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 bu s. Background of the Invention
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automotlve industrial controllers, and office equipment. The semiconductor

devices perform a varlety of electrlfcal 1]‘luncitlons Qecessary for each of these
applications. o e 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
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



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
HifishetWafer has an active side containing the transistors and other active
and passiveccomponeats. Back-enarmanuiaettiring refefssta outtingiore a
pSingulating the finished wafer, into the individual die and ther, pagkaging the
die for structural support and environmental isolation. One goal of
dsamicendiétor mantfactaring i$td prodace aackages suitable forfaster,
peelieble ssmalles, rand highar-density integratedkeiseuits (1CG) at lowes cost.aRlip
Ghipackaoes or wafsr IRvel ofin scale packages (MLGSR) argdeglly suited
or ICs demanding |§h speed, high density, and greater pin count. %TIp chip
Pstyl€ patkagingt ifvole® nfdunth it agtive side of v div facedswhtward
aatchip carder substrateioe printedisiveut board (PCRB).The elecircal@rdrate
mechanical interconpect be he active devices on the die and .
Ao A B Sortias Silbeirate & Saovad hiodgh o sdarban
1straereHhplsincs targeenamberoftordirciverséider Btenps@r balls. The
cseldler bumps aredermeddby: adefove progesscapplied to seldermatetialough a
Jenosited on contact pads which, are disposed on fhe semiconducter . .
subsStrate. The soﬁferlbumps are then-soldered to the carrier substrate. The
sflipdeipsemiconducior package provides dghost eleetricaltehductionrgathcw
pirom the agtive devices ondbe digitethecardgs substrate inorder-to reduce

wﬁlgc?lgll propagation, lower capacitance, and achiey eq%\%%rﬁfy Jpetter circult, |
performance. -~ “fai'many applications, it is desirable to form passive Sircuit
belaments: incladirp intRictdrs; vesistorss antecapatitors: oa-theThe £1ip chip

seemicoRAustor wafer.Hhe inducter and capacitenallows the ICdoperfoun
reactive circuit functions without using external circuit components. The

Pp&EsiveCrduifements, Paftcaany indigots S ottupy Sigrficant arda h th&®
idiex v inductersiare typically forpred asicoiledlormourtometaklayers andthe

asHrface ofhe supstate which.consurpes a.largg area. The die must also
accommodate interconnect structures, such as solder bumps, which also

occupl siifticatitispacdt THe demand ot Smarsr die with Higheainee
cdensity isthakengingitocachiéve when taking, inte aceountthexinterconnect

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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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 semiconductor device comprising
the steps of providing a substrate having a plurality of active devices formed
thereon, forming an analog circuit on the substrate, forming a through
T§HBstr & HaS(TSV) in the substrate, depositing conductive material in the
TSV in eleetticak contaatavith the anatog eirstitefarming ian ahdee bumpnd

:melalizagion.(UBM) laygr.an & backside of fhe substrale Jn glectrical goptact

with the conductive material in the TSV, depositing solder material on the
SEMBMJagEr tdHd reéffowing 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 substragqmmarlp gpother 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 thtougb tbgrsitbsteate, Theeviacordaining condustive Inateralisdn ot
ngiectrical contacLwith Ine.passive devige, The method furiher includes the,
step of faormlng an terconnect structure on a backside of the substrate in- -
Aefeghialccontaet wWith thePéordddtive AfatefialirrtiEeVisc Thefpagsidedwneen

celegtricalhncannects threugh thevia e theinrtereerneetstruciyre onthegack
s%%g%ggngE%QSW%Eb) in the substrate, depositing conductive
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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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, 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. In another embodiment, the present

Siventiontis & SEMiEEnAudtt? deVice ebniptisiny e suBSate' P passivedevice
ctormed ondhessuhsteate; andra via igrmed throtighhtheasubstrate: dheswia

sgeNaing copductive material in eleclrical contact with the passive,devige,, An

interconnect structure is formed on a backside of the substrate in electrical
waShtadt Wit the Giat Thé'passive device Eedttitally connects through the via
to thelnterconneet stiuctitra<on the back:side of the sebstrate i Brief

Descri}ﬁ'on of thg Drawings .FIG. 1lisa Iispcch@ semiconductgr evice
senmico UCTOr evice ,ompl‘rlsj,ng a su ra %, a passlive device
with solder bumps providing electrical interconnect between an active area of

