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 bum%s. Background of the Invention
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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
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 containing the transistors and other active and
passive components. Back-end manufacturing refers to cutting or
singulating the finished wafer into the individual die and then

packaging the die for structural support and environmental



isolation. One goal of semiconductor manufacturing is to produce a package
suitable for faster, reliable, smaller, and higher- density integrated circuits
(IC) at lower cost. Flip chip packages or wafer level chip scale packages
(WLCSP) are ideally suited for ICs demanding high speed, high density, and
greater pin count. Flip chip style packaging involves mounting the active
_side of the die facedown toward a chip carrier substrate or printed circuit
TBBaRd {PEB). The electrical and mechanical interconnect between the active
devicesondbeldiefancrdendideticroiracks ofathescarrierisubstratedsachieved
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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
without using external circuit components. The passive circuit
elements, particularly inductors, occupy significant area on the
die. The inductors are typically formed as coiled or wound
metal layers on the surface of the substrate which consumes a
large area. The die must also accommodate interconnect
structures, such as solder bumps, which also occupy significant
space. The demand for smaller die with high feature density 1is

challenging to achieve when taking into account the interconnect
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structures, such as solder bumps, which also occupy significant space. The
demand for smaller die with high feature density is challenging to achieve
when taking into account the interconnect 2 requirements. 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 method of making a
r8§8icoTaREtSr device comprising the steps of providing a substrate having a
plurality of attive idevdices farmed thereary s farmingiaranaleg eieuit Orethe

1 Sybstrate, forming a through  substrate via (TSV)Ain the sulstrate, depositing

conductive material in the TSV in electrical contact with the analog circuit,
SotTiAGAIT biRBer bimp metallization (UBM) layer on a backside of the
substrate in electrical contact with the conductive material in the TSV,

depositing solder materighmaw yﬁl\gdgy%va&qgg%qlowing the solder

material to form a solder bump: The analog circuit electrically connects
through the TSV to the solder bump on the back side of the substrate. In
anothen esalzodinnent; the present ivention isa/method otmakibgod of
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material in the TSV in electrical contact with the analog
circuit, forming an under bump metallization (UBM) layer on a
backside of the substrate in electrical contact with the
conductive material in the TSV, depositing solder material on
the UBM layer, and reflowing the solder material to form a
solder bump. The analog circuit electrically connects through
the TSV to the solder bump on the back side of the substrate.

In another embodiment, the present invention is a method
of making a semiconductor device comprising the steps of
providing a substrate, forming a passive device on the
substrate, and forming a via through the substrate. The via
containing conductive material is in electrical contact with the
passive device. The method further includes the step of forming
an interconnect structure on a backside of the substrate in
electrical contact with the conductive material in the via. The
passive device electrically connects through the via to the
interconnect structure on the back side of the substrate.

In another embodiment, the present invention is a method
of making a semiconductor device comprising the steps of

providing a substrate, forming a passive device on the
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passive device electrically connects through the via to the interconnect
structure on the back side of the substrate. In another embodiment, the
present invention is a method of making a semiconductor device comprising
the steps of providing a substrate, forming a passive device on the 3
substrate, forming a via through the substrate, depositing conductive
material in the via, and forming an interconnect_structure on a backside of
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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 circuit elements interconnected 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 wvias to

backside solder bumps on the semiconductor package.
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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. 4 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 sapeted $evil e stemernton\diletlie Dwewiiogss described in
terms of the best mode for achieving the invention's objectives, it will be

appregjated ysthose; skilled ia the ar that,it is-intended fo coyey.alternatives,
modifications, and equivalents as may be_ included within the spirit and
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The manufacture of semiconductor devices involves
formation 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 function. Front-end manufacturing generally
refers to formation of the semiconductor devices on the wafer.
The finished wafer has an active side containing the transistors
and other active and passive components. Back-end manufacturing
refers to cutting or singulating the finished wafer into the
individual die and then packaging the die for structural support
and/or environmental isolation.

