MEG 05-002 Cl RCU T STRUCTURE AND FABRI CATI ON METHOD THEREOF | NCORPORATI ON
BY REFERENCE [ 00011 The publications noted in the disclosure herein are
each fully incorporated by reference, as if fully set forth inits
entirety herein. BACKGROUND OF THE I NVENTION 1. Field of the Invention

[ 00021 The present invention relates to sem conductor devices, particularly
to structures of seniconductor devices, and nore particul arl yME@Ip®¥St
passivation structures for sem conductor devices and packagi ng processes
for such. 2. Description of Related Art [00031 Sem conductor wafers are
processed to PIREUEE STBYCHURE ANDFAB TJONME THOP IHEREOF | ncr easi ng
devi ce density and shrinking feature geonetries. Miltiple conductive and
insulating layers are required to enable the interconnection and isol ation
of the | arge nunber of sem conductor devices in different |ayers (e.g.
active and passive devi cCESCORRIRATIONBY BRI RENGBaci t ors, inductors,
resistors, etc). Such large scale integration results in increasing nunber
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chip, termnating in |I/O pads that allow connections to external contact

structures in a chip pa - kaging (W.P) refers to
t he technol ogy of packa%&ﬁ%&%PﬁﬁWT@el, i nstead of the

traditional process of assenbling the package of each individual unit after
waf er dj ci ngieldfhalthwnsiohor the integration of wafer fabrication,
packagi ng, test, and bumin at the wafer |evel, before being singulated by

di ci ng r.final assembly into.a chip.carriet packa €.9. Il grid
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el ect r dedFesFad Paskaging #rooppses 1oR&Y® ore 1 MEG 05- 002 streaniines the
manuf act uri ng process undergone by a device fromsilicon start to custoner

2. Description of Related Art

[0003] Semiconductor wafers are processed to produce IC (integrated circuit) chip having ever-
increasing device density and shrinking feature geometries. Multiple conductive and insulating
layers are required to enable the interconnection and isolation of the large number of
semiconductor devices in different layers (e.g., active and passive devices, such as TFT, CMOS,
capacitors, inductors, resistors, etc). Such large scale integration results in increasing number of
electrical connections between various layers and semiconductor devices. It also leads to an

- increasing number of leads to the resultant IC chip. These leads are exposed through a
passivation layer of the IC chip, terminating in I/O pads that allow connections to external

contact structures in a chip package.

[0004] Wafer-Level Packaging (WLP) refers to the technology of packaging an IC chip at wafer
level, instead of the traditional process of assembling the package of each individual unit after
wafer dicing. WLP allows for the integration of wafer fabrication, packaging, test, and burn-in
at the wafer level, before being singulated by dicing for final assembly into a chip carrier
package (e.g., a ball grid array (BGA) package). The advantages offered by WLP include
smaller size (reduced footprint and thickness), lesser weight, relatively easier assembly process,

lower overall production costs, and improvement in electrical performance. WLP therefore




shiprment. Wiile WLP is a high throughput and | ow cost approach to I C chip
packaging, it however invites significant challenges in manufacturability
and structural reliability. [0005] W.P basically consists of extending the
waf er fabrication processes to include device interconnection and device
passi vation processes. The first step to WP is to enlarge the pad pitch
of standard ICs by redistribution technol ogy post passivation WEGORE2 C
sem conductor structure. Low cost stencil printing of solder or placing
prefornmed solder balls is then possible. anpl es of redistribution
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[0006] U.S. Patent No. 6,103,552 discloses another WLP process including a post passivation

- RDL. The RDL is supported on a layer of polymeric material that is deposited on the passivation
layer of the semiconductor structure. Another polymeric layer is deposited over the RDL, and
etched or drilled to provide a via for over-filling with a metal to form an interconnect (i.e., a
conducting post) that extends above and beyond the opening of the via. The top polymeric layer
and the bottom polymeric layer are separated by a layer of chrome-copper, and therefore do not
touch between the RDL structures. A solder bump attached to the protruding end of the post is
formed by electroless plating, screen or stencil printing. Because the post extends beyortd the
surface of the polymeric layer, and the top surface of the structure is otherwise not smooth, high-
resolution lithography cannot be achieved to form the vias for the conductive posts and to plate
the solder bumps. Consequently, the pitch of the contacts for the IC package would be limited.

This limitation would be more pronounced with an increase in thickness of the polymeric layer,




MEG 05- 002 which otherwi se may be desirable to provide better stress
relief, as discussed below Further, as noted, the bottom polyneric |ayer
is separate fromthe top polyneric |ayer, therefore the bottom polyneric

| ayer al one does not provide good stress relief. If the bottom polyneric

| ayer is made thin to reduce lateral RDL displacenents, stress relief
woul d be poor, leading to issues further discussed bel ow. [OO0HFGOSRE of
the challenges to structural reliability includes providing adequate stress
relief in the resultant W.P processed nultilayered structure, _including
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[0008] Equation (1): 1 7 x2

Si

o, — s
i 6R (l-vy)x

prt

10009] where:
G, = O, = O, ; biaxial stress in the post passivation thin film;
R= radius of curvature of the Si substrate caused by thermal stress;
Y= Young’s modulus of Si substrate;

v= Poisson’s ratio of Si substrate;

x4~ thickness of Si substrate; and
= thickness of the post-passivation thin film.

[0010] Based on the above formula, there are two ways to lowering the biaxial stress 6, (in
addition to increasing vy;): (a) lower xg, which means making the Si substrate thinner; or (b)

increase x,,, which means increasing the thickness of the post-passivation thin film structure.

ppt?




the top | ayer of the sem conductor IC chip 18. The polyner |ayer 14 is nade
of, for exanple, an elastoner, epoxy, lowK dielectric material, or other
pol ymer. Elastomer is used mainly for providing sufficient nechani cal
flexibility for the bonded structure. As can al so be deduced from Equation
(1) above, when a polyner |ayer is deposited over an IC chip 18, the stress
generated by the chip and the structure bonded thereto can be MBS8HEd or
buffered to reduce |ocal damage to the chip; this in turn enhances the

re|labl|lii of the structure 10, especially the delicate circuits in the
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physical propertics and characteristics of the polymer (e.g., wetting angle, which has to do with

the surface energy of the materials). For example, in many cases the slope of the ramp 22 in the
polymer layer 14 on the IC passivation layer 16 can be as low as about 45°, Consequently, the
RDL 12 must necessarily translate by a significant amount of lateral displacement to extend from
the IC /O pad 20 to the top of the thick layer of polymer 14. Consequently, this lateral
displacement necessitates the allowance of a significant amount of tolerance in the layout of the
RDL 12. As aresult of the tolerance allowance necessary to accommodate the varying slopes of
ramps for different openings in the polymer layer 14 and the varying lateral displacements of
RDLs, the pitch between adjacent contact structures (e.g., defined by solder bumps and/or copper
posts) on the RDLs is limited, and the distances between the contact structures and the openings
in the passivation layer are increased. This results in a post passivation structure that does not

have fine pitch structures for the next level of packing structure. On the other hand, if a thick




MEG 05-002 | ayer of polynmer is not used, stress buffering would not be
sufficient, leading to possible stress induced failure of the delicate
circuits in the I1C chip. Further, there would be insufficient |ateral
support to tall conductive posts, resulting inlimted pitch of the I/0O
structures. It is desirable to have tall conductive posts, as they provide
sufficient distance to reduce capacitance coupling between th¥E$000ads 22
and the electrical circuits in the IC chip 18. [0013] The issues noted

above collectively placed a limtation on reducing the pitch of the
cont actayst ohpal\aeds Bt at5re baHeringewprdd nothesyffipif. d?ﬁdg{grt%?ﬁ SStreghd t hus
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is desirable to provi eaV\LP structure, aprocess rel atlng to sane,
t hat alshppest tb all cohldluchwb Ppste vealisigie Emitod plt@f ofghell/Pistractpics.cH idesirahde to
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paSSIV@kﬂﬂﬁn&kﬁﬂ@bﬂﬁ@&z@ﬂdmid%dﬂ&mcmmﬁ@ﬁSQE$cbh@ﬂSaoconnDdate both stress
relief and fine pitch contact structures. In accordance with the present

i nvention, ittch of <250 and. a pi ount, of >400 b hi eved for
the I c I3k JuP gt petsdaboraodranabiesed adwtpe oe rdoring Bieigh ob P8 i des a
post PagsaMatrh&ires 85 abRGN f bassivhiiMCditicRrdsNaid tReYaMd Slafita@ion@nat i vel y
thin support | ayer .g., a polyner |ayer) above the passivation |ayer to
supporﬂmﬁﬁﬁ@@ﬁh%%ﬁbﬂﬁﬂﬁﬂﬂﬁﬁg“gﬂ&&ctures and in addition a relatively thick
support layer (e.g., a polyner layer) for the fine pitch rerouting

Struct Ype fIPiE dE%E&Elelt gﬁ:‘wdeQaWEPghﬂ&m%t A o Goss ERRhE ko Sn2aht AuRys!tbe
abovenent | ned obj ect | the present invention proposes acircuit

struct tlu0§1lawdo\@dfsatﬁs|rdmf|amhﬁn®pltvbc¢0maetr8ét@¢ww$he circuit structure of the
present invention conprises: a substrate; a first nmetallic post, formed on
the substrate, and 20 to 300mi crons high wth the ratio of the maxi num
hori zontal dinension thereof to the height thereof |less than 4; and a
second netallic post, forned on the substrate, and 20 to 300m crons high
with the ratio of the maxi mum horizontal dinension thereof to the height

t hereof |ess than 4, wherein the distance between the center of the first
nmetallic post to the center of the second netallic post is 10 to




250m crons. [0018] To achi eve the abovenentioned objectives, the present

i nvention proposes a circuit structure and a fabrication nethod thereof.
The circuit structure of the present invention conprises: a sen conductor
substrate; a first netallic post, fornmed on the sem conductor substrate,
and 20 to 300m crons high with the ratio of the maxi num hori zont al

di mension thereof to the height thereof |ess than 4; a secondV¥et& 3 ¢
post, forned on the sem conductor substrate, and 20 to 300m crons high
with the ratio of the maxi num horizontal dinmension thereof to the height
thereof |ess than 4; an insulation |layer, fornmed on the sem conduct or
substrate, and covering the first and second netallic posts; a first bunp,
formed on the first 6 MEGIWNPRRYRORITHIE INVENTRON he insul ation |ayer; and
a second bunp, formed on the second post or the insulation |ayer, wherein
t he di stance between the center of the first bunp and the center of the
second bunp is 10 to 250m crons. [00191 To achi eve the abovenenti oned

obj ectives, the present invention proposes a circuit structure and a

fabri cagae) THEpRSGt IRRRER] ovelddfnes teCdthibarks SGhépRorQirt, b BroRT ¢ invention

conprises: a sem conductor substrate; a first netallic post, fornmed on the
sem compdistation stagbey andaclatzd praessevthau@rrmmedate hpistroistrelief ped fing pitshof t he
maxi rmu i i ' . hej - 1 4; a
econd et B RGBS vtk BRhcr Bndcork AN o1 PO B, a0 OER, o
300mi crof rd00nngn be\hdhieved dorrthe IOparkagihg maxi mum hori zont al di mensi on t her eof
to the height thereof less than 4; and a netallic wire, interconnecting the

top of i rst tallic post and the to f t.he.second netallic post,
o o 100 T 3 aspdf! it biefiea® AR bbbl s Phas iR SRR BB o oohi eve
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with the ratio of fraxi num hori zont'al dinmension thereof to the height
t her eofpatkagingtshrueiu; a second netal lic post, formed on the sem conduct or
substrate, and 20 to 300mi crons high with the ratio of the maxi num

hori z O%?l"?(] qiorﬁgfﬁgfé)ﬂﬂe aﬁﬁ%ﬁ%ﬂfioﬁe@ otbgé%ti{@ @B bretsé}ft ﬁrﬁ%ﬁti&rﬁﬁ%p&s@@ﬁ' cifouit® Metallic
wire, interconnecting the top of the first
structure and a fabrication method thereof. The circuit structure of the present invention
comprises: a substrate; a first metallic post, formed on the substrate, and 20 to 300microns high
with the ratio of the maximum horizontal dimension thereof to the height thereof less than 4; and
a second metallic post, formed on the substrate, and 20 to 300microns high with the ratio of the
maximum horizontal dimension thereof to the height thereof less than 4, wherein the distance

between the center of the first metallic post to the center of the second metallic post is 10 to

250microns.

[0018] To achieve the abovementioned objectives, the present invention proposes a circuit
structure and a fabrication method thereof. The circuit structure of the present invention
comprises: a semiconductor substrate; a first metallic post, formed on the semiconductor
substrate, and 20 to 300microns high with the ratio of the maximum horizontal dimension
thereof to the height thereof less than 4; a second metallic post, formed on the semiconductor
substrate, and 20 to 300microns high with the ratio of the maximum horizontal dimension
thereof to the height thereof less than 4; an insulation layer, formed on the semiconductor

substrate, and covering the first and second metallic posts; a first bump, formed on the first




netallic post and the top of the second netallic post; and a polyner |ayer,
formed on the netallic circuit. [00211 To achi eve the abovenenti oned

obj ectives, the present invention proposes a circuit structure and a
fabrication nmethod thereof. The circuit structure of the present invention
conprises: a sem conductor substrate; a nmetallic post, fornmed on the

sem conduct or substrate, and 20 to 300mi crons high with the rMESE5-6F t he
maxi mum hori zontal dinmension thereof to the height thereof |ess than 4,
wherein a _conductive wire can be connected to the netallic post or the
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The circuit structure of the present invention nprises: a, sem conductor
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thereof to the ' ess t po ynmer [ayer ormed on the
seni cornirtwetf ¢ the hbight ﬁwlepf lessdtharod;eandd agnetdlhewne,t iatetdoonqeting theato;dOﬁhcrﬁtSal lic

coil, for n r crons 024]. To
ohi evaRHIE BELpHBRRRAIdR serttrrelE PofuinPR A b el el Shkes o
ci T cui tinclsdes goldur e and a fabrication nmethod thereof. The circuit structure
of the present invention conprises: a sem conductor substrate; a netallic

post, on the_ sen conduct substr and 20 to 300m crons high
with t ﬂ@‘fﬁdfp&d&m R APREETIFAPAS0 PRI Caieestt MR IREFe O hel ght
t her eofgt @82 ahf 8 Patficaimethb¥ iRreof. %@%ﬁcﬁf‘stfd&ﬁlré@tﬁé jeSer® @8/knt®n t he

sem conductor substrate, wherein the bunp may be a 10 to 30m crons thick

gol den cPmpascs: § songndyregonsibsteate afirst mesaklie pest: fosnetorbr semicordyctor he pr esent
I nvent 'SBI;EUB{ Bﬁfﬁ)sto%wﬁﬁc%ﬂsthlgh with the ratio of the maximum horizontal dimension

thereof to the height thereof less than 4; a second metallic post, formed on the semiconductor

substrate, and 20 to 300microns high with the ratio of the maximum horizontal dimension
thereof to the height thereof less than 4; a metallic wire, interconnecting the top of the first
metallic post and the top of the second metallic post; and a polymer layer, formed on the metallic

circuit.

[0021] To achieve the abovementioned objectives, the present invention proposes a circuit
structure and a fabrication method thereof. The circuit structure of the present invention
comprises: a semiconductor substrate; a metallic post, formed on the semiconductor substrate,
and 20 to 300microns high with the ratio of the maximum horizontal dimension thereof to the
height thereof less than 4, wherein a conductive wire can be connected to the metallic post or the

semiconductor substrate with a wire-bonding method.

[0022] To achieve the abovementioned objectives, the present invention proposes a circuit

structure and a fabrication method thereof. The circuit structure of the present invention




structure and a fabrication nmethod thereof. The circuit structure of the
present invention conprises: a sem conductor substrate; a netallic post,
formed on the sem conductor substrate, and 20 to 300m crons high with the
rati o of the maxi mum horizontal dinension thereof to the height thereof

| ess than 4; and a bunp, formed on the nmetallic post or the sem conduct or
substrate, wherein the bunp may be a titani um containi ng netal ME§ ®b4%er .

[ 0026] To achi eve the abovenenti oned objectives, the present invention
proposes a circuit structure and a fabrication nethod thereof. The circuit
st r uct GpAPBIcs: hisnpeendueior suhgiEne iagnctallio ppvti loaned op the sseisoriveionrubstitiet rate; a
metal | i . . ) . Om crons
i gh, Wity L QURERER AT GRb GPREAh By KO Bimerdl e 0 e

hei ght htiger thakof lessthirhviirand a palythea ldyaniornfed onglt semidonduatatsabitiate, ppbt or t he

sem conductor, subsirate, .wherein t may.he a,chrom,um.cont.ai.ni ng
ot al | FEviriagde Mgt HhBa g 6 StER b hightal of Sy SR A G AE

obj ect ipg&or theiBsubitRa@Mfer.] Nvention proposes a circuit structure and a
fabrication nmethod thereof. The circuit structure of the present invention

i : i duct bst " talli t, f d.on.th
e contilzi g HCHBE he e vemeRRoTSA oIS BrE PERE! FYGRIGH RFPISHRA S0 of t he

maxi mu o708 b FbrithiGNBEMBA HRRLE AhelcRchib fruchfé 8fthe pR&ER Blvehs than 4]
and a bunp, formed on the netallic post or the sem conductor substrate,
wher ei sompasasumiEnregndyetopsubgintell ametalbia pastniongeden die seraicprdpstor sutstistg] To
achi ev I - | i . # iﬂ¥ﬁg i es a
circui%nagﬁpﬁc éﬁgggiggg%gggg%%@%Pﬁﬁé§%?%§gﬂﬁﬁggg%¥g ek%ﬁggﬁﬁﬁgggructure
of t he hpighsthnieof lesathan 4ra padyangrlase Sormedsenthe ssmivatdoctos sitbstratetand cavemegal | i ¢

post, formed on the sem conductor substrate, nd 20 Qm crons high
Wth' ¢ 168 PERILE Bort SEA HERIRAHHOPRSER e DaIvMER VG thb RebYmtisnt % hei ght
thereof less than 4; a first polynmer |ayer, formed on the sem conductor

| ayer, [002d] Jowehictgthe abeverhfbiled@bjiotves, the prioait irdlettionppropups a tivuied bet ween
the metallic pgst and the substrate or forned beé$¢en the first polyner

| ayer aiBctsand gfehrication mgihqd thersof othg gy seictyrg gkihe PresHEY el ween  t he

subst r abgipARd: § RenissHHucRPISEAE; SUBSHLFOLS,; AR GOMR LR chdIR P YABrale0029] To
enabl e the obj ectives, technical contents, characteristics and

acconpland Berén3 @ngeronhbigh ritigbarativ iof thetranimey. Hoszensel dlimensianytheraefde $1cood, t he
enbodi el 0f ot S, BEESER JMINENE DR B e ReraliE pAF B e BGicbRaihal | 11
cooper atron Wi Ch The attache F aw ngs.

substrate, wherein the bump may be a 10 to 30microns thick golden layer.