Eiendie aRd ' enipreaitiet substites via fopned. DArsfifitistrafe 4'Probesse -
ratfarmingqassive ciehitelementsavitt through silieon viasito bagksiele with
tﬁgk%gg%gggség%quseng%pqﬁ€ggégg§gg eétructure is formed on a
backside of the substrate in electrical contact with the via.
The passive device electrically connects through the via to the

interconnect structure on the back side of the substrate.
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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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 vizstiailack fHde soigeibumps chéhesamisgaductor package.
Detailed Description of the Drawings The present invention is described

in onerge mare-embodiments i, the; follawing description.with reference to the

Figures, in which like numerals represent the same or similar elements. While
HHE hveTition isuedtrivet i terhts Sf e bREt fbde fdt dcHigviy the™© the
Finyention'si objectives] itkwillrbenappiteciated bydhosetskillednin the aritrthatit is

inigaded to gayer altgroatiyes, modifications, and.equivalents,as may Re pest
included within the spirit and scope of the invention as deﬂnedmthe

M3ifehdBd AT SHd thefr dquivalerts ds Shppofed By the falbiving®
adisctosurecanddrawings.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 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



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
IWalfer Ras HPActveE Side cohtaifingSthetran S5t SrsCand Stfer astive Bhad
tpassive compenents. Back-endtrmhanufactiertingarefersoto-cdtiingsarsingulating
o Buisheghwalsynig the Indiidual die, ane e pagkaaing be.de for.
structural support and/or environmental isolation.’ semiconductor wafer
ngéheprallyihchides affactive suface havitty SeRicaAdatr devices tisposed
mthereon] and & backsice-surface fermedwith bulk semiganduetos spaterial,
i§ e slican, Iheadlve sive suriage coniaing, A pluraity gl semiconducier die.
The active surface is formed y a variety of semiconductor processes,
oihchedingByenhgtpatterning, doping, and heat treatment. In the layering
process, sermcendietor materials ape groyws ostepasited ar the substrate s
Resenniques invoing thermal exidalion, nitridation, chemical v3POL. o g ng
eposition, evaporaﬁ{on, and sputtenng.?D oto |thograpﬁy involves the
hitdskemg of aréasbf dhe stirfaceradd StehRingraway iftesired Mdteriahieform
sspeeifiestructyres: cHie doping process,jeets cencantrafions etdopantrea
aterial. by thermal diffusion or ion implantation. . _ Flip chip semiconductor
L EnGAS o WAr EUSI DASRAGoS (VL) S EURmaRy JeE o B ineea
Cintegrdtet cirlitsF(€s) demandingighispeed; high dersityy andrgreatér pin
c@ﬁ@@tjugs!i?a&@?v%}/lﬁﬁ(?@ﬁ%ﬁwtgé@?g@ 1@&8&1@%@%%@8@5@% active
area 12 of die 14 facedown toward a chip carrier substrate or print ircuit,
SR (BLB) £0 e sHONR TG . AGtE WHXS Sontana Sbive antr cie
Apassivedevices scondudtivecksarsdahd didkectriolayers avcordingto the more
pelectricaldesign of thedie, Analog cirevits may bejcreated bycthericaiiy

.combination of one or more passive device Eormed, within active area %2 and
L BletiCA Mtsftonnetted “FBF dkanfible 2B artal6y cirttit MY inkiUdE 5na bt
omareradustbre tapaciterand resistodforared withif @ctive areahli2. Fheive

gelectrcal and meghanicalinferconnectis achieved,through f selder biMpeveq
structure 20 comprising a large number of individual conductive solder bumps

CBF BAAE 22. T SOIdRI BUrfipS HrE Formed GBS palis or mtefcontet sites
124 jwhictz are disposed ensactiverareant2. Fhedaump pads 24hcormdcido the

pAGHe Circuits hy.conduetion tracks in actiyearea.l2..Ihe soldenbumps; 22
are electrically and mechanically connected to contact pads or interconnect

2&ftes 28761 CArfier &Gbstrate* 16Dy a solderretidiy pracess. ThE it chip-© the
asemieonductoi device provides apshorteleetrical gontluetiangpath fromthe

s8¢tie deyiges op die 14.to.conducan tragks on cafrier.substiale 16.n grder
to reduce signal propagation, lower capacitance, and achieve overall better
CEF&&EE i%éﬁtégmerconnect 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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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 deposition (CVD) over substrate 30. The
insulating-lagér 38'foflbhvahe cortotr ot the Subsdtraie arid providss A via
slimerforteenches 34 ard 361 Theninsulating:layes 38 can beomade-with silicon
ndioxide (Si02), silicon.oxynitride. (SION), silicon, pitride (SixNy). Japtalym . s,
pentoxide (Ta205), zirconium (Zr) oxide, or other material having dielectric
UBrdperties Thethickness dfinstilatihg! [dyET R ratges from 50b'angstréis
e (Anhtn30vmictopeterss (mh withia dypical value opabodt 1000Aenchdr FHG.and
b L N A R et i AL NS