A semiconductor wafer generally includes an active surface
having semiconductor devices disposed thereon, and a backside
surface formed with bulk 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



individual die and then packaging the die for structural support and/or
environmental isolation. A semiconductor wafer generally includes an active
surface having semiconductor devices disposed thereon, and a backside
surface formed with bulk 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 Iayerin?, _
9Ipatteriihg aBping:; GhReat treatiTent t the Iayéring Processvotving
tsemieandudtos Materials are Sagrown ofldepositedvan the sebstrate dy,
clpghniyes invalying. thetral pxidation, nitridation, chemicalvapary e
deposition, evaporation, and sputtering. Photolithography involves the
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packages and wafer Ievefpackages (WLP) are commonly used wit
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re 12 of die 14 f?cedow toward.a chip carrier substrate rprnted circuit
B ot R T R ™o
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selectricahdesignofitbe diey ARalog Gircuits/mayree creatpdby e ive area
150m ilaatioq gf ne qQr more (Egasgive device formed within %ctive area 12 and
oI . acedow ar a Cchnip carriler Supo. rate r rinted
elec rlcallfy interconnected. For example, an anafog circuit may includé one

Cor AYore indectbr capacitor and rekistor fornied within attiveve area 12

contains active and passive devices, conductive layers, and

m

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
interconnected. For example, an analog circuit may include one
or more inductor, capacitor and resistor formed within active
area 12. The electrical and mechanical interconnect is achieved
through a solder bump 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.
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area 12. The electrical and mechanical interconnect is achieved through a
solder bump 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 intértBnnétt sité8 266 TarfersGBEFAE 26 BIR ESotder tefidoRPprocess.
sthetflip chip semicondactarldeviee opravides amshiort eledtticabiconduction

REt from the-active deyices.on dig 14,19 condyction,tragks oneartief ... 39

substrate 16 in order to reduce signal propagation, lower capacitance, and
ugehieve GVERIEtidr cifcuiP Pefoffhahde B FIE 024 ffustratés ‘skifift ofidfuctor
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smajenial. Trenches,or viag 34,304 36 are cutinfasubstrate 30 using a deep
reactive ion etch (DRIE) process or silicon wet etching with potassium

LRyrokide (KERPprocesss THeReRés U ArdCBeWilltecorethfsingls 1 tion
(substrateviasudS V¥ hirelater. stages. Arsdnsulatiggllayer 384s depasited-by
chemical vapor deposition, (CVD) over substrate 30. The insulating layer 38
e oS5 T LS Ate S s SiA TRk o frentpierag
34nd™36.5the inSifating 1ayéri38 canvisé ade witiPsilitane ditkide (SIO2pD
asiiconoxynitige, (SION): silicon aitride oSixhydntantalum pentaxide: Fa205),
irconium (Zr) oxide, or other materi ving dielectric properties.. The
s BB O S e oot L6b b (BTl BRage” or
ofdierormeters (am ) with otypicdlardlue of s l0GF A, The thickness of

insulating layer 38 ranges from 500 angstroms (&) to 30
micrometers (um) with a typical wvalue of about 1000 A.

In FIG. 2b, an electrically conductive layer 40 is
deposited and patterned on insulating layer 38. Conductive
layer 40 can be made with aluminum (Al), Al alloy, copper (Cu),
nickel (Ni), gold (Au), silver (Ag), or other electrically
conductive material. Cu is 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, is deposited and patterned on insulating layer 38 and

connected to conductive layer 40 to form a resistor.
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In FIG. 2b, an electrically conductive layer 40 is deposited and patterned on
insulating layer 38. Conductive layer 40 can be made with aluminum (Al), Al
alloy, copper (Cu), nickel (Ni), gold (Au), silver (Ag), or other electrically
conductive material. Cu is 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)/AI/TIN. The deposition of conductive layer
BABGISEs 4 VphysicaPvapbr dépositivh (PVET CYD, Edpsrafion” Blétifolytic
pplatingy orelectrolessmplating proeess4The conduciivedayers40 san e G.

Lglectically.commen or elgstrically isolated denending ,on fhe copnectiyily of

the individual devices formed on substrate 30. The pattern of conductive
Aoy U0 RPVIAS B34  And? BBYs Uptichal "RHESTtiVE fayét 420 foted A esistive
rRiayess #2a aage42hisidepeasited and pattemnedteondasdlatingilayet 38&a1id
+aRe0eElpd e conduqtive laver 40 1o form aesistpl ¢ Afternatively, registive .

ayer 42 can be connected through plating layer 50 and Cu fayer 54 to form a
sFesistoreséé FIGt tZc UReSRtivRTay et A2bi8patermed -betieeri ebrduElige of
rlayest40andipsulatinglayerd6 tesuppress-therblilackageowths cResistive
rI(_ﬂar}/er 42 Lisrronu?dfo\%t O%I(iJcig](::‘, doped poly silicon, tantalum nitride (TaN),

nickel chromium (NIiCr), or TiN having a sheet resistivity up to about 100

ohm/Sgudres ThetdepositivArof4 fesistide rapert42 nayg imaie FVD 6i'CVD
rwithsa thigkness rranging from 200-5000:AgAndnsulatingniayer 46eis other
Jeposited and pattemed on, fesistive layer 42y The insulating layer 46 ma
cover other
46 can be made with Si02, SixNy, SiON, Ta205, Zr oxide, or other
dielectric material. The deposition of insulating layer 46 may
involve PVD or CVD.