[0025] To achieve the abovementioned objectives, the present invention proposes a circuit
structure and a fabrication method thereof. The circuit structure of the present invention
comprises: a semiconductor substrate; a metallic post, formed on the semiconductor substrate,
and 20 to 300microns high with the ratio of the maximum horizontal dimension thereof to the
height thereof less than 4; and a bump, formed on the metallic post or the semiconductor

substrate, wherein the bump may be a titanium-containing metallic layer.

[0026] To achieve the abovementioned objectives, the present invention proposes a circuit
structure and a fabrication method thereof. The circuit structure of the present invention
comprises: a semiconductor substrate; a metallic post, formed on the semiconductor substrate,
and 20 to 300microns high with the ratio of the maximum horizontal dimension thereof to the
height thereof less than 4; and a bump, formed on the metallic post or the semiconductor

substrate, wherein the bump may be a chromium-containing metallic layer.




9 MEG 05-002 BRI EF DESCI PTI ON OF THE DRAW NGS [0030] Fig. 1 is a sectional
view schematically show ng a conventional technology. [0031] Fig.2 is a
sectional view schematically showi ng a sem conduct or substrate according to
the present invention. [0032] Fig.3 is a sectional view schematically
showi ng that a m nute connection structure and a passivation |ayer are
formed the sem conductor substrate according to the present i n¥E&ROP-6H.
[0033] Fig.4a and Fig.4b are sectional views schematically show ng the
fabrication procedures of a first polynmer |ayer according to the present

i nvent 1R7] Toedusverthgatmvemenfioped phigetines. hanressahentios INPSEHANCHY t he
fabric according to
the. pr SaeRREE RS Ron T bt 1 S o B o e
schenmatomptidey: sdeomandudttresubstintd; eanatﬂhc pmszb,cfednﬂdw thé senzicdridnetbr RDbtraed

e r odfibld FAGRERTET il o RabPERR s P Bt en Bl BB, < %o

t he mehaishi theR@Slkss tRid; and @ BuMb SRS E h(é@dll'xd’ shemhageniibendiebal | i c post s
according to the present i nvention. [0037] % 8a is a sectional view
3l

schenaﬁﬂ@ﬁ?@ngﬁﬁwﬂ#@“@ﬁemmﬁb?PE%%ﬂ@ﬂ*Bﬂé@é&UF ligdaysr.second pol ymer | ayer
according to the present invention. [0038] Fig.8b is a sectional view
schema (‘J&%h % a§lﬂ@W tH8 aEJ%%mEﬁ{JRfdeQ %B_]‘e@tﬂze@ RS Hbne fvektidnBopsRReidirgg of the
second pol ymer layer accord present invention. [0039] Fig. 8c is
a sect |s@waure\anewf§>@lqe&mltmeth¢d %@h@&ﬁhnglr@mestmcme@fdhepr@wnpwmﬁmnng t he
second I t fQe- 002

[ 0040] AR Loe M AGEAbULARE 5 e IE pRITRRG GE Rt MRS, )

pr oceduné20 af 3(mnndsrbnsdugmwht1mmnahayeﬂ1e ataxonmtn hgn;tamtai kianqmsmselmreqf mwtat i on.
[0041] Fig. . 10a.to0 1 t|o V|e sche C owi ng t he
Fabr i & AP EPOE RS R oriRe b o s SGuRur g Ttk SR s ont
i nvent i meth@0pddt; Lhubstrdid; d Sundb, M%@ﬂeﬁﬂ%%&ﬂh@ﬂ@&hﬁ@ihb!u&%ﬂ@g t hat

the sem conductor substrate is
formed between the first polymer layer and the substrate; and a second polymer layer, formed

between the substrate and the semiconductor substrate, and covering the bump.

[0029] To enable the objectives, technical contents, characteristics and accomplishments of the
present invention to be more easily understood, the embodiments of the present invention are to

be described in detail in cooperation with the attached drawings.




di ced according to the present invention. [0043] Fig. 1 2a to Fig. 12c are
sectional views schematically showi ng the fabrication procedures of sol der
ball s according to the present invention. [0044] Fig. 12d and Fig. 12e are
sectional views respectively schematically showi ng that the sem conductor
substrate is diced and that the sem conductor unit is joined to a substrate
according to the present invention. [0045] Fig. 13 a and Fig. ¥BEO0af&
sectional views schematically showi ng the w re-bonding procedures of the
metal lic posts according to the present invention. [0046] Fig. 14a and Fig.
14b are sectional views schematically show ng the procedures of formng a
RDL on the netallic posts according to the present invention. [0047] Fig.
13 a and Fig. 13b are ggabrapRsCHAGN OIEARIDRAWINGHOW Ng the

wi re-bonding procedures of the nmetallic posts according to the present
invention. [0048] Fig. 15a to Fig. 15c are sectional views respectively
schematically showi ng the wire- bonded copper/nickel/gold netallic posts
and the wi re-bonded copper/gold netallic posts according to the present

| nvent ijggho) FAOfRla ﬁbt%naﬂ*ﬁén%&eﬁiaﬁcalﬂ;@ﬂo@fr% SBELLRORN Rehf¥sgpChemati cal |y
shomnng the abrication procedures irst coil-1like netalllc | ayer
formed above the netallic posts according to the present inventjon. [0050]
Fig. 1400313 Fie. %@@tﬁe@mﬁl ipwachsaréipglly shawing asmidonguatereubsitgis aceqrilipg to

proced coil-like netallic |ayer according to the present
|nventﬁ&%&.§%tﬁ%%ﬁ% 002 [0051] Fig. 16h is a sectional view schematically
showi ng the procedures of formng a capacitor elenent on the netallic
posts 486324 dﬁgﬁgiSta@ectmab‘riewechemaﬂvdms“howing[t@ﬂEaZJ]Ihlmiegon@m'on grueiuge andzd ar e
sect i onaly ey érca*}g e %He's‘é o%crt‘& F%a eaa%&')r Ri'tG the' é)sgl?tdl# Vet of a
met al | i*C *a.er I'n erconnec MEt Al 1C pos accorélng h& pr esent
i nventi on. [0053] Fig. 17e to Flg. 1 7mare sectlonal views schematically
show nd0@33¢ P]ig-&mamill:figéb affc séﬂ'ramhhg‘ewsasclmhatic-allﬁylmwing thedatiricetiort precadeteal | i ¢

post s gﬁ 2% 0o,.the pr |nvent t50054] Fig. 18 is a sectional
vi ew séhé Tlch, %’ﬁro%c?rg 8 e Rresey P?é%n P forming a resistor element on
the netallic posts according to the present invention.

[0034] Fig.5 is a sectional view schematically showing the fabrication procedures of a first

adhesion/barrier/seed layer according to the present invention.

[0035] Fig.6a to Fig.6e are sectional views schematically showing the fabrication procedures of

a first RDL and metallic posts according to the present invention.

[0036] Fig.7a and Fig.7b are respectively a sectional view schematically showing the parameters
of the metallic posts and a top view schematically showing the metallic posts according to the

present invention.

[0037] Fig.8a is a sectional view schematically showing the fabrication procedures of a second

polymer layer according to the present invention,

[0038] Fig.8b is a sectional view schematically showing the fabrication procedures of the

openings of the second polymer layer according to the present invention.

[0039] Fig.8c is a sectional view schematically showing the procedure of polishing the second

polymer layer according to the present invention.

10




[0055] Fig. 19a and Fig. 1 9b are sectional views schematically show ng
that a portion of the second polyner |ayer is renoved with an etching

nmet hod according to the present invention. [0056] Fig. 1 9c is a sectional
view schematically showi ng that the sem conductor substrate is diced
according to the present invention. [0057] Fig. 19d and Fig. 19e are
sectional views respectively schematically show ng the procedMESS5-0d2
form ng solder balls and dicing the sem conductor substrate according to
the present invention. [0058] Fig. 19f is a sectional view schematically
show n¢04AE Figbis edestiopalofiew esheinacatlyshowing pladifgbrication pcedyresofaairgr esent
inventi0 .eL%QQQC ﬁh%:u}&g %%GQL kﬂ%gﬁ are sectional views schematically
shomﬁnB €p scedures ‘9 ﬁbrnlng afretal lic | ayer to interconnect two
metallic posts according to the present invention. [0060] Fig.20a is a
sect i ofe41y Fan (adh Bigelitkaead deyti@habwiewy sthiemaficdiyahowiag thof fabrdratiom groacduirast h
patterned _pol . Layer on.the _sem conductor substrate according to the
presenPﬁPﬂgﬁH%%§h9LP%@%??%§W39§5H3?%M Y88 are sectional views
schematically showi ng the procedures of forming the netallic posts with a
Damas c §0u2)righiads a eectioflal Vievi schbinatidiie SBRling MaetieisemicohdiR o kutistigiedd a t o

Fi g.21d, are sectional views respectively schenmatically show ng the

st r uct gi€d 2ccerdingto theiprsSent BWERHAD. pad, sol der bal | and RDL according to the
present invention. 12 MEG 05-002 [0063] Fig.22 to Fig.25 are sectional

Vi ews [6RBEEld MRy FECIR RS deb@dal viehe WHRfhati B8y Shéwink WeSabidfatioh PRcEdtkésent
freeway, coil, capaclitor elenent, and resistor elenent according to the

pr esenPf sqldgydatls agordiy tyhs mssenpiRvExipp) LED DESCRI PTI ON OF THE | NVENTI ON
[ 00641 The present invention pertains to a circuit structure and a

fabri cagdap FiEidaord Fef Roke seckbiBi @ie@s%ﬁ%ﬂ%@ ORI htickify é?l@ﬁl?:%ﬁtﬁﬁﬁhé orned on

a sem conductor substrate, and the spac etween the ne bori ng
met al | isemigsordustor subsirdigdedicednanddbal thewemi@BdnstoBaiitgsjoinpd\ie paubstraigbodi ment s

are us%&x&%nfﬁﬁﬂ@%ﬁ%&ﬁ%ﬂ%mﬂﬁfse”t i nventi on. Enbodi nent 1

[0045] Fig.13a and Fig.13b are sectional views schematically showing the wire-bonding

procedures of the metallic posts according to the present invention.

{0046] Fig.14a and Fig.14b are sectional views schematically showing the procedures of forming

a RDL on the metallic posts according to the present invention.

[0047] Fig.13a and Fig.13b are sectional views schematically showing the wire-bonding

procedures of the metallic posts according to the present invention.

[0048] Fig.15a to Fig.15¢ are sectional views respectively schematically showing the wire-
bonded copper/nickel/gold metallic posts and the wire-bonded copper/gold metallic posts

according to the present invention.

[0049] Fig.16a to Fig.16h are sectional views schematically showing the fabrication procedures
of a first coil-like metallic layer formed above the metallic posts according to the present

invention.

[0050] Fig.16¢ is a sectional view schematically showing the fabrication procedures of a second

coil-like metallic layer according to the present invention.
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[ 0065] Refer to Fig.2. Firstly, a sem conductor substrate 30 is provided,
and the sem conductor substrate 30 maybe Si substrate, GaAs substrate,
GeSi substrate or SO (silicon-on-insulator) substrate. |In Enbodi ment 1,

t he sem conductor substrate 30 is a circular sem conductor wafer. The

sem conduct or substrate 30 has an active surface having nmultiple electronic
el ements 32, which are forned via doping trivalent or pentavaMgt05{0hs,
such as boron ions or phosphorus ions. The electronic elenents 32 nay be
MOS transi stors, MOS devices, p-channel MOS devices, n-channel MOS

devi ced009] Egkdhdes ﬁ%?é‘@{lalBﬂ%ﬁcgﬁmﬂﬁlﬁ%lyiSWWS Hiegraqcdyrss offormingiasaPackpeas,
resi st i é%%}%n | . . Refer to Fig.3. A fine-line
'connec?#%ﬁmg§$gﬁpﬁggﬁ%%8#% ornggggﬁﬁﬁﬁg&ggggégﬁgurface. The fine-line
connection structure 34 conprises nultiple thin-filminsulating | ayers 36

havi ng [@8052] Kig:Kiade §ig. Bisiare sratioBynvieni sehematipslly shawingfthe fabd¢ationiprocediyes s 38
al so h%‘fhﬂ%taﬁlié @&%@%ﬁ&c{ﬁ%@ t%@‘%ug?t%lﬁnghos 0% hididd t{: '_tﬂefﬁgéééeﬁtﬁﬁ{;énn_ﬁ'?ﬁyer s 38 are

made of  a ‘coppe erra un1ﬁ§§er|a | m
insulating layers 36 are usually forned with a CvD (Chem cal Vapor
Deposi t[0en3)] FigiEtehtodig. e amvesteionall vios schemativally shdwing the praredurgs ¢fdpeniag 36 may

be silicon.oxide, TE Tet,t aet hoxysi.l ane), Si conmpound of silicon
and”ni CEBYEHREE HEBERR Br M S RRIDATFRIC™ S8 ( Spi e On

d ass), FSG (Fluoro-Silicate dass), SiLK, black dianond, polyarylene

et her, [(U33)] FRolg/kenzaivazioliey sciemaficalyushowingithoprocedutte of fobmirg edesistor | C

const ant of t&ﬁ thip-filnlin ulating layers 36 may be lower than 3. 14 MEG
05- 002 eﬁ fon e anptalligResticerrding 1o 3Rl LYo o form one of multiple
thin-filmcircuit layers 38 over the sem conductor substrate 30, a

di ffusi[omsdmg.i%ranuaay%ewﬂ re béotithal ViUt h@hAdal0 shben g portedHl dfake of one
of the thin-filminsulating |ayers 36 and on the _bottons and the | ateral
wal | s GEcad@olysse vegis r?rnmgeéiva%tﬂwwn& wethod agrordingioithespresent ingentiofer s 36;

next, a seed |ayer, such as a copper seed layer, is sputtered on the

di f f usijoesepaig. 1R is b 3¥Ribnal Ve schema@RRANS shdwANg that the@bBRbARRIGR s@SktAR i§ he  seed
| ayer; and then, the electroplated copper |ayer, seed | ayer and

di f f usidéredisegarding tq thy presendimiedéon.t he openings in said one of the thin-film
insulating layers 36 are renoved with a chem cal nechanical polishing

met hod it s | : m%p$ ' | paul ating
| ayers [H(:ﬁ%%ﬂ iFéé'g%p%@ggé'l?yn&gnot hogftr1 V@Sﬁg tatl)‘%iyo%c%&g%\e (% Eﬂr#u%% gllée thin-film
ci r cui tprécayhenes of3®rmingsoldbballs end dicing et semicmdsttomdubstBds aardaigitnitlieum | ayer

or an alumnumalloy |ayer is sputtered on one of
present invention.

[0058] Fig.19fis a sectional view schematically showing the procedures of forming contact pads

according to the present invention.

[0059] Fig.19g to Fig.19k are sectional views schematically showing the procedures of forming

a metallic layer to interconnect two metallic posts according to the present invention.

[0060] Fig.20a is a sectional view schematically showing the procedures of forming a ninth

patterned polymer layer on the semiconductor substrate according to the present invention.

[0061] Fig.20b to Fig.20d are sectional views schematically showing the procedures of forming

the metallic posts with a Damascene method according to the present invention.

[0062] Fig.21a to Fig.21d are sectional views respectively schematically showing the structures
of the bump, contact pad, solder ball and RDL according to the present invention.
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the thin-filminsulating | ayers 36; and then, the alum num|ayer or the
alumnumalloy layer is patterned with a photolithographic process and an
etching process. The thin-filmcircuit layers 38 can be interconnected or
connected to the electronic elenments 32 via the conductive vias in the
thin-filminsulating |ayers 36. The thickness of one of the thin-film
circuit layers 38 is generally 0.10.5m The thin-filmcircuitMEgpep® 38
are fabricated with a 5X stepper or 5X scanner or other superior equi pnent
in the step of a photolithographic process. [0068] Next, a passivation

| ayer 1@&35Ff%e%é&%%@f@ﬁ?ﬁéloa@ﬁﬂ%mﬂ@pmelx ginpligally sipwing Mestrasymes gt hod.
Ml {1 Plufe SRhARdewRR S i1 ehpAtifor ERARGE b R P YRASAGLIARRO MR PRockit L NE
passi vation [ayer “42. e passivation [ayer can prGtect 'the electronic
el enentmveB@omon t he sem conductor substrate 30 fromforeign ion

contam nation. The passivation |layer 42 can retard the penetration of
nobi l e 1ons (such as sodiumions), noisture, transition nmetals (such as
gold, silver, and copper) and inpurities. Thereby, the passivation |ayer
42 can protect the thin-filmcircuit layers 38, the thin-filminsulating

| ayers 36 and the underlying electronic elenments 32 including:

transistors, polysilicon resistors, polysilicon-polysilicon capacitors. The
passivation layer 42 is usually conmposed of silicon oxide, conpounds of
silicon and oxygen, silicate and phosphate glass, silicon nitride, or
silicon oxy-nitride, etc. Below, ten nethods for depositing the
passivation | ayer 42 are to be introduced. Method 1 15 MEG 05-002 [0069] A
silicon oxide |ayer with a thickness of between 0.2 and 1.2mis forned with
a C/D nethod; and next, a silicon nitride layer with a thickness of
between 0.2 and 1.2mis fornmed on the silicon oxide with a CVD net hod.