insulating layer 38. Conductive layer 40 can be made with aluminum

18R6y a¢aprer @) nickel INTERfoT TAD) PeilvEr ) 2r bifrerreléerically: o
(conduetive matesialoCy IS typicaly useshinconjynctiga witts anAadhesiobhe
layer and batrrjer layer. Conductive layer.40 can have multiple_layers such as
B P e (TN AN RS ot o s e oy
340aisks>4 physical Vapordepssiten TP V), @VDPevaperatiort releétrdiiie
apkatings or electyolessiplatingprosess. khe conguctiveilayers,40ican be
lectrically common or electrically jsol depending on t onnectivity of
ot b o EiaH A s aie a0 T At 2F borar dhoec”
oldyer 40rreviag 34 and 36 5 eptichalic Pranesistive-layérd 2t hotédass of
i resistive layers A2a apd42h;ds depasiteshand pattesned @n insulating layer
38 and %onnected to c(grﬂducttive la(}/er 40 Eo form a resisﬁtor. %I&ematively,
"SESHVE Tayer 43 Lali e cdnhdkted throtigh plating 1ayer 50 and Cu layer 54
to forrina Fésistaotb seerFI6G.<2¢. Resistive dayer42h s phtterned between
aepnrductive layer4Q apdipsulatinglayer 46-t0 suprressethe Hillogkgrowh.
Resistive layer 42 is made with silicide, doped poly silicon, tantalum nitride
LeraR), Hicker chromitiy (KICH, BF TINTEVinG | shedt resisivity”GBk6 abbut /
ni10R<ohnifsquares The (depoesitionhiresistive layer d42emayliavokecRVLY or
GYR with, g thicknessiranging from 2003000 Aseq AN iNsWating layerAG is
depaosited and patterned on resistive layer 42b. The insulating layer 46 may
2BodErGiet tirctitredidiis f6r instlatio phirpos&Si e msulatmgTayer 46'an
hbeanadetw_@heiaz_gySb(Nﬁ18110NsTa2@5pmexida)dmammele¢M¢miaierial.
(Thgdenositign of jnsulatipg Jayer.46 pay inualve;RYDI oL CVDo s A 4

g;sswation layer 48 is formed over the structure created in FIGs. 2a-2b for
P

Getiital Sapport it eldctital iStRtior:, Passivaksn fayet s tante tade ©
pWithi3if2, SixNyeStON] @@éyinﬂde_i(&),ﬂqmmclphlhenec(m),ive layers
spolybenzoxazole (RRO), or other insylating material. A poction of passivation, ;

layer 48 is removed using a mask-defined photolithography process to
OBxpbSe CorrftictivE 1ayers 40 Hhd st faytis ‘38 and46ed 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. 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
A4 N4 Tl progeds wiith depdsits Etintc’ vz 38 arfd 36 SEL1ayel 54962 be
pusedtg foemdntercoanection lasavelbas inddcton veings Ortramsmission tines.

21he induetgrwings are formed together with, TSY, metal depasitionthroygh,

Cu plating. The Cu material in trenches 34 and 36 can be formed at the Same
i ds T HeyEr 59 ahd¥54a Oh PpassivaReR Tayer'4s FAkéAEtefr @'dbal
rplatingioktheaCerdayers fillssrenchesn34 and-36andiderms collayet bdacat,
edifferenk imas. e eplignal gondugtive layer, 40 iyias, 84 a0d.3Q Improves .

metal step coverage and Cu fill process In the vias. Cu 1ayers 54 can be
SBREHriEAIN ESMMOH otreleetritalyisofAte @ tiRpEtithig on thercoiRectivityrorf of
rthe dividuah devices tasmnerhon substrate 30.cvp 1 EHGa 2dn pbrieresist 52
risnre{novgfgbﬁ\ %%rBiQE'O%f Igting layer 50 is removed by etching. Passivation

Féy%r%% is coated over the structure formed in FIGs. 2a-2c¢ for structural

suppdtahtseléetricdd iscltion P assivitiorsiayer 58 cark betmaerwith 3i02,
r SNy, i SION: P-BCB, PBO,£poxy: 0rother inspiating materadver dRIRHG.
3, semiconductor pafer 28,5 hack arinded fo.expase TV 34 and 36, .,

Accor(jﬁngﬁﬁI conductive Vias 34-and 36 pgss ?hr'oug silicon su sjtragte]foy. A
4passivationriagier 8Os delositediand patte?ied o the backsidedsf: or other
asemicenductar wafer 28. Passivation layes6Q eanhe; made witha3i02, SixNyy
,SIOFI, Pl \I]3DCB, PBQ, epoxy, or other insulating material. An under bump
thtallization (UBMY 62 is deposited and patterned to electrically contact Cu

layer B41nsSEEY B4iand 136, UB#Ms 62 darrbedmadewith T i SN, UNiVIGuU, or Cu
callay.JBMs 62:can be a puitiplesmetal stack with adhesion layier. barden

