example, design requirements.

[0046] Fig. 3 shows a circuit model of an embodiment of an interconnect 170. The various
resistance components between a first end 141 and a second end of 151 of the interconnect are
represented. The first end is part of the first portion 171 of the interconnect and the second end
is part of the second portion 172 of the interconnect.

[0047] In one embodiment, the first portion of the interconnect includes a plurality of first
resistance components R; - R; coupled in parallel. The first resistance components correspond to
via plugs 176, — 176;. In the case where the first portion includes a single plug, the first portion
includes a single first resistance component. The first resistance component or components are
coupled in series with a second resistance component in the second portion of the interconnect.
The second resistance component corresponds to the resistance of the substrate material Rgyp. For

example, the second resistance component corresponds to the resistance of the second or lower



100511The variabics for Equation p is the resistivity of thematerial; e length of the resistor; and A is
the cross-sectional area of the resistor, 100521Based on Equations | and 2, an interconnect having a
total resistancc may be obtained according to an exemplary analytical calculation as shown in the
following Table 1. Table!: Suhst.rau Via plug 100 p (12.cm) 0.001

portion of the full interconnect. The total resistance between the first and second ends of the

interconnect can be defined by Equation 1 as follows:

lu .
total — = + R sub (Equation 1)

[0048] The variables of Equation 1:
Riotal 18 the total resistance of the interconnect;
Ryiug 18 the resistance of a via plug;
N is the number of via plugs in the first portion; and
Rsub 1s the resistance of the second portion of the interconnect.
[0049]-  Equation 1 assumes that the resistance of the via plugs are all the same resistance. In
the case where via plugs are not all the same resistance, the total resistance may be determined
by modifying Equation 1 accordingly. For example, one or more via plugs of a via layout may
have different cross-sections from other via plugs.
[0050] In addition, resistance is defined by Equation 2 as follows:
,_ PL
"= A (Equation 2)
[0051] The variables for Equation 2:
p 1s the resistivity of the material;
L is the length of the resistor; and
A is the cross-sectional area of the resistor.
[0052] Based on Equations 1 and 2, an interconnect having a total resistance of about 1 Q

may be obtained according to an exemplary analytical calculation as shown in the following

Table 1.



0.001 L. (um)) (um) 10040 8 R() 0.8 0.2 [0053jTherefore, the desired total resistance of the
interconnect may be obtained by modifying the variables of Equations 1 and 2, [0054]As described,
interconnects can be formed with the desired resistance requirements without the need to form
through vias. Forming deep vias in crystal me material, such as silicon, requires long etching time.
This negptiyiely.impacts throughput time, resulting, in increased manufacturing cost. As such, providing
intercormeets using partial vias increases manufacturing efficiency and reduces cost while satisfying
performiance or desigh requiggements. 100p51Figs. 4a-k sh oss-sectim?llrﬂ'ewsﬁr an gmgpdiment
oJa pracess 400 for forming device.|Referring t0 Figl. 4a, a support substrate 120 ig provided. The
substrateg inclpdes first and second major gyiiaces 122 and g#24. the suppof substrate may gerve as a
handier substrate or handler wafer. For example, the handler substrate may be a package or a part of
a packagwauél" device g case of a higngiler water, itmgay be used tar yafer 1 5vet pagkaging.
100561The J%%ort substrate, in one embodiment, comprises a semiconductor material, such

[0053] Therefore, the desired total resistance of the interconnect may be obtained by
modifying the variables of Equations 1 and 2.

[0054] As described, interconnects can be formed with the desired resistance requirements
without the need to form through vias. Forming deep vias in crystalline material, such as silicon,
requires long etching time. This negatively impacts throughput time, resulting in increased
manufacturing cost. As such, providing interconnects using partial vias increases manufacturing
efficiency and reduces cost while satisfying performance or design requirements.

[0055] Figs. 4a-k show cross-sectional views of an embodiment of a process 400 for forming
device. Referring to Fig. 4a, a support substrate 120 is provided. The substrate includes first
and second major surfaces 122 and 424. The support substrate may serve as a handler substrate
or handler wafer. For example, the handler substrate may be a package or a part of a package of
the device. In the case of a handler wafer, it may be used for wafer level packaging.

[0056] The support substrate, in one embodiment, comprises a semiconductor material, such
as a crystalline material. For example, the support substrate comprises silicon. Other types of
semiconductor materials, such as silicon-germanium (SiGe), germanium (Ge), gallium-arsenic
(GaAs) or any other suitable semiconductor materials, including subsequently developed
materials, may also be used to serve as the support structure.