Met hod 2 [0070] A silicon oxide |layer with a thickness of between 0.2 and
1.2mis fornmed with a CVD nethod; next, a silicon oxy-nitride |layer with a
t hi ckness of between 0.05 and 0.15mis formed on the silicon oxide with a
pl asma- enhanced CVD net hod; and next, a silicon nitride layer with a

t hi ckness of between 0.2 and 1.2mis fornmed on the silicon oxy-nitride

| ayer with a CV/D nethod. Method 3
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A silicon oxy-nitride |ayer wwth a thickness of between 0.05 and 0.15mis
formed wwth a CvD nethod; next, a silicon oxide |ayer wth a thickness of
between 0.2 and 1.2mis forned on the silicon oxy-nitride layer with a CVD
met hod; and next, a silicon nitride layer with a thickness of between 0.2
and 1.21limis fornmed on the silicon oxide |layer with a CVD nethod. Method 4
[0071] A first silicon oxide layer with a thickness of betweenMEGA54Pd 0. 5m
is formed with a CVD nethod; next, a second silicon oxide |layer with a

t hi ckness of between 0.5 and 1Imis forned on the first silicon oxide |ayer
with a spin-coating nmethod; next, a third silicon oxide layer with a

t hi ckness of between 0.2 and 0.5mis fornmed on the second silicon oxide
layer with a CVD netphpdamay DEXCRIPAIGN OFCHIE BNVENdgONayer with a

t hi ckness of between 0.2 and 1.2mis fornmed on the third silicon oxide

| ayer with a CvD nmethod. Method 5 [0072] A silicon oxide |layer with a

t hi ckness of between 0.5 and 2mis forned with a HDP- CVD (Hi gh Density

Pl asma- Chem cal Vapor Deposition) nmethod; and next, a silicon nitride

layer vodeara ThY skRassvaitioR PeMBRM%: Gredl dirdetd@ahd o EALERDNQRh APk, CON
oxide layer with a CVD nethod. 16 MEG 05-002 Method 6 [0073] A USG

( Undopedhesiin inghipde mptallic yosta gesrfommadiona setriietndesier substing, wedthe@pingnd 3m i s

firstl f d;.next. an jinsulating |aye it h t hickness of between 0.5
and” ameetseh TR et B o A end i a St EEIONE S8,

( Bor opkambphiasntsieaiisd @ acsplify Gebeisedn@itibdle USG | ayer; and next, a
silicon nitride layer with a thickness of between 0.2 and 1.2mis fornmed on
t he i%ﬁv%'i n dayer with a CVD nethod. Method 7 [0074] A first silicon
OoXy- ni ‘?‘3‘3 with a thickness of between 0.05 and 0.15mis optionally

for med [yads RRf&EWIFIRL RREY, BeXhicoRuRtdr k@RRaR®X0dEploMed, il e semidahalcigss of
between 0.2 and 1.2mis formed on the first SI?I con oxy-nitride layer with
a CVD rastate 30rmast be 3 sybstighed Gads pubstafeoiigSi shbsiratgeor SO évilicontan-asulafpOkness of
bet wee i1 j f j ). i yer
e e, B RSk Ry R s O kb R

The semiconductor substrate 30 has an active surface having multiple electronic elements 32,

which are formed via doping trivalent or pentavalent ions, such as boron ions or phosphorus

ions. The electronic elements 32 may be MOS transistors, MOS devices, p-channel MOS

devices, n-channel MOS devices, BICMOS devices, Bipolar Junction Transistors, diffusion

areas, resistors, capacitors, or CMOS devices.

[0066] Refer to Fig.3. A fine-line connection structure 34 is formed on the active surface. The
fine-line connection structure 34 comprises multiple thin-film insulating layers 36 having a
thickness less than 3pm and multiple thin-film circuit layers 38 also having a thickness less than
3pum. The thin-film circuit layers 38 are made of a copper material or an aluminum material. The
thin-film insulating layers 36 are usually formed with a CVD (Chemical Vapor Deposition)
memﬂd.;The material of the thin-film insulating layers 36 may be silicon oxide, TEOS
(Tetraethoxysilane), SiwCxOyHz, compound of silicon and nitrogen/compound of silicon,
nifrogen and oxygen, SOG (Spin-On Glass), FSG (Fluoro-Silicate Glass), SiLK, black diamond,
polyarylene ether, PBO (Polybenzoxazole), or porous silicon oxide, The dielectric constant of

the thin-film insulating layers 36 may be lower than 3.
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between 0.2 and 1.2mis forned on the second silicon oxy-nitride |ayer or
on the silicon oxide layer with a CVD nethod; next, a third silicon
oxy-nitride layer with a thickness of between 0.05 and 0.15mis optionally
formed on the silicon nitride |layer with a CVD nmethod; and next, a silicon
oxide |l ayer wwth a thickness of between 0.2 and 1.2mis fornmed on the third
silicon oxy- nitride layer or on the silicon nitride | ayer w t MES 000

met hod. Method 8 [0075] A first silicon oxide |layer with a thickness of
between 0,2 and 1.2mis forned W|th a PECVD (Pl asmm Enhanced Cheni cal
Vapor Vﬁ?ﬁ’eﬁ) dargserag prosessts usgd d@ Esmpngiof F&‘B}P Ohiialm ¢iegpitlaysrs 3F o

thi Ckn%%@r 10é s@ﬁE&ﬁﬁ@toPSLﬁ)sﬁ'ﬂg 381 difrudion- BﬁglgpﬁP'%rh?ﬁitsklff X}}Suét%i'éd'o‘ﬁ% fpede | ayer

with a spln coatlngne O; next a | CcCon O [ ayer with a
t hi ckneudagsiof jont oftha than-film m@umtlagiaym 36@ndenl tlmbotthles gatihn éht@rall wabrfthe de

| ayer h hi.ckness of
bet me\gp%{lﬁgsaﬁggfng% f@’b u%u?atuﬁ% é )ﬁqlacsgﬁa/%%r Sucpgs g? ek h a CVD
met hod seaidydreix l‘sputa:re‘damr théldﬁ'ﬁllslloﬁ-(blarrth le(?}’er Ihaytes cdpp&ﬂa?erﬁﬂlédﬁ‘m@&ﬁed@n thet ween

0.2 and 1.2mis d.on the silicon nitrjide layer. with a CVD net hod.
Vet hod SediayavEaddher sJestroplpted cppies faysy sreddayes sdidiffusigusparsies iyer Mfidk ness

of bet igesheRings ﬁﬁéild%'ﬁe'o‘f theOh IR ntllathhg 15547 %/Qe?aﬁ&ﬁéd 1w1@1%henﬁca§' l'icon

nitride layer with a thickness of between 0. 2mis formed on the

first d$ndchadenl priithéng msthed vitil nh@ng@ﬂuw@@m@%smdanm Oiﬁéwtthmsﬁlmeammgulayecso n

oxi de |

o1 Moo B bunatid th St iEAH3%, o2 O RS B (AT B AR el °

si | i comemicondwtéorisalystrateVdits n alutniivokhgeasorah ahmdines alldy Byarigdsphitteralios cheofred
with a t hod: .next sil.icon. oxjde layer with a thickness of between
b 5" amdbeitin- L (gl B 36 and KR o SRR Yier ot the i g e, o

et hod pagédedwith apﬁot%ﬁfh@?ﬁ plit |pi'dE:@§!: anll ah leRBink PYRessMThdhdn-fifnh biedmMaaFerd3 s
betvveen02an 1.2mis he silicon oxide |ayer with a CvD

net hod.cap emsqrcorwect?%maﬂeefée%@ ﬂ@%ee%@ega ajerring? vy &e cagdqcevegéinemhf y more
than O.3aMmaRduddH gla)letg KRS ThiQhedsN ofik Bf&?%@&ﬂll H‘?Jélrlﬁ'%fcg'g I}__IS Ss %g&ﬁg?l Iy

nore than 0. 3m und an optinmal condition. ter
t he padsi~¥aitpmT hleal;dmﬁlmz:]ﬂom ldyesi38 emmbﬁctamiﬂ, with & bX stepperloy 5Rrschaygeor

other superior equipment in the step of a photolithographic process.

[0068] Next, a passivation layer 42 is formed over the semiconductor substrate 30 with a CVD
method. Multiple contact pads 44 are respectively exposed by openings in the passivation layer
42. The passivation layer 42 can protect the electronic elements 32 on the semiconductor
substrate 30 from foreign ion contamination. The passivation layer 42 can retard the penetration
of mobile ions (such as sodium ions), moisture, transition metals (such as gold, silver, and
copper) and impurities. Thereby, the passivation layer 42 can protect the thin-filim circuit layers
38, the thin-film insulating layers 36 and the underlying electronic elements 32 including:
transistors, polysilicon resistors, polysilicon-polysilicon capacitors. The passivation layer 42 is
usually composed of silicon oxide, compounds of silicon and oxygen, silicate and phosphate
glass, silicon nitride, or silicon oxy-nitride, etc. Below, ten methods for depositing the

passivation layer 42 are to be introduced.

Method 1
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46 with a thickness of between 3 and 50mis formed on the passivation |ayer
42 and used for insulating. The material of the first polyner layer 46 is
t hernopl astic, thernosetting plastic, polyimde, BCB (Benzo-Cycl o-Butene),
pol yur et hane, epoxy, paryl ene-based pol yner, solder- nask material, elastic
material, or porous dielectric material. The nethod of formng the first
pol ymer |ayer 46 includes spin-coating an oligonmer filmon the ®i%at i on
| ayer 42. Refer to Fig 4b. Next, the spun on oligoner |ayer 46 with a

h j ho h _
P o B AL S id oy Sifi tﬁ;@cﬂcﬁ?sag ey 08 B DS Rt N R e
pads 44n&Rod; hed &M &ﬁﬂ%ﬂ%ﬁﬂe w&s«rrﬂ@aqua&esé df befvdeR 0RanAQLREh is\Wyalkdlohe

first polyner layer 46 is nmadé of a photosensitive material, it can be
pat t er dbeisiliFartoxadepwish a CGMIhmgthaghi ¢ process; when the first pol ymer | ayer
46 i s made of a non-photosensitive materlal it can be patterned with a

phot ol imgtﬁgﬁfgphi c process and an etching process. [0080] Next, the
patterne Igoner |ayer 46 is cured via heating it to the tenperature of
200320 C with a baking nethod, a m crowave heating nethod, or an infrared
heat i ndOWﬂI] Hosilicar oxtide laper witngpthickhess of bétwsa0o. aﬁﬁxi C2pifHiefaneddithiarG{D pol ymer
| ayer 46 a di nS| onaIP_J:éLile VEG Otg 002 Shl’l age and a noi stu,r? cont ent

| ess. t HESDAC Gty IEROT QO FuIridE ARERITD AAbiFKREES Rtk t‘V\‘i‘&Pé’rﬂS apd O L formed| e

t han 1%nVVH@§lhécﬂﬁ‘oxfldier Wwith Q?iaX RRenhAYE] C¥D théthih; A58 HeAla §1f%ntn?tﬁﬁgl’a‘%ﬂ*§ﬁn of

425-450 'C. Alternative the nmethod of formng the first polyner |ayer
46 i nclajbisknesk ahbatateny?2 andjl Jumii formed b thee sptwnOSﬁnﬂndle lagervether C¥ED on t he
passi vat 'tﬁn | ayer 42 with a heat-pressing nmethod and then form ng openings
in the q‘l I musing a photolithography nmethod; or screen-printing an

ol i gomer f| | mon the passivation layer 42 with rrultl pl e openings in the

ol i gomvlethod Bn exposi ng the contact pads 44, and then curing the oligoner
filmusi ng a heating process. [0081] Refer to Fig.5. A first

adh 50 th k 4
For ned TEakop pisidegorg plla digBresief oy Lo SRR T et v pCXD  °
Sputt erméiﬂodrﬁﬁﬂogsﬂmmmtafé »ﬂ{h Phicid&s e balveafh 8 3he p?Pﬂﬁﬁf et]i Y@l 50 is

tltanlumnetal titani um ni titani um tungstena oy, romummatal
chr omi Lsmcooppmtaﬂet laysr widina EVImatbods| and aext asnhednmtrrdeﬂzyedwith amltlewsmﬁ vely,

;Bgvgl :%hﬁef}ﬁ?zﬂ“war r%ﬁ’ﬁ‘m‘ﬁé&%e ! cglgéﬂg?eg’;‘ét(r:o ék/i)n‘aﬁﬁi? 'with a thickness

of between 500 and 5000 angstrons rmay be forned on the first
adhesi quiéthed 41 er | ayer 50 using a sputtering process. The seed | ayer is

[0071] A first silicon oxide layer with a thickness of between 0.2 and 0.5um is formed with a
CVD method; next, a second silicon oxide layer with a thickness of between 0.5 and 1pum is
formed on the first silicon oxide layer with a spin-coating method; next, a third silicon oxide
layer with a thickness of between 0.2 and 0.5um is formed on the second silicon oxide layer with
a CVD method; and next, a silicon nitride layer with a thickness of between 0.2 and 1.2um is
formed on the third silicon oxide layer with a CVD method.

Method 5

[0072] A silicon oxide layer with a thickness of between 0.5 and 2um is formed with a HDP-
CVD (High Density Plasma-Chemical Vapor Deposition) method; and next, a silicon nittide
layer with a thickness of between 0.2 and 1.2um is formed on the silicon oxide layer with a CVD
method.
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used to benefit the formation of the succeeding netallic wires; therefore,
the material of the seed |ayer varies with the material to be used by the
succeeding netallic wires. [0082] Wen a copper netallic wire is to be

el ectropl ated on the seed | ayer, copper is a preferable material to the
seed layer. Wen a silver netallic wire is to be electroplatedN§8 %Fﬁl seed
| ayer, silver is a preferable nmaterial to the seed | ayer. \Wen 3 adi um
netallic wire is to be electroplated on the seed |ayer, palladiumis a
preferaplig,g@terial to the seed |layer. Wien a platinumnetallic wire is to
be electroplated on the seed |ayer, platinumis a preferable material to
the seed | ayer. Wien a rhodiumnetallic wire is to be electroplated on the
seed | 4988] A UBQi(Undopied Silicptedflesshbiyer with e thicknetsawfbhtvese@d ahdgpm.is sdn a
rutheniumnetallic wire s to. be electroplated on the seed |ayer

F ut henfoeHSReRL 3 dpsulain LayRV iR  Hokngss albettssn 0/5apd PHmwAeh 28 TERSn BRSO

rTEt al | | Qro i } i 1 3 i i . a
B A e e N - T
be el eand ngitaa Bliconmitride layeralith agléckness afbetwees 02 qpd d2pmaisifermedwhelid al to t he
seed | ayer.. [0083]. .Re to,Fi.g.6a. Next, a first patterned photoresist

| ayer @%ukgnég?ﬁ%%ﬂ%ﬁ t e“?gﬁﬁ'layer on the first adhesion/barrier |ayer
50. Multiple openings 56 is formed in the first patterned 19 MEG 05-002
phot or &4ditlkdd T ayer 54 with a 1X stepper or 1X scanner. The first patterned
photoresist layer 54 is a positive photoresist, for exanple. The openi ngs
56 exp e.seed | ayer .o he first . adhesion/barrier |ayer 50. Next, a
iret R0l A 5T Son S5 iR e W R SO beorean 0f il TBOmS | s

el ectr Qgﬁ@}{aﬂsi fHhel RASLEID! AURSA; Axf PEiNBSh Hdd 1Qgerfvhfh_sar hREAGS bPRARELT | er

| ayer 50 and exposed by the openings 56, and the thickness of the first

met al | 0& dndyleduns & fpan@{cmf the fisti silicorbexy28 Oive layEhwite byG VI mettodr sxt,raseedndi ¢

| ayer 58.is electri.cally.connected.to the in-filmecircuit | ayers 34. The
et Mehf PR e R ESS & e o J st Ly § oot oidoper
pal | adithtgiliddhakideUier with QAN meitEdh 88 WRilidoR St ay & with & Kdkness of

Alternatively, the first metallic [ayer 58 naybe a- conposite of the
abov e- befcen Hddndd e iglfermedontthe sehend sikien opainitede byepirondheslian dxideer 54

i o T irst netallic,l. 58 .j t il d jnsid
e DoTREESun TR bebloa ROE A b oGS iR ok BTSSR IR L o
~ layer 4fid 0.Themexégitaaty formsd onBleallichg nltddehy & SvitcAOVDaR&hbdd; ahdBeftof NMati on

of the succeeding netal posts. [0084] Next, as shown in Fig.6b, a second
pat t er sdigoppuide el with & thidknesf bstwicon A8 dnd A 2pureisffonne on the third silicon oxy-

nitride layer or on the silicon nitride layer with a CVD method.

Method 8

[0075] A first silicon oxide layer with a thickness of between 0.2 and 1.2um is formed with a
PECVD (Plasma Enhanced Chemical Vapor Deposition) method; next, a second silicon oxide
layer with a thickness of between 0.5 and 1um is formed on the first silicon oxide layer with a
spin-coating method; next, a third silicon oxide layer with a thickness of between 0.2 and 1.2jum
is formed on the second silicon oxide layer with a CVD method; next, a silicon nitride layer with
a thickness of between 0.2 and 1.2um is formed on the third silicon oxide layer with a CVD
method; and next, a fourth silicon oxide layer with a thickness of between 0.2 and 1.2uum is

formed on the silicon nitride layer with a CVD method.