A passivation layer 48 is formed over the structure
created in FIGs. 2a-2b for structural support and electrical
isolation. Passivation 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 Dbe 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
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circuit regions for insulation purposes. The insulating layer 46 can be made
with SiO2, SixNy, SION, Ta205, Zr oxide, or other dielectric material. The
deposition of insulating layer 46 may involve FVD or CVD. A passivation
layer 48 is formed over the structure created in FIGs. 2a-2b for structural
support and electrical isolation. Fassivation layer 48 can be made with SiO2,
SixNy, SiON, polyimide (Fl), benzocyclobutene (BCB), polybenzoxazole
2PBOY ! of dtHerinstfdtiny tatenal. & potiior of passiviition 1dyér 4895 ctor
wiergevedeusingeemasksdetined phatolithiography progessttocexposeugh Cu

peaRqygtive layers 4Q,and insulafing layers 38 andA46. InFIG, 2¢.ametaly 4.
lating layer 50, e.g. Cu plating, is deposited and patterned with thick

CBRofoTRSIst 52 Tiie platiriy tayer's0Has aR dothesior Idférand seseMageér.
ATheradhesion layeiLanchetmadeavith dé, TiW 1 TatkaNror &y, Therseed layer
apically Cu, A laver, of phoforesist.32 is paliemed pver plating Jayer 5 for
Cu layer 54. Cu layer 54 canrbe eposﬂeé asa conformai coating over
chefeRes 34 and36. Nitemalivefy, >Ewefayef 54 €& e Ve fit br6E&8s which
cdeposiis Clhintouvies1 34 ansk-36 sCurlayee 54ican beausaditeformy4 can be
cinterconnection 8 as well as inductarwings ortransmissionlines, The, .
inductor Winﬁs are formed together wit SV'metal epogitlon tﬁ?ouélh %u
Cplatitgt The Cuwematéralindtrenehes 34°arid 36 car befopmetlas the lsamé -

time as,Cuflayep 84 and £4a-n passivation layer48. Altepately,.a dual

Iatinrg of_the Cu Iayers_fills trenches _34 and 36 a_nd forms Cu Iayer_ 54a at |
pgl erBAt tiMes. The optibRar ConduEtvEIayar 40 inVids Ba-and 3 iproves
cnﬁﬂaﬁsmxpr the structure formed in FIGs. 2a-2c for structural
support and electrical isolation. Passivation layer 58 can be
made with Si0O2, SixNy, SiON, PI, BCB, PBO, epoxy, or other
insulating material.

In FIG. 2e, semiconductor wafer 28 is back grinded to
expose TSV 34 and 36. Accordingly, conductive vias 34 and 36
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.
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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. Fassivation
layer 58 is coated over the structure formed in FIGs. 2a-2c for structural
support and electrical isolation. Fassivation layer 58 can be made with SiO2,

SixNy-SiON FI BCB I EBO EpGkY, 61 Gttt Sinstifdtiig iatbfiaf IRIEE- Sk,
osemicensductor wafen 28 isrbackgrindeddo, expese AS8V3danda36.ng,

Agcordingly, conductive vigs 34.and 36,,pass thrqugh silicon;s 9%%@%%30 Pre

passivation layer 60 IS deposited and patterned on the backside of
s8éfficofdiictot Wafer 28 FassivafioA lager 68 can Béhadeé Hith Sio2,

cSixNy, SN dtle BGB, FBQ;,.epaxy, areotherpasylating material, Anaynder
oPUMR metalization (VBN) 621z deposited apd patiamed,io. lgdrically, .
contact Cu layer 54 in TSV 34 andg 36. UBMs 62 can %e made with Ti, Ni,
XV CEbL Br L3 a6y B BMS 6 2Ean bePa hfidtiple medal s%ééﬁ%tﬁl%ﬁééﬁin is
rlayesybarnsr layer,iand twettinghlayer i Thenadhesian layeris madenwith g

