PACKAGE | NTERCONNECTS BACKGROUND 100011vafer |evel packagi ng has been
proposed to stack wafers together to produce extrenely dense el ectronic
packages ' Through silicon via (TIN) process is one of the techni ques used
in wafer |evel packaging. It enables the production of small formfactor
devi ces and stacking of wars to provide integration. Al though TSV may
provide higher reliability B @%%Hﬁgggéﬂ?lﬁEéﬂﬁéct, it, however,
requires long processing tine to etch deep vias; for exanple. having a
depth of about 1 50 p.m Further noBACKIENUND a rel atively expensive
techni que and al so produces high stinch may inpact yield. This reduces
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device is presented. The nethod includes providing a support substrate
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inafirst portion of the interconnect. The via plug has a bottom at about
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i nterconnect is heavily doped with dopants of a first polarity typo.
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[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 fromone of the first or second major surfaces an.d

t he second portion extends fromother of the first and second maj or
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 abogtPRt whswtﬁ-aéfge Brterepnnert hasdirgtad seccordopismei dhs firsthertecskadprm on
of the interconnect is heavily doped with dopants of a first polarity type.
The netdmed! therfirkierr seenpidudgsr priwetimlithasesend pomido ckenddevingghaywé thet first
support substrate. 100051l n anot her enbodi ment, a device is disclosed. The
devi ce andgkdaidsnaorsduphedst Thehsdre@irechiaviuag £ parsil vanglug éaoving amdhouctisdr f aces.
The device al so includes an interconnect through the first and second nmmj or
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conductjve material in a fir orti n of the i nt erconnect, The vi
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second portion of the iklieletirtEleet is heavily doped with depa.nts of a
first porabesyproyipebstfa©06] These enbodi ments, along with ot her advant ages
and features herein disclosed, will becone apparent through Terence to the
f ol | owi[agpdescii plotlen embddihfmt,aaieairpa?m@ibdgsedr dhvedgsice Fuetudeensoprt it 1S to
be understood that the features of the various enbodi nents descri bed herein
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[ 00091Fi ns, 2a-b show a cross-sectional and plan views of an enbodi ment of
an 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:
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i nterconnect: 1001.0]Fig, 3 shows a circuit nodel of a enbodirnent of an
i nterconnect; and [0011] Figs. =lack show an enbodi nent of a process for
form rw DETAI LED DESCRI PTI ON [ 00121The ctnbodntents generally relate to
devi ces. The devices may be far exanple. sem conductor devices In other
enbodi , t ev be .hybrid types of devjces mhlch i ncl ude
MIIWV Wi gglﬁoct\sj}ogfcrg E‘Ieﬁtl%‘é\?v@@‘? ofyago WavsEes! #89VieRe vari ous
types of IVIENB devki es, such as Rh MENI'S, inertial MEMS or Bi oNl EN S.

a her {YP8% of Figs 22N oy Froassastignalaaé plse viesesdo danjembedimédofan, t he
enbodi nents relate to interconnects which facilitate packagi ng of the

devi cesterThemegbodi nents may be enploye; in, for exanple, wafer |evelaging
t echni ques. The devices may be incorporated into, for exanple, products
such  [6E6| er OMB! BESwOYERSNOP&IODS KESARGHIRES: ofFnNBkrdonnctiesqof products
may al so be useful 100131Fins, |ad show cross-sectional views of a portion

of var ;(ﬂ}ﬁ] embgdi BNt §,0f anaen%\ﬂlrﬁgnt]oqg pra_&gs R)‘?%ﬂnﬂﬂ% Ry m%zor exanpl e, be

hal f of the device. Referri a, a suppor rate 120 is

provi ded. The support substra ndl e substrate or handl er
waf er. For exanple. the handi @%ngﬁgﬁﬁéﬁgcﬁggﬁﬁg\?a package or a part of a
packagf of the device. In the case of a handler wafer, it may be used far

waf er th’éhmi?rﬁs sote BB lodh tederses t Hee dupgsomaydubStreatapivay be a

rnicr oelect rorrechanl eai system (MENI'S) device. The support substrate
i ncl udegnicprdictandvises dnothmajcobodinbsts; dteelesinet acgde bBriangded 2Adevidee fir st
rmjor surface, forpie, 1S; a top surface while the second major surface is

a bot t efidhunéladeR¥NTPled sdthieoti@pts wi f@cevioBy THAMEVES @ seikshasaonrivhi ch a
sem conductor or |1C device is nounted. [00141ln one enbodi ment the support

substr gfp@s SONMPINGS @8y iesS &hCRRIUCTENES IIﬁ&%‘él MEMSYEBIVEN Q?ﬂgtcttyf}és of

mat er i such as silicon-germani um (Si Ge), germani um

gal I'i um@a h ui abI ond ct or, materia

i ncl udi ng g?b{s,ﬁe%a%eng I Ko geve opeé’ I%Ctl garr |tEé ?‘r@lmegfss%la fo tgtfotl‘&ec%se?’slehas

t he su rt structur e.thickness of the handl er substrate, for exanple,
may raf‘iag I191e BRTSAE B i]%eogftvbce?zg-h ?’8 IMeNETRANDE GRPleYed By SictimglehHALK er

substrates with other thi cknesses may al so be useful.
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
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[ 0015] The support substrate may be doped with &pants having a polarity
type, For exanple, the subsrate nay be doped with p-type or | type dopants.
P-type dopants can include boron (B), alumnum (A), indium(in) or a

conbi nati on thereof, while n-type dopauts can include phosphorus (P),
arsenic (As), antinony (Sh) or_a conbination thereof. in_other enbodinents,
the suBYRicaRQICHEYNHEIHH SHFR 15 AEFR-LUBIPIE 10 698D &) FHHENTAEIRNC t he
handl er substrate may be a heavily doped substrate. in one enbodi nent, the
subst r éGA9ampny ster suitsblvichycadpetdr mateyipks, (ncludjngswbstquentéy, dePelpedi ng a
heavi |y doped p-type (pl-) substrate may al so be useful. The dopant

concenffaddria®) nolfy debesisbs td are: shaekehpoe ssuttui i Eitthickn@s oY itdehaadleow sheet
resi stance. The dopant concentration, in nit.. enbodi nent, should be

suf fici O£ RI-QVk i ) Or POV
Pr ovi dllsﬁ%hg{e’sgogs?? érﬁg? %’ 1?113?/?ﬁ%Eg{oﬁi?%@égi@tdr}fgs’?@?g%rc%z@g?@egmﬁay al so gDe
useful , 10017 ‘I;hz fi%ﬁt an&lia{%c%@dm%ajapsB Slilll’s)e [ate surfaces are provided

W th fP?% NG EeToN gﬁllg ace it 8t e ayers 132 and 134. The dielectric
| ayers, for exanple, may be silicon oxide. Qther types of dielectric

mat er i 8§85] suchhaRIPRPTt SERsH i HRY B’é‘,ioﬂ?éwlﬁl dpapls hﬁ¥’é‘8 atHSP?aé’éY\tP’é’ea % he
dielectric layer. it is understood that the first and second dielectric

| ayer s exaeplenibe stlesrdte mag desiopeheits antwperat etyngl doppige 1Bt Mhreddriapiscas iilssideat e
surface includes first contact pads 146 forned on first conductive traces
140. Thercar(Bangensnin @xl),liadiout ([IOfortahenfbinasivn clontEc tvhipadsyfeatiphnts atres, f or
exanpl e, electrical coupling to contacts cif. a sem conductor device which

i's nouM@diePhobfRrid (P lar§URSIAH Bitisionl AS8) orbonR@Rh @herbdte Thbihgt cont act
pad | ayout facilitates connections to contacts of a flip chip. The first

