SEMICONDUCTOR DEVICE AND METHOD FOR FORMING PASSIVE CIRCUIT ELEMENTS WITH
THROUGH SILICON VIAS TO BACKSIDE INTERCONNECT STRUCTURES Field of the Invention

The present invention relates in general to semiconductor devices and, more particularly, to a
semiconductor device with integrated passive circuit elements interconnected to backside solder bumps.
Background of the Invention Semiconductor devices are found in many products in the fields of
entertainment, communications, networks, computers, and household markets. Semiconductor devices
are also found.in mllltaé‘ aviation, automotive, industrial controllers, and office eﬁlpment The

semiconductor HavicRY té%?l% ZPE: ﬂ%% ﬁs%%%’g@ﬁ BBPEd o%%gggf)pllcanons.

MENTS WI THROUGH SILICON VIAS T BACKS
INTERCONNECT STRUCTURES

Field of the Invention

The present invention relates in general to
semiconductor devices and, more particularly, to a
semiconductor device with integrated passive circuit elements

interconnected to backside solder bumps.
Background of the Invention

Semiconductor devices are found in many products in
the fields of entertainment, communications, networks,
computers, and household markets. Semiconductor devices are
also found in military, aviation, automotive, industrial
controllers, and office equipment. The semiconductor devices
perform a variety of electrical functions necessary for each of
these applications.

The manufacture of semiconductor devices involves
formation of a wafer having a plurality of die. Each
semiconductor die contains hundreds or thousands of transistors
and other active and passive devices performing a variety of

electrical functions. For a given wafer, each die from the



The manufacture of semiconductor devices involves formation of a wafer having a plurality of die. Each
semiconductor die contains hundreds or thousands of transistors and other active and passive devices
performing a variety of electrical functions. For a given wafer, each die from the wafer typically performs
the same electrical function. Front-end manufacturing generally refers to formation of the semiconductor
devices on the wafer. The finished wafer has an active side containinf the transistors and other active

and passiVEP¢GRpGAEHts 2Badk-BRd MMEMitaltfing #8ferS tEEHthnG f sifgufdtingthe finfshizdwafer into

the individualdie andthen packaging tke dielfer straetusalisyippettand envionmerdal isolation.
One goal of semiconductor manufacturing is to produce a package suitable for faster, reliable, smaller,

and highe 268 IAEGr e d Eretits f1cy at idter @dst Triip chip phtRAGEEEr WafetTevkt Thiscale
packages AWt CoP)areddeallysiited-for Ks-demandingdigh speed diigh deasity,andsgreater pin count.
Flip chip style packaging involves mounting the active side of the die facedown toward a chip carrier
ubstrate SASTHEd cTEURBBERE (FOB] The IEerRardid MethaREar McrEonridt Bebhed the active
devices orvthesdie @antaaohdgctior tracks endhie garfier substratens achigieddhroughiaesalder bump

structure c&r}né)rlsmagcﬁéarge nu%berdof(gopguctl\/te solger glimgs or bags.achlie g(‘r)llder bumgs aﬁ formed

by a reflow pro%egs appﬁeél to solder material dsep](ﬁ)}slﬁeélJ On contact %]é s which a?felaigﬁgsélot on the

semiconduictorlsubistrate. The solder bumps are then soldered to the carrier substrate. The flip chip

semiconductor packagegyovides 2 shortelectrisalconductign naih from the active deviges pn the die to
the carrier substrate in order to reduce signal propagation, lower capacitance, and achieve overall better

_circuit_ per_f@rman@@.g e suitalanyt applﬁzaisibﬁs,,it iﬁsedei_siiﬁabte tosmamlﬁassi\@rcirdmt@h@ﬂents, _
including |g@lﬁc§9r§y rqsf{%tga% égpgof:acpf\gggr& on (t%_ ﬁegldcqrbqy&oré%%fgr.z Tq_ellﬂgluggggnd capacitor

allows the IC to perform reactive circuit functions without using external circuit components. The passive
circuit eleméentsaganicalarlydfductorsy oéc by Sighificant aralaothe diFLTRE inductorsdee ypically

formed as coiled gr woundduetal lavers gn the surfage afthe; substrate,which consymes a large area. The

die must also accommodate interconnect structures, such as solder bumps, which also occupy significant
space. The enfmdfer smialiePdietwith Righlfeakre densmpisiéhalergingte Hehisve whén taking into

account the dptereonnegt requireMentSe facedown toward a chip carrier substrate

or printed circuit board (PCB). The electrical and mechanical
interconnect between the active devices on the die and
conduction tracks on the carrier substrate is achieved through
a solder bump structure comprising a large number of conductive
solder bumps or balls. The solder bumps are formed by a reflow
process applied to solder material deposited on contact pads
which are disposed on the semiconductor substrate. The solder
bumps are then soldered to the carrier substrate. The flip
chip semiconductor package provides a short electrical
conduction path from the active devices on the die to the
carrier substrate in order to reduce signal propagation, lower
capacitance, and achieve overall better circuit performance.

In many applications, it is desirable to form passive
circuit elements, including inductors, resistors, and
capacitors, on the semiconductor wafer. The inductor and

capacitor allows the IC to perform reactive circuit functions



A need exists to integrate passive circuit elements and interconnect structures with the demand for
smaller and denser semiconductor die. Summary of the Invention In one embodiment, the
present invention is a semiconductor device comprising a substrate and via formed through the substrate.
A first insulating layer is formed over a first surface of the substrate. A first conductive layer is formed over
the first insulating layer. A resistive layer is formed over the first conductive layer. A second insulating
layer is forfied 6Ver tHe t8sisie-RyBR A thirdHstlatiRg Ryt i formetiGver #6 1ir<k irfstiatingHayer and

first condugtivenlayer A segend-canducfive layeris farmes-evgsthe sgeemd and thikd nsukating layers and
first conductive layer. The first and second conductive layers extend into the via to form a conductive via.

A fourth in58fatifg Tayer 1& formed St Bsetond SRfaca 'of fhe SHBSIate Dpposits the first Stifdce of the

substrate. AeldBM isfpened ever the secondsurtacetnfdhe substrateanshalestricallys carnecied to the
conductive via. In another embodiment, the present invention is a semiconductor device

h
comprisingl a'stibsfrate’and fi ?c%&u&ﬁ%ﬁaﬁéﬁ&rﬁg& oVer g‘?’i?set siﬁf%%@%??ﬁlée §|§bstrate. A conductive
via is formed throughdbe sabsfratesandbealeetricaliynpemmian with 4hes first congyctiviedayer Asfirst

insulating layer is formed oyer the first conductiye layer. A sec ngrlin ul%tin layer is formed over the
ubstrate AAEFISt coRON G TS A SecORd EhaRLA o 12y ohia fored Ot i ek 4Ad edand
insulating lalyersland;firsy condactivedayen AedBhkisifopned tverasecond stiHace of the substrate and

electrlcalIyi%otnen(]jgggegnt&t er.cgngtljgtévee\rlllg.s In another embodiment, the present invention is a

semiconductor device comprising a substraté having first and second surfaces and first conductive layer
formed over the first surfacessfdhe substsatec Ahnhteyceriech sradtuce isiformed betwaem the first

surface ang secopd SUriage of the subsirate and, gleciricglly common with. the first gondyetive Layer. A

first insulating layer is formed over the first conductive layer. A second insulating layer is formed over the
substrate &l first corddctivedaydroA sticond conductive layer is formed over the first and second
insulating layers and first conductive layer. A third conductive layer is formed over the second surface of
the substrate and electrically connected to the interconnect structure. In another embodiment, the
present invention is a semiconductor §8ME8 EBnifiskifa ToN&PR4&ANd interconnect structure formed
between a first surface and second surface of the substrate. An IPD is formed over the substrate and
electrically connected to the interconnect structure. A UBM is formed over the second surface of the
substrate and electrically ®oAREctBtt6e e fitércohREctsiftictdre. 1nvention is a

semiconductor device comprising a substrate and via formed
through the substrate. A first insulating layer is formed over
a first surface of the substrate. A first conductive layer is
formed over the first insulating layer. A resistive layer is
formed over the first conductive layer. A second insulating
layer is formed over the resistive layer. A third insulating
layer is formed over the first insulating layer and first
conductive layer. A second conductive layer is formed over the
second and third insulating layers and first conductive layer.
The first and second conductive layers extend into the via to
form a conductive via. A fourth insulating layer is formed
over a second surface of the substrate opposite the first
surface of the substrate. A UBM is formed over the second
surface of the substrate and electrically connected to the

conductive via.



