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between 1000 and 8008 angstrons,on @ stliverenitride fayer of the prssivation fayer S and on

contant pads SV, principally made of aluminimor coppen e'.»:ps_we:d by avadtiple openings 331,

S32 and 834 in the passheation Taver 5, Thereafer, the sead laver may be formed by a suitable

PrOUSSS O proveRses; e by s;mtmén’g a-vapper-layer having a thickness between 300 and
3000 angstroms an the adhesiowbamier fayer of any previcusly deseribed mastarial or by
sputteriag » gold layer ‘t\aving & thickness betwoen 200 wnd 3000 angstrores on the

adheston/bartder layer of oy previously desoribed material. ThersaBer, s photoresial e may

be formed on the seed Tavey multiple apenings by the photoresiat fayer sxpasing the seed layern
¥ ¥ g X

03

Thereatlen the voutal layer 8312 may be Hoemed by a suitable procsse or progesses, &g, by

PRy

slechroplating # copper Byer baving a thickness betwesn 2 and 38 wmicremsters on e copper

the seed layer exposed by h

]

39Rr MEVIng ® openings i g photorssisl lavern by

$7

glecteopiating & copper Raver having & thickoess betweent 2 and 30 mibromisters on the copper
layer serving aze the seed laysr expossd by the openings In the photwreaist layer and then
ehetropinting 2 nickd layer having a thickress between @3 and 10 wicrometes on the
electreguisted capper fayer i the openings in the photoresist layer, by clestroplating @ sopper

yer Baving a thickness betwesn 3 and 30 mivromelers & the copper Rver serving as the sedd
faver, suposed by the oponings Iin the photoreaist Iaver; electroplating « nicke! layer having 3
shickevess bitwesn 0.5 snd 30 micrometers on the elestroplated copper Tt in the dpeaings In
the photeresist laver and then slectroplaling & gold e, platinen layer, palladiom layer or
sutheniunm faver havisg 8 Bickness beiween 8.03 and ¥ mirorstors od the elestvoplared nloket
fver in the openingy i the photeresist kver or by electroplating 3 pold layer having 2
shickniess betvween 2 and 30 midromserns on the gold layer cerving ax the seed Iayse. exposad
by the openings in the photoresist hver. Thereafter, the phatoranist ayer may be removed.,

Theraafer, e sobd fayer not under the serad layer 8312 romoved sing & wetstohing

v

L

progess o using s dryeetohing prosess. Thareafler, the adbesionfbarrier layer not under the
wiskal fuver 8312 18 removed using aowsteeiching procesy'or asing w dry-etohing progess.
OR3ITY Afler the puttorsed sttt fover 831 is formed, 3 polymer fayer 9% car by

formad by 2 uliahle provesy or processes, £, by spin-on coating 2 negative photosensitive

e,

polyimnide faver, such av ester typey, on the patternat oircait per 831 and on the niwide Iayer of
the passivation lager 5 and ten curing the apireon coaterd polyimide aver 3t the temperature
berween 285 sned 28320 for wotme betwesen 30 and 240 minutes in a nitrogen or oxygen-ires
arnbvient, No opewdng i ﬁ)tmesi in the polymer fyyer 99 by expose the thick and siide nietal
trace 83, '

43
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24

HIIR] ﬁefkrri;ag o Fig, 70, before the pattereed circui layer 831 is formed, a pelymer
fayer 9% can by optionally formed by a sultable process Or processes, e by apin-on oosting &

negative p’imtmensiiive palyimide layer, soch me estey fype, an the sdinide lager of the

ad 334 in the

%

passhvation laver 3 and on the contast pads exposed by the openings 833, 832

passivation lver 3, paposibg the solt-on goated photosensitive pobdmids frver, developiog the
P VRF 3 RRpOSIG £ X &

e

exposed polyimide laver amd then coring the dewloped pelyvimide ayer s the Bmperatrd

beoween 2683 and 288°C for g time hetween 3 and 340 piinutss in 8 nitrogen ot oxygernefiee

ambient. Accoerdingly, cmitipleopeaiags 95319532 and B339 may be Tooned W the polymier
o

88
Taysr: 98, exposing mekiple content-pads exposed by thg

passivation fayer 5, Afler the polymer lves 3% is v, the patiesnsd sireult

Sorvnd o the polymer leyer 85 and o the seedact pads expesed by the openirgs 334, 533 and
B33 The adhesion'barrier lnver of any previoesly destribed materiad riay be sphtterad wythe

polermer laver 9% and on the contact pads exposed by the openings 8531, $532 and 9834 inthe

B R Sl

LA
Ko

polyrase lyper 85,

{08238 Alernaivedy, referring Lo Fig 70, theremay be makiple pattiraed cwonlt ig‘ £
831 @d:832, imeluding & porior serving 3s the provicusly deseribed thick and wide meta! frage

83, wover the passivation Iayer 3. The process for fomiog the patlerned ofecull fayer 331 shows

x
in Pl 70 i be reforrad t a5 the proessy for “tr*m‘md the p&ﬁw ved oirouit Mover 831 sheadnin
Fig, HB. The patterned dirouit laysr 832 may condadn ans *d%s@sier#i}sirri@r fayes; @ send layer on
5

the adhesiowbartier fayer, and an electroplated matal fayer 8332 on fhe ased laver, the

adhssion/barrier {a }gs‘am the ssed laver oompostog the botton layer 8321,

U220 Reforring we Fig 70, stter the patterned clrenlt layer 831 B formed, a polymer
Fayer 98 can ke formed by o suitable process o pronvsses. ©.8. by spincon coaling a negitive

rholcssrsitiveipolvimids bayer, sushoas sRter type, on the )smm sireuit fayer 831 and on the

witeide layer of the passivation layer &, exposing the spiv-on ceated photosensitive polvimide

layer, developing the exposed polyvimide laver and ih&n curing the developed polyimide boge

af the lenawperaturs betweel 265 and 285°C for & thine batween X and 240 minutod by s nifrdgen

© e duygen-fres amblam, Ascordingy, purliple oporinge 9831 and $834 may be formed in the
pobymer fnyer 88, exposing multiple contast pada of the patterned clrouil layer 831,

{06221 Refarving to ¥ g T, rogards to the process for forming the patt:em&d cirouRt

aver 832, the adhesion'barvier layer way be Bormed by g sultable provess or procemis g By

spultaring & Stanihumsostiaiing laver, sudh sy tilanium hoer or a z:i'safs‘ium&uﬁgmen-;-;-i.%sy faven

44
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having w thicknegs betwesn 100 and SO0 angalvoras, spuliering & chromiwreomrdsining fayer
such as chrominny faven, having u thickogss botween 1000 and 8000 angstroms, or sputtering a
wntahonecaniaining Jeyer, such as tentahen layer or tanshaneniinide faver, having # thickness
hebween HIOE and 8000 angeteams, ox the polyoey faver 88 and on the contant pady of the

= x

priterned olroult koer 83 Laxposed by muliple oponingy 9831 and 9834 o thy polymer layer
98, TheresBer, the seed layer may be Hremed By » sultable ocesy or processes, 2. by
spettering @ copper layer having a thickness between 200 snd 3000 angstrows on the
adhesionbartier fayer of say previcusly described material or by sputicring v gold layer having
& thickness betwesn 200 and 3000 angstroms on the adhesionbarriey ler of ary previously
desoribed moatesal, Therealler, a phokwesist layer may be formed on thessed layer, mulliple

apenings nihe phelorasiat laver exposing the seed fayer Thereafler, the wetal fayer 8327 ow

kS

he formad by a sultabde Drocess Or PIODESEEs, €8 by clectapiating @ suppsr layer h&vir{g 8
hicksess between 2 and 30 micromeiers on the coper layey serving v the aced layen, exposed
by the operiings in the photoresds st layen, by eleciroplating s coppse layer having » thickness

bepween 2 and 30 miceomaters on the copper layer serving as the sced layer, exposed by the

apemings in the photoresist layer and then eheetreplnting a niokel layer haviog o thicknes

s

tetween 5 3ad 10 migrometess on the eleoiroplated copper fayer Iy the openings in the