layer, and wetting layer. The adhesion layer is made with Ti, Cr, Al, TiW, or
Sl Hitride TNY THE Baiei TayaF can b made ikt K, NP -creabe
STIW. Tirelwetting layer)carPbe 2nade with CuycAd BOBAY. dheyexpesed 1GV 34
(8Bd)36 can he used for, alignment.of LUIBMs 62, Allsmatively.ra backiside; o
alignment (BSA) infrared (IR) alignment can be used to form UBMs 62.
LRSS eCiticHTly oot soiliet miatdtial 7 depdshtBa ‘Ser UBHE B2 through
ran@&aparatiorpelectrolytic ptating, eleetroless platingnball dropgoi sgreen 38
2RHNtRg process. The solder material can be any metal alloy or electrically
conductive material, e.g., Sn, lead (Pb), Ni, Au, Ag, Cu, bismuthinite (Bi), and
alloysthetést: Te séldetmatetict i< Bppicany fead-free- Suck asP3A96 g3 5.
dd&hessalder matepat iscteflowed by heating the conductive snaterisl @boveriisg

1ieling paintfo fory spherigalalls or bymps 66, I some applicaions..,

umps 66 are reffolv?/ec_i aaggconc? time to improve electrical contact to
LeBMs 62! UBM&62 anhidhSoltfer bliips 66/ feptesent ohe typecofiffstconriett

iStrygdieally 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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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
agatfier'may rensinperntanerity attatARa = bekomte part of the diedTHe™
wpassivercircuiteleinentss such ag resistorspductors, anck capacitorsygecupy

pasignificant portion of the limited, space an.the;surfage of substrate 30, Ihe .

interconnect structures like UBMs 62 and solder bumps 66 are disposed on
e BaCRsitesT the die. Seffifcontuctor packade BB ISES Maty TSXNASliKé 34
rand36Gteelecticalacopnect the passive adrcuitelenermtsion the éopside of4

aie die thrqugh YBMs 62 t‘?e%o'@%bgg‘%%e%% e backside of the digsto, .,
provide for greater use Qfagle'area and improve rellablhty. The
ceBRICORUGCIOF viddin FIG128 Hds aTumber BPpaseranGirédit efcthents.

cCelayee Sdadgrepresents 8:€6088s1@n 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 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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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 connect
both éHUS OFtHE irfetictdr FSHNEE by CuTayersa4thfough UBMSEL fo 6iter
obamps:86 WerhkSVsi34 andvdpaespectivelyl ect rimlasimilal manngr, the
oIS e 2 alsp pravides apassiye dicult element L B LBSISION 1he
connected beENeen conductive layers 40. The portion of Cu layers 54
SgveRYingreSHdactivE fayets A0V bafiiéen Teésistivelayer42a tah'eéctrically
ceantact Gid layears:54 oyedying, TSVs 34 and (86 1o aonnect pbatly encds, of the
bR fprmed by resigtive laver A2a firough UBMS 62 to,solder bumps 66,
under TSV 34 and 36, respectively. In another examﬁjle, the combination
CoPE6ARdUELVE PAVErT4T, resistiveslaye? 42b disulatingl8yéP46SEoRdGElive L 1S
rlayesody and Ceulayes Sdneonstittite aipassive €ircHit, heqweresistafidn Sefigs
\(/)vitrrllta met CI)-]ifrrlnsuIa%oerirpegﬁl My)sc%ga%iltl%r. ST 6port' n (Sn; Igleu layer 54 in
Pontact with conductive Tayer 40 under resistive ayer 2bcan electrically
apBAtet T TeyerSA 6veryigP TS8P 34 FhegidrisrcoPCadayer 54 idverlying
isudating layer4e sanelaetically cantast €. layesd everlying skS¥e3b.bumps
6,g\ccorqjgglé/ﬁ TSOVs 3t4 agd o3 ?.”%Ve\l rthg I%%ssives girrggjgutaljements to be placed
on the top5|dte of the die and to be eFectrlcaCLIFy éonnécted to the interconnect
structdires, Whichfareadisppsédren the backsideloktheadier THe placerpeéntdf
oRassivecircuit elements.on the topside of:sybsirate;3Q andthe-intergonnect
structures on the backside of substrate 30 provides for greater use of die
SgPes 8RAPTovEs Yefiabfiity “The BEVE provitSor &1&ctricar connection
Abetween the lgpsidedpassive cirguitaele mrentsand: then backsidenintercormnect
igtrgfgwédm@eﬂgu@toga%qé@M7gapaﬁﬂ%,aﬂgvmﬁe%maﬁqg%Qﬁg%@

_perform reactive circuit functions without using external circuit components.
LB|1GPB I Strated s Yitetiite ébodithert bf the ¥emicdhductdrFackage.
bRedistiibation layers (RDb) Fdrand Gluarerformedh ovee passivatiorelayes 60.