Brief Description of the Drawings FIG. 1 is a flip chip semiconductor device with solder bumps
providing electrical interconnect between an active area of the die and a chip carrier substrate;

FIGs. 2a-2f illustrate a process of forming passive circuit elements with through silicon vias to backside
solder bumps on the semiconductor package; FIG. 3 illustrates a semiconductor package with
passive circuit elements and backside RDL to solder bumps; FIG. 4 illustrates a semiconductor

package with passive circtitelements RT1eonmEdted td tpsSrIEwiB hohd s &t thiodgh silicon vias
to backside seldes bempssr devi FGebilfustrates;a semiconducter package vgth passive circuit
elements interconnected to other semiconductor packages; and FIGs. 6a-6e illustrate an

alternate proCEEE O T8ming TassiverGirctiteiEmentstwittt throtigh 3fiicoR Vidd o batkeide™ddider bumps

on the semicendutiotpackagea is formed through the substrate and
electrically common with the first conductive layer. A first
insulating layer is formed over the first conductive layer. A
second insulating layer is formed over the substrate and first
conductive layer. A second conductive layer is formed over the
first and second insulating layers and first conductive layer.
A UBM is formed over a second surface of the substrate and
electrically connected to the conductive via.

In another embodiment, the present invention is a
semiconductor device comprising a substrate having first and
second surfaces and first conductive layer formed over the
first surface of the substrate. An interconnect structure is
formed between the first surface and second surface of the
substrate and electrically common with the first conductive
layer. A first insulating layer is formed over the first
conductive layer. A second insulating layer is formed over the
substrate and first conductive layer. A second conductive
layer is formed over the first and second insulating layers and
first conductive layer. A third conductive layer is formed
over the second surface of the substrate and electrically
connected to the interconnect structure.

In another embodiment, the present invention is a
semiconductor device comprising a substrate and interconnect
structure formed between a first surface and second surface of
the substrate. An IPD is formed over the substrate and
electrically connected to the interconnect structure. A UBM is
formed over the second surface of the substrate and

electrically connected to the interconnect structure.



Detailed Description of the Drawings The present invention is described in one or more
embodiments in the following description with reference to the Figures, in which like numerals represent
the same or similar elements. While the invention is described in terms of the best mode for achieving the
invention's objectives, it will be appreciated by those skilled in the art that it is intended to cover
alternatives, modifications, and equivalents as may be included within the spirit and scope of the invention
as defined by the appended claims and their equivalents as supported by the following disclosure and
drawings. The manufagtiiesd JeaicengditiendfcaniaVvoives iaidaation of a wafer having a
plurality of die. Each die contains hundreds or thousands of transistors and other active and passive
devices performing one or more electrical functions. For a given wafer, each die from the wafer typically
performs the same electrical. functien.aFront-end manufastue g geseratlyefers ¢o formation of the
semiconductqr devices on the wafer. The finished wafer has an active side containing the transistors and
other activE i padtR EomBERER L B e Rt maLrattir Rg TaIGFS & cHEhY F Sinbbilating the fimished
wafer into thet individitad dieo and thenipackaging: thendie fenstriciurad suppatiaagd/or environmental
isolation. A semg@ggucg)r y\%fer. %ner@% 'necllédesrarclz agtiveo%urg%cre havin%(ge@icoenductor
devices disposed thereon, and a Backside surtace formed-with bulk semiconductor material, e.g., silicon.
The activecside sutface eortains a piuralityod sgmiconductor die.cEhe activecsuriabe isddumed by a
variety of %eumicgn%%ct.%groscesses ig%lugigg Igr%(;ecvr\ffzaggé)atteming, doping, and heat treatment. In the

: 3 i . :
layering procrggs, semiconductor materials are r deposited on the substrate by techniques

involving thermal pxidatﬁh@nit@ddﬁt_)hl,l shemicad vap@edémm%m@ap_pmﬂ@ﬂg and 'spt_]ttering. _
Photolithography involves the. maskipg of aregs,of the,surface gnd eighing ayay %%%?%r?d material to

form specific structures. The doping process injects concentrations of dopant material by thermal diffusion
or ion implantation. FIGFlig chiplsemticahddctor packagescarwaferdevel packadges (WLP) are

Con"nonwﬂgﬁgﬂwg1g@%ﬁ@ﬁ%’gﬂ%ﬂéﬂggginterconnected to topside wire bond

pads and through silicon vias to backside solder bumps;

FIG. 5 illustrates a semiconductor package with
passive circuit elements interconnected to other semiconductor
packages; and

FIGs. 6a—-6e illustrate an alternate process of
forming passive circuit elements with through silicon vias to

backside solder bumps on the semiconductor package.

Detailed Description of the Drawings

The present invention is described in one or more
embodiments in the following description with reference to the
Figures, in which like numerals represent the same or similar
elements. While the invention is described in terms of the
best mode for achieving the invention’s objectives, it will be
appreciated by those skilled in the art that it is intended to
cover alternatives, modifications, and equivalents as may be

included within the spirit and scope of the invention as



demanding high speed, high density, and greater pin count. Flip chip style semiconductor device 10
Involves mounting an active area 12 of die 14 facedown toward a chip carrier substrate or printed circuit
board (PCB) 16, as shown in FIG. 1. Active area 12 contains active and passive devices, conductive
layers, and dielectric layers according to the electrical design of the die. Analog circuits may be created
by the combination of one or more passive device formed within active area 12 and electrically
Interconnectedd: Fot éXantghe, APERABETirchit iy MefideRshe oot fidiietst, 8apacitor and resistor
formed withinactivesares 1 2: Hbereleatigal-andimeshanricakintgrgoanest is,.gehieved through a solder
bump structure 20 comprising a large number of individual conductive solder bumps ar balls 22. The
solder bumps are formed'5n BHP HA0E Brintefc et t SREYSA Qhidh Aré Wispdséa ofactive area 12.
The bump fpaels24i connett ko theractivesirtuds bywonductian tragksiineactive afea d2e The solder bumps
22 are electrically. and mechanically connected to contact pads or Interconnect sites 26 on carrier
substrate 16 B§%l§o§d§j%ﬁ6ﬁ, Stocess: Themp ¢hip’ erﬁ'c%ﬂﬁﬂlé’t%?88vi%8%r8&i%3§ a%shott Slectrical
conductiora pathfsam the adtive devices onddien 1440 @oaductiomtracksl e tarries substrate 16 in order to
reduce siggal prtoPagation,gower ca acitancefand achieyve vera%l bettetr circuit Performance.

FIG. 2a illustrates Semiconductor wafer 28 Y%%vi%ﬁ’a SG Csl%ra e 30'made o?giliggn of other bulk
semiconducterimaierial pErehohes ok Vias Sdrand:36 are cutinhtd subistriate 30 Usitg a-teep reactive ion
etch (BRIE) process or silicon wet etching with potassium hydraoxide (KQH) process. Trenches 34 and 36
will becomréé{t)ﬁ}lo%uagﬁ%lu Strate’ 3%%]:(?‘2%/39”? %}%te%sstaggsr&ﬁﬁ)! %a(sgﬁ a?fﬁgﬁ%yt—i}rg% is deposited by chemical
vapor depositionqGVD)toverdtbhstrate 30 THecinsalating layBrs38tfotlows ¢lve vodteur btheasubstrate
and provides.a via linegfor trenches 34.and,36. The insulating layer 33 ¢an be made with silicon dioxide
(S102), silicon oxynitride (SION), silicon nitride (SixNy), tantalum pentoxide (1a205), zirconium (Zr) oxide,
or other matetial Havingreisiaetric prop&dies —Ehel thiekness B ursulatingiayer 38 panges-from 500
angstromsA) 49 30, micrameters {orp) withatypicak yalue,of abolL 1000 Ay 5 gua1 i EIGH2D. an
electrically conducfive layer 40 is deposited and patterned on insulating layer 38. Conductive layer 40 can
be made ViitFeAIURRSHAIALY, AlRgloficopper (CuY,unckel IN1)S BBRIA) 25INEPTAQ), or other electrically
conductive-paterial e s, typically tised,in conjunction with an adhesion layer and barrier layer.
Conductive layer 40 can have multiple layers such as titanium (Il)/titanium nitride (TIN)/AI/TIN. The