£

%

micromerenyon the copetr laver serving as the sced lnver oxpased by the openings 1 the

oy

shotoresigt Javer, eleciroplating & nickel Myer having o thicknesy between 0.8 amd 10
ricrometeny oo the sleotropisiad copper layer buthe spenings in the photgresist aver and then
¢leswoplating & pold laver, plgtinem ey pa}%adxum fayer or vathernhaen bayer haviog &
thickness between .05 and 2 micrometers on the electroplated mokel fayer i the CPERIRGS in
he photoresist laven or by slectroplating s gold Twyer baving a thickness between 7 and 30
pricromieless o8 the gold byer serving a8 the secd fwver, exposed by the openings in the
photorsyist hever, Thergaller, the photoresist fayer may be removad Thereafter, the seed yyer
nnt under the metd laver 8323 s renwoved using a2 wet-ciching provess or aaing e deyeiehing
process. Thereafler, the sdhesiondburrier layer not under the metal fayer 8322 8 revioved using

& web-siching provess W using a dry-ciching process,

B0233)  Afer the patterned circail lager 832 v formed, & pidymer Bysr 99 can be
formed by asultable progess O progessey, &, by spineon conting & regative photosensithve

polvinnde laver, sush as ester Lype, on the patterned cirouit Rayer 832 and oo the polymer layer

45

phedornsist fuyver, by clscroplating w copper laver daving & thickness bovwesn 2 and 30
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28, snd then curing the spin-on couted pobdmide fayer 3t the tempersure hetween 268 angd

7

2839 oy a time between 30 and 244 rolputes I e nirogen ar exygev-frne amblent,

B3 Alteenatively refbrring 1o Figo 7O before the paterned civouit lawer 831 &8

fonmed, & polyver loer 83 as mentioned in P 71 can be optionally formed by g suiable

PEGRUSE OF PrOCESIes. £.8, by spirecr coating 2 pegative phawsensitive polyimide fayer, suph

as eater ype, o0 the aiddy Jayer of the passivation layer § and on the conty pads exposed by
the openings 531, 532 and $34 v the pussivation layer &, exposing the apineon poated
photesansitive poivinide fayven developing the expased ps}iyimide imyver and then curlng the

‘*'6\1“5(‘;)&"&? olyimide Inver at the wmpsraturs botween 265 wnd

i‘-—)
)'

SO for w time between 30
and 248 roiewes in 2 firogen o exvgen-free ambient. Accordingly multiple opeaings 83831,

333 and B334 may be Borneed i the pelymer laper 98 a8 mentioned in Figo 7E, sxps:sin.g

o
Sy

multiply contaet pads exposed by the openiagy §31 832 and §33 by the passivation lager
After the pelymer layer 98 & ormed, the patterned cirouit txyver 831 oan be formed on the
polyer layer 85 and o the contast pads sxposed by the openings 531, 332 wd 333, The
adheskuybarries fayer of any provicusly desoribed saterial may be sputterad on the polymer
fayer 88 and on thecomtant pads expassd by the openngs Y331, and 9534 1y the polyaey
fayer 95,

WBI24) Fig 70 iesidlar to Fig. 78 casept thy thick metal planes, buses or races 83 are

B

composed of two pafterned clrenit fvers B3 and 83% the bottony one g consposed «f

sepmana 831a and §316. A& polyner foyer 08 seéparates the patterned circdit laver R3 1 from the
patterned civeult fwyer 8320 b Figo 7C, the thick metal plane, tace orbus 331 w Fig T8 &
replased by the thick tietal plane, trace or Bus 83s, 831h and 832 Referring to Fig 70, 4

signal wiput from the ot node {usually the dradn oF an MOS traasistor in the rteonal

choult 21T of the internad iy T3 passes thiough the fine-Hine mctal Inises oy traces 831 under

3 S

the passivation layer &, then through the opening 331 in the passivation layer 5, then through

e vetad trace or ot B3 Th over the passbvation fayer §, (1) i Hingt paehy, then op through an

v

apeming $831 In the polymer foyer 38, then through the metal bus or trace 832 an the polymer

tayer 98, then down through an opening 9834 wmthe po Eynsz:f bgver 98, then through the metsl

4 i the

Yk

irace or bus 831a over thu passivation layer Rilg, then thros sgh an openiag
passivation layer 8, then trwough e fine-ling metal rpcture 834 smder the paselvationy bayer 3.
sad to the irspm sodé (usnally the et of i MOS vonsisior Buthe NOR fate 34} of the NOK

e 34 {2F in & sesond path, then dowr through ot opening 332 i the passivation laysr 5,

fﬁk

then thewigh the Tos-ling netal lntirsonnectios seheme S32 dnder the passhtion fayer 8, and
485
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ther 1o the nput nodes {usually the gates of MOS transistors In the NOR gate 34 and the
NARE gate 33, rospectively) of the MOR gty 32 aad the NAME gate 21

[BRE25]  Roferiag we SB 68, TR, 70 sud 7D, tht metd wace or bus 83 over the
passivation fayer § can be ponnected s soffolip MO chronit connected to an external cirouly,
sad acoovdingly the thiok weml trace or bus B3 has no s;m;iwasi volings dvap o sigral

degradation. The over-passivation schereg 102 shown in Fig 7B fochides the polymwer layer #¢

2

aad the metal tace 8§83 provided by the patterned circult layver 31 The gverpassivation

-

scheme 102 shown in Fig 3C icludes teo polyer Iavers 38 and 99 and the mstal trace 83

provided by the pattorned chouwit Iayers B3 and 832, and the openings 8831 and 9834 inthe
polymer laver 88 wee over the. pattirmed clrcull lyers §31, The sver-passivation schame 102

shown in Fig, T includes two polyiier layers 93 and 9% and the metal trace 83 provided by

the patierned cireuit Javer 831, and the openings 85371, 9832 and B334 wre in the polymer fayer

22T Noew refhr to Figs. SOS3E showinginternal buffer cirouits spplisd to the interns
sironit 21, The internat direnit 21 dhown B Fig 5B, 68, 78, 70 and 7D rony be dn ‘internal
vt shovens dn Fi ST {8 frst apploation, the size of the sechanrigl MO 2101 and
prcharel MOS 2102 can be devigned in 2 size ofBen employed in the iternad chrouits 22,33
angd 24, The size of wn MO tnsistor i delined 289 eatio of 8 physieat chanpelwidth theres!

1o w physical channel Tength thergof The a-chaned MOS transistor 2181 muy bave a vativ of s

phipsicn] channg! width thersol o physioal channel fongth erent sanglug trom, g.g., abowt
G130 20, ranglog from, w.g. about 01 1o 16, or preforably ranging from, ¢, sbant 83 to .
The p-channe] MO ransistor 2102 may have 3 ratio of & physient shasnet wi{iﬁ%} thereof wa
physical channe! length thereof vdnging oty eg, sboet 88 1o 90, rangieg Hoav sy, sboot

4.2 w20, or prefecably ranging bowm,

%

., aboit 0.4 w0 4. In the first applivation, & currsn
sy theosegd e thick metad frace &3 wver the pagsivation loyer § and eugpmatting fom the
rods Xo of the inteenad sircuit 21 may be ln a range of betwesn 5O w& snd 2 o0, and
preferably of batwesny 100 A and § s&. In giscond 3@;}5&3&%{3}, 3 larger deive surrenrt i
required for the output of the fnverter 211, for example, when & heavy foad ts demanded by the

foad internal clepuits 23, 23 and 24, o when the internal cirevdte 32, 23 and 24 see locaied B

away o the internal cirpait 31, reqidning interconnacton metal Hoes o fraces sonnscting the

ivernal circuit 21 sod the foternad <irpeits 22, 23 sl 24w distaroe of eger than | mmaraf

tavger than et e sxampie. 1o the seennd application, the cuveent oulpul Bom, the nverter

is ligher than that putput from the regulse intorasl ciroult, and is, Brexample, at lma o §
£7
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A, or iy a rnge of hetveeeon 500 A and 10 m&, snd proferably of betwesn 700 & and @ md.