Cr @I T| or tlta |u nltild}g T|N) Th% barrlegéayerﬁcan be made with Ni,
pﬁll\? u or e Wettlng ayer can be made wit Cu HAu or Ag. The
aéi%ééé}ééwaﬁaﬁé% eanbe GSedt6r akgnriett of @Jﬁ\%%%lme to

iAematively -abackisidealignment (B&A) infrarach MR} alignment mb@umps

gsed to form UBMs 62.9 Ar} ele tgggg%gggductlve solder material is

epog‘r[eéeover {j%,ﬁg%@z roug an evaporation, eﬁecifrolytlc plating,
electrélessiglating, ball drop;ionséreen priatingprocésseTheé0 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 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-
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solder material can be any metal alloy or electrically conductive material,
e.g., Sn, lead (Pb), Ni, Au, Ag, Cu, bismuthinite (Bi), and alloys thereof. The
solder material is typically lead-free such as Sn96.5Ag3.5. The solder
material is reflowed by heating the conductive material above its melting
point to form spherical balls or bumps 66. In some applications, solder
bumps 66 are reflowed a second time to improve electrical contact to UBMs

Se3TUBNS 62 5Hd¥Folder bifips 66 fepresentonk type Btintércohngepstrate

BSUUCF[HQ. ImEIGtE 2f, mgﬁﬁﬁﬂﬁ?.hpablmelig&m layem&ﬁﬂs applad levwerrs on

+Rassiyatiop Jayer of. Chip cayrier. 72 is honded.to. semiconductor,yafer 28,
with polymer glue layer 70. Alternatively, backgrinding tapé or permanent

Lhgidimgeéorpouril 33 appliedwitHo GEEEITrRr 72. SWheh pérmadenficidirg t°

ceampalnthds appliede passivationdayee bBscarnt beroptionalo Thiee desired

pagkgrinding tape. or palymer glye; with carrier 72.is removerd \hefore oy after
élcmg. Alternatively, the glue and carrier may remain permanently attached

OHAE becsme Part of tie die’ Tie passie-Eitcdit tlerfiehts Sudtras 1E8storse
thdusitors; ansbeapaeciterse ocedpy insightficartperdiensf the limjted space on
he surfa f substrate 30, The intercaonnect ,structures like U 62 and
tégl%%? ‘ugngbp% 66?a}:eod|ssogio%%rd %ﬁr{lﬁg %Elkléllagrof% esdiégsaerﬁgg)%ﬁuctor

rpaeRage B8lises many TSVs like 34 and 36 to electrically connect the

passive Circuitmelements an ihe tapsidesafsthe.dierthjeugh 1BMss62 fo solders
abﬁg’spssiég °c”i¥;hfeu§. C‘éi'%q‘?e%ftth‘?ﬂ'g.m provide for greater use of die area

a Improve relabllity. e semicondlctor C?eVICG in & %echas a number of
cpagdsiveicircuiegienenits: CU TeyerB4a represefits dooress- 54 overlying
conductive layers 40 between resistive layer 42a can
electrically contact Cu layers 54 overlying TSVs 34 and 36 to
connect both ends of the resistor formed by resistive layer 42a
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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10 sectional view of an inductor coiled on the surface of substrate 30. The
inductor is formed as coiled or wound metal layers on the surface of the
substrate. The conductive layers 40 and Cu layers 54 can be electrically
common or electrically isolated to connect the passive circuit elements
according to the desired circuit function. For example, the portion of CU layer

54 overlying TSVs 34 and 36 can electrically contact Cu layer 54a to _
LB6RMECTBGt eids bt the Tidactor 16rhea’ty €4 1afef B3 thrdugh UBME €25
ftorsoldesrtbumps 66 inder TS\ 34rand 86y despectivelybin acsimilarraanaes,

g tesistve layer 423 also proyvides i%rp%é@é%gﬁc‘ﬂﬁg'%@%%'eepgsrseﬁz%mf
connected between conductive layers 40. The portion of Cu layers 54
CovEHying” tohtttiveldyérarabbetieen redistiverrayer uod ¢an tefettrically e
i eantact £ u layersib4 apedying T SVec34 aned 36:ia ccadnecthoteends of the
istor formed.hy resistive layer 42a through,UBMs 62 to solder %%I"Pps 66

preersélorm rea 5 ClrCcul Uncrtions v%thout Uﬁln% eX
under TSV 34 and 36, respectively. In another example, the combination of

CéBRUGELETRABISADS resistive layer 42b, insulating layer 46, conductive layer
50, and €u layer bdscenstittte a passive LirEUdnbed dndesistiar imseries with

ametaI-C{nSLélator-m tal %MIM&C Pagito[). The pqrtion of Hﬂﬁ er 4 ind 80
CONAct Wit 2ondUCHvE Idyer 0. Gnder FasiStve Ty er 425 Bah electieall
AEENTHTITG | DL SSveriARg TSV B4 THE portion of € PIEsRY B bVerlires