[0057] The initial thickness of the support substrate, in one embodiment, is greater than a
final thickness of the support substrate. For example, the initial thickness of the support

substrate may be from about 400 — 725 um and the final thickness of the support substrate may

14



as a crystalline material. For example, the support substrate comprises silicon, Other types of
semiconductor materials, such as silicon-germanium (SiGe), germanium (Ge), gallium-arsenic (GaAs)
or any other suitable semiconductor materials, including subsequently developed materials, may also
be used to serve as the support structure. [0057]The initial thickness of the support substrate, in one

embodimentois @reatso than® finaldhickgsr RS SURRK YRS FOT.LXANRIE.dhe jsital

thickness of the support substrate may be from about 400- 725 Inn"and the final thicknessof the

support gbstaate maypbe famakos a0+ RRL,Q4 3, @éa?é&%‘f&a‘?e%«ée}ﬁc?ﬁt%%%@%§séﬁ?§e.%ﬂé‘ay

also be useful. By providing a. support substrate having a thicker than desired thickness tacilitates

processipghsThe sHbstaiaimay be, tMP@@Q&Me,fgfiﬁ&ﬁ{gPé%re(iﬂféiQ%&B@E‘P%&%&“&Rﬁr&%‘ﬁ%"‘te with

the final and desired thickness, 10058iin one embodiment, the support substrate Is he_aw oped with
donants gfdhecfirsidpalartydype. In one embodiment, the handler substrate mayit heavily d_oped p-twe
(p ) or a heavily doped n-type 014) substrate. P-type dopants can include boron (B), aluminum (Al),

indium Qo) ssja combinatiam daareel, waile stype da.RaNtsIEaAR INUde DR RRBIS, (12} aFsenic (As),

antimony (Sb) or a eombuiation thereof In one embodiment, the Substrate is an'n’ substrate. The

dopant Genesntraiien of de substrate shawdbeisvigienttorovids adow shestdesisianse, h
? ance of about

dopant concentration,in one embodiment, should be sufficient o provide a'shee resi

0.05 U eraaaiilpwisseProyiging 3 suhstrate iﬂx’%ﬂﬁ%ﬂL@ﬁébﬁ?ﬁ{aﬁh%%%@%eﬁmﬂs&'ﬁ useful. in

other embodiments, the substrate may he an intrinsic substrate. [0059]The Support substrate, in one

embodimentromprisescanavitysHstaly, Thade v, sukeipairsipeuderiRs, hscavitpsubsiate. 1br
o

example, may be used to form MEMS devices, Providing a non-cavity substrate Which forms a MEN'S

device may)alsoibeuseds) 4 othaiiembedimenrts. thesinprrhatRshatenay:aarvesas @ rackage or

package strueure. of a
substrate. The dopant concentration of the substrate should be sufficient to provide a low sheet
resistance. The dopant concentration, in one embodiment, should be sufficient to provide a sheet
resistance of about 0.05 Q cm or lower. Providing a substrate having other sheet resistance
values may also be useful. In other embodiments, the substrate may be an intrinsic substrate.
[0059] The support substrate, in one embodiment, comprises a cavity substrate. The cavity
substrate includes a cavity 128. The cavity substrate, for example, may be used to form MEMS
devices. Providing a non-cavity substrate which forms a MEMS device may also be useful. In
other embodiments, the support substrate may serve as a package or package structure of a
device.
[0060] In one embodiment, the cavity substrate includes a main or bulk substrate 121 with a
cavity 128. The surface of the bulk substrate without the cavity, for example, serves as the
second surface of the support substrate. A surface substrate 123 is disposed on the bulk substrate
with the cavity. A top surface of the surface substrate, for example, serves as the first surface of
the support substrate. The substrates may comprise silicon. Other types of crystalline material
may also be useful. It is understood that the bulk and surface substrates need not be formed form

the same type of materials.



device. [00601In One embodiment, the cavity substrate includes a main or bulk substrate 121 with a

cavity 128. The surface of the bulk substrate without the cavity, for exampi CP.s Ib second surface of
the support substrate. A surface substrate 123 is disposed on the bulk substrate with the cavity"A top
surface of the surface substrate, for example, serves as the first surface of the support substrate, The

substratggy iy Comibe dan MeryRep et YR AR RbURN BLE00R wrefilickhds

understood that the bulk and surface substrates need not be formed form the same type of mate 1-

[00611/*59%%%%%5%%% '%)ﬂ%fbﬁ%@d@éﬁ&ﬂﬂgﬁ‘éfw REPIRYIRGL REMRE G PHKRNDRHEAGBes

substrates. T electric layer may be, for example, silicon oxide. Other types of dielectric

materials gy, alsg e W3NG AR ISGEIRE S TDRATNALIUCKDESSAFLD R

substrate may he om about 50025 pm and the final thickness of the bulk substrate may be from about

S0 --- 200-p,my, the Jicknrss,of heRied dieleptric/ 2y ermay i #aM ARAWG 4 Bk and the

thickness of the surface substrate may range from about 2 50 p.m, For example, the thickness of the

surface §HE’§F£E%H§%Q%$§H%@BP% 2 350P.m, Bther dRickoesses fer theidiffersnidaversagfybe support

substrate may also be useful. Such a configuration, for example, creates a crystalline on insulator