Henes, v the seosnd gpplicativg, the wchanoel MOS tansistor 2181 may bave » ratio of g
phvaical channel widh thereol 10 2 physical chanael leageh thersof ranging from, a.g. about

T8t 30, and preforably ranging from, 2. showt 3.5 o 18 The pechasirel MOS ransistor

2

T2 rosy have a ratio of & physival channelwidth thereof to & physicat chanre! fength thereo!

ranging frony e, about T1o6l, and preforably rnging fom, e, shout $ w0 28,

BT When the inverter 211 shownein Fig 30 s applied to the bternal givcnlt 3 a8

shown in Fige, 38, 8B, 7B, 70 and 70, the dreins of the n-charnel MOS panaistor 2101 and
peshanngd MOS trangistor 2102, serving a3 the outpot node X of the iniernal cirouddt 21, ave
cnorected o the thick metal trages or buses 83, 831 or 832 sver the passivation |

ver 3o
shown in Figa, 38, 6B, 78, 7C and 70, The gezm:»: of the n-channel MOS ransisior 21081 and

poharned MOS trangistor 2102 serve axthe inpul node Xinf the intornal siveuit 21,

28] Naferring

or 313, e shows in Figs 1B, B0, 2B, 20 38, 30 and 3 wver the passivation layer § may

ifed power pliog, bus'or trase B, 81

cormeel the oode P oof the wiltage :‘*g,u%a:t'n" o gonverer clrcuit 41 and the sowee of the

geochunnel MOR devine 2182, The previously desenbed power plane, bus or frsee 81, 8L or

43

812 may contain 3 patterned ofrcuit Tayver over the patterred chronlt foers 831 anddor 832 of the

thick aad wide sigasd trace, bus or plaos 83 e shows it Figs 7870, Aliematively the thick

gl

and wide signalirscs, bus or plane 83 ae shown iy Figs 787D may contain o patternad pircnlt
fayer wver that of the provioushy, desoribed power plane; bus or mace 81 -The previvusly

deseribed ground plwng, busoor mes 82 or B2, as shown in Figs. 10, 20 and 30, over e
passivation layer 5 may connect the sods Bs of the voltage regulator or converter clrouit 41
snd the sourceof the -channel MUOS device 2101, The praviousty described prownd plare, hus

oy trase 82 or 821 may contaln a pm&meci sivcatl layer over the patterned sivewit layers B3

sndfor 832 of the thick sad wide signal tace, bus or plane 83 as shown in Flgy 7870
Alernatively, the thiek and wide a gmi wage, bus of phne 83 a5 shown o Fige 7870 may

contain 4 pafterned ofrcuit Waver over that of the prévipusty destribed ground plang, bus o trase

N

WIS Fige S0 -and SE show an faternad drivee 212 and intermal (ri-state output e

1R respectvely, When te internal debver 212 showh fn Fig S0 9 apphied &0 the infernat

r'.

clrontt 21 sy shown i Figs, 5B, &8, 78, 7C and 7D the deaing of'a neghdnne! MOS transistor

2103 e pechanne! BOR ::.ram;ists:.rz,%{}ei_\ serving @ the eutput sede Mo of the mterant circult

4R
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.,

2ioare contected to thethink mstad traees oy buses 830831 or 837 gver the passivation fdyer 3
asd

The gates of & peohanpel MOS trarsistor 2103 and pechanmel MOS ramsistor 21047 serve s

the put node X1 of the Interssd olrcuir 21

,,

The dratng of the seokannel MOS fransister 2103
and pechannel MOR pansistor 21047 are connected 1 the gates of the n-channed MOS
trarsistor 216F aud pechandic! MOR tranfistor 2104,

FBOX3GE When e internal piatae outpw Bufier 213 shown in Figo SEfs sppliad o the

Toferoal oircolt 21 ¢ shoten in Figg 3B, 6B, TR, 70 sad 71 the draind of 8 nechange! MOS8
trapigier 2107 and pohannel MOS rassigor 2R with 2 switch funciion sentrolled by an
Exable dpnal vansmined w te v of e nechanned MOS trandistor 2107 sod Bnablefbar)
signal wansmitted to the gate of the poohaanel MOS vansister 21087, serving as the mpw
neds Kooof the intarnad cleotdt 21, are ornecied o the thick metid fradeyor busey 83, 831 or
B3T over the passivation laysr 3 8 shawn i Figs, 3B, 88, 78, 70 aod 70 The paes of'a
nechanae! MOS temsisior 2107 and pechannel MOS tramsistor 2108 derve as the input noade X

of the internal circuit 21, The drains of a nechaorel MOR trangistor 2107 and p-channe] MOS

trpasigior 2108 are coonectad do whe sources of the pechannsl MOR jrsasistor 2197 wd

{88231 The ivternal difver 212 or indornal trivstate outpmat buffer 213, wsed fo drive a
sigosd theough the postepassivation metal traces 83 and o the interral olrouits 32, 23 and 24, as
shownin Fig SO e SE:; fs simniar o thy offchip deber or offehip wiastate cuipot uffer yeed
1 drive an sxternal ofrcnitry, (o be dissussed b the following Fig. D& or 11D, respectienly
axcipt that (1) e cuigit vods Xo of the internal deiver 212 or internal triotate o baffer
213 is not connented o' 8n oneraal cirenity (2) the largest one of prMOR pamsittory i the
Asttersal drtvee 212 or internal trbstate output baffer 213 hag o ratioof g physival channel width
thersof o 8 physicsl chaanel fongh thereo! amaller thaw that of the largeg one of psQ¥
travmistory I the offebip driver-or offvchip febstate cutpt budlfer conne cted fo an extaenal
direnit, The nternal Gl-atute output boffer 313 provides drive f:ummis ard switeh capability

ard I8 partcalerly ugefl to rdnsuit & dus sgnad or an addresy sigeal i @ mémary Qhép

=

throtgh the thick e Hove o vaces 823 pver the pasgvation layer § acting au dat or address

7

HISES

DRI, Inlig SR a eiame}\' targe drive clrem way be reguired o the Gupi nede

Xo of the internal cirouit 21 when a heavy Joad is demandad by the internal clecuits 22,23 and

24, or when the internad clroaie 22,23 and 34 we far mwvay from the intornal dhrouit 21 ina

i\}

49
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distance of kirger than | ot o of Iarger than Sopre. To proyvide grsis ively large srive curreny,
the intersal cirouit 21 oo be designed av an beernal driver 21 Zshorwn dn Fig, S0 oran internal

friatate otpat buffer 13 shown s Fig. SE.

BE2RI] M F

-

fave & rasto of 3 physical channel width thersef o & phvstead chanmel length therso ! rangiig

STy and 5B, the seohamned MOS fransistors 2103, 2107 and 21107 may

TS,

Fom, e about LS w30, and preferdbly rangiog from, e, dhowt 2.5 1o 10 The pcharmel

MQS transistors T, 2108 and 2108 may have e rtio of & ;zhy\e ad chiaraed withh thereot 10

3 physiosd channe! length thereof sanging from, g about 3 10 60, and preferably vanging from,

2.8, shout 3 fo 300 L Fig S0, the nchaane! MOS trassistor 213 may hiee @ ratic of 3
physical channel withh thersol te 2 physical chanred length thersof r&snginzg from. eg, abas

§.1 10 30, ranging oy, 2., shast 04 so 10, arpreferably rangiag foang 8g., ahout €2 2,

and She pechannet MOS tarsistor 2104 may have a rutio of 2 plvsicsd channel width thergo!