Method 9
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netallic |ayer 58 and the seed | ayer on the adhesion/barrier |ayer 50.
Mul tiple openings 64 in the second patterned photoresist |ayer 62 expose
the first netallic |ayer 58. Next, as shown in Fig.6c, a second netallic
| ayer 66 with a thickness of between 20 and 200mis fornmed on the first
metallic | ayer 58 exposed by the openings 64 via electroplatlngq qggothe
maxi mum hori zontal dinmension of each netal post 66 ranges froms 50m
The second netallic |layer 66 serves as netal posts. The material of the
second | I per,

oi 1 vor 10T i Elox B LR o SR el SSRLARY Bt BREP

Altern amme:wso mbfhed; et aRlicoRhitdidd lﬁiéraﬁﬂfa BkARY oPBetRe&ONP RS 1.2u@fis t he
above- mentioned materials, The thickness of the second netalllc | ayer 66

i s prefiermed gnithe fiyst dliconpxidsdayes mathe CYDosshodypadnext, sﬂéé@fﬁ’d sthspapxide layeyer 66
of Cop%glb% tﬁwiq?eSE’SfﬁJIn%S&{ @g'gé‘c{ ?p m‘i)’és‘gohﬁ@d bl i3 %ﬂ{éﬁﬁ f’i‘l@deﬁ e?)(xgt'in Hop-CSARPer i's

a prefer e materia ayer YA e |"ayer 58.
When ametlediond netallic | ayer 66 of silver is to be electroplated on the
first netallic layer 58, silver is a preferable material to the topnost

| ayer 3%ﬁ$Q§u{irst metallic |ayer 58. Wen a second netallic |ayer 66 of
pal | adi 9 0 be electroplated on the first netallic |layer 58, palladi um
is a preferable material to the topnost |layer of the first netallic |ayer

58. Wh¢o07d] sefenlicmtniide tayet Rifeh tEknels dibatveah 012 d 1l @ pheisEhsddrva At ed on
the first nmetallic layer 58, platinumis a preferable nmaterial to the
t opmos CYRasthogs naxke stlicon pxidetayier with lalieknessof betveaen 8. 2ad drtiomistfatmadoon ayer

66 of | e Gt | at ed. o alllc
Cayer o MSifien A DG WM » ExrPmplhol SiaREh efhe RBemBrdeiler VBB Y, e
first nitladeks of Hetyeeh 038and Wi & foffial¢h hebititdd exidaMedr Wth aDCVDbih&BdStl umis
to be electroplated on the first nmetallic |ayer 58, rutheniumis a

prefer tg the toppost |ayer of the first nmetallic |ayer 58.

I
Wien ael‘@b??b ”Et ﬁ{é@%ﬁsu@ theagﬁglwmndwerﬁ%maﬁﬁw%y wgrefhan) 3ypomddbed on the
f t t
| yor piepd St Romituiab 6} M Bchétaly RGP fn RO o Bprift &F*Qméﬁ P86 of

nickel is to be electroplated on the first netallic | ayer 58, nlckel is a
pr ef er 44078 Refes ta Eilg.4aoA ftérshe pq;aiystlioﬂ layezri2 difis bdee cbinpls:tednmﬁest p'blgmei layar 58.

[ 00861 XL, as sho Fi t he second patterned ot |st Iayer 62
o o0t 3 BikRess AEbetn sl il 3 S oy FOr SRS B Ba AR el feyer 50
not ungniaing Mdﬁmﬂ@bﬁﬁb iffFst |p%lé%{ r PePdEis M@Hﬁ%ﬁn&kﬂn&@mﬂg §ﬁsﬁ@l ng an
et chi ng Process first "adhesi on/ barrier 1ayer is trtanium
imide, BCB (Benzo Cyclo Butene), polyurethane, epoxy, parylene-based polymer, solder-

mask material, elastic material, or porous dielectric material. The method of forming the first

polymer layer 46 includes spin-coating an oligomer film on the passivation layer 42. Refer to

Fig.4b. Next, the spun-on oligomer layer 46 with a photosensitive material is patterned with a

photolithography method to form multiple openings 48 in the olgomer layer 46 exposing the

contact pads 44 on the semiconductor substrate 30. It is to be noted: when the first polymer layer

46 is made of a photosensitive material, it can be patterned with a photolithographic process;

when the first polymer layer 46 is made of a non-photosensitive material, it can be patterned with

a photolithographic process and an etching process.

[0080] Next, the patterned oligomer layer 46 is cured via heating it to the temperature of
200~320C with a baking method, a microwave heating method, or an infrared heating method

or to the temperature of 320~450C. The cured first polymer layer 46 has a dimensional
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tungsten alloy, the etchant for etching the first adhesion/barrier |ayer 50
can be hydrogen peroxide. If the seed layer is gold, the etchant for
etching the seed layer is potassiumiodide. As shown in Fig.6e, the step
of renoving the seed | ayer and the first adhesion/barrier |ayer 50 not
under the first netallic |ayer 58 may be undertaken before for@hﬂﬂw%ﬂf
netal Posts 68. [00871 As shown in Fig.7a and Fig.7b, The ratio of the

maxi mum hori zontal dinmension Hv of the netallic post 66 to the height Ht

f the giBtiakl i ' . . i. .
?han g? 2 o?é%ﬁi#@@kﬁggfﬂgﬁ#ﬁégﬁ%§2?%#MI|ggﬁ§?%ﬁ£%¥h?H%P%%?§ |g9%gé§828 IS

Wi t hi nis I8ss58m troovisn thafasiefodyraer layee 46 hded at the sémp@bating ofi423-460 Jost, whi ch
is distinct fromthe conventional technol ogy. Theggitch_JLb bet ween t he
cent er $Mlismatingly fhe gisiodiof irrmingthe figst pelymer Rger 46snalpdesslomingtinga drafilan t he
pref er hike; Lk [tSriat O ' : 1,GLOr - 161 0Ns.
El 5. 7 AR R Lt AT He Rl mAib o Rt 20
with tdereingeesings buthe dry filayesings@pludolpbsgreplhyfmethel; bi scse¢engutintisg em/ bar r i er

| ayer he first netallic .,layer 58 FromFig, 7 it n _be observed
that ¢ ROeBRRA ! bt Boss R utekonfiouBle PRETES b Riecite iAoy BE 0
over t higc copeni m@s 44,8l wienfaafin® the@ligbher filathisid 4 Rsatih@prob@yer 60 over the
first polyner |ayer 46. [00881 Next, as shown in Fig.8a, a second pol yner

| ayer s for ver.t he sem conductor.  substrate 30 and cgyers the
o o 1 008D ReB BEFia R et VBB R Irsm o g bistcrnal beaveen Q0 B8 < no
second 7p00A iEforh @@ the @rsfﬁ?/bél r fah& RS datact pHAE 90 S8thlal PattRind Thitkod.

pol yi m de, BCB.(Benzo 21 05- 002 cl o-Butene), polyurethane, epoxy,

par y| erd@e gutsisket the frsy adhegigafoarrigr byprl0 is difanim wietphttdanign nitgde, tigoivgus

di el ectytd i : t - of 1 Lher er 70 may
incIudgﬁgﬁwggggéS@EP?%??ﬁggﬁggﬂggﬂg?Iﬁég%Pﬁicoaﬁ?ﬁggﬁgpﬁg%¥m§éni own i n

Fi g. Bhltepfativély, thefivh ddhssiopirerrier lagyrei0 My besa t@mnpusie of tht alloveanantinagl | nt i ng

met hod, nul tipl.e qpenings 72, ,.where he to nds of. .t tallic Posts
68 are 14 ?/nea(iﬂ' (&Ig’,‘t’ %as e%%%f‘rcﬁ}%[@&o@ Wﬁiagﬁg@ﬁﬁ%&g’fe@%’? %9%9-@?5 % PEPMFhen

scr een npiyibettomgedidnahs a0 adhepioh/paeier 1agdeI0 vbthg o shukdibogSReRE] TRIsYaEaydrayer 70
is formed with spi n-coating nmethod, nultiple openings 72,.mhere%y t he
top end&eddp bRl st T ttong Seupseding mefalic Hiresy thergfare, We rretgial elihedoti th a

pat t er niyRgv R EAUhEmatHEo B u@edﬁ@ﬁkﬁkdc%&?iﬂ{gﬁ}gﬂhﬁi&s%}gEPd or a

phot ol i tthographi ¢ nmethod plus an I ng net own in Fig.8c, beside
via the openings 72, the netallic Posts 68 nmay al so be revealed via a
polis hi[?ﬂ}p  coppiranaszllic wive istedsglectroplated on the seed layer, copper is a

preferable material to the seed layer. When a silver metallic wire is to be electroplated on the
seed layer, silver is.a preferable material to the seed layer. When a palladium metallic wire is to
be electroplated on the seed layer, palladium is a preferable material to the seed layer. When a
platinum metallic wire is to be electroplated on the seed layer, platinum is a preferable material
to the seed layer. When a rhodium metallic wire is to be electroplated on the seed layer, rhodium
is a preferable material to the seed layer. When a ruthenium metallic wire is to be electroplated
on the seed layer, ruthenium is a preferable material to the seed layer. When a rhenium metallic
wire is to be electroplated on the seed layer, rhenium is a preferable material to the seed layer.
When a nickel metallic wire is to be electroplated on the seed layer, nickel is a preferable

material to the seed layer.

[0083] Refer to Fig.6a. Next, a first patterned photoresist layer 54 is formed on the seed layer on
the first adhesion/barrier layer 50. Multiple openings 56 is formed in the first patterned
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pol ymer |ayer 70 needs curing before the polishing procedure. After the
second pol yner |layer 70 has been cured, a CWP (Chem cal Mechani cal

Pol i shing) procedure or nechanical grinding to polish or grind the second
polynmer layer 70 is used to reveal the top ends of the netallic Posts 68.
The curing procedure nmay al so be undertaken with a baking net h%zh G R-002

m crowave heating nethod, or an infrared heating nmethod under

tenperature of between 200 and 320 degrees centigrade or between 320 and
400 degheRsesi® Eéngmﬂaa[lﬁ(&%%beﬂ?’ﬁ’rl% schiner ST Firkt aﬁérﬁé@ﬁho%&%@é}éf% ishat the
structures of the follow ng enbodi nents are tgredom nantly the extensions
of t he Dopitiye PhgterssishBwsxamplr Thegwerings T expes thoksddayer emtherfiestal | i ¢ Posts

68 has e | et ent er f the nejghboring
ot ar 1 e aeRidcidber SOGER ARAGLARe BRSEVich A B iefiseh dand S

hor i zoris alkctetipheasirothe @éedtlﬁlﬁ:r Se tahdetl On pesStirst eﬁlﬁediwfﬁe@n&rh@yeh 80 @i explosddnssy
netallic post 66 H is less than 4. The first enbodi nent is based on the

st r uct iReCRmgs p9.a10d dhe thickness gkthe disy Wqﬁ"éll%l?éf@feﬁdﬁ n@f%é@b%ﬁ@ﬁar e usual ly
th

shown (epry, SO Bt metaliy loflr sRAE IRt dIf, Rl Ren o R Ao B Sk Mo e

| ayer ﬁitSI mﬁtaihg laelsiﬂ maybad singlepayec efgold, Mapper, Fﬁileexopﬂlmﬂngs plfinamge f or rred in

t he th| 74 Wi ternin ur e, ere'n t he

pat t er Ai ?1(8 ’r%@% eémﬁlﬁc?éﬂ%gle%h\%“f‘ ﬁ]ﬁlp{ ‘ﬁg’@ﬂﬁ’ﬁﬁ MFPHBD or a
phot ol icohpgsirmTiie amawﬁﬁn@ma n&’dﬂerﬁﬂsﬁ INeRQ ti¥atritQrliteribd SHioMsHedi @Ayer 54 she met hod
of formngtheflrst poly | ayer 46 includes: lamnating a dry filmwth

a phot'BaeYsh ﬁ?/@rshﬁ‘?@hcdﬁy% A8 t‘sh@t pak$ingRly |f@‘ﬁler1ar;sede thoopgnings 48 hatalsopr essi ng
met hod anpdad ﬁ}g[sp bt gr aphy
met hod; or Sd;@ggﬁgﬁgqugtg?%%wg% ol |gdé)2ne%rh?y Plrz}né,c;[fr%f ezegt T@g}g‘ﬁ% 2 %lé)e}gg)

passi v&ﬁlilbmelﬁé@@rfowtmpﬁthmhmepﬂleg opthpesgs i n the ol i gomer film exposi ng
the contact pads 44, and then curing the oligoner filmusing a heating
proces T t.hi f herrm astjc,

t her ng?siﬁ?%qu}dgél%ﬂg ﬂgg'ﬁﬁ%sgéeofnqﬁagé%ge%hzoér 31%7%6% fé‘jmed po y%‘?s{et hane,
epoxy, npmlm: bryer IR dhpsreyt temer orsth déliesivadlarrienlagyes $0. Mglipls bpenimgstodrin te, or

| t 1 | 68 truct
e o soroai o iahed wiEhetidavir 07 Scboe e tist Mo oy S abe S e PR e ©
net al | iaGeQ@dtnSetfifc laget é@wﬁﬁqﬁua&e§Mbeﬁ&Hen595m :tuﬁ {&%ﬁ{e%nqgéﬂét menti oned

nmetallic Posts 68. [0091] Next, as shown in O0a, a secon
adhesi @agtallie hayet 5§ W@Wd\h}’tthﬁ epantigs egiseleﬁrtmﬂatmgend the maximum horizontal

dimension of each metal post 66 ranges from 3 to 50pm. The second metallic layer 66 serves as

U

metal posts. The material of the second metallic layer 66 may be a single metal Iayer of gold,
copper, silver, palladium, platinum, rhodium, ruthenium, rhenium, or nickel. Altematively, the
second metallic layer 66 may be a composite of the above-mentioned materials. The thickness of

the second metallic layer 66 is preferred to be 30 to 100microns.

[0085] When a second metallic layer 66 of copper is to be electroplated on the first metallic layer
58, copper is a preferable material to the topmost layer of the first metallic layer 58. When a
second metallic layer 66 of silver is to be electroplated on the first metallic layer 58, silver is a
preferable material to the topmost layer of the first metallic layer 58. When a second metallic
layer 66 of palladium is to be electroplated on the first metallic layer 58, palladium is a
preferable material to the topmost layer of the first metallic layer 58, When a second metallic
layer 66 of platinum is to be electroplated on the first metallic layer 58, platinum is a preferable

material to the topmost layer of the first metallic layer 58. When a second metallic layer 66 of
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400 and 7000A is formed on the third polyner |ayer 74 and the top ends of
the netallic posts 68 wth a sputtering nethod. The material of the second
adhesion/barrier layer 78 is titaniumnetal, titaniumnitride,
titaniumtungsten alloy, chromumnetal, chrom um copper alloy, tantalum
nmetal, or tantalumnitride. Alternatively, the second adhesi on/l\pﬁ%rorsjoﬁé

| ayer 78 nmay al so be a conposite of the above-nentioned materials. xt, A
seed | ayer (not shown), such as copper or gold, with a thickness of

bet weeph&fifinad B2RRLuBHEERY LA M FBVRE Al 14YRHSS Phddiin SeLRblbRANSsHAR bar rier
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on theseedgl ayer, made of gold, exposed by the openings 83. Qher
material's used to formthe third netallic |layer 84 may be silver,

pal l adi um platinum rhodium ruthenium or rhenium Next, as shown in

Fi g. 100086 hext, s showadin g 6rb dhesisendrmattemed plaopencsigdayes 62 éxremenkd; nextithe t he
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t id}]ani uu’?&gqm‘ﬁyﬂy eenlnaieﬂmyipghhetchigglpmdssf mmeﬁﬂhhd]@ziblbﬁar?iselﬁmtio i:i:I titlanium

adhesi qn rri.er |ayer 78 can. rogen perqxi de. the see ayer is
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be not edroxhiRt It the sdedilgyen BSsold, MRt Rdtadd foRrBEhinP R b PRy&fis phisssBintiolildPAat ed
third netallic layer 84 is determ ned by which types of external 23 MEG

05- 002 SBRW? BEE8F: the leriPt wmave dnised tawer and tha@rshidhpgonbarperieyg40 not e. t he
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openi ngs 83 and the position e openi ngs according to the
i nt ended aipl ication. The abovenentioned external circuit nmay be a flexible
ci r cui 10083} A¢ shews ankig Jadud Figr 7bc Bheratia of thempaxdmua thotizentd damehsion e péini ¢

bt el o 30 B R AT R R o Bl
be less than 3, 2 or 1. The maximum horizontal dimension of the metallic post 68 is within
3~50microns; therefore, the metallic post 66 is a fine post, which is distinct from the
conventional technology. The pitch Hb between the centers of the neighboring metallic posts 68
is 10~250microns, and the preferable spacing Hb is 10~200microns, 10~175microns, or
10~150microns. Fig.7b is a top view showing that the metallic Posts 68 are implemented with
the redistribution layer 60 composed of the first adhesion/barrier layer 50 and the first metallic
layer 58. From Fig.7b, it can be observed that the metallic post 66 is not formed on the
redistribution layer 60 over the openings 48 but formed on the redistribution layer 60 over the

first polymer layer 46.

[0088] Next, as shown in Fig.8a, a second polymer layer 70 is formed over the semiconductor
substrate 30 and covers the metallic Posts 68 and the redistribution layer 60. The material of the
second polymer layer 70 may be thermoplastic, thermosetting plastic, polyimide, BCB (Benzo-
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contact pads, RDL's, or solder balls. As shown in Fig.10d, when the third
netallic layer 84 is a single |layer of gold, copper, silver, palladium

pl ati num rhodium ruthenium or rhenium and when the thickness Ha of the
third netallic layer 84 is 5~30mi crons and preferably is 10~25m crons, the
third netallic layer 84 is defined to be a bunp 86. Next, as shpw.i, F|g
11, the sem conductor substrate 30 is diced into nmulti pI e sem conduc

units 88. The bunps 86 on the sem conductor unit 88 can be electri caIIy
connec iedlot Butaht) &BAncClioxy] I
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el ect I’l[h a]?ﬁiﬁ &%{ﬁ) C&O an external substrate 94, as shown in Fig. 12e.
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plastic, polyi m' de BCB (Benzo- Cycl o- But ene), pol yuret hane epoxy,
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Posts 68 has a fine pitch, and the spacing between the centers of the neighboring metallic Posts
68 is within 10~250microns; the ratio of the maximum horizontal dimension of the metallic post
66 Hw to the height of the metallic post 66 Ht is less than 4. The first embodiment is based on
the structure illustrated in Fig.8c, and the succeeding embodiments are usually with respect to the

variations of the metallic post 66.