pUEQRE embodiment, RILS 74 apd §Q may, include a.wetting layer, bapjer. .,

layer, and adhesive layer. RDLs 74 and 80 provide electrical contact between
T Cl RIEASAAFHCTSVASA AMtFSoldR? bofps' 78°and 828 réSfetthfely. RDLs
74 andr20 papde ;made withc Ak aluaingm copperalley (AkGw), Su, or Cu

ialcg%)évxgtrhsan %d ecséilogL &ngob%rrieorclgggrs. The adh sionnlcayeor can beC;Ijﬁi, '%l\é
Ti ,Er, of Ta. The barrier I%y’er can be NW; TaN, TiW, or CrCu. RbLs 7

Lanéd BTl operate &% ahlifterirédiate ebndbeiondayerto routeelebtrivat Sigirals
strontsolder bumpsuiBandB2 teivaydous.areasf the diecinclugding-actie and

assive circuits, and. proviges varioys electrical intercannect options duri
T i o it b e e
Loptiond te relotate sotdercbumpsl 2y arrel82 awady: frape TSV 34cand 86: A

cPassivatioplayee84ds dormedovelRBLs 1420480 and-passivation jayer 60.
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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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 bumps 66 are provided on both ends of the semiconductor
SPatkage Passivedeites dtI6Panafty Eitclits 110 areriftmted oitstrate
3passivationdayer 68 with tindesfill matesial 4d 4cand ate ¢lectrically cosnected
Ry coptactpad 112, Semiaandutor dig, L1843 f1eunted th.passvalon avey,

58 with underfill material 118 and is electrically connected to Cu layers 54
LGitPrsolder bamps 1265 Semicohtiuctordie"1 27 i§ hisiritetto passivation . to
clayes &8 with waderfillanaterial k24 aatlds eleattically connected éo L1 layers
34 ith splderbumps 126 Molding.compeund A28 or olnes composits,

polymer materials with proper coefficient of thermal expansion %TE) is
oyeposited overthé stritturds foted BRI S . Tossideagrinding maghe 42
tusediaget atlatieesudace. the Fltaba dlustrates semicondusterwater 129

aving a strate 130 e of silicon or other b emjconductor material.
S e A PR Hettan 6t SBState 130- g ediicon
refotfing Preéess such as KOH. Trenches 134 and 136 will become TSVs in

later stagessAniinsulatinglayer 438 iscdepasited by VDiovernsubstiate 130
afollogvsig the.lcon&g r gﬁtl;}l% gttJbstlrate angl prgg/icéig a gia Iinert% Ct)%r%crées

182%nd 136 The'insu aehng layer 138 can be made with Si02, : §|xﬁjy,
cPa2ost ¥ve, bruther Atateriahhaving-dielectficproperties. PHe ehiekhess of

cinsylating layer 138 ranges fram 5004 ta 80 with a typigal thigkness of
bo%lt 1009@. Itn FItG.C 6b1an electgigallx co d,uctiv%sla§e5 }40 ig d3e600tsited
©and pattemed & insiiating layeri3s > Conductive idyer 140 can be made®
cwitheAl; Aldiloye THTINATIN, Cg 1NT,&u fAgred otherrelectically conductive
tmateHal. oHes pattern of conductivejayel; 14Qda vias k34 .an6.d 34s optional.
The deposition of conductive layer 140 uses a PVD, CVD, evaporation,
L SRRYOIVIE plating, electroless plating, or screen printing process. The
conduttiveniayers 14Q=carn be eleetricatlyicommon of efectroaliy isolatec:r

agepending 9pdhe gonnegtivity of dhedndividual.deviges f@@ﬂa@lm%b%@t@r
A resistive layer 142, noted as resistive layers 142a and 142b, is

130. _ ,
>depdBited ant?ghttertied SR Thshidth o Iayer 138%ad tontiuctive Jayef 140.
rResistive layesddieis made withsilicide ndoped potySiaTaN1 o) NiCrdaningr -
TRdESIStvity IR, to @QO%%QQ ohmisquasg. The depasitignfsesistiveclayer 142

may involve PVD or CVD.
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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An insulating layer 146 is patterned and deposited on resistive layer 142b.

The insulating layer 146 can be made with 5i02, 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 5i02, SixNy,
LBIORE P BEE SPBEY or 6thet inStifating ThatéifalC A poRion of passivationtdes
flayey A8 isrremeved usirg armaskrdefined photolithogeaphy processhto TSvVs
o28R25E conpuctvelayecs 140 ANNSUEIG Jars A8 BAAA, oI FIC.