cont act, e%}’s?%He Sggg{raboﬁlgypgva#z@ﬂngigsg&%{?i tate connections to other

8 .
types o%n%c ipvia wire ni ques. The second substrate surface

i ncl ud t act.. 156 ducti 150.
PackagdlUBh acts EaOd R L BOMIICUT B CBAL Bed A Perd “FosiiBa TBAM he
second contact pads. The package contacts, for exanple, rraPy c,g,n’pri se sol der
bal | s. cObR&IMaN];RG SUEIHE SRAGIISCSAJHIERAY donpdhn-|Pe &1 paukpdatcy Proviawe aeargenent

or layout of the second contact pads may forma ball arid array (BOA)
f or mat doprdowtydieig )otiberald ypeslsobe werftlacthephgahtapoutrgration pf deisdestioterdpuld
package con tacts configurations nmay al so be useful. The contact pads and

conducbk ¥efficleat esprofiyle Beow ahew® deslstaire a Tao doihet tonvenmaionl insdhesudtodasercopper
or copper alloy. Form ng conductive trees and contact ads using other types

of condy&hi e st Rh @&l oY a 3h&Q r&iRebHhboul D529 chugtib e, tHramahgand
contact pads are isolated fromthe support substrate by the surfhce
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[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



bet ween the | ast and second conductive traces on the first and second maj or
surfaces. This allows the first contact pads to he electrically coupled to
t he second contact pads and package contacts, The electrical traces my
serve as redstribution |ayers to facilitate the desired first and sixioiiid
cont ac ad ay oyts on the first and second surfaces. 100201An i nterconnect
gener a IF5 CoRf a Y OFhmay él:gPr}PEéIFe‘i‘ rfﬁ‘égEaéfflc%’é‘Fﬂ‘v%’élﬁ 14 eepepsad chin g vared
second contact pads. '|'hc interconnect.nil- exanple, provides electrical
connecbpishsg teghbanes. slihefsaews! sobstvke sulise it wles berogdnentedipeds 1 1t roohnect

may provide an interconnection to nore than one contact pads on a surface.
For examrphé cosbreveonieadt) plaskapayorhscte ohTBOcicaivadliGivoRoRasHaflage.

[ 00211l n anc enbodi ment, an interconnect - isolated fromother parts oldie

suppor forfldB e &chyd 8bhthdtpele %%Eké@e%oﬁfé%fs‘ for 'eﬁéﬂl}?lé k88conl e solder
i nterconnect dielectric layer, for exanple, may be silicon oxide. O her

types u the

o or commect e SpbCeREEfee oo B RSB SR bt SR R bR e
dielectric,layer s rrounds t erco and e ds fromthe flrst to
the setdihfd ﬁ%‘}/tﬁ‘f‘t PagT 3¢ Or&apﬁégré Bty &?@i ﬁ‘ﬁﬁ‘?ﬁlﬁ’ﬁ@ﬁmﬁ%ﬁﬁdﬁﬁ*@& fseadhave
a rectangul ar cross-sectional shape. The dianeter of the cross-section nmay
be, foforExdmpl EyortiéaPratdanthemrekacgicagtaat configieidnmenty Aavbaigebt hbre
cross-sectional shapes or sizes nmay al so be useful. 100231The i nterconnect,

in o | eorsad@dinentcondurtpritsess maybp&dmeddionna ofndubevsmbstingtech dsmwoppe or
enbodi ment, the interconnect is a heavily doped interconnect region. For

exanpl eopﬁeh@ucsywtlefrﬁm@aﬁiduusveardaemd neRPees RERI ERANEEL of eGidRBHW th
&ants of a first polarity type. The first polarity type may be n--type,

form nﬁla?erlﬁf‘saﬁ{é)l MSQBPGQBﬁrﬂ UHRE ohiklive FhELCRARE e Bl h@Nsol RES ?ﬂoﬂf t'ﬂg;h

heaV|Iy doped p-type ( |nterconnect regi on nmay al so be use

dopant Bﬁ%ﬂ%m¢1e$ ﬂmsur % %g'|&1d0 ed region should be sufficient to
provi dé 12 | ow sheet’ r'esi'sta YR&Y§6hant concentration, in one

enbodi shoul d be s ffICI nt to provide a sheet resistance of about
F(%qg] nterconnects 70 are d?sposed 1nEghe 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 emor towel Providing a doped region having other sheet resistance
val ues may al so be uscfM 100241The terconneet, in one enbodi nent, may have
t he sane dopant type and concentration as the support substrate For xa
iple, the substrate conprises a heavily doped substrate with dopins of the
first polarity YPe, in one enbodinent, the substrate may he an if doped
subst r attercpnechdielectrintlayarodmere embediviehie thedpiseginpedi dicledielagerspepunds the
substrate nmay have different polarity type dopants of different dopant
concenfintatcomiect hahexttérelsifiine thedimietotthe egbmhmajeo sudacampliles subkieatsubst rat e may
be intrinsic or doped with different. dopants or different doping

concenf@ti on ThamtdrBehedt @ FRARGCEctahFulSUGHsGRE@Shal el TheleaRrReol iRy be
separately doped by, thr exanple, ion inplantation using an inplant mask.

00251 Tag L BLAIGINRPEL BNGLHBRS B4 (ANIPREEANLL PRl AR hilind et hoss-The

first portion I's Tromone o e mnmj surfa e second portion is
fromthe 'Otgleil of the mgjor SLH’faCﬁ of the substrate. An interface 173

of 1- st SEAGL'CBNE PSP a0 Beisiht er connect i s di sposed wi hin the
substrate. t00261The first portion of the intercagonnect |ncludes at |east
one pal®028] cohlriEtgroeINgrainPngFmbodgnentneonmiises atopssagier ol Bebstsithelthas a
surface end extending fromone of the major surfaces of the substrate. The
part i alone emtoditient the mtqtumetids ahesalyf doped enetcamdcarggionndior exranpldike sur f ace
end of the partial viais, for exanple. about co-planar with a surface of

t he suppercbnsddbsld [Rtaily Tbgedsidict@e@e@nekion withriepitbotl filenpolatisy @ pdl plledfitso
the conductive trace on the surface of the substrate. The inner end of the

artia [ ia ' ' *t - 1 inth
p 8%9@3@@5 ¥E b Iiit)%'e}*'%?hfnr%gd lff’%?%f g%%ﬁergggyg h RQeic bl ReRnl P3owfiinghe

first nd portions such, the parti al
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i nterconnect. Fqr exanpl e, t . : :
the heavily (c)iopedx rergrll())n shmﬁg 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
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first portion is fornmed fromhe upper (or first) surface of the substrate.
I n other enbodinents, the first portion may be a | ower portion of the

i nterconnect. For exanple, the first portion is forned fromthe | ower (or
second) surfipeci of the substrate. [00281The conductive via plug or plugs,

in one _enbodi nent. .conprises polysilicon doped with dopans of the sane

pol ar i tF St‘\gf)téat%skﬂﬁléte ‘é?tfég‘ifg]ﬁe ﬁﬁb?nde%?éﬁliﬂ ROTUPREOIBE Y EorEse ipHisgosed doped
with first polarity type dopa ts The first polarity type nmay be n-type(n)
or p P@i{hy) thejsybssée- enbodi ment, the conductive via plug conprises

pol ysilicon heavily doped with &pants of the first polarity type. For

exanpl ¢)026he cbindiict paeor béthelingrarayedn&iclldes doped ofe pirniplecohtiictive@fia Pluby pe
(p') polysilicon via plug. The use of polysilicon enables a via first

appr oachs . ampe hatils@hdhctive Vi gl haiPeidlcd8d RLRE&S S ifdth oddb@hdhior surfaces
enbodi nents, the conductive via plug may conprise conductive nmateri al s,