[0090] Next, as shown in Fig.9, a third polymer layer 74 is formed on the second polymer layer
70 using a spin coating process. Multiple openings 76 are formed in the third polymer layer 74
with a patterning procedure, wherein the patterning procedure is undertaken with a
photolithographic method or a photolithographic method plus an etching method, Alternatively,
the method of forming the first polymer layer 46 includes: laminating a dry film with a
photosensitive material on the passivation layer 42 with a heat-pressing method and then forming

openings in the dry film using a photolithography method; or screen-printing an oligomer film on
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pressing nethod, or by lam nating a photosensitive dry filmon the
substrate 94 using a heat- pressing nethod and patterning the

phot osensitive dry filmw th a photolithographic nethod, or by |amnating
a non-photosensitive dry filmon the substrate 94 using a heat-pressing

met hod and patterning the non-photosensitive dry filmwth a

phot ol i t hographi ¢ nethod plus an etching nethod, or by screenMEfiOn9ng t he
fourth polynmer |ayer 96 mhere nultiple openi ngs are sinultaneously forned
in the fourth polyner | ayer Bﬁn coating a photosensitive film

on t he tfesstivation 1aygr 45,91 W@H“IﬂaPP‘EWFﬁSﬁ@ EspRet eengpting Becoratardh a
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the substrate 94 and atterning the non-
phot ol flaylsogt eﬁlmrmonbsthodlephwttma plastigipelyimisienBOB (BfnarCycheBsehe)er balls 92
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pr oc eddiedectric nimehedlt Themetallic fposts bakhven s@ichadetug as rﬁheq;remusem&ﬁ@hemg met hod,
or an infr d q; &% HgmgQG] Refer to Fé&h 13a and FI% 13b. When
Che. ¢ hitplkePogty 6% 33@0685 OIifQ glalligpasts A3 dhe ramegs pt fordprming
S|Iverﬂkﬂﬁg%agﬂyﬂkmmhﬁahﬂﬁﬂmcpgﬁghgnn ruthenium or rhenium and has a

t hi ckness Hp of between and 15m crons and preferably between 2 and 1

Om crons, the third netalllc | ayer 84 is defined to be a contact pad 98.

The con®dgd] F{Séfd 3s ggwadn Figel Qo Froerderhegonthamier ayerarithes thidkness ofibetiedd r es
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pal | ad mﬂq a q@h&@nnmthmm diie vmteriabiofithe segomd @dhembmfhamm lagerd/ 8riattanivtthinetaless Hr

of betyeen Oom.c ref er abl tween 10 an rons, the
Ohi e M Rt AN bRSen ARG, BiGRlR Riste, R oRed Hlor WHabRE: o
trace hesalporaltaonteeidpasiteoniest 8@ st@nt AehdiRhAarred fyer FBmayhles bé & t he
position of th? relocated p%S and, the netal post 68 connected thereto from
a top <empesieetthe afpys-wentigned materials Neh Agepblayarngtishowmy sichas sgwenern can

be connggi %ﬂh%@lﬂ@ﬁl&ﬁ@%ﬁfeﬂ%ﬁ:ﬂ%@o WEES 8 £8¢rdmhd Iﬁé’y be Whba 3(5)4 feSedonfmed by a

W re- bondlng process. The distance between the tcenters the w rebondi ng
pads 9zdh®5pnﬂemﬁetlwyee?18 u@nem@@e@ngmr@mnsl\fex{tm olwn in Figileb, enhoctipatemed t he

struct n t s _.shown
h § ot RsEa0d 18 chiR B o APl Re ook e BT aer MG T o
shown itiee thEd gatﬁarnedhbim}t&ist ldybo&kis &tpbk[ﬁfmllf}@& phBtyreaist dliipld epénniad Brimthet he
struct Ltllm?d Sargt%rmlgd pﬂotg}egi'stB lgyer-légeexpose the seed layer on the second adhesion/barrier layer 78

over the top ends of the metal posts 68.

[0092] Next, as shown in Fig.10c, a third metallic layer 84 is formed on the seed layer on the
second adhesion/barrier layer 78 exposed by the openings 83 via electroplating. The third
metallic layer 84 may be formed by electroplating a gold layer having a thickness of between 1
and 50 microns on the seed layer, made of gold, exposed by the openings 83. Other materials
used to form the third metallic layer 84 may be silver, palladium, platinum, rhodium, ruthenium,
or thenium. Next, as shown in Fig.10d, the third patterned photoresist layer 82 is removed; next,
the seed layer and the underlying second adhesion/barrier layer 78 are subsequentially removed.
If the second adhesion/barrier layer 78 is titanium tungsten ailoy, the etchant for etching the
second adhesion/barrier layer 78 can be hydrogen peroxide. If the seed layer is gold, the etchant
for etching the seed layer is potassium iodide. It is to be noted that the thickness, material and

position of the electroplated third metallic layer 84 is determined by which types of external
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structure shown in Fig.9 is fabricated via formng the third pol yner |ayer
74 on the structure shown in Fig. 8c and patterning the third pol yner

| ayer 74 to formmultiple openings in the third polyner layer 74. In the
structure shown in Fig. 8b, the netallic posts 68 are not reveal ed via
polishing the second polyner |ayer 70 but revealed via formng méI%i(pI e
openings in the second polyner layer 70 with a patterning pro&@ FE2 1t s
unnecessary to formthe third polynmer layer 74 for the structure shown in

Fig.8b.;.J re.sh i, FHog. 8b | ival ent .10 t t.ructur shown
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shown in Fig. 8c. shown in Fig.15a, the top end of the netallic post 68
is a géMftetgyer 102 having a thickness of between 1 and 30 nicrons, and a
wire formed with a wire-bondi ng process can be connected onto the gold
| ayer 3Pk, (S fhdd id fav 4 i2aRissKe r 106
havi ngjféilﬁ Phi cknggﬂg)ﬁofér}é’g?%veﬁgﬁ n?é%lﬁgiafglsgn%@?%%ﬁg%ggg llgg%per {)I:aﬂye 104
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bel ow th old Laver 102 tp for copper/ni,ckel /gold. structure far the
ot ol SRER oh S ok ife! DA RS AR gk Bobpind SIRethS 4rd] )

havi ng when ti thickess Habf hetieemethicdnger 896 5130midions ad pedfawblyhe gol d | ayer
102 havi.ng a thi cke[r:tgga of .. .between and 30 mcrons to forma caqpper/gold
st r uct P& ygFropRHdh metallis lager 3445 defined o bt hump 6. Nexbias shwrnn&g&éb, t he

ent i r e yedealidonBuddOSh %&téwis Agked éﬁt@%‘gl?gﬁ SenfRborldBL PR kS, ANChubYR s@ignr Ons
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may be made of gold. Enbodi nment . 0] This enbodiment is derived from
t he st thicemieondicteniyddiSmen be slesiiselty ¢omneitel ®a@n extamabeiowit with £CH. 16a, a

third I.Op i : r 105 is formed on the second polyner |ayer 70
26 NEG%'gglﬁ%@%ﬁg‘{%{ﬁ&{%%ﬁ?{dp end of the nmetal post 68. The material of the
third adhesion/barrier layer 105 is titaniumnetal, titaniumnitride,

titani (98%H Rgft enFigliRayFig.d kb and Kip 12et When diertoind matatlicdper 84 hhd oyoldarant al um
tal, t ant al itride. A d.l .ot sh | d ,
el 8 LR B s S R M R A R0

be sputbes titkasssHieofbbiwedn 20 and 150 microns, and preferably between 30 and 100microns,

the semiconductor substrate 30 can be heated to reflow the solder layer of the third metallic layer
84 with the a ball shape, which is defined to be a solder ball 92. The third metallic layer 84 may
be formed by electroplating a copper layer having a thickness of between 1 and 100 microns on
the seed layer, made of copper, exposed by the openings 83, next electroplating a nickel layer
having a thickness of between 1 and 10 microns on the copper layer exposed by the openings &3,
and next electroplating a tin-containing solder layer, such as a tin-lead alloy, a tin-silver alloy or
a tin-silver-copper alloy, having a thickness of between 20 and 150 microns on the nickel layer.
Next, as shown in Fig.12d, the semiconductor substrate 30 is diced into multiple semiconductor
units 88. The solder balls 92 on the semiconductor unit 88 can be electrically connected to an
external substrate 94, as shown in Fig. 12¢. The external substrate 94 may be a semiconductor
chip, a printed circuit board, a ceramic substrate, or a glass substrate. The distance between the

centers of the neighboring solder balls 92 may be between 10 and 250 microns.
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adhesi on/ barrier |layer 105. As shown in Fig. 16b, a fourth patterned

phot oresi st layer 110 is fornmed on the seed layer on the third

adhesion/ barrier layer 105; a coil-shaped opening 112 in the fourth
patterned photoresist |ayer 110 exposes the seed |ayer on the
adhesion/barrier layer 105. As shown in Fig. 1 6¢c, a fourth netallic |ayer
114 is electroplated on the seed | ayer exposed by the openlnghffﬁ)lﬂ t he
fourth patterned photoresist |ayer 110 The fourth nmetallic |ayer 114 nmay
be for k.0 ol d 0 ilver, nicke
pl ati nﬁﬁﬁbéf 4h8\§{1mﬁg31t2 ’%ﬁﬁ%ﬁme g 54 u;y%% olnt 1 éor‘ﬁ%uﬁg tgg%a % hi ckness of
bet wee moﬂn@tﬁd t8@ubi§tr&ﬂ&®l4$a fouAh pelyart layed 96 mhyee fo@ﬁiéd bn mie'fsfﬂisl:rme odayer 114 may
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fourth patterne oresis ayer 'sr
and t h@resshgrmtﬂmﬂhesbgollafnhmtmg aiphbtayearitiv® Gryiin mrtﬂesutishaemuﬁmgaheatal lic
i barrier layer 105 is titanium
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etching the seed |layer is potassiumiodide. As shown in , the

f our t h BREe@ing;the My@hotqsmsm%b@éﬂrg Wlthl@h@tcd@hqgrapﬂlmmeth@d@w sustehingret al | i ¢
layer Iddndd of 6. As shown
in Fig. 16f, © ﬁ%kﬁ&gaﬁﬁwggSg§£§m§@”@@%%?%?§§| {ﬁﬂﬁqledq%ﬁﬁé%%%st coil-like
met al | |S¢Inllllalyte¢uSM®nn@d inlthe Berth polydwec tayer ¥ijbsby smmc@@l;ng alpbotosensitive filth- | i ke

netallig na |caIJ onnect ed an externa

e cut OVPERE Y 4 B e piftr e B PhidasiBia ATB T e o R et

t hi cknemy@ﬁmbﬁmﬁgemn&l PivGoseBsitiNeCi18N6h thie YuliRatt 0 ARd pakenife thbeloﬁi rst
coil-like netallic layer 116 |lest the first c0|I-I|ke netallic |ayer 116

be dar‘rﬂ’é‘@@s@’rslt‘ﬁérﬁé‘%lr“&fhe‘tﬁ’w ithegraphig pethad plugan glehing msthodnAfter the eldsTon | ayer
117 may,aeoRbn afeg;@xmc%nafctdrrﬁaﬁ@@@f&aﬁa&eﬁ% ibshhte 9&%&311% CoRp g%ﬂsécpm

thernosetting plastic, polyimde, BCB (Benzo-Cyclo-B yur et hane,
epoxy, perthe b’@?b@@rmey% L hesnﬁ@pronmke irandariakén with abakig mathed,i al ,

por ous mlg} %‘la%%‘éit&ﬁg?&% Isglli@‘[lgh n OXI dﬁ%geconpounds_ of silicon and

oxygen, Peca 05-002 silicon nitride, or
silicon oxy nitride. The first CO|I-I|ke netallic | ayer 116 nmaybe used as a
[0096] Refer to Fig.13a and Fig.13b. When the third metallic layer 84 is a single layer made of

' gold, copper, silver, palladium, platinum, rhodium, ruthenium, or rhenium, and has a thickness
Hp of between 1 and 15microns and preferably between 2 and 10microns, the third metallic layer
84 is defined to be a contact pad 98. The contact pads 98 can be connected to an external circuit

with wires formed by a wire bonding process.

[0097] Refer to Fig.14a and Fig.14b. When the third metallic layer 84 is made of gold, copper,
silver, palladium, platinum, rhodium, ruthenium, or rhenium, and has a thickness Hr of between
5 and 30microns, and preferably between 10 and 25microns, the third metallic layer 84 may
defined to be a metal trace100. The metal trace has a relocated pad connected to the metal post
68, wherein the position of the relocated pad and the metal post 68 connected thereto from a top

surface is different. The relocated pad of the metal trace 100 can be connected to an external
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passi ve device, such as an inductor. [00101] The case that the first
coil-like netallic layer 116 is applied to an inductor is to be
exenplified here. As shown in Fig. 16g, a fifth polynmer |ayer 118, such as
pol yi m de or benzo- cycl o-butene (BCB), having a thickness of between 20
and 200m crons is formed to cover the first coil-like netallic |ayer 116.
The fifth polymer layer 118 may be formed by spin coating nul MEf0e002

ol i goner | ayers each having a thlckness of between 10 and 25 nicrons or

screen-_. pr.int.jng a.thi ol i. Ia er. cond .c ke met ic |layer
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and 75Q0d,arg$24- 0285 130181 4~ 1haghbmgdaahuab\aplsnedlt@ﬂ@rstrﬁ&&reb,homﬁ Figmy.tering a
seed | ayer, preferably made of copper, having a thickness of between 500

and 50 ngst r on the adhesion/barrier layer, next electroplating a
copper €@ﬁ“ﬁ ng a thickness of between 1 and 30 m crons on the seed

| ayer, 00@]1 ThBRIbRARhdnY isQlef 6&d ﬁ&h e dMcRrd BrERodiANR"T sHEWA OFi8 sk hA§ kness of
betmeen and 10 microns on_ the copper |ayer, and next optionally

el ectr éb‘l“&li infged 5S¢ dhetop sydef thewietaflicpashf®isnaold loyerd62 Wewng a thickndsskd i cr ons
on the paiekeh ah?gg [m&'éxéso Ond PGS WBRRG Wil e?&!ﬁe-ﬁ‘loﬁcﬁngngrtolcéls k¥ bd Qfnected

Iomfre5|stan
onto the gold layer 102 of the metallic post 68. It is to be noted: a nickel layer 106 having a

thickness of between 1 and 10 microns and a copper layer 104 having a thickness of between 10
and 100 microns and are sequentially below the gold layer 102 to form a coppet/nickel/gold
structure for the metal post 68. Alternatively, as shown in Fig.15b, a copper layer 104 having a
thickness of between 10 and 100 microns is below the gold layer 102 having a thickness of
between 1 and 30 microns to form a copper/gold structure for the metal post 68. Alternatively, as
shown in Fig.15c¢, the entire metallic post 68 having a thickness of between 10 and 100 microns
may be made of gold.

Embodiment 3

[00100] This embodiment is derived from the structure of Embodiment 1 shown in Fig.8c.
As shown in Fig.16a, a third adhesion/barricr layer 105 is formed on the second polymer layer 70
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MEG 05-002 121 c maybe fabricated by sputtering an adhesion/barrier |ayer,
such as titanium titanium tungsten alloy, chromum tantalumor tantalum
nitride, having a thickness of between 400 and 7500 angstrons on the

hi gh-permttivity |layer 121b, next sputtering a seed |ayer, preferably
made of gold, having a thickness of between 500 and 5000 angstrons on the
adhesion/barrier |ayer, next electroplating a gold |ayer havi -002

t hi ckness of between 1 and 30 microns on the seed |layer. A protection
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sputt erl%g Aoy lﬁ%%gﬁ?f f*g‘g}!&%m%%}gﬁ layer Hidigcle gd on F peed ayeg P%H?é‘i’ds

pl at i nwHthPeddn 1UMin fHtIHRH pHferrch 9%@%@1@&*1@0 I "PH@fonhrﬁa ﬁléﬂdflic%)%@ 190 the
fourth adheS|on/barr|er | ayer 122. shownh in Fig. b, a fifth patterned

phot or éa3yshe fpa%#bncée:tmlatlﬂgm maledwer rbgddagppaysivern mckﬁeplﬁtmm h

adhesi [ h
e i
patter n‘ﬁﬁ:@ﬁ@bb’r&mf&tﬁh Ihetgdhc ldy261 14Anay bofunmedby-tlgetioptating afcoprdnlayet al | i c

| ayer bet ween 5 | ect ropl at ed

t kne f
o oo tetng APt b bR 0 B et rontne g R e Bniitd By Che
openi NghitRdss Of Beb@edhi If 4da 10ahiRNDEA tHRIOhHIreSjes tand ﬁ&’}@rele%@&alaﬁﬂ'g% gdid Ialj}er

netalllc layer. 130 is made of a |lowresistance material, such as go

si | ver hgying @;Slyélﬂlessm%berwepﬁ gl Qrirons gy ghe mckol laygr. Prsforably, ﬁhftbqs'g@mmost
el ect r QpliAtihyRd ofth %'f&ﬂ%hennﬁ@%ﬁrl r#; 1gﬂkeﬁa SRBRRK feriaPhd M@Eeeﬁnéefék?’ls’shg\%rﬁglenum

pal | adium ruthenium enlun1 aV|n ness tween 1
and 30 Fig.tod e forth patteamad\mmoreswt lagerf 1 otk rametved,; Ialnd nkxtytee set@ Gyamanddke f or med

o o ondhrd BYRSoD Bt B0 Tos 5B Sacp B St mr S IBRE Tt ettt e BB woen 1
and  1Qdhéstondbsri@mayeh @08 BRRATiuh ayrgkten aNék, HRdichaheo! éeih@ttenkird gol d | ayer

havi n t hi ckness of
g a%hesmn(}bamer ayer 105 can be hydrogen peroxide. If the seed layer is gold, the etchant for