.
po 9l

toa physiosd channe! length

X3

hereof fanging Bony s, dbott 68 1o 48, ranging rowy ey
shout 8.3 10 30, or prefivably rmoging frony wig:, about §4 w0 4. Refurring to Figs. §8, $fvand
SE, the internad driver 212 or intersal trivuiate buffer 213 may drive & signal cutput from the

gutput node Xo thereofhrough the thivk metid trace or bus 83 over the passivation layar § 10

the lopat aodes U Viand Wiaf the el srcotn 22,33 and 24 but st an externgd oirouit.
iy

A current pasing throngh the ek metal trace or Hne B3 over the passivation fayer § and
oulguting from the rode Xoo of the toteragd oircelt 21, provided by the internsd drbver 21or
interng! trisgtate bafler 213, may b hefween 500 p& and 18 maA, and preforably batwear 708

pAand Tmd

1862341 Referving @ Fig. 50 the previcusly desoribad power plang: bus or trace 81, 811
ar 813, #¢ shoawn i Fige 18, 30 2B, 2C 3B, 30 and 3 over the passivation lagsr 5 gan
aoutiectthe node B oof the volagy reguistar or vonverter slrcull 41 and the sowress of the
pohannel MOS devives 2104 20d 2104°, The precivesty described power plang, bus of waee
S 81 0r812 may consain & patternsd chrouit Teyer pver the pafterned olroslt fnyers 837 andfor

SR e of

832 of the thisk and wide sigral toaee, bus or plane 83 as shoewn I Figs TBTDL Alternatively,

f

the thick and wide signad tracs; bos or plane 83 as shows i Figs TR7I} may contain g
patteened cirouit layer over thavof the previgusly deseribed poower plane, bus ortrace 81, The
previoesty desoribed grownd plans, bus or frace 82 o 821, as shown in Figs, 10, 3¢ and 38
aver the pas»sw*x-zm fayer § can conneet the node K of the volmge regiistor or comverier
ciresit 41 and e svuress of te peolinons] MOS devigey 2103 and TH0YL The previvedy

deseribed ground plang, bus of trsce 82 00 821 niay comain 3 patterned qivcuit layer over the
\.G
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patterres] efrouit lnyeey 331 andfer 832 of the thick and wide signal trace, bus or plane 83 &
shaw i Figs TRT. Altornatively, the thick and wids sigaal trese bus or plare 83 as shown
i Fige 78-TD may contain g pattorned clrouht layer over that of the previously described

ground plang, busor race 83

D238 Refwring to Fig S8, the pravisasly < described power phane, b o waoe 81,34
ar 811, as shown in Figs. 18, 1€, 28, 3¢ 38, 3C and 31, over the pascivation layer § can
sopngct e node Poof the veltage regulator or sonverier oiroult 41 aad the seures of the
prohanrel MOS devics 2108 Thy previvualy deseribed power plane, bug or teses 81 81t oy
§13 may contain 8 patterned slroul fayer over the pattersed oirculs lrees 83 andior 32 ol the
thick and wide sigaal trace. bus or plane 83 a5 shown i Figs 7878 Adternatively, the thick
afud wids slgnad trace, bus or plane B3 gy shown in Fige 78-7D may comain 3 pattorned oirsult
fver over shat of the provicusly described power plane, bus or trace 81, The ;wmmm!x
desertbed ground plang, bus or trate 82 of B2, as hoven in Flgs 10, 3C and 3G, beer the
passivation fuyer § can connect the node Re of the voltage regudator or sorenier ¢ 'mmiz 41 mnd
the sanrce of the nechunnel MO dovice 2007, The previpusdy deseribed groand plaos; bus or
srron 82 or B mmy comdn 2 pattorned clrouit kuyer over the patierned oirouRt fayers 831

sndiar 832 of e thiek snd wide signal trage, bos o plane 83 as showe in Py TRIT
Alwrnatively the thiek and wide sipnad wase, bus or plane B3 e shows b Flge TR0 may
onbuin & paierned clrouit laver avar *mr of the previously described ground plens, b or trae

>

€3

5y

?
&

00330 Alereitvelyowhen g NMOS transisior i the Intormal cireuit 21 havding & degin
wsthe culpat nade Xo of the internal cirou it 23 has w ratio of a pwmax chammel width o a
physicad chanme! Jengrh ranging fromn, e about 1510 30, and preforably ranging from, 2.8,
ahout 2.5 o 18, 3 NMOR varsistor inthy internal cimuit 22, 23 o0 34 %zav&ng S gate as the input
node iV and W of the interowd olronit 22, 33 or 24 has s ratie of physics chamel widih 1o
physical ohanne] length sanging from, v about 1 to 20, rangdng from, 2.y, abme 8.1 1 16,
wr prefeoably tanging Fomy eg;abont §F w2, Whasn s WMOS ransivtor dn the tndertal chropit

a-draln as the output node Xorof the internal oircult 21 hag o wtio of @ 'p}iysimi

sharmel withh o g physical channgl fkogh vanging fom, e.g., aboat 1.5 1030, and preforably

&

ranging. oy, wg, shouwt 1.3 to 10, o PMOQE wansistor iy the interngd cireuit 88, 23 v M
having ¥ gate as e inputskade U VEand Wi of the internal clreen 33, 23 63 24 hag avatio of 8

physicabehanrel widih to 8 physicad chanaed loagh ranghog from 2 sbeat §.2 10 49, ranging

from, .8, shout .21 20, or preferably ranging from, g about 04 o 4 When 3 FMOS
81
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transistor i the nternab chreR 21 having a deadn ae b cutput sdde Mo ofthe interas! oleeult
21 hes @ ratio of g physival shanselwidihiie 8 plvsical channel eogh mogieg fom, g2, abot

340 60, and gimi«‘ abiy ranging frop, g, about § 1 20, & NMOS pansistor in the infernal

cirpuit 22, 23 or 24 having e gate as the inputaede LR, Viand Wiof the interaal oireott 22, 213
or 38 has wratio. of o physical chanpel width fo o physical channe! eagl rangmg Teore, @8,
about B} o 30, ranging fromyeg. abot 8. w10, or proferably mnglog om, e.g., #bed 6.2
o 2 Whet 3 PMOS ramiinor in the imternal pivdait 21 having z dean a8 thetanpet sade Kot
the interoad oot 21 has 8 ratio of » physivad channel wikdth 1o & plosios! channel length
rapgiag from, 2.g. shout 3 60, ared proferably ravging from, gg., about & 50 20, &4 PMGS
transistor in the rlernal clecull 23, 23 or 24 having > gate a8 the inpad oade UL, Vi and Wi of
the ntemad Lmt w23 ¥3 or 34 has g rallo o a ;}i‘ig-»simi sHanne! widiy 16 » plasical chamne

length sanging Fom, e, about 0.2 40, ranging from, 2.g. sboat 8.2 1 30, e prefombly

ratging fromy, 2igy, abott Bud 1o 4. Inthe previcusly decoribed case, v signal shitput fam the
autpat node Xo of the interal civoult 21 may pass theough the thick vwetal plase] bus, trues or

Hae 83 o the intsms! clruils Z,‘;, 23 and 29, with 8 current, passing thraugh the thivk metal

N

plang, bug wace o line 83, ronging from, €8, dhout 500 miceosmpares to 10 miiliangpees,
and proferably rangdng fom, g, aboul. TG wiercamperes 102 ovllidmperes.

G237 The conveptshown in Fig, SB oan he appled o roomoey ohip, s Mustvated in
Figs. 3F.84

*3

[EDI38]  Refouving to Fig. 5F, the previously desoribed mi-state outpur buffer 213 45
8,68, TR, 70 and 7B and bas an bpu

aode Xiconnsetad 1 an ourput nods of an amplifier 214 and o output node Xo conrestad o

g

srployed fo Do the ernalelvenlt 21 shown o Figs, !

the internad clsung 330 23 and 24, such ¢ logle gates, Hwouph the shove mentionad thick
metad plang, bus ortrane 83, 831 or 832 over the passivation laver §, o8 shown i Pigs. 38, 88,
C78 3 aad T, and the Intecost eitvuits 32, 3V and 34 may sleatively be NOR gate, HAND
gate, AMD gaie, OR gate, operational amplifier, adder, multiplexes zﬁip?ex&r multiphier, AR
converter; DA converter, OMOS trarsistor, bipolar OMOS vangistor wr Bipolar tleeuit. The
sersiconduetr chig inay inchude 2 memory arvay including multiple memary cells connguied o
veard Hres, bt lines and “t it {bar} lines, Bach palr of bit e, such w8 2171, and by {bar) bnw,
e 3 21744 connecisd 1o one of the amplifiers, such as 314, Swough the channel of the
nechanse] MIOY ransistors 2133 and F123 controlied by OFF vode, Whenthe nechanost MGR

ransistory 212 snd 2133 ard cured off in an louctive oyele; the toise g the bt Tae 210 er
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o the bt fhard Hing R 4 niot be transmitied 1o the serse

hopact on the senge wnphifier 214,

(0238 In this case, thermemory ool 213 v 2 static random acoess mentry (SRAMY
el Akermatively, the memory eoll 218 rony be a dvnamic randem access memory {DRAMS
cell, @n erasabie programmnable sead condy migrmory (EPROM) cell, an eldcironic seasabde
progrananable read ondy memory {BEPROMY cell, 2 Hash wmemory vell, « read only nmory