such a g (W . ] Al Provi di n her .types
o Conguary g uaky err b il ishiy Ehit U S anEbRIh ', The Skt e
dependin t he. tenperature used in the process. 00291The second portion
of thee?‘ﬁ?@&&é’ﬁﬁ‘é‘i?‘ad%rﬁg’r?@é‘&’lf%ﬁ oW FBFHRE &1 %ﬁrﬁaa% Oﬁﬁawwﬂowbww th the
first (%Ol arity typo dopants. The heavily doped portion of the intercofarm

an el edtf PRACCCHANEONE SAbBAIMEES 9w gsp tthatondopidiscirace envhasulaggst ind. t he
substrate material of the interconnect region. This creates electrical

connecsilstigtehdimemrer ehé of thepartahdosiacondvielpbgt is idsabsedraaciesit dre ihfeefatd 152 and
second substrate surfaces wi thout the need of through contact plugs which

ext endof themiraned kB¢ ppridReE thcanteh®naten sBERthSpiAcen@lctit/B @iaﬁﬂ%%és
substrate. 10030]Fin | b shows anot her enbodi nent of a device 100. e

devi ceppSex@dddl +@h ohié’nhflﬁ%ugg&qﬁ!tfﬁ@&hégﬂgﬁogsurﬁ%e. Simlar reference numerals

designate simlar elenents. Simlar nts may not be discussed in
| etail sho Su t Slrjrpst rate 120 i rovided. The ort
subst r ({02,%] f orme%(hg)r‘fvﬁjl’ QP,%’ Ofl({:rcs)tn%o IS8 4 OB %Odﬁ%‘gff%‘? ll?%ﬁrtc@i‘?eﬁf'%glﬁgxaé@#?fége as a
handl er. substrate. In _one enbodi ment, the support substrate conprises a
cavit y%lgslﬁ Bgﬁtﬁoatl%}eq{‘é\?g om the Uppet (pr 1) sutfgee ‘éfgng sYosiigss tip gther embedimeaispl e,
may be used to form MEMS devices such as RI; MEMS or inertial MEMS. Forning
ot her thppes! rertivEvBY devileser nraijoradisibe bvcraswfegtl. . ForlvsavEML e destipoesn i or
exanple, are incorporated into products such as m crophones, pressure
sensor fameé mengthehawwegst srcondharfacAEMBe detwiraes nmay al so be used in ot her
types of products. 10031]In one embodinent, the cavity substrate includes a
roam o[0028] k substcbatetile ¥ihayp Bplugs, 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 bul k substrate may
optionally be separated by a buried dielectric |ayer 126. Such a
configuration, for exanple, creates a crystalline on insulator (CQO)
substrate, such as silicon on insulator substrate (501). OQher types of CO
substrates may al so be useful. The CO substrate may include features and
devi ce[009kr s” Tt sshorfopariion of VENBeWeyRask confpiéses ptraje pretarial keqviy dgaes
first contact pads 146 and first conductive traces 140 on a first major

sur f acevithaBe fise pohadtyciynt dopanpadthelsbvily ddpedaokiageofohnindatemtédoandnsecond
conductive traces 150 on a second malor surface 124 and interconnects 170,
as desgrbird doinkitdn bellddIRY Firtisl cohGudliveSMoMugd her the sbindiatranitsriafofdieyi ces

[ 00. The devices, as shown, include support substrates, simlar to that

shown M&%onﬂeﬁ R:gioﬁi. Fhis e &Rl 8 e?%(?}ﬁx%e $eteshanafity %ﬂe'c%ddékﬁﬂ?ﬂt S,

Simlar el ements~mayi scussed i n erring to Figs. Ic-d, support

bstrate 120 i i ded. Th t substrat j i .
Sem coferaiardrs Rewap s anh wsroBaCHacs Aihl bF vEfhefthiuh PRALGREeMbicn

eni hodiiinents, the handler substrate_ nmay include a cavsiﬁéy substrate with a
cavi t yetterd fram aiegupior Hirficq to thg othrn aaderpiyepee Qb syrReE shaydfe a . 1\ 4EMB
devi ce The support substrate includes first contact pads 146 and first
conduc{0088] s 14i@. tnslawisiansthenepbedisieit dfredevice2 00s dboddvico mtsavtlaniadkat 156
wi t h package contacts 160 and second conductive traces 150 on a second

mai or  gedchide@inlPi4. BNASitdilaefedérendeRtinserdld desifiR@3dinr elemernb Sithit@ndenents
sem conduct or device 110 is nounted on the first surldce of the support

substr 'fﬁaginolf'iae QRELLIPAAAENT A s {HISVS T GRACUS LBl B8 1sGRoTRYA. PEnadubpsied to

t he support substrate using eutectic bond 182 The eutectic bond may

conprise materi al ch . , . ] i
combi natT IRt e pedpPitr QB C paSiealiiecdt Pubu ilse e adThRRly smule, dn
Al -Ci e or Eu%gé:,ti c. bondi ng canas_an i nterconnect between the sugzgrh_
subst r 8PeCRRAIEER SRS FUGHICCOMPASER F3VUN AP PSIRE RAYIECE $2 B G At ngC may
.forma. hernmetic seal between the support substrate and sem conduct or

devi ce cagirsbpigatadonerarar erardychenisad (o formdyIEMS eqbiesgishghassRE MHEVIS or Inertial

sem conduct or device may be attached to the support substrate using
adhesi WEMSnd®raightas tRER,of SUMMGErdeSickvmay tatso Sic unafinb  Plar Mibd @ devikesotkirdi ng
ot her adhesives or bonding nethods such as dass Fritalso be useful,
dependicREmPIRS 46 ARSrFRAYH BHPRIdScts 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 sem conductor device for exanple, is a flip chip. The hp chip

i ncludes chip contacts 116 on a contact surface. The chip contacts can he
arranged in, for exanple, rows such as single or dual in line flip chip. in
ot her enbodi nents, the chip contacts may be arranged in BOA format.

Arrangi he chip contacts other.contigttrations univ also be useful. The
chip c!)dr;lﬁ’git s Iﬁg%qﬁé{) V“[‘E}ﬁ?rﬁé“ qu@?nt%Bgéeé(b“tes 6§§‘ST hdeesss P, Gglheer at e
[0035] I n ot her enbodi nents, the sem conductor device may be other types of
seni coRtRROFIGHDHEASe 8811 laFy thasdhrpingn Figsel sk goitttueteomee suinemlsneyighaic| ude
bond pads. The bond pads may he coupled to the first contact pads of the
suppor singlabsienants. Hymilatlerexanplag nowbe dishondsin detahie Rdfeeihpi@pes. fod, a
coupling a sem conductor device to the support substrate may al so be

usef ul suph0@36pdtiags12(2@ phoshelv THeQsspSealtsenal fod Bthrplanokipuss #f an
enbodi ment of an interconnect 170 Iin greater detail. The interconnect

ext endserhicOmdche Iﬁdtérﬁﬂ AR PECR qu}a%jep Eub'%{f{itfga(ff Sor@ %ﬂeig&ﬂ Jegé}r t?lfe h%n?cﬁer

substrate 120. The 1 nterconnect or exanp provi el ectrica

connecti we | enent s, .such electrical traces,. on the first and
secondgdrpgj{}%trlg%téaﬁ' rlg glél gesfj1 “Ar %yi %?Pﬁ%%?ﬁvﬁgc?tcaﬁﬁ%ﬁ%%ta? is}éo‘i%él Sy f‘B uﬂ?fssuﬁ’ﬁ%“

i nt ercoq)nect to isolate the interconnect fromother parts of the support
subst r SHOSTAE GRA iMh® EF HEhnEg SUPRQ SHRsALE BRI fsiscoatackpadaridland first

cross-sectional shape. O her cross-sectional shapes for the interconnect
may al s¥dpetivpstedogs 140rpea dirdme ersuoface h2, sewsd cseiatt s 656 titd pacitage connect
maybe about 40 um O her sizes for the interconnect may al so be useful.