deposition of conductivela§&FR4G Res aHysitaf Gapsicdeicsition PV E//D évaporatith, electrolytic

plating, or glgctrolessiplating; PERGess ohhe cenductiveilayers #0-¢ansbe elactrically conymon or electrically
isolated depending on the connectivity of the individual devices formed on substrate 30. The pattern of

conductive BFEFAG §ids S4-and S6 TS ptidiial, PuLk semiconductor material, e.g.,

silicon. The active side surface contains a plurality of
semiconductor die. The active surface is formed by a variety
of semiconductor processes, including layering, patterning,
doping, and heat treatment. In the layering process,
semiconductor materials are grown or deposited on the substrate
by techniques involving thermal oxidation, nitridation,
chemical vapor deposition, evaporation, and sputtering.
Photolithography involves the masking of areas of the surface
and etching away undesired material to form specific
structures. The doping process injects concentrations of
dopant material by thermal diffusion or ion implantation.
Flip chip semiconductor packages and wafer level

packages (WLP) are commonly used with integrated circuits (ICs)



A resistive layer 42, noted as resistive layers 42a and 42b, is deposited and patterned on insulating layer
38 and connected to conductive layer 40 to form a resistor. Alternatively, resistive layer 42 can be
connected through plating layer 50 and Cu layer 54 to form a resistor, see FIG. 2c. Resistive layer 42b is
patterned between conductive layer 40 and insulating layer 46 to suppress the Hillock growth. Resistive
layer 42 is made with suicide, doped poly silicon, tantalum nitride (TaN), nickel chromium (NiCr), or TIN
having a SHEBRRESIBRity  toSatssift 100 GHm/AGUErE: The dkhdsitihtoTTeBistive fayet 42 may involve
PVD or C\D withea thicknessdanging fram 0020041 ce 10 ARvRsulatingnayar 46 ds deposited and
patterned on resistive layer 42b. The insulating layer 46 may cover other circuit regions for insulation
purposes. The ifSulafing'layer 46 chthe maleSFit? 8ib2; SNy SION FaZoB! 2+ Bkide, or other
dielectric raatesialk dihe depasitiontefdnsulatng tayes 46dnap ewplivesPVBorEbn in FIA.passivation
layer 48 is_formed over the struc ére created in FIGs. 2a-2b gr structural sggeort and electrical isolation.
n

Passivation layét 48 &an B& Piade with i62,"SixRiy - $iton 2pSlyiriia& {86, benzocyitobutene (BOB),
polybenzoxazale {PB@), dragthesinsatatiing imatediak: Acpadiparof passivatiom tayes 48He removed using a

mask-defined photolithpgraphy process o expose caonductive layers 40 and insulating layers, 38 and 46.
I FIG. 76 3 FRetal FIBng Ty BoE oF Gl plakiig, 1 HeRotct it paitefiet wih HHGEShistoresis 52.
The platinglayeh &0drascemadhesion fayerandrseedrayera Thewdhésiondayéocarebe wiade with Ti, TIW,
Ta/TaN, or.Cr..The seed | er IS t picilll u, A Iﬂer of photoresist 52 | pattgrned over plating layer 50
for G Iy o B B7 64 Do B (e B Conferar CLaTr ooy rendhes 34 i 46
Alternatively) Cunkales 54 icapnbe awviE/fill proteds which depositssCu irto viasr34 aad 861 Curlayer 54 can

be used to_form,intefegnnectian aswell, as, Inductor wings Of rapsmission, lings, Jihe; ndyctoy wings are

formed together with TSV metal deposition through Cu plating. The Cu material in trenches 34 and 36 can
be formedreg #he Bamltima bsICIP Ay 54 ahdB4ul 6N passibatimylayer 481ARernavely, a dual plating of
the Cu

structure 20 comprising a large number of individual conductive
solder bumps or balls 22. The solder bumps are formed on bump
pads or interconnect sites 24, which are disposed on active
area 12. The bump pads 24 connect to the active circuits by
conduction tracks in active area 12. The solder bumps 22 are
electrically and mechanically connected to contact pads or
interconnect sites 26 on carrier substrate 16 by a solder
reflow process. The flip chip semiconductor device provides a
short electrical conduction path from the active devices on die
14 to conduction tracks on carrier substrate 16 in order to
reduce signal propagation, lower capacitance, and achieve
overall better circuit performance.

FIG. 2a illustrates semiconductor wafer 28 having a
substrate 30 made of silicon or other bulk semiconductor
material. Trenches or vias 34 and 36 are cut into substrate 30
using a deep reactive ion etch (DRIE) process or silicon wet
etching with potassium hydroxide (KOH) process. Trenches 34
and 36 will become through substrate vias (TSV) in later

stages. An insulating layer 38 is deposited by chemical vapor



layers fills trenches 34 and 36 and forms Cu layer 54a at different times. The optional conductive layer 40
in vias 34 and 36 Improves metal step coverage and Cu fill process in the vias. Cu layers 54 can be
electrically common or electrically isolated depending on the connectivity of the individual devices formed
on substrate 30. In FIG. 2d, photoresist 52 is removed. A portion of plating layer 50 is removed by
etching. Passivation layer 58 is coated over the structure formed in FIGs. 2a-2c for structural support and

electrical iSGIRAGT. Padsivetioh layarss caPBeTRade with STUPE SHINY-SIBNLPILBEE PBO, epoxy, or

other insulating majeriale contollxFKZ. 26\ semicenducter water 2845 baek gsinded ta expese TSV 34
and 36. Accordingly, conductive vias 34 and 36 pass through silicon substrate 30. A passivation layer 60

is depositédPand paHEMRT ot the Bhcklide dfSentiBSHddctor Wafe? ¥8° PalsivalioR faya? 8 can be made
with S102,SixNys SIONoRI,BCR,iBBO( &pory, ordtherivsulading imatedal. Aniunder baimp metallization
(UBM) 62 is,(%e ,o%te’g an%ﬁjegtterned to Iectricallécont ct gu I§¥ r54in, TSV 34 and 36, UBMs 62 can
be made wWith Ti- R, NRA T, or 6{?8&&%!@?% i e & dlple' matal StatkWith &dhesion layer,
barrier layer; and,wetting tayer. The adhesionh dayetds tadeswith Te; Gry &bk, o titarmiam nitride (TIN).

The barrie%a%/e can be rPade Wi@al}]‘i NIV, CrCu, or TIW. The w ttinl%lz%ﬁr can b% made with Cu, Au, or
A

Ag. The expos% SV 34 and 36 can jbré%s%%yf%rralégnrﬁgﬁtggf% f3 tefn: ﬁ/efy?%sbac side

alignment {BSAY infrared(iR) atignreni can bie usedytoform UBMs&20f abouinlgléciridally conductive
solder material is depos'g%d Qvyer U%/Is (212 thr(]?ugh an evaporation eIeCctro%yt' apla'g_ingq (gl%cstroless plating,
a

. n ? eetrica %onduc 1V S .
ball drop, or screen printing process. The solder material can be any meta O)}]OI‘ electrically conductive

ma_terial, g rSa;lead (Phy), Ni@ﬁ@@A@,@@u@bistmﬁhmei(_BQ),laMdeallo&%-theﬁém_fl.dméls'tvlder material is
typically leag:free such.as,5n26,5493.5, The salder material is reflowed by heating the, copdyctive

material above its melting point to form spherical balls or bumps 66. In somé applications, solder bumps
66 are reflowetalse@bnl tirge 6! Intprove eléctrieal cortaot toUBNIB SR, &/BMS 62 amblsolder bumps 66

remesent9%%3ﬂ%%QUQK%QQ@¥¥§fvuc%ﬁeis typically used in conjunction with

an adhesion layer and barrier layer. Conductive layer 40 can
have multiple layers such as titanium (Ti)/titanium nitride
(TiN) /A1/TiN. The deposition of conductive layer 40 uses a
physical vapor deposition (PVD), CVD, evaporation, electrolytic
plating, or electroless plating process. The conductive layers
40 can be electrically common or electrically isolated
depending on the connectivity of the individual devices formed
on substrate 30. The pattern of conductive layer 40 in vias 34
and 36 is optional.