(COI) substrate, U6 a5 SHIAPRANPSHARE SUDSHRIG AE0 bub S AT pubairate Maydhciuds features
and device layers which form a MEMS device. O062]in Fig, 4b, the support substrate is patterned to

form an gﬁ?r%Q'E%QH?fH?Hﬁr{ﬁ[ﬁQQEs%f@hé%&@&@QHB@QQ‘E%%HB&% inigFcannRet isokgtion temeh is

patterned from the first surface of the support substrate, Patterning of substrate may be achieved

using magiand LR feRaligh F L XBIRIG &Qﬁsﬁ maskatUch P51 SHiGonseKidesmaybe employed.

Other types of hard masks may also be useFul. The hard mask may be patterned to form an opening

correspongipg o dterrannesidieleciics Tepaiamndbs hatmaskar)seiimaskssiuchsasirahotoresist,

may be used. The photoresist is selectively éxposed and developed to form an opening to expose the

hard magk cofrespeding iedhe ﬁ@r@m%sgﬂﬁgmﬁg frengh: Timprareditiographic wasalution, an

anti-reficetive coati (ARC) can be provided beneath the photoresist. The pattern of e soft mask is
transferrgg {pthe hatd.mask by, for example, a reactive ion etch (RIB,) to expose the surface of the
support substrate. [00631A deep RIB (ORIEL) is employed to form the interconnect isolation trench.

The [0062] In Fig. 4b, the support substrate is patterned to form an interconnect isolation trench
465. In one embodiment, the interconnect isolation trench is patterned from the first surface of
the support substrate. Patterning of substrate may be achieved using mask and etch techniques.
For example, a hard mask, such as silicon oxide, may be employed. Other types of hard masks
may also be useful. The hard mask may be patterned to form an opening cotresponding to
interconnect dielectric. To pattern the hard mask, a soft mask, such as a photoresist, may be
used. The photoresist is selectively exposed and developed to form an opening to expose the
hard mask corresponding to the interconnect isolation trench. To improve lithographic
resolution, an anti-reflective coating (ARC) can be provided beneath the photoresist. The pattern
of the soft mask is transferred to the hard mask by, for example, a reactive ion etch (RIE) to
expose the surface of the support substrate.

[0063] A deep RIE (DRIE) is employed to form the interconnect isolation trench. The
DRIE, for example, etches through the surface substrate, buried dielectric layer and a portion of

the bulk substrate. Other techniques for patterning the support substrate to form the interconnect



DRIB, for example, etches through the surface substrate, buried dielectric layer and a portion of the
bulk substrate. Other echniques for pattentirat the support substrate to form the interconnect isolation
trench are also useful. After patterning the support substrate, the various mask layers may be removed
to expose the surface of the support substrate. [00641lii one embodiment, the DRIE Forms the

interconneghisolaionirascisolhe MR Veasiemmdsalalian sinchesyuith asidevwalnralile gr.angle of

about 10". For example: the DR1E may form isolation trenches with a sidewall angle of alat; xt 89"
0.5j'. Othﬁ;ﬁ}siﬁeﬁyﬁibmg%m@yﬁmsmﬁbﬁpqugrs{jb%@pg%gggat{@nches. Re-entering profiles should

be avoided for the trench since this may cause voids in the trench fill material. 160651 The isolation

trench:, foseiample, sreavndsthadnieresonetst e thicknessefthe tencmay beahowf2 um.

Other thicknesses may also be useful. The thickness may depend on different factors, for example,

aspect ratiy capahilitneiihe BRI and/eselecicalislaion seasiamensss Feprhie, the. mipimum width
may be determined by the desired depth of the trench and aspect ratio capability of the DruE. The

depth ofitha iselafion irenohiiouit e akeRS a%0nAesReE Yrapdhestinal thicknggs pfithe,sHpport

substrate. Preferably, the isolation ch is deeper than the En hiekness increase .proeessina window.

For examplessthe.gepthief thairene ey beosightbhdeererdhan 80y forAspRO L Subsirale with a

1-inal thickness of about 80 tm. Although only one interconnect isolation trench is formed for one

interconnRCkdds tickihistorad thatadditionatHotercaenghesidnay be forined for additional
interconnects. [0066]Referring to Fig. 4e: the interconnect isolation trench is filled with a dielee

material[l#sjisolatias emabn [t eramplexisfiled it sliconr axidesdhesiigrroxide gy he
deposited by UPCVD or wet thermal oxidation These deposition techniques are contbrmal. Other

techniqueshforfilingethsodielactic materinlmayalsaheusehd  Baess ialaelie matariabover she

substrate is removed to form the interconnect dielectric 166. Removing the excess material, in one
embodinignt;ceomprisesie plartasizing Racess, epebias cramicst meshanical nalishing L&MP). Other