10038] ddeadtnt @ qonreatd doddhabrittyedoiach MdcbndlgRaRtssrfaden 2ane d enbRhRat |
the interconnect is heavity doped with dopants of a first polarity type.
The i ntgyconnect includes first and second portions 171 and 172. The first
portion, as shown, is fromthe first major surface and the second portion

is fro s j r.f e . substrate. An.interface 173 of the
AR g e R S S e T S T
substrate, [S 0 Qlfo}e first portion of the int grc,onnec i ncludes at | east
one partPait SEEHEfet' 08 GirRodinsgt thegmitepdyrier enpetmashe attaghed £9 ths supRsit i on
includes a plurality of partial conductive via plugs '1761-176j. The

par t i afuovir#e ghlige eﬁé%c 8oird Htle Hivduiteskie baad mgy coonTisheaivaiporsudurs Ak €uand

i nner ends at about the interface of the first and second portions of the
i nt er conndetln, Shéieysaldpl, Sgst a f@nbiexanphercofraly shavensbodestmn gl @tectic bond
cross-sectional shape as shown in Fig. 2a. Providing other shapes or a

2?2‘2; naty oompise il fGesesitNiC risectiseohiiapahn shapesamyeradrsocRumnsalitid suphbg
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 liming void free via plugs. For
exanpl e, the cross-sectional shape facilitates form ng polysilicon via

pl ugs or via plugs of other conductive materials. The cross-section of the
via plug may, for exanple, have a dinension of shout Oher dinensions fr,r

the crosssection y alsp be useful. 10040]' 1 he via plugs nmay be arranged
in an a1y colr?fqtg%reé‘iahogﬁneﬁ%rtﬁ%%ﬁﬁ?@ucpﬁ] CYIEC M3y be r‘?ﬂ}?f %’é’eﬁ?ﬁlanged in g Ni
x N matrix. As shown in Fig. 2b, the via plugs are arranged in a 5 X 5 (M
5 and Nemicendypgerdexices.t Forsexamapds; sheowthiehndtctiN deees may instjdglbondpads. Gibger
configurations of the -via plugs may al so be useful. For exanple, a row
need nobndayd rhinebsean®ldduohler fiof caitact phdgs thsswgiphersubomse oy, fa exemhphm wieed
not have the sane nunber of via plugs as other rows. [0041] The partial via

pl ugs, phAdo r@thema@ﬂhgwstfor ERPRAE 8§ 8eRRLY&IdidrGRice M heRluySdrt S®ktratt Sndyeass |y
doped with dopants of the first polarity type. The dopant concentration of
t he fiﬁ%ﬁ;&ﬁlarity type, anpl e., depends on the equi pments capability. The
use of poPyS|I|con facilitates conpatibility with front end processes. For

or o0bs Sy KT Ao Db RSt B R Bt e 0 PHE b ETGe VIR,

pl ugs conprise other types O conditctive, materials, such as copper,. copper
al | oy, 1dP imrBisaier detatg E%@ MteRemset extenskirea (hsrrstredsssondopaier surfppess! Brand
conductive inatenas may al so be used, denendinc. on the process and

t enper d2doé theegbstrami?(l. sTheliD@4Shints, {omdsmsploggtovidas cleitacylcogsecobn ditffeenent

i nterconnects need not conprise the sane For exanple, sone

i Ni . Cr eQimdies bschm)elheidaotraed, §if omnflrapal sewibd $idjbcnfands |/ tdermear e
formed fromother types of conductive matcrialt Simlarly, in sone cases,

via pl ygseQfic 8% LRMEOMEHErRBESt RPLsoBld thE QIBEL SR ot HEMSARE phRS 6f hal -

10044] The location of the interface of the first and second portions, for
exampl ¢, 45t SHNES

[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

exanpl e, may range fromabout 2 pmto 200 tm For exanple" the depth of the
via plugs nay be about 80 inn. O her depths for the via plugs nay al so be
useful . The di nensions of the via plugs, such as cross-sectional, size and

dept h may. depend o requi rement s, h as eS| tance of the Vi a
IR e B e R R S Pt e e £ erame, the cross-
concentration of do pant s (if applicable), cross- sectlonal si ze and dept h
of t heSsigngIshigpe fonliks loraimg mﬁéﬂwem plugsees ‘e ahge obstheesnidnetieconnect i s
taken into consideration regarding the design of the interconnect. '!'his

i ncl udewyferiaby BNanpisecctiasifshaneelof mbhdovdanlladgaye admberioafofubautpl ugs as
wel | as the substrate material and doping concentration. [00451As shown,

the fi OslierpanénisnsGonhacfsfgedida nvdydlf)) btuLfulvi a plugs is disposed in an
upper portion of the interconnect. For exanple, the first portion is from

the uppgisof or fHeHgh glu yfr{) b a?xfan%aﬁnsdﬂgjﬁtag%gﬁﬁ Jei QL e %@@?I n.plflué

first portion nmay wer portion o e |n erconnect

subst r B0 Altrbtal BT e~ oRacPeThBGErdt Tl e pRGS Ak Brier aCe@%tthe

suppor “? te_need not. have the sane via glug | ayout . For exanpl e,

di ffer @it CONMBRFE- iy UBEeTpiogd it et mobpquRE oWt (her gontiguiakgenals,
dependi ng on, for exanple, design requirenents. [0046Fig.3 shows a circuit
model B vanplabody msatbeofclah Foteanmphnecew 1781 nolfheve teisous nnebdEistiane e
conmponents between a first end 141 and a second end of 151 of the

i nt er cplnpead otaerronepr esehnethecl@t haveshe etk hsmparof vef pltfieasfdtk&trower ti on
171 of the interconnect and the second end is part oll he second portion 172

of thejgoaypr Colrlﬁgﬁhlal LRAAIEd T onee BhReAERR R mp ﬁ&?ofl}lsqlgonp%ﬁ: ;pgf}lgﬁlcmﬁ?ﬁe

|nterconnect eludes a plurality of first resistance conponents

I nt
ol ugs 17 808, Eh iy ot R RR 1a§1W%@ PP RRRE e ERH RRRRAE 5 & R o
lug, t f t t | yd f t t t. Th
Fiver PG R COeioBlte PR BBABGHTE TS ROk ol ACePPOaTam n o |

second resi stance conponent in the second portion of the interconnect. The
second@FBditet ErpRtSBHY BRdHToH 6n¢ BEpeTHES Yo exABDlebY Seiansemoftibihevigiibetr at e
material R "b. For exanple, the second resistance conponent corresponds to
t he r egidprasesecsohigh henseeiondpocessoweny bpenpiogad.of the t hU i mer eonnect .
Ther esi stance between the first and second ends of the

[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



i nt erconnect can be defined by Equation | as fbilows: Rtoo)"' -mation [O

481The variables of Equation I, Ro is the total resistance of the
interconnect; Illpiug is the resistance of a via plug; Nis the nunber of
via plugs in the first portion; and Rsui, is the resistance of the second

0t hothi H lHEg S e e 4 A THBSITGt BF . V4 FlOEhe =S e WP Ph SBFUgS
are not all the same resistance, the total resistance nay be determ ned by
modi f yandderah imeyy depemtor désrgyl rgquiFonend angl as reopsienasfol pr wapiug. pihggs of a via
| ayout may have different cross-sections tipmother via plugs. 100501in
addi ti eistestsfoascenpls, idef depedd by thamatetialn 2oresnttaldnassiopint{ Efjugicable),
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

Il ength of the resistor; and Ais the cross-sectional area of the resistor,
100521Based on Equations | and 2, an interconnect having a total resistancc
may be obtai ned according to an exenpl ary anal ytical calculation as shown

i . . 001
in the f foln%vfmthegfu-li 1nter001]inect T?’Ee total resslfsr‘][glgcerb‘?el‘ywe\e{nahep }'1rs%J an]aos%cgnd( elnzds %ﬂheo 00

interconnect can be defined by Equation 1 as follows:

1 .
total — P + R (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:

e 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 [0053)j Therefore, the desired total
resi stance of the interconnect nay be obtained by nodifying the vari abl es
of Equations 1 and 2, [0054] As described, interconnects can be fornmed with
the desired resistance requirenments without the need to formthrough vias.
Form ng deep vias in crystal me material, such as silicon, requires |ong
etchingh@Fﬁé. This negatively inpacts throughput tinme, resulting, in

i ncreased manufacturing cost. As such, providing intercornmeets using
partial vias increasds manuf agt@.¢tmy effici @moy and r@duses cost Rk e
satistfying performance or design requitenents. 100551Figs. 4ark

showcr ggsstsect | onal vi ewsi i|f amp.embodi ment pgha praqcess 400 for formgg
device. Referring to Fig. 4a, a support substrate|120 is provjded. The
subst rgte,i s figst and seggyd major sugfaces 122 and 42@. the suppprt

substrate nHy serve as a handi er substrate or handl er wafer. [For exanple
t he handler—substrate—raybe—apackage or—a part—of—apackage ofthe
device. In the case of a handler water, it nay be used tar wafer | -vet

packagi ng. 100561The support substrate, in one enbodi ment, conprises a
serm col¥?8t or Mhetsfqralthe depitgd 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 exanple, the support substrate conprises
silicon, O her types of sem conductor materials, such as silicon-gernmani um
(SiGe), germanium (CGe), galliumarsenic (GaAs) or any other suitable

sem conductor materials, including subsequently devel oped nmaterials, may
also b ed to rve as t S ort structure. [0057] The initial thickness
of the%égf?ﬁ‘b?lﬁo%3§§t2?)8tﬂél}- Bﬁ‘%ﬂﬁg@%ﬁ%Pﬁﬁmlinwsra@eéa@?éfralw@musaﬁﬂi Bal

t hi ckness .of the support substrate. For exanple, the initial thickness of

t he suppOfi¢ingglsgppast Bibgegte bavihg o thislkse thanddGired7@ickingss fasititatdserédcndhg. The

t hi ckness of the support substrate may he from about 50 --- 2001, 013,

Q her thbstikiressebe tintelibyk fve ssamplagemdimytogrsddbe susebWubstBe pravhdiing a.
support substrate having a thicker than desired thickness facilitates

pr ocesshdgesirbhehiskfasi.rate may be thinned by, for exanple, grinding to
provi de a support substrate with the final and desired thickness, 10058iin

st SOl Ty S enioRRA (TR e Wit EPRE MR Rt

first polarity type. In on€ e Fiteavily

doped p- ), or a heavil oped n-type 014) substrate. P-type dopants
can i n%f)%'\é\@ Té'g?‘oﬁ’ U)em %Uﬁ?lﬁut?ﬁ ?‘ﬁ@%l?r Siuﬁg‘ffﬁ%r’@i)beér eé‘“b’oﬁiﬂﬂeﬁé’ttb’%(ﬁqh@? ®of
whil e rutype do pants can include phosphorus (12), arsenic (As), antinony
(Sb) orc&gsione Attyrn(nt hebastie.| R-taredopppio ghmpstude theons@®stinaineni AN n'
substrate. The dopant concentration of the substrate should be sufficient
to providdenaln) one shmbinatiesilstaficehild i-type ddppantarciacioenpi@phens (1), eRenic
enbodi nent, should be sufficient to provide a shee resistance of about 0.05

U em o(A$)omeimorBr ©@v) oi Hgorabiskast thadesf. AN @nbliinght Sheglbshasiistppce val ues
may al so he useful. in other enbodi nents, the substrate may he an intrinsic

subst r gdiRral:0092Lis P SHRRAMLHGHDSHE aliBira EEQQ@? i)g @ﬁﬁﬁéﬁ? {bt/}i)rovfa%rlé)\fsv%g eg | br

cavity substrate. The e ty substrate iInc e cavity subs

chc s BTG Oy LA, 921568, Y O 18 8 ST S L Sttt

Suppor %esissya%%et: 5 etlb%u%.)()S SQe{:r\{leor gwg. %?gvkig%z aOsEJbsF‘)[%(t:ek ﬁlzgv?ng (t)‘[rhglSa slillregt' regztal?ce
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. [00601l n One enbodi nent, the cavity substrate includes a main or
bul k substrate 121 with a cavity 128. The surface of the bulk substrate
wi t hout the cavity, for exanpi CP.s |Ib second surface of the support
substrate. A surface substrate 123 is disposed on the bul k substrate with

the cavity"A top surface of the surface substrate, for exanple, serves as
the fi [Wlkurf%g@ﬂ@i dielsstrigdpysorl26 suaysantigpal] %@Oglﬁ%ég@é‘feé%%“é%ﬁ‘éri se

i kon. Ot her types of crystalline material nma.y also be useful. 11. is

under statite tshiatiratdse Thubkriehdickutricdepersudyshe; &resampledsinoen dedd.oPHEEPEs m t he
sane type of mate 1- [O0O0611A buried dielectric layer 126 nmay optionally be
provi dgfdibrtwRaRatthas Bitlylaland ol fakemshbbidal @slectlibéayur Tedinttia tecitesc

| ayer may be, for exanple, silicon oxide. Other types of dielectric

materi gf ﬁle%?ﬂ(t %lé)ﬁ%ﬁc?ﬁnag%qr&ﬁ abQftB0b Ee72lgtffn'1 et HeglREIH dkGeds® e bulRe 1nitial

t hi ckness o ubstrate nmay he om about 50025 pm and the final

t hi ckness. of the bul k substra may ..be, from t -

t hi ckné@?tr&@ rP?'VebebﬁPl?]e%Ogi Steqr_e%?(% PI(?Y fhae;el[ger[(nneasfl%gglléfbrll ggﬂd gg})eﬁfr Cgl.a ger[}%l)a)z@% m and
t he thickness of the surface substrate range from abo 2 50 p. For
exanpl £om 90 RSCR AGYS 64 (ERBICLRRS A eSSt S8 HajrheaTEedre pBLE 2 %8

p.m Oher thicknesses for the different layers of the support substrate
may al sion. beoresemple, theukikkeese ohfiegurfagd ohstrftomag paijseabat gt sy Other
crystalline on insulator (CO) substrate, such as silicon on insulator

subst r atiekrc&21 Yor (hbeifEaint $aykst sfahe suppyrtisnbittadembe alsobe ssenld Sekiace | ayer s
which forma MEMS device. @62]in Fig, 4b, the support substrate is

pat t er pggkidiPadr f@r%@aﬁ?fe?é&%@@%ﬁys’:taﬂmeaéﬂ iﬁﬁ\llﬁtb?@l)éﬁbﬁpatd, Buding sarddadnment
the interconnect isolation trench is patterned fromthe first surface of

the su S P [ ashiayeds Usidgdomsk
and et E;%%[aécgsﬁ?ﬁa&?{%% ﬁg‘% eggggrr%ﬁhge @H}E%&:Eﬂ%ﬁ% )éssEﬁ] as esi i%:on oxiOde,
may be &&F\é%? O her types of hard nmasks nmay al so be useFul. The hard
mask nﬁ‘j\qg %rned to form an opening corresponding to interconnect

dielectric. To pattern the hard mask, a soft nmask, such as a photoresist,

may be [0l Tid iprbr dieesiprert pabsgalcds patieansy t@)f%@%é‘éi”’é‘ﬁ&“&@?e‘ﬁglﬁ"éﬂ“ Fe%Por m
an opening to expose the hard mask corresponding to the interconnect

i sol at i466. tir erecdmbofomempthovetetcot g isapiion teadoispaitemned &amahe firgt epifecstdfve

coati (ARC) can be provided beneath the photoresist. The pattern of e soft
mask i shd fuppsih eiiksedict Pattb@idpesidubaske byty bt achiexanping, maskraedetdhvectingqueet ch