etching the seed layer is potassium iodide. As shown in Fig.16e, the fourth metallic layer 114
appears like a coil; thus, the fourth metallic layer 114 is defined to be a first coil-like metallic
layer 116. As shown in Fig.16f, the metallic posts 68 electrically connect the first coil-like
metallic layer 116 to the semiconductor substrate 30; the first coil-like metallic layer 116 may
also be electrically connected to an external circuit via a wire-bonding process; a protection layer
117 having a thickness of between 5 and 25 microns may be formed above the first coil-like
metallic layer 116 lest the first coil-like metallic layer 116 be damaged or penetrated by
moisture. The material of the protection layer 117 may be an organic or inorganic material or
may be thermoplastic, thermosetting plastic, polyimide, BCB (Benzo-Cyclo-Butene),
polyurethane, epoxy, parylene-based polymer, solder-mask material, elastic material, porous

diclectric material, silicon oxide, compounds of silicon and oxygen, silicate and phosphate glass,
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between 1 and 10 microns on the nickel layer. Preferably, the bottonmmost
netal |ayer of the fifth 29 MEG 05-002 netallic |ayer 130 has a sane
material as the seed |layer. As shown in Fig. 17d, the fifth patterned

phot oresi st |layer 126 is renoved, and next the seed |layer and the fourth
adhesi on/ barrier layer 122 not under the fifth metallic | ayer 130 are
etched away. If the third adhesion/barrier layer 105 is titanMim%d%¥gsten
all oy, the etchant for etching the third adhesion/barr|er | ayer 105 can be

hyd Lf th i 5 gol d f hing th
cbed | 2yePs PP alioperd B iac BE oA sty o gy pegiedie™ "9 11

el ectr p@@idewe@@qrgea{@chntlﬁdacm, netallic posts 68 and functions as the
i nterconnection between nultiple netallic posts 68. A protection |ayer 132

is for o coyer the second polyner |ayer 70 and the fifth metallic
| ayer @@%ilﬁst ¢ e gasF At tediraficpil P ayrellicy laper d 6 dapptediionn BN iPa by
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external circuitry, but be connected down to transistors or MOS devi ces.
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extern

it t. b dd t MOS d
an openi eﬁ%’yrcﬁgatuﬁféggllg}? e‘r’iﬁ?@ ?8‘?”0%@’ é‘gﬁ‘b@s n%| hgr?refgl tracee\{l?agelss

not necessary. Next, as shown in Fig. 17f, the sixth polynmer layer 134 is
patter jedlogp f or Therbovepketicnpe silagive electrépstingindylteized tol foyea cdditor
wher eby_ t he fth netal Ia er 0.is revealed in Fig a
fifth SHHset de Bt pespn §'1 ri’uféﬁ shawn indk; éﬂal@wﬁqwmmlt}mwéﬂi’ggl?éﬁ

al | oy, vaihDidckiRss of %&MDO%dB@M@HM&Jﬂ tﬁ@secbﬁd hAYRBAa 08 Tohenesi Xt h
pol yner layer 134 and on the netal trace 130 wth a Sputtering nethod.

Next , apasestalof g law-perstittiviiplaypr 1 Hadntitasiugonetal, opiver-tungstervalioy, wieket |
platin al p&'t&rﬁ%ﬁﬂ%‘mdyte@cﬁ rlqhg TBW—E)Q%H&% leazrer fﬂ%najs éinatnéaﬁly cBHﬁec?ed%g or?enoft he

fifth adhesion/barrier
the metallic posts 68. Next, a high-permittivity layer 121b is formed on the low-permittivity

layer 121a. The material of the high-permittivity layer 121b is silicon oxy-nitride, silicon oxide,
or polyimide. A low-resistance layer 121c is formed on the high-permittivity layer 121b and
connected to the other one of the metallic posts 68. The low-resistance layer 121¢ may be
fabricated by sputtering an adhesion/barrier layer, such as titanium, titanium-tungsten alloy,
chromium, tantalum or tantalum nitride, having a thickness of between 400 and 7500 angstroms
on the high-permittivity layer 121b, next sputtering a seed layer, preferably made of copper,
having a thickness of between 500 and 5000 angstroms on the adhesion/barrier layer, next
electroplating a copper layer having a thickness of between 1 and 30 microns on the seed layer,
next optionally electroplating a nickel layer having a thickness of between 1 and 10 microns on
the copper layer, and next optionally electroplating a gold layer having a thickness of between 1

and 10 microns on the nickel layer or on the copper layer. Alternatively, the low-resistance layer
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| ayer 136. As shown in Fig. 17h, a sixth patterned photoresist |layer 140 is
formed on the seed |ayer on the fifth adhesion/barrier |ayer 136, an
opening in the sixth patterned photoresist |ayer 140 expose the seed |ayer
on the fifth adhesion/barrier layer 136. As shown in Fig. 17i, a sixth
metallic layer 142 is fornmed on the seed | ayer exposed by the g&¥} ;ﬁ%

the sixth patterned 30 MEG 05-002 photoresist |ayer 140. The si allic
| ayer 142 maybe formed by electroplating a single layer of gold, copper,

Si | ver, | cke at i | adi heni,um odi um. or .rheni um having
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t hi cknéééd’@lay & 3 i¢ 9T HioEazis Mgtenial 98 mak be thepmerlassis, tbﬁ@ﬂ%?%&pﬁagwner
l C] B8O
ayer %ﬁﬂmlﬁf(‘l@ BB (Eél&btbi%ﬁli-ghﬂpgf) %@ggﬁmﬁ@ fe%&% WJ) Baxﬁhzll lhbe

sevent h pol yner ings in the
sevent Anask matasial, Ie@?feﬂr matgrial, porpessdielgetrip agarial, kiliven axitle, compgwnds vfgilicods shown

oo ad Seh G RUER RSl b Sh BGh hh L YFiodk R IRgRe, L SPLr 2l 1Y

connected 10 an external Wi r e- bondi ng
process, or with a sol der bunp or gold burrp Enbodi nent 5 [001051 This
enbodi Haphodimeniet i ved from the structure of Enbodi nent 1 shown in Fig.8b
and is simlar to Enbodi ment 4. Refer to Fig 18 The fabrication nmethod of

this e nt t di ne

fifth R@%FF I gﬁlgr %%htlg%aﬁ@%fﬁogn reS| st %831%@52%3@1&%3%2% as
a cont agtshpaa in Figxllﬂamrfpunthna&ehod/bmlet laﬁer Itzlzfmﬁﬁueﬁlwaimmhﬁthiwnctungswer 146 is
made of ;.a hh‘%h .resj stance nmaterial, h as chrom um ni ckel alloy, titanium

or tufhSAOMipY. tata Win%lﬁmlmg ip Kermed g e o RaYEmeA daysT 7@ &ider

el enenthe b B JTR métal posts 68 using a sputter process. A seed layer, such as gold, copper,
silver, nickel, platinum, palladium, ruthenium, rhodium, or rhenium, is sputtered on the fourth
adhesion/barrier layer 122. As shown in Fig.17b, a fifth patterned photoresist layer 126 is
formed on the seed layer on the fourth adhesion/barrier layer 122. A trace-shaped opening 128 in
the fifth patterned photoresist layer 126 exposes the seed layer on the fifth patterned photoresist
layer 126. As shown in Fig.17c, a fifth metallic layer 130 having a thickness of between 5 and
30microns is electroplated on the seed layer on the fourth adhesion/barrier layer 122 exposed by
the opening 128 in the fifth patterned photoresist layer 126; the fifth metallic layer 130 is made
of a low-resistance material, such as gold, silver or copper. The fifth metallic layer 130 may be
formed by electroplating a single layer of gold, copper, silver, nickel, platinum, palladium,
ruthenium, rhodium, or rhenium, having a thickness of between 1 and 30 microns. Alternatively,
the fifth metallic layer 130 may be formed by electroplating a copper layer having a thickness of
between 1 and 30 microns, next electroplating a nickel layer having a thickness of between 1 and
10 microns on the copper layer, and next electroplating a gold layer having a thickness of

between 1 and 10 microns on the nickel layer, Preferably, the bottommost metal layer of the fifth
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[ 001061 This enbodinent is derived fromthe structure shown in Fig.8a. As
shown in Fig.19a and Fig.19.b, in this enbodi nent, the second pol yner

| ayer 70 is renmoved by first chem cal nmechanical polishing or mechanica
grinding the second polynmer |ayer 70, and then etching the second pol yner

| ayer 70 until the top ends and the upper portion of the side walls of the
nmetal posts 68 are reveal ed. The distance fromthe top end of M{E%&%allic
post 68 to the top 31 MEG 05-002 surface of the second polynmer |ayer 70 may

range from.1 . to m crons. \\Wen . the nost . netal_.l r. of ..the netallic
oot eadlicianet 15 0aT FASCR s siq oud PR RS s e Y Bneiar PR urn
or r hephotesBnidydries i einadned ahd B8Rt thtasctPRy&NEd ee fHlgh adedbh/bariBOEerb8 t 0
the top..surface of the second polynmer |ayer 70 may range from 15 to 30
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¢ opros todid Tt Meblc i RO RRRIARY SR 6 b hostt FERH L oy 1 -
si | ver fimctioys astthétintiréon@ection beeveet idultipl©melaBiRthokts 68, & ptdlettion #dyer 13265 di st ance
fron1t?e tqp end of the nFtth{c Post 68 to the top surface of the second
pol yme Ofr%?@é? copsT ﬁ’&)fe‘?"é‘ﬁé’@ e iaysn7¢ @Idltbﬁﬁ}%ll?%lﬁfslf‘y% 13835t thg filocess can
be per hhdBlabér 1367 MnbARI JrPRptsted IR HGEtYRE mAferibiN NBIrdleblidh 1ap@St 68 to

formsol der balls after polishing and etching the second polyner 1ayer 70.
As showd2 iy bEiag orggie or irivsgasid materialian may dwithesmdplestiss thsuheseitiag plagidrs, maybe
sim | arly:dj ' Ukt D em 1Qr units, Nex h r balls
on't ho PR fHEE IS thhAl S bfin SERIGRRAHRS Yot Tien Sithe phVBeb ShilE

subst r atask mafedtiat, klasticamatetigihpdropodiylogtric eyeial, $di8on sxiflé, Icbagoinds of silieongap

bet ween the semicondyctor unit and.the, external substrate and covers every
sol der ABAPFEY %é]“ﬁlﬂbf’%’r‘t‘a?ét@?@ﬂw%f’%m%SﬁSIﬁ‘FFE‘ St e - metal |ayer of
the material of the netallic post 68 is gold, copper, silver, palladium

pl at i ng@0104hodi um additidhean ihefifttometalie iy 3RRdctidithisSh@meeconhé@@nht he t op
end of _t he tallic post 68 to the top surface of the second pol yner |ayer

70 ran§gsveet figmofaliip pasts o8, apidtiddayer wire saycdur @y mbedeitatricaisd thes®yndle f unct i on
D e P e e e TP b e RO I (5t
VWhen t iransiseecr MOBflevigrs. Aeshaivinin Fpnkie, 8 8ixfhopoljohat layso pik suchsisipebimide

or benzo-cyclo-butene (BCB), having a thickness of between 10 and 25 microns is formed on the

second polymer layer 70 and on the fifth metallic layer 130. Provided that the metal trace 130

may not be connected up to an external circuitry, but be connected down to transistors or MOS

devices, an opening in the sixth polymer layer 134 exposing the metal trace 130 is not necessary.

Next, as shown in Fig.17f, the sixth polymer layer 134 is patterned to form multiple openings in

the sixth polymer layer 134, whereby the fifth metallic layer 130 is revealed. As shown in

Fig.17g, a fifth adhesion/barrier layer 136, such as titanium, titanium tungsten alloy, chromium,

tantalum or tantalum nitride, is formed on the sixth polymer layer 134 and on the metal trace 130

with a sputtering method. Next, a seed layer (not shown), such as gold, copper, silver, nickel,

platinum, palladium, ruthenium, rhodium, or rhenium, is sputtered on the fifth adhesion/barrier

layer 136. As shown in Fig.17h, a sixth patterned photoresist layer 140 is formed on the seed

layer on the fifth adhesion/barrier layer 136, an opening in the sixth patterned photoresist layer

140 expose the seed layer on the fifth adhesion/barrier layer 136. As shown in Fig.17i, a sixth

metallic layer 142 is formed on the seed layer exposed by the opening in the sixth patterned
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pal | adium platinum rhodium ruthenium or rhenium and the distance from
the top end of the netallic post 68 to the top surface of the second

pol ymer layer 70 may range from 5000 angstrons to 10 microns, the reveal ed
metallic post 68 may function as a contact pad. A sixth adhesion/barrier

| ayer 150, such as titanium titaniumtungsten alloy, chromu t ant al um
or tantalumnitride, having a thickness of between 1000 and 7 (Eﬂﬁ%trons
is formed on the second polyner Iayer 70 and on the reveal ed surface of

h G 05-002 .
TR TR S A Lt
f or med oﬁgoltlh&)pperxﬁﬂveﬁdﬂﬁﬂkﬁ] phtlbﬁhl patladiugy Aithehhfn, iisdish oihéniudsilgwibgh, a
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et ween a 0 cron Al ter atlve e eighth netallic |]ayer 154 may
be for r?ié%“’é’i/] asetgg E‘Eeg]d??fe&t TR 4%?%'&’ PRUSISTPROtQrEISE kayes %‘loo‘\‘s bet ween 1
and 30 réthévedgoxt, TRXdcc@ H6t AARhALHR Qd@sﬂahﬁ)léﬁier lag¥versehaviniRr fhe shitl mk@ARS of
between 1 and 10 nicrons on the copper layer, and next electrqflatlng a

gol d | days rl%%rwme%tlaﬂlbnr@m@s%thmm@em 7k, asevcath polvmesdayeo 4, Iechrisc kel
| | |
ayer . Sﬁﬁﬁ@%%éhm paobo%éng ﬁga tmaa%g; Omt&héelﬁ rllbqu;mi@?@s' 1§'hg ayer

114 ha ame nater as t ,
sevent rﬁorpmdtoarﬂnﬁeﬁxtbllvobmtse@ysm 134aqurthe1s3ﬁhmetatlbmaye1dl,42aﬂsisltqunﬂml?é,ethel | ayer

and the xth ad eS| bar ier 0.not under_.the e tallic

e vy ioTyRcain P8 il o THER miimae Pisplfe® Ve Pt ST o

net al | 184 posdshg ik s‘iﬂﬁnﬁdﬂa‘lﬁ& la9@s142s AdBhdvwil 1RO IR Ghe RiYeal APsixthh@ualli¢ Iyér 9.
19k, a protectlon | ayer 156 |s fornmed to cover the second pol yner |ayer 70

and t hé* 81y ReRlesie Br?%mﬁ%t%'io apstonad eirgovigh Y forBred by iagvirahendings 4 be

danagegﬁmggﬁop@ﬁﬁﬁgﬁhaqhuhng tion layer 156 may be an organic or
inorganic material or may be the plastic, thernosetting plastic,’

pol yi m de, BCB (Benzo-Cycl o-Butene), polyurethane, epoxy, parylene- based
pol ynerEmleﬂlmém%sk material, elastic material, porous dielectric
material, silicon oxide, conpounds of silicon and oxygen, silicate and

phosph %(ﬁﬁgi ass, Thisleh®8finttht & 'd¥8vedIos e stBROF Embodiment 1 shown in Fig.8b -
and is similar to Embodiment 4. Refer to Fig.18. The fabrication method of this embodiment is
similar to that of Embodiment 4. In Embodiment 4, the fifth metallic layer 130 is made of a low-
resistance material and used as a contact pad. However, in Embodiment 5, the seventh metallic
layer 146 is made of a high-resistance material, such as chromium-nickel alloy, titanium or

tungsten, and is only 1~3microns thick and functions as a resistor element.
Embodiment 6

[00106] This embodiment is derived from the structure shown in Fig.8a. As shown in
Fig.19a and Fig.19.b, in this embodiment, the second polymer layer 70 is removed by first
chemical mechanical polishing or mechanical grinding the second polymer layer 70, and then
etching the second polymer layer 70 until the top ends and the upper portion of the side walls of
the metal posts 68 are revealed. The distance from the top end of the metallic post 68 to the top
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nitride. [001101 Besides, a coil structure, a capacitor structure, a
resistor structure, etc. may be connected to the pad forned by polishing
and etching the second polyner |ayer 70 according to the above nentioned
process in the enbodi nent, wherein the distance fromthe top end of the
metallic post 68 to the top surface of the second polynmer layer 70 nma
range from 5000 angstrons to 10 nicrons. Enbodi nent 7 33 MEG &HSHHH0

[ 001111 The structure of this enbodinment is simlar to that shown in

Fi g. 8c, t e Jrethods thereof are dif.ferent for. formg he netallic
hosi gty dri sl nds B A0 wdk Pty HoRLE B0 GhictoR® At sheforiibs,

el ect r apdtatiayegof the nfetallid pdsbbs B@old, béppef) @il esdlisdiumayatindd rhédi@oved and
the seed. | ayer apd .the adhesjion/barrier |layer not under the first RDL 60

are sedUbpRpEY pyrheni ¢ Bictanss fryn thegop gad of themelatlicgiost 68 taihatAp pat t er ned
pol y Mersyufast T theaBcdil foBfiE dayRP 78 Ray Hn{g% fFron 3030 rﬁ%flg hd Ilgg%age@ ﬁg@n drayer

46, and the openings'in the ninth patterned polyner [ayer
20- 200themeiaticpestd8anay pgineas afampi As shoRdlinglg. 1 9 Okt fterTthe semicondustorof t he

ni nth er, 158 | her mopl asti ¢ rposetti pl asti c,
pol yi Qe D S R Ul By Bl SRR R uSia gl 17 PP PR, Pbasec
pol ymersgmiohdietornmi 88 oad b dimilarl eblagticallygohedctal to a@éxtfeﬁagmiﬁ;uﬁ iwgdhe@(tFi c
materigl.. The . ninth .patterned polyner |layer 158 is fabricated via
heat-pié&@?%@“%bﬁﬁgFBﬂﬁéhnhry filmonto the sem conductor substrate 30, or
via heat-pressing a photosensitive dry filmonto the sem conductor

subst r 406103 and WiRh ey tobmestinieal PR 65B8 HictdIlVEpdit 58 fsisblakiMih e alloy, tin-
phot ol i { hogr.aphi ¢ . met hod, or vijia heat-pressing a non-photosensitive dry

fil m oft¥ereHey.denilvempeeciloy oplead-Sice salder, anskthe distapea-frorg therfep end of the

non- phot QAR Bb b¥ & ﬂéygléukfa&é%ﬂ & %H;écﬁ% | n etching
met hod, or v?a S(_:reen-o rinting t ecnl p%ﬁ%?@%&é&%@%ﬁe&?oﬁul tiple
openi ngeicens a hepting pregrsvcal he dedormeed to mefldve theitepnospailderdayet efitbe meGllic or vi a
spin-c [ itive film_ onto the sem . conductor strate.30 and
ot tr SEsg i BB BR BN Al Bottiof oo Pk ik s BB 1k 20 Ao b v
spi n- cddg. iy tieraatior, fleat@iendictdr\sabsidaterB0aniyohd didilagrdicaidtecheltiplesubst rat e 30
and patterni t he. n P oto?engifive filmw th a photolithographic nethod
pl us aﬁemg:fn&cﬁ,]%% URHS- &}a_, the solder balls on the semiconductor unit are electrically connected

to an external substrate, and then an eighth polymer layer 148 is filled into the gap between the

semiconductor unit and the external substrate and covers every solder balls.