types of pianarizing processes may also he usethl. The planarizing process forms a planar top surface

betweendhei dieleaticesnc:supPOT SbSIFAIUSHIAEH may be determined by the desired depth of the
trench and aspect ratio capability of the DRIE. The depth of the isolation trench should be at
least as or deeper than the final thickness of the support substrate. Preferably, the isolation
trench is deeper than the final thickness increase processing window. For example, the depth of
the trench may be slightly deeper than 80 pum for a support substrate with a final thickness of
about 80 pm. Although only one interconnect isolation trench is formed for one interconnect, it
is understood that additional interconnect trenches may be formed for additional interconnects.
[0066] Referring to Fig. 4c, the interconnect isolation trench is filled with a dielectric
material. The isolation trench, for example, is filled with silicon oxide. The silicon oxide may
be deposited by LPCVD or wet thermal oxidation. These deposition techniques are conformal.
Other techniques for filling the dielectric material may also be useful. Excess dielectric material
over the substrate is removed to form the interconnect dielectric 166. Removing the excess
material, in one embodiment, comprises a planarizing process, such as chemical mechanical

polishing (CMP). Other types of planarizing processes may also be useful. The planarizing

process forms a planar top surface between the dielectric layer and support substrate surface.



After the planarizing process, the substrate surfaces may be coated with first and second surface
dielectric layers 432 and 434. The surface dielectric layers may comprise silicon oxide. Other types of
dielectric materials may also he useful. [0067]in Fig. 4d, the substrate is patterned to form partial via.s
4751-475i, Patterning of the substrate may be achieved using mask and etch techniques. For

exampleaghaig maﬁmu@ﬁ@&céﬂ&?%eﬁ@%% b-enRlnvs b QirEdvPRS ffhand asks mayalso be
useful. The hard mask may he patterned to form openings corresponding to the partial vias. To pattern

the hard (ask, BRMLAESKFHCIR2S BrHRRQIESISLIBAY DR 88 th A& RIRIGaIRhIS selectively.exposed

and developed to fermi openings to expose the hard mask corresponding to the partial vias. To

improve {ithagraphit.tesotignananfirgilestiveggati (ARC) can be provided beneath the photoresist.
The pattérn of the soft mask is transferred to the hard mask by, for example, reactive ion etch (RIE) to

expose g ghifiace pirthe RURROLLSLRSEaLS,HIARELA drap R DRIP)/MLeamAlReisigmptoyed to

form the partial vias, In one embodiment, the DRIP forms the vias with a sidewall profile or angle of

about 9Q;,,FQr gxampis. Re:RRIN.MaY oIk MaswitasidewatanalambrbULSPM AR, Ltheissidewall

angles may also be useful for the vias. Re-entering profiles should be avoided for the vias since this

may cauge vaidsindheMadilmatsrial. D9ERITH& derthohiheviasisiab abeutthe interase@hike first

and second portion of interconnect. In the case where a buried dielectric layer separates the surface

Substrat%(?%@sg@éﬁlea byl sHibsales the ntgidase ofishadisakand secandhrastipmisidispesed helow

the buried dielectric layer in the bulk substrate. For example, the interface or depth or the vias may be

about 3 w5 hui inteHhe bptiomaubisiiaie Qher deptbainaysalse badseful SHhpsanthdof the vias,

ibr example, may depend on factors, such as depth of the buried dielectric layer, desired total

resistance Afithe dntereanneeh;anderihe fingkthicknass elihes sirpast substratgal 1047 0jn some

embodiment, a single partial via may be formed for the interconnect, In one embodiment, the

cross-seg;iph,of theastial viasomayherestanenlative shane: QiRenwasssaeional shapesdmay also

be usetftil. The diameter of the cross section may be about 1 Other sizes thr thecross-section of the

partial viggmaysaisoe pseleh dtigalsmunsersionshdhatsaat allpastinhdas of the ayeiihave the same
cross-seetio | shape and/or size.
reactive ion etch (RIE) to expose the surface of the support substrate.
[0068] A deep RIE (DRIE), for example, is employed to form the partial vias. In one
embodiment, the DRIE forms the vias with a sidewall profile or angle of about 90°. For
example, the DRIE may form vias with a sidewall angle of about 89° + 0.5°. Other sidewall
angles may also be useful for the vias. Re-entering profiles should be avoided for the vias since
this may cause voids in the via fill material.
[0069] The depth of the vias is at about the interface of the first and second portion of the
interconnect. In the case where a buried dielectric layer separates the surface substrate and
bottom or bulk substrate, the interface of the first and second portion is disposed below the
buried dielectric layer in the bulk substrate. For example, the interface or depth of the vias may
be about 3 — 10 pm into the bottom substrate. Other depths may also be useful. The depth of the

vias, for example, may depend on factors, such as depth of the buried dielectric layer, desired

total resistance of the interconnect, and/or the final thickness of the support substrate.