A resistive layer 42, noted as resistive layers 42a
and 42b, 1is deposited and patterned on insulating layer 38 and
connected to conductive layer 40 to form a resistor.
Alternatively, resistive layer 42 can be connected through
plating layer 50 and Cu layer 54 to form a resistor, see FIG.
2c. Resistive layer 42b is patterned between conductive layer
40 and insulating layer 46 to suppress the Hillock growth.
Resistive layer 42 is made with silicide, doped poly silicon,

tantalum nitride (TaN), nickel chromium (NiCr), or TiN having a



In FIG. 2f, an optional polymer glue layer 70 is applied over passivation layer 58. Chip carrier 72 is
bonded to semiconductor wafer 28 with polymer glue layer 70. Alternatively, backgrinding tape or
permanent molding compound is applied without carrier 72. When permanent molding compound is
applied, passivation layer 58 can be optional. The backgrinding tape or polymer glue with carrier 72 is
removed before or after dicing. Alternatively, the glue and carrier may remain permanently attached and

become p&tefthe Gigl stivityhapaksiveRatit elémehid/ STUFAS residtbfs, Jrdrtdist @Rd capacitors,
occupy a signifieayitportien okthedimitedhspaceon the-surface-ef substrate B0aThe intricongect
structures like UBMs 62 and solder bumps 66 are disposed on the backside of the die. Semiconductor
package 68UXES Harhy V¢ fike 34 4 to electrically connect the passive circuit elements on the
topside of the die througinUBs 82 to seldeakbemps 66ien thechackside efthesie teprovidestor greater

use of die area art1d Imp&ove reliﬂggty. , Thelsemicon uctor de4v'ce in FIG. 2e hast number of
passive cifctit efemants: ARy er54a reptesents A drbss Secfidiial view Bfdn fidiictor’doifed on the
surface of csubstrate 38 gThe indtictoriis farmed as: ceilechbarswound Metalilayerszan the Surface of the

substrate. %ﬁeccggdkjgtlynea?%ersi%% aglg o%u I le}r5F54 cagn &\? eclﬁ:gtﬁlggllly Egrm(rjnxoj'r:}j%r,elggtrlcally |solat¢d
to connect the passive circul elements accor INg g the’desifed Sifcuit funiction. For example, the portion
of CU layer Sd<ovedlyimpelSiisi34 and S6icah.eleCinealiecorstacti Cu layer Sdatbadonmectbothrends of the
inductor foirgerg]aby gué@/le\;é%rooughcgg[\/ls 62 .to solder bumps 66 under ISVs 34. and.36,.
respectively. in a similar manner, the resistive layer 42a also provides a passive circuit element,

i.e., aresistor connect_e@bemjm@midmtiﬂl@@mé 401¥%hé portich of'€u Iayms_sﬂfrovetlyimfg conductive
layers 40 hetweep fesistive layer 42a gan glectically contagt Gy Jayers 54,0yerlying J5Ys 34 and 36 to

connect both ends of the resistor formed by resistive layer 42a through UBMs 62 to solder bumps 66
under TS\A34 Aat 36) resgectigelyat ion layer 48 can be made with Si02, SixNy,

SiON, polyimide (PI), benzocyclobutene (BCB), polybenzoxazole
(PBO), or other insulating material. A portion of passivation
layer 48 is removed using a mask-defined photolithography
process to expose conductive layers 40 and insulating layers 38
and 46.

In FIG. 2c, a metal plating layer 50, e.g. Cu
plating, is deposited and patterned with thick photoresist 52.
The plating layer 50 has an adhesion layer and seed layer. The
adhesion layer can be made with Ti, Tiw, Ta/TaN, or Cr. The
seed layer is typically Cu. A layer of photoresist 52 is
patterned over plating layer 50 for Cu layer 54. Cu layer 54
can be deposited as a conformal coating over trenches 34 and
36. Alternatively, Cu layer 54 can be a via fill process which
deposits Cu into vias 34 and 36. Cu layer 54 can be used to
form interconnection as well as inductor wings or transmission
lines. The inductor wings are formed together with TSV metal
deposition through Cu plating. The Cu material in trenches 34
and 36 can be formed at the same time as Cu layer 54 and 54a on

passivation layer 48. Alternately, a dual plating of the Cu



In another example, the combination of conductive layer 40, resistive layer 42b, insulating layer 46,
conductive layer 50, and Cu layer 54 constitute a passive circuit, i.e., a resistor in series with a
metal-insulator-metal (MIM) capacitor. The portion of Cu layer 54 in contact with conductive layer 40
under resistive layer 42b can electrically contact Cu layer 54 overlying TSV 34. The portion of Cu layer 54
overlying insulating layer 46 can electricalg contact Cu layer 54 overlying TSV 36. Accordingly,

ISVs 34 arld*36%5flow'the passive Thedit eferfdhts16 ated B thé tosside ofthe dié and to be
electricallysgonneeted-torthedrterconnech strucities, wdiehiare disposgden the backside ofthe die. The
placement of passive circuit elements_on the topside of substrate 30 and the Interconnect structures on
the backsid& Of Sabstiate BF5rolitled o featérUse 6 e Héa ahd improvdsrefiasility ThEISvs
provide forglestricateonnegiion betweem the-topsigerpassivel gircuitelements and te-backside
Interconnect s&rructures The Inductor and MIM ca%acitor allow th%sgmcondémtor devjce to perform
reactive cifcult fONEHOMASWITASUL LSir? exteal Citeit cothpobefts. 7€ ¢ 8 ilistrates an alternate
embodiment of thessemmicoaductar packages Redigiribution layers (RDL) 74 and 80 are formed over
passivation layer 60. In gne embodiment, RDLs 74 and 80 may Include a wetting layer, barrier layer, and
adhesive layer. RDLs 74 3ndl 80 protide et Siccontact betwe s 1% €0 materR i 18Y 4 and solder
bumps 78 and 8, gespectively0 RDE sr&hand 80reandie-madle withp Al sdwminuem copgerralloy (AICu), Cu,
or Cu alloy, with an_adhesion and barrier layers. The adhesion | can be Ti, TIN, TIW, Cr, or la. The
barrier Iayelrscacnoﬁlet VOTaR, ﬁ'?\ﬁ/ 8#&16\1/5}1 ﬁBL%Oﬁfn e(f”r%d 80 c?by%eéfté a}s)aa_nE %teyrgmrediate conduction
layer to routerelectricallsigoals dron soldee bampsit&and 82 1etvarious afeassdfithe die, ihneluding active

and passive.circuits, and provides varj electrical Interconnect . opti dugjpg integration of
semicondu%orcﬁélck%%eﬂé%&%37I_12C$4 %%?28’0 pg)r%)i{/%%’ ro%ljﬁ%g bp?i%ohs ]?oergélogagtg 'solc e?}%m&srm and 82
away fromor3¥ 34iarmd136.tA passigation layer 84 is formed over RDLs 74 and 80 and passivation layer

60. FIG. 4 iIIustr%es&& alt§g1ate%<gmbgglimg%tt%frth% ggg}icgyjuﬁcéorb%acggaggiﬁ\d‘lé%v 34 is formed
on the left side of the semiconductor package using the steps described in FIGs. 2a-2f. A wire bonding
pad 90 is ferned onihE right site cfsemidenductiongdckage FIGCS illvstratessanotheémnembBédiment of

the pass through silicon substrate 30. A passivation layer 60 is

deposited and patterned on the backside of semiconductor wafer
28. Passivation layer 60 can be made with Si0O2, SixNy, SiON,
PI, BCB, PBO, epoxy, or other insulating material. An under
bump metallization (UBM) 62 is deposited and patterned to
electrically contact Cu layer 54 in TSV 34 and 36. UBMs 62 can
be made with Ti, Ni, NiV, Cu, or Cu alloy. UBMs 62 can be a
multiple metal stack with adhesion layer, barrier layer, and
wetting layer. The adhesion layer is made with Ti, Cr, Al,
TiW, or titanium nitride (TiN). The barrier layer can be made
with Ni, NiV, CrCu, or TiW. The wetting layer can be made with
Cu, Au, or Ag. The exposed TSV 34 and 36 can be used for
alignment of UBMs 62. Alternatively, a back side alignment
(BSA) infrared (IR) alignment can be used to form UBMs 62.