Tinsyating laysy 46,c6anelestricatly icontact, €y, layer bde oveslying TSV436.
aélgggriqjggyégesr\./s 3R4D%gd 7'39 g'lrll%WSthpPraos\;sll\é% Cier g!:ttr ical contact
between the Cu material in TSV 34 and solder bumps 78 and 82,
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 NiVv, 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 semiconductor

package. In this embodiment, multiple TSVs 34 and 36 and solder
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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 11 interconnect structures on the backside of substrate
30 provides for greater use of die area and improves reliability. The TSVs
provide for electrical connection between the topside passive circuit

Peldtiefits 4nd the Packside htBREdhridct titicthings. e SROtEtdrdnd kA 9 -
Peapacioraldwdheseniconguctondevicedot perfobmareactivenciecuibfunctions

ptboyL using ?é?@ak £ireyitcomponents. BlG..3 Jllustiates anjaliernate
embodiment of the semiconductor package. Redistribution layers (RDL) 74
aRE80 Gre forrrY 6vérHabEivatiBh1ayered. inéne eifiBbaifeht RELS 74

1andi80 mayinsiude apaeting layet, bagrer layeriand vadkesive layer KDES
114 and,80 proyide electrica) contact hetween the Gy materjal in TSY 34 and
solderdbumps 78 and 82, respectively. RDLs 74 and 80 can be made with Al,
PHIURiINtAN - copFar-aney ¢AICH), €, drr€udldyPwithesh aehesfsh dAd i Barrier
1layers sBheadhesion fayencan berTh TiN2 Ti\WLLri oreTacThedaarrier layer
can becglciiv Tagl by Ti\év ar Cg(ziuwlieqlL_ssgff gndeQn ogeia%g.as an intermediate
r

d
“conduction »Té)yer to ro%etéselectrlca signals from solde umps and 82 to

coaReUSareas 6ftheti: iRCIETy Betive aritPpadsivercirckitsy ARl provites
cvateus elegtrical itercennestoptionsnduring jntegration of csemicenducter

ackage 86. RDLs 74 an provide routing options to relocate solder
D e R R e S o
gfgrnied bveE RDs 742a18d 80 and

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 SiO2,
SiON, 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/A1/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, evaporation,
electrolytic plating, electroless plating, or screen printing

process. The conductive layers 140 can be electrically common
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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 semiconductor package. In this

embodiment, multiple TSVs 34 and 36 and solder 12 bumps 66 are provided
°bnBth Enids bf the' S8AAESAdIERT Package” PaSsivetiévices ahd/6r ahafog
ieicwitslld 0 arevimotmted ome passivation leyes SBwith underfill material 114

and age electiically gopnected by goptact pad 112, Sepiconductor dis . 116 1s

mounted to passivation' layer 58 with underfill material 118 and is electrically
1ééﬁne&t%odt%?€%315§@r§‘§ With 'sorder b?ﬁnﬁ§i?b§‘@éfﬂicbﬁb?}”ctér38iea§}§2 is
chralntedwe passivatian layee 58withraindertit materiad 124cane is electrically

-ganneied lp Cujayers ¢ with splder, bymps 126, Molding. comaqyind 128 o,

other composite polymer materials W|ﬁ1' proper coe?flqlent of tlherma

aggpansion (@TI“EF f8'dEposited DVErRRE LStHGEtLTESs F6fMEH 10T FIGY 8T TopsideY

igrinding may be used.to get a flatter surface. FIG. 6a illustrates
semiczgnductorw fer 1%9 havi e} substrate 130 made af silicon or other
i i n il it Vo L b as e it e gt ot el

rggbstrates 130/ a5inkfwet silicon éehing ptocess8aeh BEKOH. Prerithes r34h
sand 136 will beconie TEV® ) latenstages: At insulating dayeri d38dserial.
Tg§g8§'“§/‘f‘s ?rél’gi%\’v%g;’n% ?%?%é%r‘l}f%ﬁ%é%"%Vﬁ'é‘gmtg‘ye £ontqurotife subsiate
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. 6c, 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 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 layer 154 is a
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134 and 136. The insulating layer 138 can be made with SiO2, SION, SixNy,
Ta205, ZrO, or other material having dielectric properties. The thickness of
insulating layer 138 ranges from SODA 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/AI/TIN, Cu, Ni, Au, Ag, or other electrically conductive