MO ok, or 3 magnstiv randont aodess msmony {MRA;‘A} cell, which it connpciad rong or
more fogic gates 32, 22 and 34 through o hick metsd traces 83, 831 or 832 over the passivation
fever 5, as showy o Figs, S8, 88, 78, 7C and 7D-A sende arplifier 214, ooty Baffer 213,
pass gate 216, Jaich memory 17 or interngd driver 212 ae shown in Figs. $F-31, may be
apticnally set of the path beteser any Kind of mensory ool 218 and the tdek mtal traes B3,

531 or B33 over the passivation Javer &

{80248 o onse of SORAM well scting as the mentory coll 215, » pludality of ke
merory ooll 318 rosy be atraniged B a svray & pheralite of bit Sae 37T and b thar) e
2173 wrnoped Ip pyrgliet are connented 1o the sotress or drging of RMOY wansistors 3120 and
2HY of the memory gells 215 arvanged b8 column, reapectivelyc & plurality of word tie
srvanged reparallel and in vertival (o the it Hoe 2177 and bt {har) Boe 3U0E is sonosaied 1
e gate of NMOS sransistors 2120 308 2019 of the memery celle 213 srsnged in 3 row. The
memary osfl 218 further ingludes pwo PMOSE wangdstors 2118 and 2118 sid two NMQS
ravsistons 21 and 2117, and the gutesof the PMOS tansistor 2116 avad the NMO traneistor

TS snd the draing of the PMOR trarsistor 2118 and the NMOR irassistor 2117 are ounnecied
i the bt e 2171 throngh the chaanel of the NMOS wansistor 2120, and - the patesof the

PRI trammsvtor 2108 and the NMOR mapsigior 21T and the disine of the PMOS ranaisior
218 ad the MNMOS ransistor 1S arg ponnecied 1o e bit (baed Hae 2172 through the

shanael of the NMUOE rangistor 31 S
[BE243]  The sonse amplificr 318, sael a differsntial amplifiey, san el souplad 1w

mudiipde piernury cells 213 woranged v a oohonn troogh the bit bag 217 band the bit (har) Hine
ifier 214 includes twg PMOEB fraosistars 212 and 3114 ard v NMOGE

P

272 The sense ammp

teansisiors 211 and 2113 and the gates of the PMOS measietors 2112 wod 214 ave connentad

1o the drains of the NMOS wansdstor 2111 and the PMOR rangistor 2112, and.  the draing of

the PRMOR wansisior 2118 and the KMOS pansistor 2113 serving 8y a0 owlpul node of the

sense amplifier 214 are sonnected 0 the gates of the PMOS wansistor 2108 and the NMOGS

53
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teansistor 2107 o the proviously described wistare buffer 212 The gate of the NMOS

3

wansistor 2113 s compectad o e bt dae 21TL The gate of the NMOS warsistor 21 i
conmecied 1o e bit {bar) lne T17E, The description and specification of the wiatate buffye 213

gy b veferved 1o the shvve Mlustration shown in Fig. S8,

{08232]  Reforving to Fig, SF, the node P ofithe voltage regulator or converter tiroult 41
care b gonnected to the sources of the FMOS ransisions 21HE and 3118 of the mentory sedl
215, the soirees of the PMOS traneistors 3112 and 314 of the sense amplifier 214 dnd the
cource of the PMOS traosistor 2108 of the wistate cutpet buffer 213 through the previously
deseribed power plaos, bus orrace 81, 81 or 813, s shown in Flger IR WG 38,20, 38,30
and 3D, over the passivation layer $. The previously described power ;"&}dﬂﬂ( bus ornes 81,

2

$11 or 812 may conain & patiermad sirouit layer pvetthe p&tﬁes‘% ed ¢ tlavers 831 andior

£32 of the thick ami wide signal trase, bus or plane 83 s shown in Figs TR-7D. Alternatively,

the thisk and wide signal tracg; bus or plane 33 as: shown in Fige T8-TH oy confaln g

sude Ra of the valtage regulaior or gonverier clroull 41 o be connseied 10 the sources ol the
NMUS wansistors 2115 and 2117 of the memory cell 215, the sources of the KMOE fransision
2HE and 2013 of the sense amplifier 214 and t‘:v; s of the NMOS vansistor 2407 of the

1

fri-state nutput bulfer 213 through the previveshy described ground plane, bus or trang 82 ne

4, ae shown in Tige. 10, 3 and 30 v the passivation fayer 8. The differential sonse
amnplifier 214 x isolsied from Vas by a wansisor 2121, and controlled by o eplumn sekection

signal (OS2} fo sve power ts‘m\smmam‘ The transistor 2121 iy turned off wh'&n mu gerinry

s pattemesd Chriut layer gver the pattsined chrouit Byerg 831 soddor 832 of the thick andd wids

signal tracs, bug ¢

R

dane 83 a5 showrin Fige 7RO Alternatbeoly, the thick sod wide sigoad

wp
wron bt ar plane 83 s shoven W Figa TR I cly contaln « pattetned Chall yerover that

i the previousty deseribed ground plang, busor tace 82

{OB243F  When the memory oell 215 8 in a "READY operstion with the WMQS
wansiators 2120 and 2179 being turned on, the st lached in the memory celt 215, such a6 bit
data ard bt (har) datas soay be supgut e the bRt Hng 3171 arad Bt ghend Hne 2172 through the
shanasls of the NMOB wansistors 3120 and 2119, respectively. The bit dataand bt (bar) data
may be vaneivitied R the sense amplifier 214 thomagh the bt i'me SETY snd bit {(bary Hane 2178,
respentivaly, 1 i;\;iiiaily aplify the bl date and the bit {bar} dats, Jeading the bit duts and the

3.

bt {har) dais ave 3 Hesirably watetbrm of voliags ovel. The inltialiv amplificd bit data ur
w"‘%

patterned oiveult fayer wver that of the proviously deseribed power plase, dus or trace 81, The
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biz (bar} data cutpul froun the araplifier 214 fay be trasminied s fri-state output baffer 313
io further aroplify the inifially amplified b data or bit (baed dwts, but Fig. 5F ondy show the
Biitially myplified bit (bar) dits supet fons the ampliffer 158 1s ratwvnitied 1 tHe input nods

X of the tibstale cupat buller 213, Rether avplified b dar) dats o bit data wutput from g

et

trisgaats bufer can be zmm vivterd o the internal ofrouis 32, 2
plunes or buses 83, B34 o B32, s shown in Figs 88, 6B, 780 70 awd TD but Fig 5F ondy

s ghie Ruther amplified bitdata s outpat frarn the rbsiate output bulfer 213

and 24 through the thick el

shoi

{00344} The bl B 2171 aod bt thar) boe 2172 may be movided by fne-ling metal
fayers, made of spottered dlominem or damascene coppern, oy under the passivation fayed &
Algrnatively, the bt Hne 2171 sodd it {ar) line 172 may by provided by the interconmenting
structure over the passivation layer § and uader the passivation fayer: S, and the portion Gnder
the puesivatin layee § may include spartered sloovbrm Javer or damsseang copper fnyer
having & thickress.of between 0,801 and 2 microns, and the portion over the passivation Fayé: 3
rany inchede electropiated copper relectroplated gold baving a thicknass of betwgen 3 and 3

reicrons.