An electrically conductive solder material is
deposited over UBMs 62 through an evaporation, electrolytic

plating, electroless plating, ball drop, or screen printing
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semiconductor package. In this embodiment, multiple ISVs 34 and 36 and solder bumps 66 are provided
on both ends of the semiconductor package. Passive devices and/or analog circuits 110 are mounted on
passivation layer 58 with underfill material 114 and are electrically connected by contact pad 112.
Semiconductor die 116 is mounted to passivation layer 58 with underfill material 118 and is electrically
connected to Cu layers 54 with solder bumps 120. Semiconductor die 122 is mounted to passivation layer

58 with unBEfMSHaterial 124 aR49S Bk TNy Tonféttel %o BV IaYer 54 MithbIder bumps 126.
Molding cempexnd 28 oy other cosositerpolynesmaterials witbrpropereoeffigient efithernal expansion
(CIE) is dezgosited over the structures formed on FIG. 5. Topside grinding may be used to get a flatter
surface. r CBiG M taRRs semiBdndu@sfwaret 129 Wgeggubsﬁgﬁ 30 e of silicon or
other bulk semiconducior materiak Trenchesiorfrias 134 @ndak3Gaescuant® fubstrate=130 using wet
silicon etching process such as KOH. Trenches 134 and 136 will become ISVs.in later stages, An
insulating (89611138 15 dapadiied by ED VT UBSATE L5 Tofioiing tHE Boholr o e Sbktrate and
providing awiadinet far trendhesdl 3doand 186. Fhe inssidtingilapdr 138 ¢an be madewith®102, SION,
SixNy, Ta %5, ZrO, or ottlelr én%tlerigghavsi)ngl !eerle%ﬂc §gop6egties. Three@icokvgegs of jsns(lzj(ljar'{igg layer 138
ranges from 500A %o 35pm with a?ypléal thicknéss of about LGU0A. T FIG! gb, an electrically
conductiveclayer 140 isngeposited land-patterhed ontinsulating (&8s 188.. Coldiictivedayerd140 can be
made with Al, Al allqy, LI/TIN/AI/TIN, Cu, Ni, Au, Ag, or otherelectrically conductive material. The pattern
of COhdUCtISVOelé.)e/él‘ ?/E(Bn Pnsvié% 1]§?lparneolsleé%C isoct)lpetio’t—h%/al}i).el'hgefd(—:-lp?o%?t]l:ocr}}é(Ijlfn ceocn%d u?:ﬁ\%zl %%/%F 140 uses a
PVD, CVD, evaporation; elettmlyticiplatimg,hectroless platingear screen papting pfocess. The

conductive Iaigd?ns ]6[493 can be electrig%ll. O%on%monror%gctrig%llypisolated depe]r}dir.llg on otQ% ésgnnectivity of

. = 1le er assl e carrler
the mdmdug evices formeﬁ on su%strate 1 8.y

to semiconductor wafer 28 with polymer glue layer 70.
Alternatively, backgrinding tape or permanent molding compound
is applied without carrier 72. When permanent molding compound
is applied, passivation layer 58 can be optional. The
backgrinding tape or polymer glue with carrier 72 is removed
before or after dicing. Alternatively, the glue and carrier
may remain permanently attached and become part of the die.

The passive circuit elements, such as resistors,
inductors, and capacitors, occupy a significant portion of the
limited space on the surface of substrate 30. The interconnect
structures like UBMs 62 and solder bumps 66 are disposed on the
backside of the die. Semiconductor package 68 uses many TSVs
like 34 and 36 to electrically connect the passive circuit
elements on the topside of the die through UBMs 62 to solder
bumps 66 on the backside of the die to provide for greater use
of die area and improve reliability.

The semiconductor device in FIG. 2e has a number of
passive circuit elements. Cu layer 54a represents a cross-

sectional view of an inductor coiled on the surface of
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A resistive layer 142, noted as resistive layers 142a and 142b, is deposited and patterned on insulating
layer 138 and conductive layer 140. Resistive layer 142 is made with silicide, doped poly Si, TaN, or NiCr
having a resistivity up to about 100 ohm/square. The deposition of resistive layer 142 may involve PVD or
CVD. An insulating layer 146 is patterned and deposited on resistive layer 142b. The insulating
layer 146 can be made with 5102, SixNy, SION, Ta205, Zr205, or other dielectric material. The deposition
of insulatingayer £46 mHfy- Invoke Iﬂ\‘ﬁg%?"ff\?D Withttypieafitickness bf 20074060A I metaj

passivation dayer 448s formed.everdbe strughue sreated it E1Gs.16a:-6b daigstructyral suprert and
electrical isolation, Passjvation Iaﬁer 148 can be made with 5102, SixNy, SION, PIl, BOB, PBO, or other

insulating Matérkl. K'potioif6fpassivationIgy&r 48 s refoved UEIMY A mMAsiEdéfiidd phdtolithography
process toiexpose«sdntductiventayers 142 apd insidatingilayers:138 and 446. accordimglG Hc, a metal

plating 150, e.g. Cu plating, is deposited and., patterned with thick_photo resist 152. The plating layer 150
has an adiésiort /et %ﬁd%]eﬁcdqé%r. HHe adtidsion’ 187er &H'Be ade Witk %, 1A 'FﬁTgIQI? or Cr. The
seed layerlis ypically Cw.eA layetof phutoredishhbol? patterns plating layern 159 fard@t dayter db4. Cu layer

154 can alfo be d%o¥5|tgg as a conforg;alt%oaéln over trelgches (31,34 and C]E36. H,lbgtgr%atlval}/, Cu layer 154

can be formed Via a fill proceéjsn\?vﬁ%ﬁ eoposits U'into vitasel?:’lenaﬁlaC E@é a fayer 154 Gan be used to

form intercoanectiort as WetlcasyinduBtds Wikgs or trafsmissiomiirre s  herdductdswWingsdarerfarmed
together with TSV metal d%o ition through Cu plating. The Cu layer 154 is a conductive material
deposited #?t’reﬁc%sgsefg are%S{BG as well as other locations on the surface of substrate 130 to form
conductive layers and passive devicés or apalogrcircuits. The Citmateriahiretrerdchiesal3dand 136 can be

formed at fhe same time as Culgyer-194.and 134300 passivation Igyer 148, Alternately, a,dual plating of

the Cu layers fills trenches 134 and 136 and forms Cu layer 154a at different times. The Cu plating rate in
trenches 134tairE136 improves Vithleorrduetive layef a0rcataypersabieantbe eleetichlly common or

electrically jsalatea depending op fhe conyectivity of the individyal devices formed on substrate 130.
In FIG. 6d, photoresist 152 is removed. A portion of Cu plating layer 150 is removed by etching.

Passivatiofi 1&yer 5805 Eoafst 6vertthe strbeiiRe Sorrfe PiFFFIGS. Ba-6T0F strticRiral stppeft and
electrical isojatin. Passivationdayersl 38,can-be made with, 3102, SXNY SION.- R, BCR, PBGor other

insulating material.
through UBMs 62 to solder bumps 66 under TSV 34 and 36,

respectively.

In another example, the combination of conductive
layer 40, resistive layer 42b, insulating layer 46, conductive
layer 50, and Cu layer 54 constitute a passive circuit, i.e., a
resistor in series with a metal-insulator-metal (MIM)
capacitor. The portion of Cu layer 54 in contact with
conductive layer 40 under resistive layer 42b can electrically
contact Cu layer 54 overlying TSV 34. The portion of Cu layer
54 overlying insulating layer 46 can electrically contact Cu
layer 54 overlying TSV 36.