[00108] Refer to Fig.19f. When the topmost metal layer of the material of the metallic post
68 is gold, copper, silver, palladium, platinum, thodium, ruthenium, or rhenium, and the distance
from the top end of the metallic post 68 to the top surface of the second polymer layer 70 ranges
from 1 to 10 microns, the revealed metallic post 68 may function as a contact pad. The contact

pads can be connected to an external circuit with wires formed by a wire bonding process.

[00109] Refer to Fig.19g. When the material of the metallic post 68 is gold, copper, silver,
palladium, platinum, rhodium, ruthenium, or rhenium, and the distance from the top end of the
metallic post 68 to the top surface of the second polymer layer 70 may range from 5000
angstroms to 10 microns, the revealed metallic post 68 may function as a contact pad. A sixth
adheston/barrier layer 150, such as titanium, titanium-tungsten alloy, chromium, tantalum, or
tantalum nitride, having a thickness of between 1000 and 7500 angstroms is formed on the
second polymer layer 70 and on the revealed surface of the metallic posts 68. A seed layer (not
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[ 001131 As shown in Fig.20b, a seventh adhesion/barrier layer 160, such as
titanium titaniumtungsten alloy, chromum tantalum or tantalum
nitride, having a thickness of between 400 and 7000A is sputtered on the
ninth patterned polyner layer 158, on the first RDL 60 exposed by the
openings in the ninth patterned polyner |ayer 158, and on the side walls of
the openings in the ninth patterned polyner |ayer 158. A seed“1§V@P'%not
shown), such as copper or gold, haV|ng a thlckness of betmeen 500 and 7500
angstr [ o) h ven on/ Ia 160. As shown
in Fi g%g%wlll) %‘ﬁﬁ:dgn{xﬁ)prgrg?ra%%llé’g | ?hg SSO ?Q dtﬁfé)oan OmglsDarrascene
met hod fometdha t]smxthlaély@ronﬂmﬂd?éa}&:ﬁ‘]/ﬁhm shd\hl@ﬁi Eig/lbla,rarse&mtﬁ patefned 60 unti |

the ninth netalli er 162 fills all remaiping space in the openlngs in
the ni R iiﬂ 056515{ @Vﬁéﬁ ffoﬁy on é?edéﬂyquE%ﬂlﬁasl’ﬁgﬁthS‘Qn/b% T el W 0n#tdal 1 i c

| ayer n B sﬁe@éﬂﬁl?ﬁatﬁ)‘neﬁ 6)%650&%1%& BlbG28eRaPRE Eeeld%ﬁﬁcf oR@¢isBgh @
t hi ckness of between m crons on the seed | ayér, preferably nmade of

copper adissipndagriasjayct h@ éﬁéh‘i)\wgsl Fig.19hen mghﬂihnqtdh@ @Wnekﬁ4p@b1y¢tmplat¢il,mr 158.
Al ter n@ﬁ | &eh )ﬁaexg&go H%ﬁ’g@i@ ﬁiﬂ\gkﬁlth@é’ enthQtterBY lggor{-:s%tn%%i . Thegighth

electro atin ing a thickness
on thm@zéhdlabray]én mqyr‘terfenmnlllwmmgphfmgmkﬂgleeawﬁsbgbldmopm siipathiokd, i n t he

ot al | PEPEpora g FRhen R R, ot Reh St o RE B b 0 | ayer

160 OoUSt@es. tﬁh%nﬁiﬁeély gt eigﬁthtlﬂétalﬂb Myer PREhSf BeRdrm&d Waécdo@whg a28pRf ©

renmoved with_a chem cal nechani cal %{F)Ol i shi ng (CWP) method or a mechani cal
gri ndi A@eﬁﬁw thickpess o petwerrb | A 3 miconsored clegroplaing gmigkg! laytrdiaviagio of

the Mg HeAAh A anl Qégﬁﬂéﬂoﬁgoﬂﬂe caépeyfhg/epﬁﬁ@ﬁé gleap(ﬁjtlatﬁl% ftggalélj% ern€l ght

H of the nmetallic post ess th even ess maxi mum
hor i zohedhg ditiemessod befweehd anétlalrrhcmnpmsmea&keldaﬁrﬂﬁnfembmme Holtemsaici ng

bet wee he centers ri n rreta sts 10- 250m crons.

501 16 el eEFEh Fe st PP A A hteialiaRenedd e Qs SHRE R s vt 1 o

prof i | &ig.tvj, thh aeveduhq;attaae@lpmofémg 18er ISIIBFréiﬁ@sFeﬁ, aridBer Bt B& 14yer k@i cat e

ot her el s above the ninth patterned poly 158 and the
%wﬁ'ﬁ |1We{h‘81y arg

metal | arrigr layier 194 nat ypder the siehthopfalic FoNisd A be sighth
embodi RRR4IRe 1 Qoljélt%tel%bﬂne%ﬂs%wﬁ hﬁé?élﬂ@pgs’t%%q f&ﬁcﬁ%ﬁ?&eantlﬂl%r HiRfon, GQNT act
pads, sol der | s and formed on the ninth patterned polynmer |ayer

158 an dhfmlelnrﬁ;g é?kﬂamr@i@etml 1@3‘@1' 15 isdpmeddn cgver He second polymer layer 70 and the
eighth metallic layer 154 lest the eighth metallic layer 154 be damaged. The material of the
protection layer 156 may be an organic or inorganic material or may be thermoplastic,
thermosetting plastic, polyimide, BCB (Benzo-Cyclo-Butene), polyurethane, epoxy, parylene-

- based polymer, solder-mask material, elastic material, porous dielectric material, silicon oxide,

compounds of silicon and oxygen, silicate and phosphate glass, silicon nitride, or silicon oxy-
nitride.

[00110] Besides, a coil structure, a capacitor structure, a resistor structure, etc. may be
connected to the pad formed by polishing and etching the second polymer layer 70 according to
the above mentioned process in the embodiment, wherein the distance from the top end of the

metallic post 68 to the top surface of the second polymer layer 70 may range from 5000

angstroms to 10 microns.

Embodiment 7
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conpl eted structures are disclosed; the fabrication nethods thereof have
been stated in the abovenentioned enbodi nents and will not be descri bed
repeatedly. [00117] Fig.22 to Fig.25 disclose the interconnection netal
trace, coil, capacitor elenent, and resistor elenment forned on the ninth
patterned polyner |ayer 158 and on the netallic posts 68. Hergjpag}, only the
conpl eted structures are disclosed; the fabrication nmethods th Fofave
been stated in the abovenenti oned enbodi nents and will not be descri bed

r epeat 11[ 001 [ ' L on I o, Lel gase ress and
reduce Ettd‘{’?eﬁ IL paci ﬁgl %ﬂ&\;\ﬁg g RF&?E%%]#O%%% éso%]ngﬁ%go ?h(%g g%t“%‘ an Fg%%m%%tr%%\ S.
Fur t hemethdus thered ard differestfor fommagthe metalicsgst 8eandithe ool poljrterigyerdo.e t han

400. Furthernore, the present inventio greatly reduce the inpedance
2nd’ 35 Ao U8 s 2B cgfonfwe i 157} DL 80 HE P Br7oi8k P4t IoRmObSd povier
| C el enmate s@&ﬁlﬁg&%ﬂd e RABES WP TiB 1987 16t urldBehP Gifsk RDTPEE&e Hqubheiaflyement s.
[ 001191 Those enpodi nents descri bed above are to clarify the presént

i nvent i'gfA0YeY fakieming Fig e Theresbers 2 siath pattermed pohyaeatayer B8linbumsd gnthe firstke and

use thebr 66 A @Y Blt‘rriarf?:f‘l I b erdiSos 3 I Q@{gﬁi | i 1 scope
of the scope o 0ttﬁe‘f’p eser??lt}?ﬁéﬁchhgr??eﬂéﬁ%flg%ﬂé%hﬁva eerﬁ&r%}a%pflc{b@g?fgon and
vari at iaon2(a@0Gmtiong deep dndeexppserthe fisf RDA&60pr esent i nvention is to be al so
included w thin the scope of the clainms of the present invention stated

bel ow. G 05 ADS: 1 A et hod for fabrigating a,cjrcuitr
corrponéﬁ‘?u?t:rrpri gﬁ%éa%@g(\%%? Rydip aggrr%cggﬁlmg lgyerV\llgg é?tthelg“qplle}s ¥ net a?/ | ayer
over I S lalhmlm%minglplahﬁ_c; pniﬁm%eePpB«Btna?-C&éle?utm),X‘)ﬁlv\éﬂhilrdtlaayle,repexﬁa paddne- f ijr st
nmetal lLayer; . polishjng sai irs ol yner. | ayer, wherein said_semni conductor
waf er ibeyeﬁ&dﬁmﬁé@%%aﬁkﬂm@i sfaét?cpm B neiPosi bR TR | ng

el ect r ipaAdméd R irh&Naydd @59 isEraBbrddafbdR@4 hbbREsisPh Pattchicdithy RBY Y@ hd aYEr:
depositing a second netal |ayer over said polynmer |ayer and over said first
met al  |sgiispnductes suhsigtesd O prrge hepiprassing aehptesangitivegeriilovanto hei d second net al

oy o o Bl icBRRIM Gt No%ob phitdmin o ol iRl AP ith o HBRR O Graphe
method, or via heat-pressing a non-photosensitive dry film onto the semiconductor substrate 30
and patterning the non-photosensitive dry film with a photolithographic method plus an etching
method, or via screen-printing the ninth polymer layer 158 where multiple openings are
simultaneously formed in the ninth polymer layer 156, or via spin-coating a photosensitive film
onto the semiconductor substrate 30 and patterning the photosensitive film with a
photolithographic method, or via spin-coating a non-photosensitive film onto the semiconductor

substrate 30 and patterning the non-photosensitive film with a photolithographic method plus an

etching method.

[00113] As shown in Fig.20b, a seventh adhesion/barrier layer 160, such as titanium,
titanium-tungsten alloy, chromium, tantalum, or tantalum nitride, having a thickness of between
400 and 70004 is sputtered on the ninth patterned polymer layer 158, on the first RDL 60
exposed by the openings in the ninth patterned polymer layer 158, and on the side walls of the
openings in the ninth patterned polymer layer 158. A seed layer (not shown), such as copper or
gold, having a thickness of between 500 and 7500 angstroms is sputtered on the seventh
adhesion/barrier layer 160. As shown in Fig.20c, a ninth metallic layer 162 is electroplated with
a Damascene method on the seed layer on the seventh adhesion/barrier layer 160 until the ninth

metallic layer 162 fills all remaining space in the openings in the ninth patterned polymer layer
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depositing a third netal |ayer over said second netal |ayer exposed by said
opening in said first pattern-defining |ayer; renoving said first
pattemdefining | ayer; and renoving said second netal |ayer not under said
third netal layer. 2. The nethod of claim1, wherein depositing said first
metal |ayer conprises depositing a first netal post and a second gost
wherein the ratio of the greatest transverse dinension of sai d M59° ?mlnetal
post to the hei ght of said first metal post is |less than 4, and the ratio

of the f cond net.a ost to the
e gt 'S R el oG-S TSy AR RGRCD e BaiRhe k1 0P o
bet wee mlnbhEss:ﬁrﬁeaveenfl andi3d niwnosi omﬂie&bediayiér Iﬁaﬂdralbh&nmrtifebpp& ekposdd bgecond

wher e Hensh@BP i GEM el bRliet Faves e A frmnrichs eopab Mg avgara.
| ayer mdﬂbeﬁoﬁlﬁﬁdmﬁoﬂﬁuﬁé @ﬁﬂ ggphﬁz‘iﬁk z?‘@ﬂ:kﬂés@ LPASWOMET arkPdFmicrons on

sem conduct or wafer. 4. The netho l'aim 1, wherein depositing said
first mssged laa%pre&sahiy F@é% okRYPS SRPPsed b thwplplegs indheninthi patiermed polgkeress of
betweel gnd 300 microns over said sem conductor wafer. 5. The nethod of
claim1l \A}1er ein depositing said first netal |ayer conprises: depositing a
fourth rret al layer over said sem conductor wafer, formng a second

pat t eml@flthi ng Paykowroindrig.26d, dﬁlefmimhtmetmtﬁt wyeﬂ E@Zeth,c seal Iajymlandl@leiseweaﬁi d

second , X ositing a
fifth fe af éiq—gerrlldyeg&ds%%&gd? %UIB mrlétué ti%e@é’%?% &5 Eg?f ning in
said seanoved waﬂidcéﬁnﬁk&lhmbmwahptﬂrshmEQM) ﬁ@ﬂﬁﬂldﬂ asmﬂdiﬁl:apgﬁﬁcﬁﬁ%:memﬁﬁ.ni ng
Iayer;,[glndr vin.said}3 en‘ﬁlo gcﬁ,h, r not .under said fifth netal

| ayer efé‘?%%@?ﬁﬂﬁ PgFts @ Hm g? é"}“ﬁ‘ Seqnydpes horisental AgensitndiY et al

| ayer eOMRmM&ESEC OIS & he aelgﬁt HildehdRERAR Hobt 68' iRl &m WHEERInNess fMl 1,

depositing said third metal "|ayer conprises electroplating a gold I ayer
wi t h a Themaxiews hefizantal disesnsipn gf thesuetatlic post 68 i Aer50midronss thespabinghetvednay er

exposegye &Xe?sadﬁh V\%‘lb'aﬁ %Hleﬁaﬂcf%é)s{s%%t PROSERLR dﬁﬂ}%f' ning layer. 8. The

met hod of c aim1, erern sail oSt ing-sai hird netal |ayer conprises
el ectro | ating a copper |ayer vmth a thickness of between 2 and 30 m crons
over sd¥18kcon dTh@malallicagoeMS forpabwiih the Reamadcanp ewithng Harm a siiibhr profidd to

patte n Ithaq ﬁ!s%:l%lse%% IF?Q’ gc, therefore, the method to fabricate other elements above the ninth
patterned polymer layer 158 and the metallic posts 68 is the same as those formed in the

abovementioned embodiments.

[00116] Fig.21a through Fig.21d disclose the bumps, contact pads, solder balls and RDL’s
formed on the ninth patterned polymer layer 158 and the metallic posts 68, Herein, only the
completed structures are disclosed; the fabrication methods thercof have been stated in the

abovementioned embodiments and will not be described repeatedly.

[00117] Fig.22 to Fig.25 disclose the interconnection metal trace, coil, capacitor element,
and resistor element formed on the ninth patterned polymer layer 158 and on the metallic posts
68. Herein, only the completed structures are disclosed; the fabrication methods thereof have

been stated in the abovementioned embodiments and will not be described repeatedly.