[OB245]  In this casg the thiok metal buses orraces 8308371 or 832 shown o Figs. 88,
&8, T8, 7C xnd T roayv be sutled ae bit basses to wanamit further amplified bitdata or bl (bard
data with 4 bits widihy, 8 Bitg width, 16 bits width, 32 bity widhth, $4 bty width, 128 bits widih,
256 bt wishh, $32 bits width, 1034 bits width, T4 bits width or 4096 bits width, cutput from
e wieanae Buffrs 213, Accordingly 4, 8, 18, 32, 64, 128, 1586, 312, 1034, 3048 or 4098 hit

buaes arvanged I paratle! and sverthe pesaivation lyer &, myy conasct the sulput nodes Xaof

pusitiple internad oleouiss T the tristte bulfers 21 in this save w moliple ernal cireuits
.23 wnd ?ﬁ_, such as MOB gatex, NAND pates: AND gates, OR gates, sperational araphifiers,
addens; vauliplevers, diplevers, multipliers, A0 converters, DA convengs, CMUS wamiston

bipoder OMOR vansistors ur Bigelareirsaiis,

[pfads]  Aberhstively multiple sddress buses 83 conneuting sy address decnder 208 and

the vutputs of puidiiple temal circuits 28 and 39 cun e formed overthe passivition laver §,

G show in Plg. SUL o tansmsit-an address dots fom ot of the intermal chrpaity 25 ared 26 30

N o~

the address decoder 205 during 8 "READ™ opsration, and she ineena cirovate 25 and 28 roay

be NOR gate, NANE gate, AND gate, DR gate, operational amplifier; adder, vasliiplexer,

»

or bipoled ciretit. The address decodir 208 §s conngctad 1o nadtiple wind s Souplad with

A0
L5

diplexer, multiphien, AT sonvarter, VA comeerter, CMOR tangistor, bipoise CMOS ansistor
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smuitiple moemory celly g memorvaray, Beforring 1o Figs, SFaad SUS o of thy wond Bines

TS v conndoted 1o the gates of the NMOR transistors 2120 and 2119 of the roemoey well 315,
wastniiting & stgeal fromy the sddrese decodr 363 0 the mayowry oeil 1o contred whether the
logic fevel of bit daty saved i the wrave codneciing the drains of the PMUS tansistor 218 and
NMOS wansistor 217 angd the gates of the FMOE wancistor 2116 and NMOE warsistor 2HE
and the Togle level of hit {bary data saved in the tace ecting the drains of the PMOS
wansistor 2118 and NMOS transistor 2HS and the gates of the PMOS ransisier 2118 and

« = "‘?

MROE wansistor 2117 are tansmitted wooihe B Hng 2171 angd the be (e line 3172 tough

2

e channels of the NMOS transisiers 3120 and 219, seepectively The sense amplifier 214

receives the bH dats snd bt (hae) dats and iniually anphfies the bt {har) deda The initially
anipdified the bit thar) data output from the sense amplifier 214 may be wansmitted o the gates

of the PMOS tunsistar 2108 and NMOR trarsistor 2107 of the trbstate balfer 313 through e

race F1T gnder the passhvation lager 5. Two traces 2177 amd 2178 connect the addeess

7

decoder 205 and the ri-state buffer 213, rantmitting an ENARLE sigrel and an ENABLE (b}
gignad o the gddress decoder 203 o the tebstate ballor 313 e contral whether the previously

desoried forther mmphiied bit sigral i cupat Hom the trivsiate buller 213w e date bus 83

stviston tayer &

HIOT Oder ombodiments as desdribed beliny can be slivenutivaly aitaived. Same

seferandennmbers o this puteng applivation Indicate saine of Similar eleaments,

{00248]  Referring to Piga §B, 8B, 7B, 7C and 7D, the intemal cirsuit 21 may e a pass
e 216 a8 shown ip Fige 3G The pass gate 216 may wchude an MMOR wansiaer 2124
having & gate sonatcted to an wddress descder 208 through @ trace 2180 under the passiation
fayer §, 4w shown i Fig 3% In a2 "READ™ operation, the adidress docoder 208 receives. an
address duts through multiphe sddress buses 35 over the passivation Ryer 5 Thy address
devoder 203 cutput 3 READ ENABLE data to'the gate of the NMOS gransistor 2124 through
the tracg 2180 o comral whether the NMOS pansistor 2124 1 wmed on or off When the
NMCE frannsor 124 of ths pass gate 26 & hurnasd on, the Inftiadly aoplified bl tharkda
putgnt from the sense amplifter 218 cap be mareovitied fo e dats bue 83, 31 or B3 over e

passivationdayer 3 through the chansel &f the NMOR wansistor 21240

D241 Reforring to Fige $B. 8B 78, 70 and 70, the intemal slrouit 21 may be s laigh-
& g \

cirouit 217 as shows tn Fig. SH The latch cirsult 217 may temporadiy store the daty sutput

from the sense amplifier 214, The ok oircult 217 inthades two PMOS transistors 2901 and

8

wry
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&

902 and twvo NMOS fransiztors 2903 and 2904, A trave 2908 conneoty the gates of the PMUR

transisior 2802 and NMDS transistor 3904 and the dralas of the PMOR

\

fransistor 3301 and
BAOS wassistor 2903, A wace 2906 connents the gaies of the PMOR tarsistor 2801 ad
WHDS ransistor 2903 and the drades of the PMOS traasisier 2802 and KMOS iransistor 2884,

a

The lateh cirouit 217 may Bather include bwo NMOS teansisiors 2128 and 2130 having the
gates connected o any widress decoder 203 through metad traves 281 wod 2I8T under the
passivation layer S,ous showsnda Fige 3% g "READY uperation, the addvess decoder 208
secetves aw address datethrough multhede addoesy buses B3 wever the passhation layer 5. The
address deseder 205 potput READ ENABLE dats {ﬂ El and REZ) o the gales of the NMOS

transistors 2129 and 2130 theongh the faces 3 atd 2182 fo control whether the NMOS

wansiziors 2129 aad AU areturrad wo or o, raspeciively. Whes the NMOR transistor 213915

13

wened on the nitially amplified bt {hay data vutput frern the seass amplifier 214 oan be

transayinted i the drsee 008 theough the channel of the NMOS franaistor 21ES, The trace 2803
lstches the bt {haed date ard the e 2906 latohes the bit data. When the WMQS tanaistor
I e fionad on, the bt daty cutput foot the frave 2906 of ihe fmch cireunt 317 van b

warsoitiad o the dats bus 83, 83100 332 througd the chunpsl of the NMOR pansistor 21300

{O03S0]  Nefuring 1 Fig 5H the node Fof the voltage regidatde or covvertee Sirceit 4

3
X

can boswmenied to e sources of the PMOS sangistors 2116 and 2018 of the m»x\n{:«ry gell
215, the sourses of the PMOSB transistors 2112 and 2118 of the sonse amplifier 214 and the

sources of the PROS transiators 2961 and 3503 of the lutoh oireplt 217 thronugh the g*f&%":ﬂii&;}_-‘

SN

desvribed power plane, busor inwee B, 81 or 812, as shown in Figs, 18, 1C, 28, 2C, 38,3
wnd 30, over the passivation layver 8, The previowsly desoribed powsr plase, bos aw tiace 81,
811 o 813 vy contain a paitornid ClecaR laver over the pativrded slrcuit layers 83 andior
8

32 of the thick smd wide signal trace, bus or plane 83 ax shown in Figs 7870 Almatively,

e thick and wide slighal traog; bus or pland 83 @ shown o Figs 7RTD may contain 8
patiornad cirouit layer aver that of the previously deseribed power plase, bus or taee 81, The
nnde By of the voltsge regulbtor of donverter circull 31 can be connested o e suurtes of the

MROS franaistory 2118 and 2017 of the memoneoall 213, the soureps of the NMOR vangistors

11 and 2H3 of the serise snplifier 214 and the Seurees of tha NMOS vansistons 29803 and

£

=3

33

S04 of the fefch circuit 217 trough the previously deseribed ground plane, bus or tage 82 or

o

21, ay shown e Figs, 10, 20 and 30, over the passivation fuyer 3. The proviousty described

N

grourd plane, bus orirace 82 o 821 may coniain @ patterned ciroult layer pyver the pattersed

%%

o

cireuit lavers B31 sailiar 832 of the thick ang wide signal frace, bios or tlage 83 a8 shows in
r
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Plgg TR-THL Alsoatively, the thick and wide signal frave, bus or pis‘me 83 ax shown in Figs