Accordingly, TSVs 34 and 36 allow the passive circuit
elements to be placed on the topside of the die and to be
electrically connected to the interconnect structures, which
are disposed on the backside of the die. The placement of

passive circuit elements on the topside of substrate 30 and the
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In FIG. 6e, semiconductor wafer 170 is back grinded to expose TSV 134 and 136. Accordingly,
conductive vias 134 and 136 pass through silicon substrate 130. A passivation layer 160 is deposited and
patterned on the backside of semiconductor wafer 170. Passivation layer 160 can be made with S102,
SixNy, SION, PI, BCB, PBO, epoxy, or other insulating material. A UBM 162 is deposited and patterned to
electrically contact Cu layer 154 in TSV 134 and 136. UBMs 162 can be made with Ti, Ni, NIV, Cu, or Cu
alloy. UBMSE6F E8ABBE mtitighé hittasstatk With dahesivhday&rt ekt iagercand wetting layer. The
adhesion lpyerisdaade withghicGe A, JdW, ©F titaniummitiidedd INYnTheshasrieetayepean be made with
Ni, NIV, CrCu, or TIW. The wetting layer can be made with Cu, Au, or Ag. The exposed TSV 134 and 136
can be uséd*for ahiyintent 8 OBMS 165 Ritdrhatidely o8 %%%Fhlaﬁ]grﬁﬁgﬁlte@a{h 65%558?5’ féth UBMs
162. pa Anielecticalueenductive soldes miaterial isgeposted overdBdMmia2 through an
evaporationﬁelectro!%/%ic platirz;%, elec roletss lating, ball dro ,or,sﬁcree%’faﬂintin% rocess. The solder
material can b& @y métal or metdiHld§ orel&dtic Aty tordtdtive atérial °%.g% Sh, Pb, Ni, Au, Ag, Cu,
B1, and alloys theneof.chersalder material is=teflowe diayshedting therconductive ntateral above its

melting po‘iﬂnitg (fD%rEn gpsq%rical }t{)gllsr%?um S 166. In some a tIications, solder bumps 166 are reflowed
a second time to improve Hedticaéontact 16 UBMs 182P0BMS 162 and solder bumps 166 represent one

type of interconnect struciige. 3 1illufhe passivercirglit elementsesuckbamegsistors, thductors, and

capacitors, accupy a significant }grtion of t%e limited space on tlf surfac dF%E bgtﬁate 130, The
interconne%tgrgtlrlﬁ:%/ageus%m%rugﬁﬂgs 162 and s%i:! e?%ﬁ%npus%l%oé1 areggigﬁgse? on 5tjhe ba((?l?sclro(,:le8 gf the die.
Semicondacter package PTG uses aranydSvsrikéai3drard 136 1o electricaliy ednnecttthejaissive circuit

elements %t@n@pé@em%fgh%rq'&elﬁ‘cﬁgu%h YEMs 162 1a salder Bb!ﬂpf%f@%%@% baglpide of the die to

provide for greater use of the die area and improve Teliability. e semiconductor device in FIG.
6e has a nudilset of passive circuit lemerts2Ca 18fertiBhalidpresents 1 icrads-sectionar view of an

inductor cailed,on.the sirface of substrate 130.7Re indugtos isformed as.goiled-or woundsmetal layers on
the surface of the substrate. The conductive layers 140 and Cu layers 154 can be electrically common or
respectively. RDLs 74 and 80 can be made with Al, aluminum

copper alloy (AlCu), Cu, or Cu alloy with an adhesion and
barrier layers. The adhesion layer can be Ti, TiN, TiW, Cr, or
Ta. The barrier layer can be NiV, TaN, TiW, or CrCu. RDLs 74
and 80 operate as an intermediate conduction layer to route
electrical signals from solder bumps 78 and 82 to various areas
of the die, including active and passive circuits, and provides
various electrical interconnect options during integration of
semiconductor package 86. RDLs 74 and 80 provide routing
options to relocate solder bumps 78 and 82 away from TSV 34 and
36. A passivation layer 84 is formed over RDLs 74 and 80 and
passivation layer 60.

FIG. 4 illustrates an alternate embodiment of the
semiconductor package. A TSV 34 is formed on the left side of
the semiconductor package using the steps described in FIGs.
2a-2f. A wire bonding pad 90 is formed on the right side of
semiconductor package.

FIG. 5 illustrates another embodiment of the
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electrically isolated to connect the passive circuit elements according to the desired circuit function. For
example, the portion of CU layer 154 overlying ISVs 134 and 136 can electrically contact Cu layer 154a to
connect both ends of the inductor formed by Cu layer 154a through UBMs 162 to solder bumps 166 under
ISVs 134 and 136, respectively. In a similar manner, the resistive layer 142a also provides a
passive circuit element, i.e., a resistor connected between conductive layers 140. The portion of Cu layers

154 overlyitfglesriitictioe Pyers 140 Fetweeh rédidtive By 1A Ean Biektrida§ contatt € layers 154
overlying ISVs 1534 andi136 1ecenneethotls ends of theokesistar formedty resistive fayerd 42a through
UBMs 162 to solder bumps 166 under TSV 134 and 136, respectively. In another example, the
combinaticiBESHHIEVE TayR? 198 Fesistivaday&icL 4% Tt fatiiy iA§8r 246 Ohdacive iyer 150, and

Cu layer 154 coastitute-apassivercircHi siierad tesistos in:series with ia MM capacitomIbepostion of Cu
layer 154 in contact with conductive Ia%/e 140 under res'sqi%ve Ia¥er 142b electrically contacts Cu layer 154
i

overlying 1349 TRE portich oF ChTayer 154 0Verlyfig MSuatiAg Tay/erd2s eléctrically contacts Cu
layer 154 overlyinghdS¥tk36.die 11Accordinglyrksy s34 and 136tallowsltheqasswencitcuit elements

to be placed gn the tapside of the_di be electrically connected to the interconnect structures, which are
disposed &nn%%rga%c%i ea?)tfe[ﬁéad}eilﬁ%e Slg(éerﬁsén?g@ ﬁggsll\?eae%(?%éluitc slements on%ﬁe LiEoupside of
substrate 13¢ and thetinterconnedistructunes ©nithe backsidéofsubstrate TBGprovidessfor greater use of

die area and improves reliability. The ISVﬁ rovide for electrical onpecition b twe.enlth 2tgpsid passive
circuit eIenr"[l]gﬁlt%Eaen% the ﬁja%ig%\éa}ﬁtle?gonnge%?]étreagt)uwels. h%nlﬁ%ﬁct(l)r and ﬁlﬁégpacf;tor aﬁg\fs\/ the
semiconductoredevice to-perorne peactive «irctit fihctibaz vithout usingrexserhdécirduittgomponents.

While one ps more,embadiments of the present jpvention have been ilusirated in detall, the skilled artisan

will appreciate that modifications and adaptations to those embodiments may be made without departing
from the sedpge obtheqstesemsidiartion ds oét forthtimede followirgielRiMSTE) is deposited

over the structures formed on FIG. 5. Topside grinding may be
used to get a flatter surface.

FIG. 6a illustrates semiconductor wafer 129 having a
substrate 130 made of silicon or other bulk semiconductor
material. Trenches or vias 134 and 136 are cut into substrate
130 using wet silicon etching process such as KOH. Trenches
134 and 136 will become TSVs in later stages. An insulating
layer 138 is deposited by CVD over substrate 130, following the
contour of the substrate and providing a via liner for trenches
134 and 136. The insulating layer 138 can be made with Si02,
Si0ON, SixNy, Ta205, Zr0O, or other material having dielectric
properties. The thickness of insulating layer 138 ranges from
500A to 30um with a typical thickness of about 1000A.

In FIG. 6b, an electrically conductive layer 140 is
deposited and patterned on insulating layer 138. Conductive
layer 140 can be made with Al, Al alloy, Ti/TiN/Al/TiN, Cu, Ni,
Au, Ag, or other electrically conductive material. The pattern
of conductive layer 140 in vias 134 and 136 is optional. The

deposition of conductive layer 140 uses a PVD, CVD,
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Claims What is claimed: 1. A semiconductor device, comprising: a substrate; a via formed through the
substrate; a first insulating layer formed over a first surface of the substrate;

evaporation, electrolytic plating, electroless plating, or
screen printing process. The conductive layers 140 can be
electrically common or electrically isolated depending on the
connectivity of the individual devices formed on substrate 130.

A resistive layer 142, noted as resistive layers 142a
and 142b, is deposited and patterned on insulating layer 138
and conductive layer 140. Resistive layer 142 is made with
silicide, doped poly Si, TaN, or NiCr having a resistivity up
to about 100 ohm/square. The deposition of resistive layer 142
may involve PVD or CVD.