18



. [00711As tinOFig. 4e, a conductive material 476 is deposited on the substrate, filling the partial vir_ts.
Prior to filling the partial vias, native oxide and post etc.h layers which may be produced .by the +eli to
form the partial vias should be avoided or removed. Removal of such layers may be achl_eved b_y for
example, a clean or wet etch process . 1011721In one embodiment, the partial vias are filled with

polysilicquuoiorm viekligeneaaintAla e Uinaial e Raytial iias pRYScan ma bf aghieved

by, for example, chemical vapor deposition (CND). Other techniques for filling the partial vias may also

be usef%mam@l@mb@gmmséa%aafﬁﬁlevfﬁ%ﬁﬁevmmé?fiﬂ% ?&qyﬂmﬁﬂﬁ%po ySifigRD. 4559418

embodiment, the ftVIEIS are filled with heavily doped polyinlieon with first polarity type dopants. The

heavily depeckaplyselanianbedissiyidamed;Jhedaning.coneapiainmal hedpaly§ilp11 may be

about 2e20 atm/cm3. As shown, the polysilicon also con he Ho om ofsupport substrate For example,

the polysiliconiceats the dielacticdayer an: habarton of & support sukstrate; fermingashotiomy

polysihcon layer 477. 10073]In other embodiments, the partial vim are fillfed withtypes of con uctivg
materialnGosiexample;ibe marial viasmavinesfiidwite a.metallicmal gighptap alloy. Such materials

may include, for example, copper, copper alloy, tungsten, aluminum or a -lionibination thereof.

Dependifig pr) process dieauir emept 4he, conduative matariph may Bﬁ%tdﬂ%%ﬁf}mﬁ@t'?ﬁlﬁ%gﬁ’g”

substrate, 100741in Fig. 41, excess conductive material over he suthice of the support substra
the partial vias. Prior to filling the partial vias, native oxide and post etch layers which may be

produced by the etch to form the partial vias should be avoided or removed. Removal of such
layers may be achieved by, for example, a clean or wet etch process

. [0072] In one embodiment, the partial vias are filled with polysilicon to form via plugs 176,
- 176;. The filling of the partial vias with polysilicon may be achieved by, for example, chemical
vapor deposition (CVD). Other techniques for filling the partial vias may also be useful. In one
embodiment, the partial vias are filled with heavily doped polysilicon. In one embodiment, the
partial vias are filled with heavily doped polysilicon with first polarity type dopants. The heavily
doped polysilicon may be in-situ doped. The doping concentration of the polysilicon may be
about 2¢20 atm/cm’. As shown, the polysilicon also coats the bottom of the support substrate.
For example, the polysilicon coats the dielectric layer on the bottom of the support substrate,
forming a bottom polysilicon layer 477.
[0073] In other embodiments, the partial vias are filled with other types of conductive
material. For example, the partial vias may be filled with a metallic material or an alloy. Such
materials may include, for example, copper, copper alloy, tungsten, aluminum or a combination
thereof. Depending on process requirement, the conductive material may also coat the bottom of
the support substrate.
[0074] In Fig. 41, excess conductive material over the surface of the support substrate is

removed, leaving a via pad 179 coupled to the via plugs. Removal of the excess conductive



removed, leaving a via pad 179 coupled to the via plugs. Removal of the excess conductive material
may be achieved with an etch hack process, using, for example, an etch mask. The etch mask
protects the conductive material where the via pad is formed, allowing the unprotected conductive
material to he removed. The etch hack process may remove the conductive material selective to the

surface digleRticay ek 43Rt 08 R\ SHAMBL I Fidcég, asﬁi%%mmgreé%é&mﬁg oRdhgfirst

surface dielectric layer. The dielectric layer increases the thickness of the first surface dielectric layer

432 and is,used-tedgalate shedy iherssmPrdingat the.diglesttic daygb warpRAsas slicer@xide. The

silicon oxide may be formed by, for example, PECVD. Other types of dielecuic materials or deposition

techniqugs, MRY; AlsaLeaMBIgYednbvane Bokedimant ptoedisiestisirxer s domarhecthasame

material as the first surface dielectric layer. Providing dielectric layers of different dielectric materials

may alsqhe Hsefd 1O AeIR efierting d9:kig. 44, a contact opening 478 is fined in the dielectric layer
4.33to expose the via pad. The contact opening may be formed using mask and etch techniques. For

exampley 89t Magk MgywheRafterpes Ry ePRIHIR I AT EMRARMIS S ERsthiaugh aikatislecand
developed to remove unwanted mask material to create an opening. The pattern of the soft mask is

transferreg fo thedielectic Inyer RIEIRGraate-tbrRRepingdo K pase hevia RRAIPOTZIA senductive

trace 140 is formed on the dielectric layer over the first surface of the support substrate,as shown in
Fig. 4i. The eandyetiversagcs, in sxampiedmandenformrdily Beppsiingracontustiveimatatial on the

dielectric layer and filling the co tact opening. The conductive material may be, for example, copper or

copper aligof Bgigenductvemataris, maLbeHepasited by Bie: fpeesamplestthencanduttie material

may be deposited by sputtering or evaporation. Other types of conductive materials or deposition

techniqugs,nay AL Rei sl ] BRCORHGI¥e Jayen tiay-ho patianne thd\singder.axaenpiE mask and

etch techniques, to fool conductive traces, including a first contact pad 146 and a second contact pad
148. The,patterned morductivenayes: sfilinexarnprlasisqres asaRMgoipvitespnnectiomdaatveen

the contact kid and interconnect. 100781Referring to Fig. 4j, a semiconductor device 220, such as a