(RIB,) to expose the surface of the support substrate. [00631A deep RI B

(ORI EL)r ot sx.£0mk oviedd hRsk QLR 5h&litdH SHEORISUe dnSRbldl Qthér 9pGHbf hhfEmasks
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



DRI B, for exanple, etches through the surface substrate, buried dielectric
| ayer and a portion of the bulk substrate. Other echniques for pattentirat
t he support substrate to formthe interconnect isolation trench are also
useful. After patterning the support substrate, the various nmask |ayers may

be rempved. to expose.the rface of the support substrate. [00641llii one
enbodi %ﬁ#@?‘ﬁ&@%@sﬁd}sﬁ@ﬂtﬁ 5 Pﬁ@FB%H@éBPP%?UZ&SWﬁs 0f ¥APHS MK IDRIE nay
formisolation 'cinches with a sidewallprofile or angle of about [0". For
exanpl B¥YRECPRIE Reyrossrihs swéicart B stpemthdstgiet h a si dewal | angl e of
alat, xt 89" 0.5)'. OQher sidewall angles may also be useful tor the

i sol at {41 r enohes emRedentnerthaPRIE dbrintsake shaubshebeisavnideehdhorrht MR Er ench
since this may cause voids in the trench fill material. 160651The i sol ation

t r enchimay ffommh fsoRX8APleBshes WithoUAASVAI NG oM §T£QRNEGhout DR B é(lﬁﬂl?ﬁs tkﬁf the
trench may be about 2 urn. Qther thicknesses may al so be useful. The

t hi CknB?ﬁE'ﬁga%& 1%99?%%‘[% tfgél}:ltle%r\%l% a Elﬁg\;\/glF ﬁ?%lé?g ;Ell?(}ﬁ"flgpd £0,595 Qﬁﬁtr sr(iie}s_%ﬁ-rhi e

capability the BRI E and/or electrica ion requirenments.

the m pjnum w dt h. may be. det er i ned by the desired depth of the trench and
aspectgl}ga 364 %]5%8? P%’/‘th@ T8F ﬁ}eﬁﬁowﬁ“ﬁ’é.re%h%& prHCLIE ?rﬂgﬂiség?‘é{flii’ﬁﬁv‘?lfi%@ﬁ
shoul d be at |east as or deeper .than the final thickness of the support
subst r Bedrengh gines iy pay eapsc vaishs ik therirench 8 maiegdeper than the En hi ekness
i ncrease . proeessi na wi ndow. For exanple, the depth of the trench nay be
sl i ght [(&96§£epeifheti$fdati(80r¢n0hnf0f oxamaplsypponhdssthb tteradenced. t Pheathickhésalkbof the

t hi ckness of about 80 tm Although only one interconnect isolation trench

i s formedthfrogy engboun? @Ne 0DNRE thickinksdes nialy AGK, be. ussfu@OThd m%kn@ﬂdh%j hd on
Interco’ enches may be forined for additional interconnects. G%ﬁ%ef erring
to Fi gdifftesnt ERGrt THEEGAPNE Ghpd s & RLdaQXbifif ' i ne i.el ee

mat er i all . ‘f’lhe i é,rol ati oﬁrﬁ?r en}():r?, [ hr agxéwgfdg?ﬁ% Isjﬁﬁ ﬁggld%g\%tﬁp%ﬁoﬁi%@r? oxi de.

The siligon,oxid e i.ted by UPCVD qr wet Eerma OX| 1(iiati on. These
deposi telhon tec%inlp%gt}g{ém ?eéq}:egrﬁﬁﬁrrmrlrﬁjl Wl)éﬂtflﬁ%g © ﬁgtgﬁp,lpa% % theg es’lr?‘i ‘?pﬁboftll?é
dielectri terial .m .so he I |, Excess dielectric naterial over the
subst rté‘frg%iag‘g F%@%Ofﬁ%&%%?ﬁ@uﬁﬁ ér etk ofihsiizalstiondrepgls shawddrbviing t he
excess material, in one enbodi nent, conprises a plartarizing process, such
as chelfitap ongemaniteathegslal hekmgsy @V surDohetbstygye sProfergilanbe iszlarign
processes may al so he usethl. The planarizing process forns a planar top
sur f aclecrisbtindamet then dicefired thicloandinsuepgontcssibg twiad@v.sDot @aple, 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 conprise silicon oxide. O her types of dielectric
materials may al so he useful. [0067]in Fig. 4d, the substrate IS patterned
to form artlal via.s 4751-475i, Patterning qQf the su rate

achi evédicnieianfaerizaiacest.che BREHAE qidaces BaY ReearH &t iRy %@419 SUgldeh as
silicon oxide as he enployed. Qher types of hard nmasks nmay al so be useful.
The haditlentsklaprey 488 apdtider Realsurtace diamcoprely g sy srmesipo AdFoyoxige.t Qe
partial vias. To pattern the hard mask, a soft mask, such as a photorestst
may betysedf dithetrphahterigls nsdy dl Iselseatli vel y exposed and devel oped to ferm
openi ngs to expose the hard mask corresponding to the partial vias. To

i pr oveyde7i hogranbi &4, HRSQbYAO N paABrRAkd Fihl R6tidl VesC98L-i7; Aﬁﬁerﬁﬁg ohe
provi ded beneath the photoresist. The pattern of the soft nmask is

é&Sﬂilfﬁt%sﬁr%ge&ﬁa%ﬁia%?é@ﬁ 26 s bRl SRRl £ M Bk B E)a?
For mh. 603 PEEEPHR 5 c@p Agak) PIGF B 's%%rﬁé%éte'ngt R aEE g0 rﬁtﬁ&t&f@%ﬁ'f

the DRI P may formV| as with a sidevyat.i e of about 89 0.5. Oher

si dewaltaydiglagsmegyo BIr8loonsaings é‘PIEi‘FSPP@‘ihng tfe%@ ipagial gas.e ho 8ty therhsrd mesk, a
shoul d be avoided for the vias since this may cause voids in the via fill
mat er i abft nfBRGALH hea degbdiessf maphec vias Tie dibtcatouts tehetively expaee and t he
first and second portion of interconnect. In the case where a buried

di el eclyei@opcn6 foise PR NRB o ERGOsS Wi RGe nsub stk abendngdidiat pamabiiabul &
substrate, the interface of the first and second portion is di sposed bel ow

the bu'illn g)vg'h?kt%ﬁf{ @re's }iﬁ%n,'aﬂ ahﬁ‘%eﬁ’é’dtl%e %H&Q %r(QtR@) ERbe BXANRIDenEAR the
interfac eV|as may be about uminto the bottom
substra e useful i br
exanpl 8 %?IS&eEB%B%ﬁ“ Pg@g(ﬁ? mas S eedtt?t hqf(ﬁﬁlgﬁlﬁlfr) tefg] %‘\éht ectric
| ayer, desired total resi stan&g of t he jnterconnect, and/or the final

t hi ckn&stiye 1rEch (B F e the stddace of doerappart ¥ a¢rphodi nent, a si ngl e
partial via may be for med for the interconnect, In one enbodi rrent t he
cross- $e@68]on AfdeehIB&APRIT) fricasmprsy isenplexedan genmatheipartishzige. Incerier

cross-sectional shapes may al so be useftil. The dianeter of the cross
sect i ornfmayinkeitaho DRIE fGnhethe siaz edth hsidémedLpro§s-seapiear abbuttdie Parti al vi as
may al so be useful. It is also understood that not all partial vias of the

| ayout cRawplet e ISRAMEMSEY RS- aLeitR alsid®hAnen@BdF @bo#i82€+ 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.
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[00711As tinOFig. 4e, a conductive naterial 476 is deposited on the
substrate, filling the partial virts. Prior to filling the partial vias,
native oxide and post etc.h | ayers which may be produced by the +eli to
formthe partial vias should be avoided or renoved. Renpval of such |ayers