An insulating layer 146 is patterned and deposited on
resistive layer 142b. The insulating layer 146 can be made
with Si02, SixNy, SiON, Ta205, Zr205, or other dielectric
material. The deposition of insulating layer 146 may involve
PVD or CVD with typical thickness of 200-4000A.

A passivation layer 148 is formed over the structure
created in FIGs. 6a-6b for structural support and electrical
isolation. Passivation layer 148 can be made with Si02, SixNy,
SiON, PI, BCB, PBO, or other insulating material. A portion of
passivation layer 148 is removed using a mask-defined
photolithography process to expose conductive layers 140 and
insulating layers 138 and 146.

In FIG. 6¢c, a metal plating 150, e.g. Cu plating, is
deposited and patterned with thick photo resist 152. The
plating layer 150 has an adhesion layer and seed layer. The
adhesion layer can be made with Ti, TiW, Ta/TaN, or Cr. The
seed layer is typically Cu. A layer of photoresist 152
patterns plating layer 150 for Cu layer 154. Cu layer 154 can
also be deposited as a conformal coating over trenches 134 and
136. Alternatively, Cu layer 154 can be formed via a fill
process which deposits Cu into vias 134 and 136. Cu layer 154
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a first conductive layer formed over the first insulating Layer; a resistive layer formed over the first
conductive layer; a second insulating layer formed over the resistive layer; a third insulating layer formed
over the first insulating layer and first conductive layer; a second conductive layer formed over the
second and third insulating layers and first conductive layer, the first and second conductive layers
extending into the via to form a conductive via; a fourth insulatiﬁ layer formed over a second surface

of the substfate Spposis thefirst Elrfade 6f theStifstratd ahdl < lah Griderbiita Rfetdiizéton (UBM)

formed overthesaceond syifage of thessubstrate and electricalhncennectedto-theconsyetive via. 2. The
semiconductor device of claim 1, further including a third conductive layer formed over the fourth

insulating IAyEF bétwedltha cdhiaitive vidtard OBk Cu plating.  The Cu layer

is a conductive material deposited in trenches 134 and 136 as
well as other locations on the surface of substrate 130 to form
conductive layers and passive devices or analog circuits. The
Cu material in trenches 134 and 136 can be formed at the same
time as Cu layer 154 and 154a on passivation layer 148.
Alternately, a dual plating of the Cu layers fills trenches 134
and 136 and forms Cu layer 154a at different times. The Cu
plating rate in trenches 134 and 136 improves with conductive
layer 140. Cu layers 154 can be electrically common or
electrically isolated depending on the connectivity of the
individual devices formed on substrate 130.

In FIG. 6d, photoresist 152 is removed. A portion of
Cu plating layer 150 is removed by etching. Passivation layer
158 is coated over the structure formed in FIGs. 6a-6¢c for
structural support and electrical isolation. Passivation layer
158 can be made with Si0O2, SixNy, SiON, PI, BCB, PBO, or other
insulating material.

In FIG. 6e, semiconductor wafer 170 is back grinded
to expose TSV 134 and 136. Accordingly, conductive vias 134
and 136 pass through silicon substrate 130. A passivation
layer 160 is deposited and patterned on the backside of
semiconductor wafer 170. Passivation layer 160 can be made
with Si02, SixNy, SiON, PI, BCB, PBO, epoxy, or other
insulating material. A UBM 162 is deposited and patterned to
electrically contact Cu layer 154 in TSV 134 and 136. UBMs 162
can be made with Ti, Ni, NiV, Cu, or Cu alloy. UBMs 162 can be
a multiple metal stack with adhesion layer, barrier layer, and

wetting layer. The adhesion layer is made with Ti, Cr, Al,
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3. The semiconductor device of claim 1, wherein the first conductive layer, resistive layer, second
insulating layer, and second conductive layer constitute a metal-insulator-metal capacitor. 4. The
semiconductor device of claim 1, wherein a portion of the second conductive layer is wound to operate as
an inductor. 5. The semiconductor device of claim 1, further including: a fifth insulating layer formed over
the third insulating layer and second conductive layer; and an encapsulant deposited over the fifth
insulating [2yBr aRd sbibSFAEYS. rhersétficondiitor délige B ElaiRS, fariver ireilidiry &8€Miconductor
die mounted ewenthe fithvinsalating layer and covered by the ancapswant and electrigally ¢annected to

the second conductive layer.
Cu, Au, or Ag. The exposed TSV 134 and 136 can be used for
alignment of UBMs 162. Alternatively, a BSA/IR alignment can
be used to form UBMs 162.

An electrically conductive solder material is
deposited over UBMs 162 through an evaporation, electrolytic
plating, electroless plating, ball drop, or screen printing
process. The solder material can be any metal or metal alloy
or electrically conductive material, e.g., Sn, Pb, Ni, Au, Ag,
Cu, Bi, and alloys thereof. The solder material is reflowed by
heating the conductive material above its melting point to form
spherical balls or bumps 166. In some applications, solder
bumps 166 are reflowed a second time to improve electrical
contact to UBMs 162. UBMs 162 and solder bumps 166 represent
one type of interconnect structure.

The passive circuit elements, such as resistors,
inductors, and capacitors, occupy a significant portion of the
limited space on the surface of substrate 130. The
interconnect structures like UBMs 162 and solder bumps 166 are
disposed on the backside of the die. Semiconductor package 170
uses many TSVs like 134 and 136 to electrically connect the
passive circuit elements on the topside of the die through UBMs
162 to solder bumps 166 on the backside of the die to provide
for greater use of the die area and improve reliability.

The semiconductor device in FIG. 6e has a number of
passive circuit elements. Cu layer 154a represents a cross-
sectional view of an inductor coiled on the surface of
substrate 130. The inductor is formed as coiled or wound metal
layers on the surface of the substrate. The conductive layers

140 and Cu layers 154 can be electrically common or
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7. A semiconductor device, comprising: a substrate; a first conductive layer formed over a first surface
of the substrate; a conductive via formed through the substrate and electrically common with the first
conductive layer, a first insulating layer formed over the first conductive Layer; a second insulating
layer formed over the substrate and first conductive layer; a second conductive layer formed over the

first and second insulating layers and first conductive Ia)a/er; and , ,
electrically isolated to connect the passive circuit elements

according to the desired circuit function. For example, the
portion of CU layer 154 overlying TSVs 134 and 136 can
electrically contact Cu layer 154a to connect both ends of the
inductor formed by Cu layer 154a through UBMs 162 to solder
bumps 166 under TSVs 134 and 136, respectively.

In a similar manner, the resistive layer 142a also
provides a passive circuit element, i.e., a resistor connected
between conductive layers 140. The portion of Cu layers 154
overlying conductive layers 140 between resistive layer 142a
can electrically contact Cu layers 154 overlying TSVs 134 and
136 to connect both ends of the resistor formed by resistive
layer 142a through UBMs 162 to solder bumps 166 under TSV 134
and 136, respectively.

In another example, the combination of conductive
layer 140, resistive layer 142b, insulating layer 146,
conductive layer 150, and Cu layer 154 constitute a passive
circuit, i.e., a resistor in series with a MIM capacitor. The
portion of Cu layer 154 in contact with conductive layer 140
under resistive layer 142b electrically contacts Cu layer 154
overlying TSV 134. The portion of Cu layer 154 overlying
insulating layer 146 electrically contacts Cu layer 154
overlying TSV 136.

Accordingly, TSVs 134 and 136 allows the passive
circuit elements to be placed on the topside of the die to be
electrically connected to the interconnect structures, which
are disposed on the backside of the die. The placement of
passive circuit elements on the topside of substrate 130 and
the interconnect structures on the backside of substrate 130
provides for greater use of die area and improves reliability.