UwIOS dgyiegis attached may also be useful.
[0076] Referring to Fig. 4h, a contact opening 478 is formed in the dielectric layer 433 to
expose the via pad. The contact opening may be formed using mask and etch techniques. For
example, a soft mask may be patterned by exposure to an exposure source through a reticle and
developed to remove unwanted mask material to create an opening. The pattern of the soft mask
is transferred to the dielectric layer RIE to create the opening to expose the via pad.
[0077] A conductive trace 140 is formed on the dielectric layer over the first surface of the
support substrate, as shown in Fig. 4i. The conductive trace, for example, may be formed by
depositing a conductive material on the dielectric layer and filling the contact opening. The
conductive material may be, for example, copper or copper alloy. The conductive material may
be deposited by PVD. For example, the conductive material may be deposited by spuitering or
evaporation. Other types of conductive materials or deposition techniques may also be useful.

The conductive layer may be patterned, using for example mask and etch techniques, to form

conductive traces, including a first contact pad 146 and a second contact pad 148. The patterned
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to the support substrate. Providing other types of device is also seful. In one embodiment, the
semiconductor device is attached to the first surface of the support substrate using eutectic bond. The
eutectic bond may comprise materials such as Al, Cu Au, Ag" In, Sn, fie, solder or Si. in other
embodiments, the semiconductor device may be attached to the support substrateMg. adhesive bonds

such as Balhsthe alyel&withsipnane-particles broydingiathal-adhgsives wehonding,methags such

as Glass Felt may also be useful, depeninuc on the process requirements. [0079]The semiconductor
device inglydgs sHhstiate. having first! second major surfaces. The first major surface 222 forms the
top Sll face of the semiconductor device, whereas the second major surface 224 forms the bottom

surface phdhg|semicoraugian deyioe. Adiglesiicdryel-934 informadelowibe secepdsmaiensyrface

of the semiconductor device. A conductive layer is formed below the dielectric layer. The conductive

layer may, be: Ragssnedoysing forsxamplammasihandreichdechmaugstp foraheondustivg trages.,

including a First 246 and _ _ a second contact pact 248. Theponductive nductive traces oi- --Lb
mieondugte devicofal-axample.peviderelectricaligonpeation hstieensthecontrat pads.and dhe

interconnect of the support substrate. 100801As shown Fig. 4i the support substrate is thinned to the

desired thigknessiysamaipgnatetialskromsthrg suriace I he aliachedssemicondectardevice on top

of the support substrate, therefore, serves as support for thinning the support substrate. The

conductiy@lmﬁmwtf@,@ﬁe@&ﬁem{@y&r&wimﬁgﬁegqta&ézr%ec@ﬂ@%%@%%%ﬂpa@fﬁgsi-thstrale-

for example, are removed by an etch. For example., a dry or wet etch may be employed to remove the

conductiyenlayes phdisuitace; dielgcticdayaron ihe sacand shbsitatersutface fithe surRartsybstrate.
The support substrate is lelthinned by grinding. A lief the support substrate has

bonding methods such as Glass Frit may also be useful, depending on the process requirements.
[0079] The semiconductor device includes a substrate having first and second major
surfaces. The first major surface 222 forms the top surface of the semiconductor device, whereas
the second major surface 224 forms the bottom surface of the semiconductor device. A
dielectric layer 234 is formed below the second major surface of the semiconductor device. A
conductive layer is formed below the dielectric layer. The conductive layer may be patterned,
using for example mask and etch techniques, to form conductive traces, including a first 246 and
a second contact pad 248. The patterned conductive traces of the semiconductor device, for
example, provide electrical connection between the contact pads and the interconnect of the
support substrate.