ChIMtBRAR Fhé'phfteii lof EandudtRie My er 14 a5 >34 3hd £36 75 opfiohals
oTher depositiomef canduetivertayer<l 40 uses e PMR, CVYD,wvaporation,

cSlegtralytc. plating, electroless plaling,. ot Scteen PLRLNG PIOGESS; The 1,

conductive layers 140 can be electrically common 13 or electrically isolated

CHepehaing onthe ‘Coiitettivity of thedindibidean devided fittheth oh 'Subiifite
t130. Asresistive/tayer 9425 noted as resistiveslayers dd2aand 1420, is
osited and patterned on.insulati er.138 and ¢ ctive layer 140,
A b e T s
agtesistivity up (5 St 00 BRN/3Gbaré. Thé deposiicn B fesistiVe 1&yer

pl42imayrivelve FVR 0 K2¥D1 AN sulatiny layerci4s isspattemediandive

4T85 SNy, SN 105 21705 of cthey cieledine hatena e

cdepbsition ofinsratiigRydr BB ATy Vol FVD or CVDL Wittty pida

i thiekness: of 200:14QR0A-ARassivation dayer-148 is formed over the structure
create) i G, a-eh for strugural suprort and elegtricg) sglation, ¢
Fassivation layer 148 ¢anbe made with Si02; glxﬁy,

plating layer 150 is removed by etching. Passivation layer 158

is coated over the structure formed in FIGs. 6a-6c 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 1is 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, 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
134 and 136 can be used for alignment of UBMs 162.

Alternatively, a BSA/IR alignment can be used to form UBMs 162.
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SION, Fl, BCB, FBO, 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. 6c,

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 fayet 1§ typicay €. RIVEr ofshotoresist 182 atternsS ptatiy tdyet
o¥60 foru layer oS layere154 cantdlso be ldepasited-as acanformal
-5a30g over tionehgs, 134 a0 436, Algmaliyel, G INAIASA £80N8 . ne

formed via a fill process which deposits Cu into vies 134 and 136. Cu layer
se54can'Bécused t536rmanteréofinkétiof'as el ‘asihtiictor wilgs bF 1cally
ctransmissiondines: e inductor wangsare farmed togetherwyith 1T SAVhmetal
-degositipp.huuah Gu plating, The S laver 154 15,3 it candyctive materia] .
eposited in trenches 134 and 136 as well as other |10C8IIOI’]S on the surface
cePeubstrafe 13016 Btm2BoRauctive Tayérsiand passive dédices o aralog!
peircuitsrThents materialin teenches i34 and 436, canvbedormedat thessame
time as Cu layer 154 and 154a on passivation layer 148. Alterpately ual
SRt e e s His HonchAS T34 Ay 136 Bnd ToHins Co Ry 154m
Lat différehietiffes. artte EUl Qatimyrate ittreRERES 184 ard L 36/ inGproves with
i cenductive Jayer 140« Gxklayers 154 can be electrically common or
electrif:k?(lely igolgt%d dege(gding on then %nn%%t(i:\{il[ty of tlheeS {'g@igirdsual devices
formed on Subsfrate 130: Tn %I&. %m’ photoresis 152 is removed’ A portion of

igductors, 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 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.
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plating layer 150 is removed by etching. Fassivation layer 158 is coated over
the structure formed in FIGs. 6a-6c¢ for structural support and electrical
isolation. Fassivation layer 158 can be made with SiO2, SixNy, SiON, FlI,
BCB, FBO, or other insulating material. In FIG. 6e, semiconductor wafer 170
is back grinded to expose TSV 134 and 136. Accordingly, conductive vies

134 and 136 pass through silicon substrate 130. A passivation layer 160 is

depositedPafid PatfernBa i the batksmtie 6 s&midendiictor WaferP70.
pFassivation layers 166 can beimadeanithtSiO2, SixNy, rSKONt &, BEB, B0

bEPRRYOLBINGIIpSylating materal; A UBM %9?9%8?%0?“@9 %%%@P:Etef%d to

electrically contact Cu layer 154 in TSV 134 and 136. UBMs 162 can be
OMfdde with TROMNIVNVY TUAgFEY dlfdy. IBNRS 162 Talrbé Emitiipte hetal car
estackrwith 1 agdhesiotelayecubauierdayer and-wettng dayery I hesadhesionsé o

eLIs rmads with, Tl G Al TV, or ganium pitide, (TIND, Jhe Bagrigrayet o
can be made with Ni, NiV, CrCu, or TiW. The Wettlngﬁayer can be madre wit
CEIO R OfENg. Thé éxposetP TS\PUIrsFanf®138'e8n bettiséd forafighrtent of
rUBMs 162 1Alternatively, a BSA/IR alignment can be used to form UBMs
162. 15 An elgtl:g]ifcall (r:noq%uctjc\ﬁeesolde}g .matceirg)a}! isO gegor?ggg over EBMS

p t1
162 thr%uagrﬁoan eva%o?aﬁon, electrofﬁf% ﬁlré%ng, electroless pla%l\r]ﬁl, %Bfle&rop,