be ieved by for, exanple,. a clean or wet etch process . 1011721l n one
gan%odi r@ﬁa’l} th]g’ S;S’ﬁﬁei“atr"%%}? > HPIBEleiPATIRY ViR ey Broloypd ?Qfé‘i*? nEreanastyilaopt ugs
1761 - 176i. The filling of the partial vias with polysilican my be
achi ev&fbpgimangthegafpsestioe hbihe paltial aipe magdpositen guar (CNBRpe. Qthercrdsechni ques
for filling the partial vias may al so be useful. In one enbodi nent, the

par t i abcioas! sangesfndyl @b i tdefilledwicljanctoped (Rodryss debG@Nmay Be @bt @ThRdi ment
the ftVIEIS are filled with heavily doped polyinlieon with first polarity

type dopmitssres Thehheavi-batigBetheRRIAS kb Gl omImme: d%gfuh.“rt?é 51510 glgc%fég%%d_ﬂﬂgts

dopi ng concentration of the ipolysiliC0l1l fmay be about 2e2

shown, ,thg }P(QJziMS\jiég e ﬁkg&&fﬁg? t}Q:esaH% C sgga}j&l&ﬁsrhtageg %11]%)02{2?{ sg%ee ngLpS)(;?[rp e,

the polysil 1con coats t ectric Tayer on he

i | ysj h | ayer 477. 10073]1n ot her _
ombodi BIEAL. Ot e SheReriBrtd ey S b G e o dersm b et baveadinea)

For exgnple, the partial vias may be filled with a netallic mal.crial or an
al | oy. NSURH Aty Pas loaling H Rdal viasy netRampids, andgopleaich leppperhial hay be
tungsten, alum numor a -lionibination thereof. Depending on process
r equi r expdnecd yhide coshdo cerinvéhe patted vak siwayd at soidabir ehevabtRemvef of ieh
support substrate, 100741lin Fig. 41, excess conductive nmaterial over he
sut hi ciayefs ridiebesatppeed bgUbs tLahc | Sclean 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. Renoval of the
excess conductive material nmay be achieved with an etch hack process,

usi ng, for exanple, an etch mask. The etch mask protects the conductive
mat erial where the via pad is fornmed, allow ng the unprotected conductive
material to he renoved. The etch hack process rempve the co ctive
mat er | glatg] BEyibgachigvedwita gp Ftéféé’agf BYOSESr 1218 g%xaﬁ?n%’ ag Sﬁgﬂaﬁgqﬂ?ﬁ in
Fig. 49, a dieleciric layer 433 is formed on the first surface dielectric
| ayer . bk pditeftede cpedictye matariel whswshe wie peiiclonasd aipwitgelbf uppiotesiadf ace
dielectric layer 432 and is used to isolate the via. in one enboditnent,

t he di ebgtictivemhay@al todempmoses Blid diclobadgirdess g rahbvectba coxdudeverayteniel
formed by, for exanple, PECVD. O her types of dielecuic materials or

deposi tiefivkashi GHes: RKalcagydasenpl oyed. In one enbodi ment, the
dielectric layer 433 may be the sane material as the first surface

%?L??i‘fdﬁmy%% Ot SUEUGHE [ PO Torflcath TR BE RELINE i ng
478 is fine

openi ndiity | Bt lFREGR G RS ANESECR e DR nee e e R ot

mask may he patterned by exposure to an exposure source through a reticle
and devetdipdeplate theavipy &1 enfamiasimenisthemiglesiialayprrossisessiifobpefs nghe The
pattern of the soft mask is transferred to the dielectric layer RIE to

cr eat e siliven openinmy Hedoengblse fohexavipde, Pad V[D0PHeApendlidiclegrictmaiceals 40 | s
formed on the dielectric |ayer over the first surface of the support

subst r akgosAorStBEMIqUcd nfalythlsoie enThlBy &R e Wat ex@odin@ae thd dileexiapied 43 Bmaybe
formed by depositing a conductive material on the dielectric |ayer and

Filling 4e.6p rh?t&lti?lgtg?ﬂ_rﬁﬁt sul}€c QRINAYUGE TaV&. @?ﬁﬁfﬂ@ldimri@%yctfs% Jexasml e,

copper or copper a e conductive material nmay be depoSited by PVD.

For ex | e, the conduct,ive material may be deposited by sputtering or
evapor g“fr%?%cﬁ‘flc W%é?f)str%?'e b e%sgtrqg'uct ive materials or deposition techniques

may al so be useful, The_ conductive | ayer gsdge fter ege@ usi ng far
exanpl 00Kk aRefcEtedotde i yoeYactoperiag |49§ Hegqa\?éﬁ‘f a& Er}cslia?ﬁ%l 4i:}’gi‘[%g a
first contact pad 146 and a second contact pad 148. The patterned
conductekpeseltig ein pad f The gorsacanptreng sy \bedomredasig mesk pdevahdechedtigect Pon
bet ween the contact kid and interconnect. 100781Referring to Fig. 4], a
sem conrgduepler a sevinask R20 be pucdmasbaetjuk @8 tdev exy@sing satitcachredgh 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 enbodi nent, the sem conductor device is attached to the first surface
of the support substrate using eutectic bond. The eutectic bond may
conprise materials such as Al, Cu Au, Ag" In, Sn, fie, solder or Si. in

ot her enbodi.nents, .the sem conduct or _devi ce may be attached to the support
substr ﬁ?‘é‘ﬁﬁ?“’%g‘ﬁ% {QF EXBORKsSEVFSHS AR 1B (¢ Progigs C)Blpn@USn WEitsesthefaRtnct padp
particles. Providing other adhesives or bonding nethods such as d ass Felt
may al sod bécrggkeelt , depeni nuc on the process requirenents. [0079j The

sem conduct or device includes substrate. having first! second nmajor

sur f acédl78The RéfesingmajFar. 45 urstat@ndd@of dovig: 220esucps SldMbackeviet i ieiched

sem conduct or device, whereas the second major surface 224 forns the bottom

surface, of sﬁﬂ_ﬁ)rﬁﬁﬂ%@ﬁ@.d%@ﬁﬁn%@ﬂ’l.blcﬁpe%f(ﬂeeic@ G D15 S udcBUCTn 8derhBodiRkARthebel ow
t he second mmjor surface of the sem conductor device. A conductive [ayer is

f or med chﬁfcf}f{\éhfc & dgjvi%L Escz{att%%il?edl Y& £ rsggﬁfa%g Bgﬁl%tsig%foﬁ é’il%(satrratemﬁé(inb%%l eg’}ié g(gnrc]i?d’

1
using ror exanpl e nas etch tec nMues, m conductiv races,

i ncl udi First 246 and . a second cant act ct 248. Theconductive
nduct i vB° ePigeisDogtmay. CiRprive gy %Wg&é\%ﬁlc@ﬁ whAe é@ei‘wpﬁsa, S of g 10

el ectrical connection between the contact pads and the interconnect of the
suppor Pthsugabediments1iho somisendivéuiriicricg magj betasiackadgp drer supndys srbstratei usinghi nned
to the desired thickness by renoving materials Fromthed surface The

at t achedhesenibooduch as BB SER @15 opitbSi hire suipger. tPrevidster@be,adhéveafoor e,
serves as support for thinning the support substrate. The conductive |ayer

and subbaigy feglog€ tudhGs IEYLIFrRMmdynesSIRceBth Sihstdiad 6n BlIfraces Rjulrbgesyppor t
si.thstrale. for exanple, are renoved by an etch. For exanple., a dry or

wet et giy79py bﬁe%@ﬂi&%@@ctgpdgﬁé&ﬁgg?%% s(eix%gﬁ%t’{g tnh\ylﬁ%kﬁ?s%f &hd &dn g H{aj gice

dielectric layer on the second su surface the support- substrate.