6¢, a metal plating 150, e.g. Cu plating, is deposited and patterned with thick
€ ﬁS’tblFeﬁéFTSQ.tThér]ﬂaﬁ%ﬁ |&GETT50 hals &R HefHESToM |8 érard seed layeF
itheadhesion layer eap e madexwithwT i HéWs chaldaiNjor-Cr. Hhe seeddayer
oS UBIcAI.CU, A Jayer of photaresist 152 patterns plating layer 450, far Cu
layer 154. Cu layer 154 can alsorbe éeposne as a conformal coating over
Ctrefiehes ABPARETI6. Alternatively, Cu layer 154 can be formed via a fill
process whighidepositssCudnto vias: 234 andl 236oC6ulayer db4tean be used
to form intercaonnection as well as inductor wings or transmission lines., T,
S s b TATHE tomSHEt th T2 o b0 S tbcRces
aplRatifiRE THE ClelyRer 154Vidtd eBndattve Materdlt deposieddf itfenches233
7andrlB&aswell asothee locationsi ag the wsarfaceef-substrate-130 4aform
nductive layers a assiye devices or analog circuits. The Cu material in
HRRCHGS T 3ht 190 B 1 T 1) CAons 1 A A 18 T8 and
b¢5uaon passivationtayer148n Alternatelyra deal pratiny op the’ Ewrlaye?s fills
rirepsbes-A34,andrk36 and formssCudayendsqaat differenttimes.fbefeu
Elatinrg %ﬁ in tr%qcches 1%4 and 1%6 imPlroves V\éli[lh condgctive layer 140. Cu
RERTS 154 &3n be'sldttrically Sdmmon or dledtrically issiated dependfing on
bther cenneéetivitys of thérindivideral devicessforaved ba sUbsti@ts,130.W, Cin or
TEIG. 6dephgtaresist lazis refpoyedyAportion, ofiGy plating layer 1881s 74
removed by etching. Passivation layer 158 is coated over the structure
*inted i ETGES 68566 for Strictliral SUpp Gt and-&rettiica ¥861atidn” ° =
ePassivatioh layend 58 carvhesmaderwithn8i62/Siddy, SIONe PtaBCE\PBO: oy
oetherdngulating material, -:NElGneesemicenducton wafer 179 is.backse s
grinded to_ expose TSV 134 and 136. Accordingly, conductive vias 134 and
V156 PssCtHrobgh Sttcon sGbSfratse $30° tﬁﬁ&ﬁvéﬁ%Ii&yéf“fé@ﬁ%b%%sﬁéd
samd qatternedrom thé backside oRsemicanductos vafept7@: Passiviation layer
560 5an be mads with 3i02,SixNy, SION¢PL BCB; PRO, epoxy, prpther .4

Insulating material. A UBM 162 is deposited and patterned to electrically
3Bontdtt T Ryt 154 int TSV 134 drid 1367 ¢/BIIST6 2 Chn bé nidde Wit
phlssNWAtCun ot Srealley..UBMs 162 can be a multiple metal stack with

adhesiop 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
SEMhNNIAE Cred FP v, Thelwéttitly fa5et TdifBe thadewitls Eu, Ador t
tAg. dheiexposed d:S\WA34ard d3thecan be ysed forakgnment of UBWMSs162a -

LAlternatively, 3 BSAIR alignment cap he used foform UBMs 162, ¢
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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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

PupBlications, sdlder biifthL 168 Hre reffdvetf a'secatd et mgrover ckage -
pelectriealcontacttaliBMs 162 IdBMs 162 iand solderbumpsiiGairepresent

-90¢ type of intercanneect structure . The nassive circyit elements, sych as

resistors, inductors, and capacitors, occupy a significant portion of the limited
cdpace trftheysGtaes of Stbstrate 130 THE thté nett'strttires ke UsMs

1162 andhsalderburaps s ate dispased-on thewhacksidel of e dieaterial
1 emicgnductor backage 170 uses many I%Véu“!ﬁ;a%é“ and, 136,10 electrically
connect the passive cwcwtyeleme_nts on the topside of the die through UBMs
byBPt0lstlder BEMPP 168 GrPthelbacksitlelst e dietd provide forgiester use
1ef/the die area anddeyrove reliability.] 124 hensemicenduator device in FIG.

o5, 123,80umbey o passive.qirguit laments, Gy Javer 154a repregets a
cross-sectional view ngan n UCtOI.’ coiled on the s rface of su ‘strateg130.
cThedAddctoris J6rmetsss E6ITES dF vouned YRSl Taersion the' stiffapeBithe

csubstiatesnthe conduetive laygrsnt4Q andcCu layersiibd canhe slectrically
~eommon or g%ectrlcg!lg Asg_l%gd %o copnect é@e assive circuit elements

aﬁg&t |ﬁ§?o é'desired circuiit function, For e éﬁ% el,ntﬂemﬁd/rtl%% 3?58% I%ﬁ/er

9¢54Veriitg TSV 184cand 136 can electrically contact Cu layer 154a to

connect doth £nds akthesinductarformed, by U layer-194a thropghy,UBMs
162 to SO"’?EBUrTanS 19 usni er TSVs 134 anrql %%q,kreggective

substrate e lcon or othe mlconghctor
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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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
Canbttferexample] the Bfhatiorrofcardactive fayet T4, rebistivetaybfe
11242b; insulating layer H6reanductiveckayes b0, and Cu layer 154 constitute
a pasgivecitait, f.£., 3 Jesisianin series,with a MIN capacitor. .The portjon,of
Cu layer 154 in contact with conductive layer 140 under resistive layer 142b
LafeetridallyebRtacts € sy er 54 6Uefly iy T3%184 1 THe lsorfibnloffCalayer
ctbbdoveirtyng dnsidating layer 146 eleetrically.caomtactssCudayer154 overlying