[0080] As shown in Fig. 4j, the support substrate is thinned to the desired thickness by
removing materials from the second surface. The attached semiconductor device on top of the
support substrate, therefore, serves as support for thinning the support substrate. The conductive
layer and surface dielectric layer on the second substrate surface of the support substrate, for
example, are removed by an etch. For example, a dry or wet etch may be employed to remove
the conductive layer and surface dielectric layer on the second substrate surface of the support

substrate. The support substrate is then thinned by grinding. After the support substrate has
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been thinned to the desired thickness, the interconnect which is surrounded by the interconnect
dielectric is exposed. [0081]A surface dielectric layer 134 is formed on the second surface 124 of the
support substrate, as shown in Fig 4k. A contact opening 578 is formed in the dielectric layer 134 to
expose the interconnect. The contact opening may be formed using task and etch techniques For

exampley, & 50 MagkdMRY REIRAEIIRLLY BXPORKE INRD GXRASYI& SBUIR I HRN R F&SIGIe /N

developed to remove unwanted mask matedal to create an opening. The pattern of the soft mask is
transferrgd tQ.the diglepliq layer TUE to create the opening to expose the substrate. 109821A
conductive trace 540 is formed on the dielectric layer 134 over the second surface of the support

substratggfqiprnal CoRIARS dRUER A5 1698a8uNaIs MaY Hie fRr Rkt de.contach PRRNIAGS. 00831 The

process continues, for example, to form contact opening to the interconnect, second conductive trace,

and secqqdsaaniact BadaniheSegond suRRerbBLAiAcs A RatkaRE frriaaldallmay,ke feimsd on the

second contact pad. The, process follows by dicing the support substrate having the semiconductor

device thereaueriniadndividual packagePORdlThenyantionmay.be embadiad inather seesific forms

without departing from the spirit or essential characteristics thereof The foregoing embodiments,

therefore; arecarbg.considared inallesnacts diuspratesathsnihan imiing the. invsmsion deseibed

herein. Scope of the invention is thus indicated by the appended claims, rather than by the foregoing

descriptighy a&%%g&@%‘%ﬁ&{ﬂ@hﬁ%ﬁw}ﬁ&%@ﬁa@ﬁmagéﬂ@ rangrehgauivaleney:Ps the.clgims are
intended to he embraced therein. What is claimed is: CLAIMS
mask is transferred to the dielectric layer RIE to create the opening to expose the substrate.
[0082] A conductive trace 540 is formed on the dielectric layer 134 over the second surface
of the support substrate. External contacts, such as contact balls may be formed at the contact
openings.
[0083] The process continues, for example, to form contact opening to the interconnect,
second conductive trace, and second contact pad on the second support surface. A package
contact ball may be formed on the second contact pad. The process follows by dicing the
support substrate having the semiconductor device thereover into individual package.
[0084] The invention may be embodied in other specific forms without departing from the
spirit or essential characteristics thereof. The foregoing embodiments, therefore, are to be
considered in all respects illustrative rather than limiting the invention described herein. Scope
of the invention is thus indicated by the appended claims, rather than by the foregoing

description, and all changes that come within the meaning and range of equivalency of the

claims are intended to be embraced therein.
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1. A method for forming a device comprising: providing a support substrate having first and second
major surfaces; forming an interconnect through the first and second major surfaces in the support
substrate, the interconnect having first and second portions, the first portion extends from one of the
first or second major surfaces and the second portion extends from other of the first and second major
surfaces\wheieicldipnating the interconnect includes forming a partial via plug comprising a conductive
material in the first portion of the interconnect, the via plug having a bottom at about an interface of the
first and second portions, and providing the secanmgortion of the interconnect with a heavily
doped second portion with dopants of a first polarity type; and forming an isolation trench
surrounding the interconnect to isolate the interconnect from portions of the support substrate. 2. The
method of claim 1 wherein the conductive material comprises polysilicon. 3. The method of claim 2
wherein the polysietnisfdofeehivigh deprptsoniphisifigst polarity type. 4.The method of claim 1
wherein the first polarity type is n type.
providing a support substrate having first and second major surfaces;
forming an interconnect through the first and second major surfaces in the support
substrate, the interconnect having first and second portions, the first portion extends from one of
the first or second major surfaces and the second portion extends from other of the first and
second major surfaces, wherein forming the interconnect includes
forming a partial via plug comprising a conductive material in the first
portion of the interconnect, the via plug having a bottom at about an interface of the first
and second portions, and
providing the second portion of the interconnect with a heavily doped second
portion with dopants of a first polarity type; and

forming an isolation trench surrounding the interconnect to isolate the interconnect from

portions of the support substrate.

2. The method of claim 1 wherein the conductive material comprises polysilicon.

3. The method of claim 2 wherein the polysilicon is doped with dopants of the first polarity

type.

4, The method of claim 1 wherein the first polarity type is n type.