TR-TH ey sorasb s pattemed cirean {aper overthat of the previously deseribed ground plane,

bus ar trage 82,

H3281 However, the pags gt 216 i Fig $G or the fmoh owcult 217 in Fig SH does
3 &

ot gmvxe htg,s\.\ drive copability. Th drive fieavy fosd of the ogie Slrepiin 32, 33 and 3, ov o

sranrn{t it {har} dat i{‘l‘tgmf frarn the pasd Choult 216 or by date outpet from the lateh circuit
stecoiy 23 23 andd 34 in & long distance, the internabciroult 21 rouy inghude the

ke

previgasly described imternad driver 212 conpard 1 the oulpt node of the pass gate
shown in E“ig. 51, or connectad 1 the wulput sodeof the teh clrcait 217, a5 shown in Fig 84,
to araplify bit (bar) dats cutpd froan the priss pate 210 or bt dataopat frmw the stk elrsaht

ing 10 Pig 8, the sevplifiod bir{bar) dats output frum the internal driver 312 may be
transroitted o the wternal cirours 22, 33 a0 24 thvough the odata b 83, 331 or 83 overithe
passivation lager &, ae shown In Figs. 3B, 88, 78, 70 and 7D, Referring o Blgdd the
amplified bivdata putpdt from the ternal debved 21 raay bettaasinited 1 the fternsd eirouits
22, 23 and 24 throngh thedate bus 83, 831 or 832 sver the passivation layer 5, ss shown in

Pigs. 38 88 78, 7C aad TH

H0I82]  Refurring 1o Pl 31 the mode Pof the valtage repdator o converter cirauit A1

¥

cant be sonnsded 10 the sburces of the BMOS vansistors 3118 and 211 of the siemory geil

5, the sowrces of the PMOS ranaisiors 2H I and 214 of the sense amphiffer 284 and the

243

sowrnts of the PMOS tramistors 21047 and 2104 of the baewnal defver I12 through the
previcushy desoribad powsr plane, bus or traoe 31, 81 or 812, as shown in Fige, 18, 1 28,
2B, ICamd 3D, over the passivatinh fayer & The previeusly deseribed powsey plane, basor
arace 81, 81 bor B1T may contain g patierned clreuit laver pver the patterned virouit fayers 831

andfor 832 of the thick amd wide signal tsee, busior plane 83 as shown in Figy 7870,

i

Abernatively, the thick and wide sipns! teaos, bus or plane 83 as shown ia Figs 7890 may
comtain g paiterned olrcid fuyer over that of the proviously desoribed power plave, bug or faes

21, The node Beof the voltage regulstor or converter eirouit 4t can beccangoted 1o the sourees
of the NMOS transislors 218 and 2117 of'the memtry ool 215, the sodraes of thé NMGS

wanaistors 2HH and 2113 of the sonae anplifier 214 and the sources of the NMOS trangisten

THHY and 2105 of the driver eircult 112 through the previodddy destnibed graund plane, basor

wrape 82 00821, as shows I Figs. 1, 30 and 30, over the pasaivation layer & The proviously
deseribed groung plane, buy of trace 82 ¢ 821 may cobtain 3 patierned oircit layer over the

patterned eircuit tayers 831 andfor B32 of the thick and wide signal trace, bug or plarne 83 as
38
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shenen in Tigs 7BWID. r’é.?i‘:‘smamg‘iy, the thick and wide sfonal teace, b or plane 83 as shaagn

i'ﬂ Flgﬁ .' -)ﬁ na

"-/

cantain 3 patterned olCGR Wyer over that of the previvudly described

gronad plass, busor wacs 82,

RS Refuring o Fig 81, Geonde P ol the volinge roguiator or converter ciroull 41

el
b3
=
w
3
el
o
por
&
7%
b}
e
<
S
oo
=
3
@
@
£
£
bt
b£3
%
@
ped
ol
5
2
3

o PAMUS rassistors THS and T1E of thy raemory sell
3, the smarces of the PMOS transistors 212 and 3114 of the sense ewplifier 214, the spurges
of the PHRIOS tangiators 2901 and 2902 of the txich dleculs 217 and the'saurees of the PMOS
tranaisinrs 21047 and 2104 of the internal driver 212 through the previousty deseribed power
plane, bus or raee 83, 81 bor 812, as showaein Pl 18, 1O, 2B, 20, 38, 3 and 3D, gverthe
passivation laver 30 The previously desoribed power-plane, bus or trave 81, 817 or 812 oy
cofifaln & paiterasd oirait layer over the pattervied clroait Tavers 831 anddor 812 of the thisk

~(

ang wide slpnad traos, bus or plane 83 s shown By Figs 7870 Alersatively, the thick and

]R3

wide signaltrane, bis or plare 83 we shovwy in Fige 78-7R mayconsing paltersed Ciroult lyyer

gver thatof the previously described power plane. bus-or traoe 81 i‘ grode Beoofthe voltage
regulator Or comverier Sircnit 41 dan beconnecied To the soirees o the RMOE traasistors T1ES

and 217 of the mamory cell 2135, the sources of Sa NMOS transisfors 21U and 2113 ofthe

senve amphifier 214, the souree of the NNHES transisirs 2903 wnd 2904 of e Racd it

317 and the souress of the MWMOS transistors 21T and 2107 of the interral debear 212 duwough
ahie previdesly degeritand groond plans, Hos orrgee 33 00 821, ax showrnin Figs, 1€, 2Cand 30,
aver the passtvation layer 30 The nre«am«s v despribed ground plans busor ey 820 B2
iy Confaivid patierneid clrcilt faysr pver the paterned cirtult layers 831 andior 832 of the

v
¥

thick and wide signal tang Hus ov

"J

dane 83 as shows in Pigs TRTR. Alematively, the tick

and wide sigaal tase, bus o plane 83 ge shown o Figa T8-71 may comain » patiomed circud

7

tayer cver thataf the previcusly deseribed ground plane, bus or traes 82,

HES4  Akernatively refirring to Figo 3K, the output node Wo of the internal sirowie 34
3 sonoscied Rethe inpt sades, Xt Ubard Vo the doternad olrepdts 21, 23 and 23 thronghothe
thick maal plase, bus, trace or Hine 83 over the passbvation Tever 50 The interral oircult 34,

such as NOR pate,

~

nay serta stgnal of datr fraun the nuipet node: Wa therent tethe Input node

2
A

Xitof the internal siveult 21, such 58 3 receiver 3127 shown in Fig. SL, x tsstate fnpid buler

15" shovn ip Pl $M G other ieens! circuits, through a fine-Hoe metsl siructure 8347 under

the passivation laver 5 then through an opsning 3347 In the ps&ssivaﬁes} fayer 5, then through
the-thick metal plane, Hne or tave 837 over the pessivation Iwyer 5, then through another

Spening 331 {nthe paesivation Taver 5, and then through 3 firie-Hre dietal structore 831 undey
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the passivation fayee 3. Besides, @ signal gr data vutput frars the oulpas sode Woof the nternal

e

nput node Ui of the fnternad oiveul 32, such aa MNOR

=

sivcul 4 wiay b aled ransmitied o the

gate, teough the fine-fine metal stragture 634" under e passivation layer 4, then through the
apaiag 514 o e passivation layer 5, thern thraugh the thick metsl ;}%Gm, fing or wace BY

oyee the passivatinn hayer 3. then through soother opendng 3327 in the passivation layer 3, then
throuph the fint-line roetab struntires H32a8° and S3307 undir the passivaticerlayer S, Begides, »
signal or data cutpt fromthe output pode Wo of the NOR gate 34 sy be also transminad
ihe in;:sm node Viof the interand sheeult 23, such ac-MAND gate, thivugh the fine-line mintal
arpcture 634" under the paesivation fayer 5. then theough the sperdny 5347 by the passivation
byer 3, then trough the thick metal plane; Hine &r tade 837 over the passiestion Tayer 5, then

hrough anothey opening 3330 in the passivation layer 3, then through the fne-line metal

sirueiires 8327 and 83207 vader the passiiation lnver &
[B0258]  The tneclive meial structwes 63478337 and 6317 forraad with stagked

metal plups, hoving a similee strusture of the fine five. metal strustures $34, 833 and 631,
respectively, as showit i TR 7O snd 713 The intersal otrcoiiy 21,22 and 23 may reoenwa

signat ot feas the putpet tode Wo of the internsl ciroslt 24 3t the Input sode XL and
R

Vi thereof, and piay outpul aisignal from the oulpd nede Xo', Lie sd W thereot to other

tterned oiveuitythrough metad traces ander the prssivation layer §,

[B0236]  The stuciure pver 'ihe'passiafﬁeim fager S showt in Pigs. 7BTDx providing the
previously described thick mabdd trace, Boe or plane 83, gan aleo be applied i forming the
hick metsd raee, Hve of plane B ilusirated fn Fige SK. AT combinations for the polymer
fnyers §92, 08 az'zd 03 and the olveud rosial layers 831 and 832 Hustrated in Fige, T8 aw be
applicd fo the conibinations for ong of more polyraer Byers sad one of more Srourt metal
Jryers over the passivarion fayer §, Hlusrated fn Fig 5K