[00118] The present invention can apply to release stress and reduce the spacing between
metal posts to be less than 250microns. Further, the present invention can increase the pin count

to be more than 400. Furthermore, the present invention can greatly reduce the impedance and
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MEG 05-002 9. The nethod of claim1, wherein said depositing said third
netal |ayer conprises electroplating a solder tin-containing |layer with a
t hi ckness of between 20 and 150 microns over said second netal |ayer
exposed by said opening in said first pattern-defining |layer. 10. The

met hod of claim11, wherein said polishing said first polymer | Fos WY |
said first netal layer is exposed. 11. The nethod of claim1 further
conprising formng a second polyner |ayer over said first polynmer |ayer,
wher ei nofRdgbfdRP@stallicREnSRtioh SRGAW 10BbAvel RYGEmdts R FRLL QY Ehroffkd
second _polyner layer and over said first nmetal |ayer exposeé by" an openi ng
in sai dhaspsEloraanssiof Keelementper . 12. The nethod of claim| further conprising
form ng an opening in said first polyner |ayer exposing said first netal

| ayer, in Saig.f 1 i i i i ir
conprigg@ngphotng?ﬁ%gggp yﬁﬁ#%ggggah%%fhgﬁgﬁggyE%Hﬁ%?ag#ﬁ%ﬁgikﬁﬁﬁ%ﬁer
conpr i shapsrsons sigbedtinthe oy tr uslaisthnd rhalek and tusd the ayesent invEdtionAHoeehardit fsor

fabricat] i rcuiLry co nent c ri sing: providing a sem conduct or

waf er, %3{ ﬁ?erﬂ s?&rcr’elfngk Ehﬁ&%?peg%g}e Sggﬁe&%gﬁwréﬁﬁg%?%wwﬂ#@ﬁy e%ﬁ%ﬁ%‘?‘[n the ratio
of t he ngrdifadation ald w6 seofinPRIhOpidf of 3l tedehs Bbeni®h & toPRalso i1ddeg hei ght
of said ftrﬁéﬁgggagk post is less than 4, and the height of said first

metal pEdEm hsrRlams g tie grrsentdnvenbon siptgd Belew. forming a first

insul ating | ayer over said sem conductor wafer and covering said first

metal post, wherein said sem conductor wafer is not joined with nultiple
preformed sem conductor chips having electrical functions before said
formng said first insulating | ayer; depositing a first netal |ayer over
said first insulating |layer and over said first netal post; formng a
first pattern-defining |ayer over said first netal |ayer, an opening in
said first pattern-defining |ayer exposing said first nmetal |ayer;
depositing a second netal |ayer over said first nmetal |ayer exposed by said
opening in said first pattern-defining |ayer; renoving said first
pattern-defining layer; and renoving said first nmetal |ayer not under said
second netal layer. 15. The nmethod of claim 14 further conprising providing
a second netal post over said

36




sem conductor wafer, wherein the ratio of the greatest transverse di nmension
of said second metal post to the height of said second netal post is |ess
than 4, and the height of said second netal post ranges from20 mcrons to
300 microns, and wherein the distance between the center of said first
nmetal post and the center of said second netal post ranges from 1% m crons
to 250 mcrons. 16. The nethod of claim 14, wherein depositi ngl\@gl T3 r st
rznét al dpgjg{mgpnprl ses depositing a copper Iayer Wi ag aT':]hl ck{lﬁsz 011: ble;yvrenen
an er. e nethod of cl ai
14, v\,herzgelq‘ﬂnV %ﬁgﬂngsda%gw?&% lgéﬂlﬁgm W?n ses d Bosmlpg a gaol d
ayer i (HO el el o 555 PP, S50 UNG b
sem co\r?(ﬁ(? Ove 18 The et hod of claim 14, wherein
dep03|t| n%o P @’fs ﬁ?B er @?f PBeHE %"’é@sem’& O | Waferalsy pat QIR 4R | ayer
over s Iésm i eBtc FCé?r ohyigsy harveﬁg slodEed fanghient BrlRrcawid Religmeaet over
sai d trﬁrﬁtcﬂ’o BlayYPayer, an opening in said second pattern-defining |ayer
exposi ng gﬁpﬁh%??%m‘?gv@;;r @@bﬁﬁm&?ﬂgﬁi& aﬂd)giY?r haldré“la‘%plmeltaiWPr overt sai d
t hi rd neti@rmmngeiirsepitssedetbyng kiyer oyse sidgetandgndtel lagmcon qna@tlarsmdd@fs ni ng
| ayer ; peiernvichning kydr sxposinglspdsdcendimded lagemg | ayer; and renoving said third
met al | aydgposibng athdet ms@l bhyéroomet baidse@hnd may# dayet 8xpokeebyredith oferidig ml saaidn 14,
wher ei firg pateradepising laygr;sai d second netal |ayer conprises electroplating a
gol d | ayekemoving saidtfintplit@aslefihinpeiyegand 2 and 50 microns over said first
net al Iambv@gma@ebo%a n&@al@hﬁpgcwuyﬁgeﬂsald&m&maa[ RberPat t ern-defining |ayer.
20. The nethod of claim 14, wherein said depositing said second netal |ayer
CONPri 9eFhe ﬁie%aro@eia%I1ngfhereﬁp@®%5ud@¥£a 8t} thk C6RBRs A Jgﬁhgeae@rs? and
30 1 Cnf¥h] pBYd 3elbrid foBt vms; the e tﬁﬁ%&% sée%e Afﬁ@ Bl dafll SR

first pakdiSlodr getneni o Ysald oSt %rtﬁé s
depos tteaﬂafeéé@' g Cﬂ% i 3’ B cﬁgg q@% M
fap centero sal

tin- cont Al A1LNgy rth dis ancebe < 5
i ¥ i % At Srﬁ“ aellp
pglt?e]; Iﬁr g)tgﬂma fﬁB sfé E?%Oﬁ)ﬂ]r'@ %ﬁ?‘ﬁﬁ é(ﬁ’tsal m 14 further conprising

pol i shi,n s fII’S nsulatln | ayer unt|I said first _nmetal post is
exposeg Yoe {aHB » Jheremdoposiking gqd fr@&lg% 5 FOrEP rissF Aenesitiag eaolhd
i nsul a qyﬁbwﬁgyg\élpc]g@és( of§)gp>5eepl 20 gpd 300 microns over said semicon uctor wafer.

4. The method of claim 1, wherein depositing said first metal layer comprises depositing a
copper layer with a thickness of between 20 and 300 microns over said semiconductor wafer.

5. The method of claim 1, wherein depositing said first metal layer comprises:
~ depositing a fourth metal layer over said semiconductor wafer;

forming a second pattern-defining layer over said fourth metal layer, an opening in said
second pattern-defining layer exposing said fourth metal layer;

depositing a fifth metal layer over said fourth metal layer exposed by said opening in said
second pattemn-defining layer;

removing said second pattern-defining layer; and

removing said fourth metal layer not under said fifth metal layer.

6. The method of claim 1, wherein said depositing said second metal layer comprises sputtering.
7. The method of claim 1, wherein said depositing said third metal layer comprises electroplating
a gold layer with a thickness of between 2 and 50 microns over said second metal layer exposed
by said opening in said first pattern-defining layer.

8. The method of claim 1, wherein said depositing said third metal layer comprises electroplating

a copper layer with a thickness of between 2 and 30 microns over said second metal layer
exposed by said opening in said first pattemn-defining layer.
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I nsulating | ayer, wherein said depositing said first netal layer is
performed over said second insulating |ayer and over said first netal post
exposed by an opening in said second insulating |ayer. 24. The method of
claim 14 further conprising formng an opening in said first insulating

| ayer exposing said first metal |ayer, wherein said formng sajg g%&plng
in said first insulating |layer conprises a photolithography process. 25. A
circuitry conponent conprising: a substrate; a first netal post over said
substrate, wherein the ratio of the greatest transverse dinension of said

first retraémeesl of Qlafnli"? \bﬁéf&ﬁtsmﬁfde (%ﬁtfh sbfd%ﬁjfr&”ﬁfe%‘%ﬁggséo ﬁsésee%% Afing and
the he'a%ﬁde?hn%@hﬂl 1% ber Witk fﬁ%ﬁ O%go S vt o f etc:ﬂnirrons
€]

d
gPea?est tr nsveﬁge &mPX %H%qh &gé%ﬁ' %%55?'post to the height of

sai d seco Q ess t and. t ht of said second neta
post r elgj Tﬁle fg %\"E Ao WEeER: s\?ﬁgp?hsh?lgr‘?g‘d tgr C\%ﬁg?ré?wr @ S&}dsﬁréh’(’f'@ al
betmee 3%5@ éBﬁFgT of said first metal post and the center of said second
met al ran es fron1 10 mcrons to 250 mcrons. 39 MEG 05-002 26. The
cireui t ditf daimc] dvrthep gomprising formingea geeopd pebmissdayse avertaidcBnst er  of
said f |PP er ﬁ%)te’élw hwein saidddeppsiting prid sceond sudtal leyer dhperfsmall operseaid seeged f r om
100 mi deberer deyepeod wiver said fir metatHlayari exposet by @oopomenin said sdeandrp@Smeur t her
conpri dé¥ey a first polyner |ayer over said substrate, wherein said first
pol ynmer |ayer covers said first and second netal posts and has a thickness
of bet ideithetethwd F0daimi L fianteer ca@@prisite fainingbi byeriROREN firs® ot My,

wher ei rxpasirgg faiid Sitst mdita| layeo s wheempyaid fR8mengg@idlopay@ in id Hrsd Fbiym"ek nges of
bet weerod@rigssd phoflitiograph$ prodéss. The circuitry conponent of claim 25,

wherein said first nmetal post conprises a copper layer wth a thickness of

bet ween 33PhARethdOF dThisd PAFtheAOmpHIf: %FéBHh&ﬁg’o{?&@B@@lﬁmm%l &g m 25 further
conprising a metal trace over said |rst and second nmetal posts, wherein

sai d muals HEBEE (% %%9 ‘@A AR B g metal posts. 3L, The
circuitry rﬁQﬂHl%gg&hn ndﬁ t8¢ 'a Fpﬁlgﬂappgs? Ss}errn?éo%duc?gg) t%r whirein
sem co 587of catest transverse dimension of said first metal post to the height of said first
metal post is less than 4, and the height of said first metal post ranges from 20 microns to 300
microns;
forming a first insulating layer over said semiconductor wafer and covering said first metal
post, wherein said semiconductor wafer is not joined with multiple preformed semiconductor
chips having electrical functions before said forming said first insulating layer;
depositing a first metal layer over said first insulating layer and over said first metal post;
forming a first pattern-defining layer over said first metal layer, an opening in said first
pattern-defining layer exposing said first metal layer; -
depositing a second metal layer over said first metal layer exposed by said opening in said
first pattern-defining layer;
removing said first pattern-defining layer; and
removing said first metal layer not under said second metal layer.

15. The method of claim 14 further comprising providing a second metal post over said
semiconductor wafer, wherein the ratio of the greatest transverse dimension of said second metal
post to the height of said second metal post is less than 4, and the height of said second metal
post ranges from 20 microns to 300 microns, and wherein the distance between the center of said
first metal post and the center of said second metal post ranges from 10 microns to 250 microns.

16. The method of claim 14, wherein depositing said first metal post comprises depositing a
copper layer with a thickness of between 20 and 300 microns over said semiconductor wafer.

17. The method of claim 14, wherein depositing said first metal post comprises depositing a gold
layer with a thickness of between 20 and 300 microns over said semiconductor wafer.
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a first netallization structure over said sem conductor base, a passivation
| ayer containing silicon nitride over said first nmetallization structure,
and a second netallization structure over said passivation |ayer, an
opening in said passivation |ayer exposing a first pad of said first

metal lization structure, said second netallization structure c Qﬁ%bfg a
second pad connected to said first pad, the position of said E pad
froma top view being different fromthat of said second pad, and said
first netal post being over said second pad. 32. The circuitry conponent of
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cl ai m 2dyef expobalbycaipopesingdn saidrfitsapatesi-Hefadnnkeéd ng said first and second
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pad gp%ggfﬁ ﬁlah&@;me&%ﬁc% éaowfﬁa% ek a oélﬁn 9 9%' iyt %f Y
30 TR Oml Oy r
met;nl C'I[‘Sf’%g?%ﬁan rg Og‘\%n elij]giﬁ’g'l me?alfs P?afggé P’ Sal d SLL:I r at e
d t d t al d ed t
52; SS?" t'; P% ggﬁg?&°f%%%q%?m%fpo e Gt %Sﬁla%%w.u@ B Hg
| er

23. The method of claim 14 further comprising forming a second insulating layer over said first
insulating layer, wherein said depositing said first metal layer is performed over said second
insulating layer and over said first metal post exposed by an opening in said second insulating
layer.

24. The method of claim 14 further comprising forming an opening in said first insulating layer
exposing said first metal layer, wherein said forming said opening in said first insulating layer
comprises a photolithography process.

25. A circuitry component comprising:

a substrate;

a first metal post over said substrate, wherein the ratio of the greatest transverse dimension of
said first metal post to the height of said first metal post is less than 4, and the height of said first
metal post ranges from 20 microns to 300 microns; and

a second metal post over said substrate, wherein the ratio of the greatest transverse dimension
of said second metal post to the height of said second metal post is less than 4, and the height of
said second metal post ranges from 20 microns to 300 microns, and wherein the distance
between the center of said first metal post and the center of said second metal post ranges from
10 microns to 250 microns.
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that of said first netal post, said bunp being over said pad and used to
connected to a preforned external circuitry, wherein said bunp conprises a
sol der tin-containing layer with a thickness of between 20 and 150

m crons. 39. The circuitry conmponent of claim25 further conprising a netal
trace over said substrate and said first netal post, said netg 605?8
conprises a pad connected to said first nmetal post, the position 0of said

pad froma top view being different fromthat of said first metal post,
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preformed circuitry conponent. 41. The circuitry conponent of claim 40,
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32. The circuitry component of claim 25 further comprising a bump over said first metal post,
said bump is used to be joined to a preformed external circuitry, wherein said bump comprises a
gold layer with a thickness of between 10 and 30 microns,

Q

33. The circuitry component of claim 25 further comprising a bump over said first metal post,
said bump is used to be joined to a preformed external circuitry, wherein said bump comprises a
solder tin-containing layer with a thickness of between 20 and 150 microns.

34. The circuitry component of claim 25 further comprising a pad over said first metal post,
wherein the greatest traverse dimension of said pad is greater than that of said first metal post,
and wherein said pad is used to be wirebonded thereto.

35. The circuitry component of claim 25, wherein said first metal post has a top surface used to
be wirebonded thereto.

36. The circuitry component of claim 25 further comprising a metal coil connecting said first and
second metal posts.

37. The circuitry component of claim 25 further comprising a metal trace and a bump, wherein
said metal trace is over said substrate and said first metal post, said metal trace comprises a pad
connected to said first metal post, the position of said pad from a top view being different from
that of said first metal post, said bump being over said pad and used to connected to a preformed
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45. The circuitry conponent of claim40, wherein said first bunp conprises
a solder tin- containing layer with a thickness of between 20 and 150

m crons. 41 MEG 05-002 46. The circuitry conponent of claim 40, wherein
said first insulating |ayer conprises polyimde. 47. The circuitry
conponent of claim40 further conprises a first netallization %&&H&&M%e
over said sem conductor substrate, a passivation |layer containing silicon
nitride over said first nmetallization structure, and a second

met al | i ek@drhad irSlifriCihbiréin G¥ie buiiPi cAmPASS Va1l Bl MBS thi@dhessUFBRIWEn 110 as@i d
passi vagoiprrdngyer exposing a first pad of said first netallization
structure, said second netallization structure conprising a second pad
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met hod for fabricating a circuitry conponent conprising: formng an
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i nsul ating | ayer;

depositing a second net al

| ayer outside said opening in said
| ayer over said insulating

| ayer d@fdAcuenittyzbohpbhans tommisitg: | ayer ;

formng a pattern-defining |ayer

over sai da segiondlutet adbstratyer ,

an opening in said pattern- defining |ayer

exposi ng sdirst sreebPsBial sddxahicoflBRT dubfithtd Wik MBldlio |AVBE R Said
second tfaR@ksel dNelisi X PORROGRY meRl JoRRE M Hkidh of &lidl ﬁrd?ﬁr%aﬁeﬁr BstdeidsEtag 4 ayer;
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deposi t 4%cRR! Hmbhdich of BlidsecoRY Gletd YT foShS height of said second metal post is less

than 4, and the height of said second metal post ranges from 20 microns to 300 microns;

a first insulating layer over said semiconductor substrate, whercin said first insulating layer
covers said first and second metal posts;

a first bump over said first metal post or over said first insulating layer;

a second bump over said second metal post or over said first insulating layer, wherein the
distance between the center of said first bump and the center of said second bump ranges from
10 microns to 250 microns, said first and second bump being used to be joined to a preformed
circuitry component.

41. The circuitry component of claim 40, wherein the distance between the center of said first
bump and the center of said second bump ranges from 100 microns to 200 microns.

42. The circuitry component of claim 40, wherein said first metal post comprises a gold layer
with a thickness of between 20 and 300 microns.

43. The circuitry component of claim 40, wherein said first metal post comprises a copper layer
with a thickness of between 20 and 300 microns.

44. The circuitry component of claim 40, wherein said first bump comprises a gold layer with a
thickness of between 10 and 30 microns,

45. The circuitry component of claim 40, wherein said first bump comprises a solder tin-
containing layer with a thickness of between 20 and 150 microns.
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el ectroplating a copper layer with a thickness of between 1 and 30 m crons
over said insulating layer and in said opening in said insulating |ayer.
51. The nethod of claim49, wherein said depositing said first netal |ayer
conprises electroplating a gold |ayer with a thickness of between 1 and 30
m crons over said insulating layer and in said opening in sai gG yhating
| ayer. 52. The method of claim49, wherein said renoving said first netal

| ayer conprises polishing. 53. The nmethod of claim49, wherein sai d
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y 48. The circuitry component of claim 40 further comprising a metal trace over said first

insulating layer and said first metal post, said metal trace comprising a pad connected to said first
metal post, the position of said pad from a top view being different from that of said first metal
post, said first bump being over said pad.

49. A method for fabricating a circuitry component comprising:

forming an insulating layer over a substrate, an opening in said insulating layer having a
depth of between 20 and 200 microns;

depositing a first metal layer over said insulating layer and in said opening in said insulating
layer;

removing said first metal layer outside said opening in said insulating layer;

depositing a second metal layer over said insulating layer and over said first metal layer;

forming a pattern-defining layer over said second metal layer, an opening in said pattern-
defining layer exposing said second metal layer;

depositing a third metal layer over said second metal layer exposed by said opening in said
pattern-defining layer;

removing said pattern-defining layer; and

removing said second metal layer not under said third metal layer.

50. The method of claim 49, wherein said depositing said first metal layer comprises
electroplating a copper layer with a thickness of between 1 and 30 microns over said insulating
layer and in said opening in said insulating layer.

51. The method of claim 49, wherein said depositing said first metal layer comprises
electroplating a gold layer with a thickness of between 1 and 30 microns over said insulating
layer and in said opening in said insulating layer.

52. The method of claim 49, wherein said removing said first metal layer comprises polishing.
53. The method of claim 49, wherein said depositing said third metal layer comprises
electroplating a gold layer with a thickness of between 2 and 50 microns over said second metal
layer exposed by said opening in said pattern-defining layer.

54. The method of claim 49, wherein said depositing said third metal layer comprises

electroplating a copper layer with a thickness of between 1 and 100 microns over said second
metal layer exposed by said opening in said pattern-defining layer.
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55. The method of claim 49, wherein said depositing said third metal layer comprises
electroplating a solder tin-containing layer with a thickness of between 20 and 150 microns over
said second metal layer exposed by said opening in said pattern-defining layer.
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