The TSVs provide for electrical connection between the topside
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an under bump metallization (UBM) formed over a second surface of the substrate and electrically
connected to the conductive via. 8. The semiconductor device of claim 7, further including: a third
insulating layer formed over the second surface of the substrate; and a third conductive layer formed
over the third insulating layer between the conductive via and UBM. 9. The semiconductor device of
claim 7, wherein the first conductive layer, first insulatingalg er, and second conductive layer constitute a

metal-insuRRSEMERal Capakitdr. SR serAftOndbcoPaevite Gf clithsE SiiEtenta portion of the
second copduetivedayer.is wolnd igRperate asaninducienp ddi ¥he semiesnductor device of claim 7,

further including: a third insulating layer formed over the second insulating layer and second conductive
|ayenandsem1conductor devicé to perform reactive circult functions
without using external circuit components.
While one or more embodiments of the present
invention have been illustrated in detail, the skilled artisan
will appreciate that modifications and adaptations to those

embodiments may be made without departing from the scope of the

present invention as set forth in the following claims
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an encapsulant deposited over the third insulating layer and substrate. 12. The semiconductor device of
claim 11, further including a semiconductor die mounted over the third insulating layer and covered by the
encapsulant and electrically connected to the second conductive layer. 13. The semiconductor device of
claim 7, further including a bump formed over the UBM. 14. A semiconductor device, comprising: a
substrate having first and second surfaces; a first conductive layer formed over the first surface of the
substrate; laims

What is claimed:

1. A semiconductor device, comprising:

a substrate;

a via formed through the substrate;

a first insulating layer formed over a first surface of
the substrate;

a first conductive layer formed over the first insulating
layer;

a resistive layer formed over the first conductive layer;

a second insulating layer formed over the resistive layer;

a third insulating layer formed over the first insulating
layer and first conductive layer;

a second conductive layer formed over the second and third
insulating layers and first conductive layer, the first and
second conductive layers extending into the via to form a
conductive viaj;

a fourth insulating layer formed over a second surface of
the substrate opposite the first surface of the substrate; and

an under bump metallization (UBM) formed over the second
surface of the substrate and electrically connected to the

conductive via.
2. The semiconductor device of claim 1, further including a
third conductive layer formed over the fourth insulating layer

between the conductive via and UBM.

3. The semiconductor device of claim 1, wherein the first

conductive layer, resistive layer, second insulating layer, and
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an interconnect structure formed between the first surface and second surface of the substrate and
electrically common with the first conductive layer; a first insulating layer formed over the first
conductive Layer; a second insulating layer formed over the substrate and first conductive layer; a
second conductive layer formed over the first and second insulating layers and first conductive layer; and
a third conductive layer formed over the second surface of the substrate and electrically connected to the

interconne?ESEaEuFE IS Thi S nigdfdudorddvice be cRim a4 furtie? @ Gdmg™& third insulating layer
formed oventheseecond surface of the substrate; and  a fourth conductive layer formed over the third
insulating layer between the interconnect structure and third conductive Layer.

4. The semiconductor device of claim 1, wherein a portion of

the second conductive layer is wound to operate as an inductor.

5. The semiconductor device of claim 1, further including:

a fifth insulating layer formed over the third insulating
layer and second conductive layer; and

an encapsulant deposited over the fifth insulating layer

and substrate.

6. The semiconductor device of claim 5, further including a
semiconductor die mounted over the fifth insulating layer and
covered by the encapsulant and electrically connected to the

second conductive layer.

7. A semiconductor device, comprising:

a substrate;

a first conductive layer formed over a first surface of
the substrate;

a conductive via formed through the substrate and
electrically common with the first conductive layer;

a first insulating layer formed over the first conductive
layer;

a second insulating layer formed over the substrate and
first conductive layer;

a second conductive layer formed over the first and second

insulating layers and first conductive layer; and
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16. The semiconductor device of claim 14, wherein the first conductive layer, first insulating layer, and
second conductive layer constitute a metal-insulator-metal capacitor. 17. The semiconductor device of
claim 14, wherein a portion of the second conductive layer is wound to operate as an inductor. 18. The
semiconductor device of claim 14, further including: a third insulating layer formed over the second

insulating layer and second conductive layer; and . an encapsulant deposited over the third insulating
layer and substraté. $8%Ffie SBfcdtuttol teticksr cl&if!l 8 furherineliifing a $effiéohductor die

mounted over the-thirdrinsulating: layer and coveres by the; encapsulasit aadelectdealtyheonnected to the
second conductive layer. 20. The semiconductor device of claim 14, further including a bump formed

over the thifd BHdutHVe 1ayRr.

8. The semiconductor device of claim 7, further including:

a third insulating layer formed over the second surface of
the substrate; and

a third conductive layer formed over the third insulating

layer between the conductive via and UBM.

9. The semiconductor device of claim 7, wherein the first
conductive layer, first insulating layer, and second conductive

layer constitute a metal-insulator-metal capacitor.

10. The semiconductor device of claim 7, wherein a portion of

the second conductive layer is wound to operate as an inductor.

11. The semiconductor device of claim 7, further including:

a third insulating layer formed over the second insulating
layer and second conductive layer; and

an encapsulant deposited over the third insulating layer

and substrate.

12. The semiconductor device of claim 11, further including a
semiconductor die mounted over the third insulating layer and
covered by the encapsulant and electrically connected to the

second conductive layer.

13. The semiconductor device of claim 7, further including a

bump formed over the UBM.
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21. A semiconductor device, comprising: a substrate; an interconnect structure formed between a first
surface and second surface of the substrate; an integrated passive device (IPD) formed over the
substrate and electrically connected to the interconnect structure; and an under bump metallization
(UBM) formed over the second surface of the substrate and electrically connected to the interconnect
structure. 22. The semiconductor device of claim 21, wherein the IPD includes: a first conductive

layer formed ovePtheS S CSUIfate ftheSubsfateSompPr 1sing:

a substrate having first and second surfaces;

a first conductive layer formed over the first surface of
the substrate;

an interconnect structure formed between the first surface
and second surface of the substrate and electrically common
with the first conductive layer;

a first insulating layer formed over the first conductive
layer;

a second insulating layer formed over the substrate and
first conductive layer;

a second conductive layer formed over the first and second
insulating layers and first conductive layer; and

a third conductive layer formed over the second surface of
the substrate and electrically connected to the interconnect

structure.

15. The semiconductor device of claim 14, further including:

a third insulating layer formed over the second surface of
the substrate; and

a fourth conductive layer formed over the third insulating
layer between the interconnect structure and third conductive

layer.
16. The semiconductor device of claim 14, wherein the first
conductive layer, first insulating layer, and second conductive

layer constitute a metal-insulator-metal capacitor.

17. The semiconductor device of claim 14, wherein a portion of

the second conductive layer is wound to operate as an inductor.
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an insulating layer formed over the first conductive Layer; and a second conductive layer formed
over the insulating Layer. 23. The semiconductor device of claim 21, further including: an insulating layer
formed over the second surface of the substrate; and a redistribution layer formed over the insulating
layer between the interconnect structure and UBM. 24. The semiconductor device of claim 21, wherein

the IPD includes a resistor, capacitor, or inductor. 25. The semiconductor device of claim 21, further
indudMge%@ump?@ﬁné&%%@Pﬁ%ﬁSEﬂF device of claim 14, further including:

a third insulating layer formed over the second insulating
layer and second conductive layer; and
an encapsulant deposited over the third insulating layer

and substrate.

19. The semiconductor device of claim 18, further including a
semiconductor die mounted over the third insulating layer and
covered by the encapsulant and electrically connected to the

second conductive layer.

20. The semiconductor device of claim 14, further including a

bump formed over the third conductive layer.

21. A semiconductor device, comprising:

a substrate;

an interconnect structure formed between a first surface
and second surface of the substrate;

an integrated passive device (IPD) formed over the
substrate and electrically connected to the interconnect
structure; and

an under bump metallization (UBM) formed over the second
surface of the substrate and electrically connected to the

interconnect structure.

22. The semiconductor device of claim 21, wherein the IPD
includes:

a first conductive layer formed over the first surface of
the substrate;

an insulating layer formed over the first conductive

layer; and
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a second conductive layer formed over the insulating

layer.

23. The semiconductor device of claim 21, further including:
an insulating layer formed over the second surface of the
substrate; and
a redistribution layer formed over the insulating layer

between the interconnect structure and UBM.

24. The semiconductor device of claim 21, wherein the IPD

includes a resistor, capacitor, or inductor.

25. The semiconductor device of claim 21, further including a

bump formed over the UBM.
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