16F scirseti printing roeess AThe soRlekFhatetidlTartbe Hny fretdlerAietal
1aljey or iectrigally ucanguetives matefial €.9+SR, BhsNiAu-Ag:GU; Bij aad,

aa!oyst ereof. The splder materia 'Neflowed Q% heatllqgethe conducti%/e

S1SEOor 1ln.seriles wil cagacltygr,. orti of Cu
materia alSove Its me?tlng pomtato orm spherical balls or b%mps %.%6 n

lsgme dpplicaticis) tsolderbumpyreeareve 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
passive circuit elements and the backside interconnect
structures. The inductor and MIM capacitor allow the
semiconductor device to perform reactive circuit 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
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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

PTSYV ke 1327 An¢ 1 38%to Electiicdily donréét the'gassive Eitédit'@lements 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 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. 16 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
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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 condugﬂiﬁéqﬁyer 140 under resistive layer 142b
electrically contacts Cu layer 154 overlying TSV 134. The portion of Cu layer
k24 averlyjng 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
1to theaAntercannect stibetigs awieh ave ddispesed«n the baeksitlesatie 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 gré&fer use aPde arelafd imprbyves réfgbifitSThatPSVs provide for
electricat eongegtionhatween the-topside ipagsive circuit-elemenistand the
hackside nterconnect, stiuctures, The inductor and MIM capacitor allow the
semiconductor device to perjform reactive circuit functions “without using
cexferAal titEdit EBMpPETeRtS. White'dhe or more embodiments of the present

inventierrhave beeniustrated in detail, the skilleshartisan-wilk appreciate
S%attrgoggipations and adaptations to those embodiments may be made
Without departing from the scope of the 17

forming an under bump metallization (UBM) layer on a
backside of the substrate in electrical contact with the
conductive material in the TSV;

depositing solder material on the UBM layer; and

reflowing the solder material to form a solder bump,
wherein the analog circuit electrically connects through the TSV

to the solder bump on the back side of the substrate.

2. The method of claim 1, further including forming a

plurality of active devices on the substrate.

3. The method of claim 1, further including forming a

redistribution layer between the TSV and UBM.

4. The method of claim 1, wherein the analog circuit includes

an inductor, metal-insulator-metal capacitor, or resistor.

5. The method of claim 4, wherein the analog circuit includes

an inductor that is made with copper and is deposited at
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present invention as set forth in the following claims 18 Claims What is
claimed: 1. A method of making a semiconductor device, comprising:
providing a substrate; forming an analog circuit on the substrate; forming a
through substrate via (TSV) in the substrate; depositing conductive material
in the TSV in electrical contact with the analog circuit; forming an insulation
layer over a back surface of the substrate; forming an under bump
SRtEtaHfiZatioR (UBNIT 18780 d batkside of f Subsftate in EfetHica contact
mavitbrthel conductive suaterial in the TSV, depositing solder material on the
UBM layer; and reflowing the solder material to form a solder bump, wherein
the analog circuit electrically connects through the TSV to the solder bump
6on the' BAckide of the Stibstrate. 2 Th8GhetHd BF ERIm™ Pt HerdntHiding
oforming a plutaliyof activedeviees anstheasuhstrate. 3. The method of claim
1, further including forming a redistribution layer between the TSV and UBM.
4. The method of claim 1, wherein the analog circuit includes an inductor,
"metalfiRSulatSratetal capaéitor: orresistsr 5.He féthodesdaim™ wherein
pthe,apalog cikcuil #icludes sap dnductor dhat isomadegwithcopperandis to

tggpgg%gneart 1%%gproxmately the same time as the deposition of conductive

8. A method of making a semiconductor device, comprising:

providing a substrate;

forming a passive device on the substrate;

forming a via through the substrate, the via containing
conductive material in electrical contact with the passive
device; and

forming an interconnect structure on a backside of the
substrate in electrical contact with the conductive material in
the via, wherein the passive device electrically connects
through the via to the interconnect structure on the back side

of the substrate.

9. The method of claim 8, wherein forming an interconnect
structure on a backside of the substrate includes:

forming an under bump metallization layer in electrical
contact with the via; and

forming a solder bump on the under bump metallization

layer.