TSM.136. . Accordingly, TSVs,134 and 136,allows the passive, circuit
L el R s
afr ntéForiEet StirciGres, WisicRaresdispesed orf fivel BaéKsidearheldie. may
iheiplacemeni:ofpassive circuit elements on the topside of substrate 130

and ti}%e in.tercoln ect structures, q the backside of substrate 130 provides for
N e R e i
rgfeetiicalccormicttion Betwedh the t6psidelpassive Tirchifttelepiers dmfitherith

shagksidesintgrconoest stroctures:- 16e, inductanand MIM eapacitonallewithe.
Tﬁgmé%ondu%tor deg/'%ce. to qgrfgrm reactive cligl%u@n functions withg%usin

externgi)cs:i%cﬁi?%omp&ﬁlesn 2 White one of more em ooldfsnents o?]iheVD

whtdsdntdnventioh havecssen fllustratéddfdetail, the skilled artisan will
appregiatedbat madifications angdsadaptationsdodheseembediments-may be
crrnea}adtee\cliwtygu%nggrtégg—ggor?c;[?esstcrolpcetgﬁsghle 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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present invention as set forth in the following claims Claims What is claimed:
1.A method of making a semiconductor device, comprising: providing a
substrate; forming a through substrate via (TSV) in the substrate , the
TSV being formed by first etching a trench into a first surface of the substrate;

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-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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lining the first surface of the substrate and the trench with a first insulating
layer; patterning a resistive layer on the first insulating layer; patterning a
first conductive layer on the first insulating layer, wherein patterns of the first
conductive layer form plating within the TSV and simultaneously form a first
terminal of an analog circuit formed on the first surface of the substrate, the
patterned resistive layer forming portions of the analog circuit; depositing

a sec6fid ToTductivé layef BRARE FirsE cSAdHEIVETayer: tHe fifst&aHiudtRe
olayerypuyiding adhesiom of the secondtcionductivectayeryt i c gsingding @,
secqnd surface of the subsiyate,io expase the TSV on the: gecond surface of,

the substrate; forming a second insulating layer over the second surface
ssﬁﬂﬁgsmﬁgﬁéﬁgl 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 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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forming an under bump metallization (UBM) layer on the second surface of
the substrate in electrical contact with the first and second conductive layers
in the TSV, wherein the exposed TSV provides alignment of the UBM layer
directly opposite the exposed TSV on the second surface of the substrate;
depositing solder material on the UBM layer; and reflowing the solder
material to form a solder bump, wherein the analog circuit electrically

connetts throdyht fie TSV G the 861dei buthp 6 te Back side df The
psubstiate. a2pd heimethad of Claimrl pfurtheriineluding ferminga plurality ofd
LBENLE feviggnan ibe subatiate, £ Themethop.dlclaim & jutherineluding

forming a redistribution layer between the TSV and UBM. 4. The method of
OBI%‘?HﬂYJ},%h%Péiﬁ%ﬁElé’ﬁalg@YcﬁF&JitlﬁHQ:Ilﬁféé” aR"Ind6Etott Metal-Mstilatotneta™
eCapaeitar; Dryesigt@lct 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
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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5. The method of claim 4, wherein the analog circuit includes an inductor that
is made with copper and is deposited at approximately the same time as the
deposition of the second conductive layer 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
PhdiRG a'Sdidorductdr device) dompfising® providitiy a%ublstrate;
etching a via through a first surface of the substrate, the via containing a first
conductive material patterned during a first process forming a first
passive device on a first surface of the substrate, wherein forming the first
passive device includes forming first and second terminals of the first passive
device using a portion of the first conductive material patterned during the
first process, the first and second terminals of the first passive device being
aligned in a parallel orientation with respect to the first surface of the
substrate; forming a second passive device on the first surface of the
substrate, wherein forming the second passive device includes,

18



forming a first terminal of the second passive device using a portion of the
first conductive material patterned during the first process; and forming a
second terminal of the second passive device using a portion of a second
conductive material patterned during a second process, the first and second
terminals of the second passive device being aligned in a stacked orientation
with respect to the first surface of the substrate; and forming an interconnect
structure on a second surface of th&§¥H8frate in electrical contact with the

woenduetive matedial in the via, wherein the first and second passive devices
electrically connect through the via to the interconnect structure on the
second surface of the substrate. 9.The method of claim 8, wherein forming an