lﬂgsts Eglﬁgz{c%% :’i"ltljesitirrs%51 rtn%j or %urlfe?clebeb r}(r)]ref\r(ljs th t(%)r surfacd'dr th'g\ sél%nef\:]:)néuhc?orscféeg(e),r \gvhereas
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 |ayer
134 is formed on the second surface 124 of the support substrate, as shown
in Fig 4k. A contact opening 578 is forned in the dielectric layer 134 to

expose the interconnect. The contact opening may be formed using task and
et ch t@&?{h‘ih&li’ég tqcﬁwe d@ﬁl&?@pﬁh&inasss@ﬁmtﬁﬁgkn%yh 1§)§Hrf‘é\nﬁg§bbf}leé5ktﬁf?§ﬂmé’tt o an

exposure source through, a reticle and devel oped to renove unwant ed mask
mat edaldidestios sakeowd. openi ng. The pattern of the soft mask is transferred
to the dielectric layer TUE to create the opening to expose the substrate.
109821 068anduchisveada diclecttidQayes 18oineemahont the sdiideatihicc] 14ayfelic dippoaver the
second surface of the support substrate. External contacts, such as contact

bal | s gestbe, hosHme atrit k. coBs AL (PREAL BIS is HRAGBLTHE dRILERISyL£ AN khues,
for exanple, to formcontact opening to the interconnect, second conductive

trace, c a t : e

cont act BArIT e BPE; b aRaprbpel e R REIRF by MY AP BRTERET, o
by dicing the suppart substrate having the sem conductor device ther.eover
Phto i KA GIHRF. TREKNEE TO0RM RGPPSR I REOSHS StHER TSP HEHCle
specific fornms without departing fromthe spirit or essenti al

char acea{ fedensdin e upentedmeimegedaho dicasrnyperiner dhe paiterapbthegofie
considered in all respects illustrative rather than limting the invention
descr i bedk er®isferreSco e déletthe layey BAE toereits thehysningdd eaped tiwpysubkteatappended
clains, rather than by the foregoing description, and all changes that cone

wi t hi n[6032] "eanicogd@ide rang$i ok featdval @eail@trid gercl3aiover @k gedonti erdagd t o
he enbraced therein. Wat is clainmed is: _,AIM
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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A nmethod for formng a device corn providi ncasupport substrate having first
and second major scos; and formng an interconnectugh the first and second
maj or surfaces in the support substrate, the interconnect having first and
second portions the first portion extends fromone of the first or ccond
maj or rfacqs.a d the second portion extends fromother of the first and
second . f’BH%es whcrcznform ng the interconnect includes - tug
a partiffi via plug conprising a conduci.ive mierial in a first portion of
the interconnect, the via plug having a bottoni. at about an interface of
the lirst and second portions, and provi ding the second portion of
the interconnect with a heavily doped.spagsnd portion wth dopants of a
first polarity type. The nethod of claim| wherein the conductive material
conprises polysiliec n. The method of claim2 wherein the polysilicon is
doped with dopants ol tue first polarity gyp$h 4. Ehg nfth?d OfICLaIPLI
wherei n the 4f t t .PC e nmethod of claim urt her
conprlzes fé?ﬁ%%%?mggﬁﬁ#%éﬁé%?gﬁc rlSIHgsurroundlng the interconnect to

fr orti.on he s rt substrate.
Isolate t hepn(;[v‘l3 1&8 Q rsll%%ort su 8strrP te Lavmg ﬁrst ané secon ma?or surfaces; and

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 a 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.

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.

5r The method of claim 1 further comprises forming an isolation trench surrounding the

interconnect to isolate the interconnect from portions of the support substrate.
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6. The nethod of cla n 5 conprises humthe isolation trench with a
dielectric material, wherein the dielectric material fills the isolation
trench and over the first major surface of the support substrate. 7. The
met hod of claim6 conprises renoving excess dielectric nmaterial over the
support. substrate to forma planar first surfa.ce dielectric |ayer over
the first major surface of the support substrate. 8. The nethod of claiml
wherein the partial via plug is calned by deep reactive ion et 9. The

met hod6of clTae mathathgircgdim § crmpmgs &llparthe sblavioa tyghegwib aplidlsitmgmpitiekr ni ng
the support substrate to forma partial via; depositing a conductive

mat er i aheR hoelidbRRO htate1ab St ateds@mebi trdrich Agd bhe thé fivst aiaja@Bdrface of the
removi ng excessive conductive material over the support substrate | eaving a
via pad, ghghggnhg the partial via plug. 10. The nethod ofclaim?9

conpris ormng a dielectric |ayer over the first surface dielectric
|ayer. 11. The nethod of claim 10 conprises formng a contact opening in
thece ¢ layer to expose the via pad. 12. The nethod of claim 11 conprises

formng a conductjive trace on the dielectric |ayer and c ied to the via
pad. 9 The method of claim 6 comprises remov?ng excess (ﬁ)ellectrlc mater?a'f %ver the support

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

substrate.
8. The method of claim 1 wherein the partial via plug is formed by deep reactive ion etch.
9 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.

10. The method of claim 9 comprises forming a dielectric layer over the first surface

dielectric layer.

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

expose the via pad.

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

coupled to the via pad.
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13. The method of chuml ern .ises attaching a CM conductor device
oversupport substrate. 14. A method for form ng a sem conductor package
conprising: providing a support substrate having first and second najor
surf aces; form ng an interconnect through the first and second maj or
surfaces in the support substrate, the interconnect having first and second
portions, the first portion extends thorn one of the first or second major
surfaces and the second portion extends from other of the first and second
mej or $8r f adés mafrek & dlifol pamigriseh ettichirer centietdutine Hedesover the subpsi nL, a
partial vial-in:ia conprising a conductive naterial in a. first portion
of t he kutsenzonnect. the ,ia plug having a bottomat about an interface of
the first and second portions, and providing the second portion oldie
i nterconnect with a heavily doped second portion with &ants of a first
polarity type; and providing a sem conductor device over the support

rt substrate having first and

Zggg;éﬁﬁh}g?\é%?@g%@??ﬁgﬁﬁﬁ%%gﬁg%ﬂﬁﬁggﬁgﬁ?%hﬁﬁPRWﬂP%ﬂ rst and second nmj or
surfaces | n%ycpv[?&rrlg eslléll?psl;[orrtagu ’strz}tg] ﬁaving 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 a 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

providing a semiconductor device over the support substrate.

15. 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
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i nterconnect having first and second portions, the first portion extends
fromone of the first or second najor surfaces and the second portion
extends fromother of the first and second najor surfaces, wherein the

i nt erconnect i ncl udes a partial via plug conprising a conductive
material in a first portion of the interconnect, the via plug having a
bottom it about an i ntdeftiaiagflug pempiiying a serflusBeomatcpal miagist pgsdon of the ¢ he
second portion of the interconnect is heavily doped with dopants of a first
polarity type. Theegtemicce thd vielphighalmgnvhertennat dheucontefacy ef thatiestiaall
conprises polysilicoi 17. The device of claim 16 wherein the poly-silicon
i s doped with dopaing peftidnigarddi rst polarity type. 18. The device of claim
15 wherein the first polarity type is a type. 19. The device of claim15
conprises an isolatjo g&?p B i nt Q te .t he

i nt er connect fron1por??%%§ 0 ?ﬁéﬁgﬁg%éggnéu é%?gﬁégﬂggagﬁeﬁgg%ﬁggéégaclaim

19 wherein the i§olation %rench includes a dielectric nmateu
1rst polarity type.

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

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

type.
18. The device of claim 15 wherein the first polarity type is n type.

19. The device of claim 15 comprises an isolation trench surrounding the interconnect to

isolate the interconnect from portions of the support substrate.

20. The device of claim 19 wherein the isolation trench includes a dielectric material.
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