10. The method of claim 8, further including forming a

redistribution layer between the via and interconnect structure.
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material in the TSV. 6. The method of claim 1, further including forming a wire
bond on a top surface of the substrate. 7. The method of claim 1, further
including depositing polymer glue over the substrate and bonding a chip
carrier to the polymer glue. 8. A method of making a semiconductor device,
comprising: providing a substrate; forming a passive device on the substrate;
forming a via through the substrate, the via containing conductive material in
1électrfg%ff contactvith the pHBsive "HEAiEe and forfitiy 3R ifeYcohnedt 20
isttuctuse .on a backside of the substrate in electrical contact with the
conductive material in the via, wherein the passive device electrically
connects through the via to the interconnect structure on the back side of
Lihre substrate=o°Fhefmetidd of tlaith 8 @herélifforiting it intérétitredt 1
cstsgetre on a backside of the substrate includes: forming an under bump
metallization layer in electrical contact with the via; and forming a solder
bump on the under bump metallization layer. 10. The method of claim 8,
LurtheF iscltairtpforifing ‘e radistribifiof 18y e BeRiéen Yive Vo AR 15 2
midanconnact strictee: 2 20k aldie method of claim 8, wherein the passive
device is an inductor. 12. The method of claim 11, wherein the inductor is

made with
14. The method of claim 8, wherein the passive device is a
resistor.
15. The method of claim 8, further including forming a wire

bond on a top surface of the substrate.

16. A method of making a semiconductor device, comprising:
providing a substrate;
forming a passive device on the substrate;
forming a via through the substrate;
depositing conductive material in the via; and
forming an interconnect structure on a backside of the
substrate in electrical contact with the conductive material in

the via.

17. The method of claim 16, wherein forming an interconnect
structure on a backside of the substrate includes:

forming an under bump metallization layer in electrical
contact with the via; and

forming a solder bump on the under bump metallization

layer.
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copper. 13. The method of claim 8, wherein the passive device is a
metal-insulator-metal capacitor. 14. The method of claim 8, wherein the
passive device is a resistor. 15. The method of claim 8, further including
forming a wire bond on a top surface of the substrate. 16. A method of
making a semiconductor device, comprising: providing a substrate; forming a
assive device on the substrate; forming a via through the substrate;
1gepo§ﬁﬁg PohaRrttivé Maferfal i thdiiaSand Hornfidg ah' mtéfcbrifect s 7
eStructureaon advackside of the Iseibstrate in electieakeantact withhtheria.
conductive material in the via. 17. The method of claim 16, wherein forming
an interconnect structure on a backside of the substrate includes: forming an
LanderBEmprnetallization tayerlitr eletridi com@tt Wit the viak Ehd*forming
radcoider bumpenihedinderdadap metalizatiandayet<2t & dde meathoedwofe .
claim 16, wherein the passive device is in electrical contact with the
conductive material in the via. 19. The method of claim 16, further including

2formirig'a Fedisaibutiortley/et Détwedirthel viatditd itefdoinectstftictiife 220.

itbednethod ef glainvi 6, wherei he-passive device is an inductor,
capacitor, or resistor. 21. A semiconductor device, comprising:

21. A semiconductor device, comprising:

a substrate;

a passive device formed on the substrate;

a via formed through the substrate, the via containing
conductive material in electrical contact with the passive
device; and

an interconnect structure on a backside of the substrate
in electrical contact with the via, wherein the passive device
electrically connects through the via to the interconnect

structure on the back side of the substrate.

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

an under bump metallization in electrical contact with the
conductive material in the via; and

a solder bump formed on the under bump metallization.

23. The semiconductor device of claim 21, further including a
redistribution layer formed between the via and interconnect

structure.

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

device is an inductor, capacitor, or resistor.
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a substrate; a passive device formed on the substrate; a via formed through
the substrate, the via containing conductive material in electrical contact with
the passive device; and an interconnect structure on a backside of the
substrate in electrical contact with the via, wherein the passive device
electrically connects through the via to the interconnect structure on the back
side of the substrate. 22. The semiconductor device of claim 21, wherein the
interconnect structure includes: an under bump metallization in electrical

260ntachwiththec conductive dnaterial i the yvia; and afsoldee bumyp formed on

whe.upder bump, metallization, 23, The semicanductor devige of claim 21,
further including a redistribution layer formed between the via and
interconnect structure. 24. The semiconductor device of claim 21, wherein
the passive device is an inductor, capacitor, or resistor. 22 25. The
semiconductor device of claim 21, further including a wire bond formed on a
top surface of the substrate. 23
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