23



5. The method of claim 1 comprises filling the isolation trench with a dielectric material, wherein the
dielectric material fills the isolation trench and over the first major surface of the support substrate. 6.
The method of claim 5 comprises removing excess dielectric material over the support substrate to
form a planar first surface dielectric layer over the first major surface of the support substrate. 7. The
method & clainThevhetigit dielpprtipkviagives it lfniged RByldeep treactivetion étbetife Haermgthod of
claim 1 wherein forming a partial via plug comprising patterning the support substrate to form a partial
via; depositing thcoirtbottivenatatiilifil Brtibésslappartrsudistiaie wardiilvgtthajoasiafadapaitieg removing
excessive conductive material over the support substrate leaving a via pad coupled to the partial via
plug. 9. Jupponeshiogirafeclaim 8 comprises forming a dielectric layer over the first surface dielectric
layer. 10. The method of claim 9 comprises forming a contact opening in the dielectric layer to expose
the via pad. 11. The method of claim 10 comprises forming a conductive trace on the dielectric layer
and coupled to the via pad. substrate. 13. A method for forming a semiconductor package comprising:
6. The method of claim 5 comprises removing excess dielectric material over the support

substrate to form a planar first surface dielectric layer over the first major surface of the support

substrate.
7. The method of claim 1 wherein the partial via plug is formed by deep reactive ion etch.
8. The method of claim 1 wherein forming a partial via plug comprising

patterning the support substrate to form a partial via;
depositing a conductive material on the support substrate and filling the partial via; and
removing excessive conductive material over the support substrate leaving a via pad

coupled to the partial via plug.

Q. The method of claim 8 comprises forming a dielectric layer over the first surface

dielectric layer.

10.  The method of claim 9 comprises forming a contact opening in the dielectric layer to

expose the via pad.

11.  The method of claim 10 comprises forming a conductive trace on the dielectric layer and

coupled to the via pad.
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providing a support substrate having first and second major surfaces; forming an interconnect
through the first and second major surfaces in the support substrate, the interconnect having first and
second portions, the first portion extends from one of the first or second major surfaces and the
second portion extends from other of the first and second major surfaces, wherein forming the

interconneXt inciidaadvidtioficlartiabrprijegacaoniits g miconductivelsniie gabintheufiisirportion of
the interconnect, the via plug having a bottom at about an interface of the first and second portions,
wherein Huesgtaieuctive material comprises polysilicon which is doped with dopants of a first polarity
type, and providing the second portion of the interconnect with a heavily doped second portion
with dopants of the first polarity type; and providing a semiconductor device over the support
substrate. 14. A device comprising: a support substrate having first and second major surfaces; an

interconriext thraugbtiiod fissfanigpecaaictoncuripagade toempripipert substrate, the interconnect
having first and second portions, the first portion extends from one of the first or second major

surfaces and thpreeictingl paupporesdbsteiadiamingfasodibedusicimdjsesorfacesajor surfaces, wherein
the interconnect includes a partial via plug comprising a conductive material in the first portion of the
interconnect, théowainguy dtenognaduo tiaugh atofitsandtsstand wiajbesirshcesdrstheanggmottions, and
substrate, the interconnect having first and second portions, the first portion extends from one of
the first or second major surfaces and the second portion extends from other of the first and
second major surfaces, wherein forming the interconnect includes
forming a partial via plug comprising a conductive material in the first
portion of the interconnect, the via plug having a bottom at about an interface of the first
and second portions, wherein the conductive material comprises polysilicon which is
doped with dopants of a first polarity type, and
providing the second portion of the interconnect with a heavily doped second

portion with dopants of the first polarity type; and

providing a semiconductor device over the support substrate.

14. A device comprising:

a support substrate having first and second major surfaces;

an interconnect through the first and second major surfaces in the support substrate, the
interconnect having first and second portions, the first portion extends from one of the first or
second major surfaces and the second portion extends from other of the first and second major
surfaces, wherein the interconnect includes

a partial via plug comprising a conductive material in the first portion of
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the second portion of the interconnect is heavily doped with dopants of a first polarity type; and an
isolation trench surrounding the interconnect to isolate the interconnect from portions of the support
substrate. 15. The device of claim 14 wherein the conductive material comprises polysilicon. 16. The
device of claim 15 wherein the polysilicon is doped with dopants of the first polarity type. 17. The

device of claim i wigteimbee thstirEugyhbmeds bdioa al Sodhentvineact okaine fifsvdnersdodie
isolation trench includes a dielectric material. 19. The device of claim 14 wherein the partial via plug
comprises a sugfagioasdktending from the first major surface of the substrate. 20. The method of
claim 1 wherein the partial via plug comprises a surface end extending from the first major surface of
the substrate. the second portion of the interconnect is heavily doped with dopants of a first

polarity type; and

an isolation trench surrounding the interconnect to isolate the interconnect from portions

of the support substrate.

15.  The device of claim 14 wherein the conductive material comprises polysilicon.

16.  The device of claim 15 wherein the polysilicon is doped with dopants of the first polarity

type.

17.  The device of claim 14 wherein the first polarity type is n type.

18. The device of claim 14 wherein the isolation trench includes a dielectric material.

19.  The device of claim 14 wherein the partial via plug comprises a surface end extending

from the first major surface of the substrate.

20.  The method of claim 1 wherein the partial via plug comprises a surface end extending

from the first major surface of the substrate.
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