LintercBnfigErstfuturBon aSetotf'sGface of the tibstiate FRERIEES Fstming
an ungesbimp inetadlizatiorekayer in electrical contact with the via; and

forming a salder bg 10.9n the under kgum\p. me @l_l;lg tion I%er. 10. The
methggJ 5%[:’;1?ma8, urt uegrhln(S:Ilde?né oFminlgaa gedis?riﬁﬁtion?aiélr gettWete(en the
tha a8y ikRteonAeETSifudré irst etching a trench into a first

surface of the substrate;

lining the first surface of the substrate and the trench
with a first insulating layer;

patterning a resistive layer on the first insulating
layer;

patterning a first conductive layer on the first
insulating layer, wherein patterns of the first conductive layer
form plating within the TSV and simultaneously form a first
terminal of an analog circuit formed on the first surface of the
substrate, the patterned resistive layer forming portions of the
analog circuit;

depositing a second conductive layer on the first
conductive layer, the first conductive layer providing adhesion
of the second conductive layer;

grinding a second surface of the substrate to expose the
TSV on the second surface of the substrate;

forming a second insulating layer over the second surface
of the substrate;

forming an under bump metallization (UBM) layer on the
second surface of the substrate in electrical contact with the
first and second conductive layers in the TSV, wherein the
exposed TSV provides alignment of the UBM layer directly
opposite the exposed TSV on the second surface of the

substrate;
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11. The method of claim 8, wherein the first passive device is an inductor.
12. The method of claim 11, wherein the inductor is made with copper. 13.
The method of claim 8, wherein the second passive device is a
metal-insulator-metal capacitor. 14. The method of claim 8, wherein the first
passive device is a resistor. 15. The method of claim 8, further including
formirrgea wire bond on a top surface of the substrate. 16. A method of

makirfgS 8 SehhitdAdtictsi deids SEdmpri¥ing prdvitling?a Stibstrate;
forming: alpassive device Ot firsttsurface obthe substrate;der 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
approximately the same time as the deposition of the second

conductive layer 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;

etching a via through a first surface of the substrate,
the via containing a first conductive material patterned during

a first process
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forming a via through the substrate , the via being oriented along an axis that
is perpendicular to the first surface of the substrate; depositing
conductive material in the via, the conductive material also being deposited to
form a first terminal of the passive device; and forming an interconnect
structure on a second surface of the substrate in electrical contact with the
conductive material in the via , wherein forming the interconnect structure

includest ™ "9 férnhitigtan RARE 15U i ‘hhetalfiZatiort idydr iRBiéefrica? tohtsct
swithtthetwia; andr e i nfamringra soldertiump @r the vndesbiurp imetallization

@yg{hg]efsgglgterggnggo@ggg qftset from the axis of the via., 17, The methad

of claim 16, wherein the passive device is in electrical contact with the
uééﬁ&Uéﬂ@@ﬁ%ﬁ%ﬁa?ﬁ1Hﬂ?vﬁ%rSt conductive material patterned

during the first process, the first and second terminals of the
first passive device being aligned in a parallel orientation
with respect to the first surface of the substrate;

forming a second passive device on the first surface of
the substrate, wherein forming the second passive device
includes,

forming a first terminal of the second passive device
using a portion of the first conductive material patterned
during the first process; and

forming a second terminal of the second passive device
using a portion of a second conductive material patterned during
a second process, the first and second terminals of the second
passive device being aligned in a stacked orientation with
respect to the first surface of the substrate; and
forming an interconnect structure on a second surface of the
substrate in electrical contact with the conductive material in
the via, wherein the first and second passive devices
electrically connect through the via to the interconnect

structure on the second surface of the substrate.

9. The method of claim 8, wherein forming an interconnect
structure on a second surface 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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18. The method of claim 16, further including forming a redistribution layer
between the via and interconnect structure. 19. The method of claim 16,
wherein the passive device is an inductor, capacitor, or resistor.

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

redistribution layer between the via and interconnect structure.

11. The method of claim 8, wherein the first passive device is

an inductor.

12. The method of claim 11, wherein the inductor is made with
copper.
13. The method of claim 8, wherein the second passive device

is a metal-insulator-metal capacitor.

14. The method of claim 8, wherein the first 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 a first surface of the
substrate;

forming a via through the substrate , the via being
oriented along an axis that is perpendicular to the first
surface of the substrate;

depositing conductive material in the via, the conductive
material also being deposited to form a first terminal of the
passive device; and

forming an interconnect structure on a second surface of
the substrate in electrical contact with the conductive material
in the via , wherein forming the interconnect structure

includes,
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forming an under bump metallization layer in electrical
contact with the via; and
forming a solder bump on the under bump metallization

layer, the solder bump being offset from the axis of the via.

17. The method of claim 16, wherein the passive device is in

electrical contact with the conductive material in the via.

18. The method of claim 16, further including forming a

redistribution layer between the via and interconnect structure.

19. The method of claim 16, wherein the passive device is an

inductor, capacitor, or resistor.
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