3

{07 In s case, the internal cirouit 21 may be sy interral reesiver 2127 a5 shown in
Fig SL,or an biternal Input tri-state buffer 213795 shown o Fig, 3L Refrring o Figs 8K

snd 5L, the internal receiver 212 msy récoive 3 signad passing through the thick metal ttses or

o4

us 83 pesr the passivation layer § and then mey outpul spaniplified sigesd from the output

e,

node Xo* thereo! 1 other internal cirsuits bes net to an cxternal cireuit through a metal irace
prder the passividion laver 5, Beferring to Figs, §K and SM, the internal input si-state bufler
213 ey receivew signed passing through the thick netaf truce or bus 83 over the passivation

layer 8 gngd then may oupa an amphified Sgral fon the culput node Xa " theredt 10 othe

&0

Ex.1002

APPLE INC. / Page 343 of 1071



WO 20T H468T PUT/URGIGAOTTR

nternal chnaits B not o an exterral clroudt thosgh & meial race under the passivation fayer

b

3.

{RBIS8]  The biteraal receiver 2127 i Fig. SE bas s venilar clecuit design o the interasd
driver 212 & Fig, 5D In Figs, S and 31, sanw roforsnge numbers fodicate same slomants

3o

with same characteristios, The fnrerond input wisiate buffer 2137 in Fig SM has u similar

ciroudt destgn to the interna] cutputdri-state bufler 213 in Fig 3R o Figs. SE and 8M o same

raforence numbers indicate same slerments with same chamcieristisg.

02581 The outpur wode Xo' of the internad recebver 3127 or internal ivhestate frpat
huffer 213 is not connectsd o an external clroon but vonvectad By an intpenal clrouit ander e
passivation faver 3. The internyd wi-state input bulfer 2137 provides mm;iii}'ing capability angd
witeh capability, and is partioukely seefid to amplisy & data sigral or as addrass sigrel having

sert through the thick metal lines or traces 83 over the passhvation layer & acting as data or

adddress buses.

O8] o Fig 5K, arelatively lsrge oulput current is requived atthe swput node X! of

thy internul clroudt 21 whan 2 heavy losd & demanded by an bteraal slreudt comrestad wrthe

stfputnode Xotof the bdersal circoir 21, orwhen the internal tlrouit 24 is far away fromy the

tterrel oreuit 21 i a distenes of lavger than 1 wmeor of favger fa 3pun. To provide &

relatively large (Rupud currert, the internal sircult 21 can be desipped as an internal seosiver

21 shover i Figs S aran intemal prisstate hiput buffer 213" shown n Fig. 3ML

002611 Referving o Figo SK, o signal outpud from the intormal olectlt 24 oow b

ranamiticd o an nechannel MOE warsistor of the imernad giroudt 21, snd the nchanrel MO

fransistor tay have & ratio of 2 physivad channel verdth therenf i o physical channed kgl

shereof ranging from, e, sboat 8.1 10 20, vngiog ooy, 2.2, sbout &1 10 19, or preferably

ranging fhom, v.g., ahowt 0.2 10 2 Alternatively: a sigaal outpat from the internad Glecblt 34 can
be transmitted 1 3 pschanre! MOS tansistor of the Ioteroal cirepit 21, and the peohsnned MOS
frisiedr 2103 may have @ adio of pophysiond chasuel widih therent o & physical channel
iength thereol ranging frony, o8, sbout B3 1040, wegheg fowm, og. abowt 42 w 24, or
preferably ranging from o eg, abomt .4 o 4. b this epplivation, the curreny level sulput from
the il Crnet 24 aad ganswiited through the thick el wsce 83 overthe passhvation

bever 5 i for example, In drange of batween $U pA ad 2 s, uid preforably of betovden 100
A and 1 mA,
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02621 fn Figs. SLoand SM, the pchanns! MOS wansistors 2105, 2107 and 2197 may
bave 1 radio of soplivsiond chanpe] width thereol to 3 physieal shannel fength theren! ranging
fromt, 2.8 dbout L3 10 30, and preforably ranging frava e, abou 2.3 1o 100 The ;}«&mnnei
MUS vansistors 2104, 2108 wnd 108" may have 8 ratin of a physical chane! width thereat
a physical chanse! lengh thereof ranging o, s, sboet 3 to 60, and praferably manging from,
28 abeut 5 020, In Fig. 5L the nechannel MOS framafsior 2103 maye have: 8 satio of
physical chansel width theresf 1o 2 phyaical channe! length thereof vanging from, 2.g. chowt
11 to- 20, ranging from, s.g., abous 01 to 10, or preferably mnging from, g, sow 02w
and the peohannel MOB fransistor 21047 may have 2 ratio of 2 physical channel widih thevant
o8 phystoal shannel length thereof ranging from, 2.g. shott 8.2 1 40, meging fram, ¢,
about 0.2 1 28, oy preferably ranging from, s, dbot D410 & Refersiog o Figs, 3K, 5L angd
Sh theingernal reostver 212 o interns] triestate Input Bulfer 213 may recsive w slpnad oetpuat

from the sutpat node Wo of the internal ot 34 and rammitted through the thiok metabteaoe
ar buy 83" over the passivition Baver S But not fo an extermalchoall A current prising through
the thick mistal traes oy Hne 83" over the pussivation luyer § and inputting the acde X ¢

idernal eirouit 21, provided by the intemal deiver 213 or internad irisstate hoffer 213, sy be

betwesen SO0 A ang 1O ond, and preferabdy beteesen 700 28 and 2 A

H02831  The comcept shown fn Fig. S5 van be applied to & memary ohig, as hustrated i
Figs, S8R The memoty chip inchudes ooy selle 215 wnd sense smpliffers 214 that can
be referred to those Hhustrmed B Fig S8 In Flge 5F and M-SR, same refovence numbecs

inchcste same sldmens.

U264} Reforring to Fig 3N, the pravicusly described tHhatate doput buffer 3T s
smployed to be the intermal clrmait 21 showsrin Figy 5K and has an culput ndde Xo' connected
torthe iy thar} Hne 3172 snd an inpat sode X conneciad 1o the interaal sircuite 22, 33 aml 24,
wsch #x fogio gates, trouph the above nwrtioned thick metal plang, busr trave 837 pver the
vasstvation layer 3, and the internal eirouit 34 may sHernstively be NOR gate, MAND gade,
AND gate, OR jale a;mr;twmi solifier, adder, multipleser, diplexer, vinkipher, &AM
convester; DA converter, OMOE transister, Bipale CMOT transisior or pole gircait,

RIS In this oase, the memory eoll 318 35 & atatic randlom popess memory {SRAM]
eatl. Alternuively, thig mdshoty ool 218 may be widyiamdo nadde aceess sseniory {DRARM
entl, an erassble progrivmabie read only memory (RPROM) ool an slecironin srassble

progranminable sead only memory {EEPROM) coll, & flash memory coll, a read only memary

&3
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{ROM) ool wr s magneiic ramdom gocess nromory (MRAMY cell whikh ie connscied 1o dhe
cisiput node Wo ol the bgie gate 24 teough 3 thick matal traves 837 over the passivation layer

. & iriestate fopit buffer 211, pass gats 2167, tatch memory 217 or hternal receiver 2137, as
shiowen in Fige SMSH, may be optionslly sot on the path betwesn any kind of the exanpled

“

memory el 218 and the thick matal racey 81 over dhe passivation fayer §

{oasl  Reforring to Fig 5N, the node P of the solage regubiite o convaner siegui 44
can b ennnsetad 16 the souroes of the PMOS tansistors 3116 and 218 of the memary ool
215, the scurces of the PMOS waosistors 2112 and 2114 of the senve ampdifier 214 sod the
soured of the PMDS vansistor 2108 of the to-state inpat buller 2137 shrough the previeusly

desertbed poocy plany, bus or tra_ce §1.§1 or#12, a8 chown fn Fige 1B 30 38,20, 38, 3C
and 3D over the passivation | 3. The previsushy doscribed power plane, bus e rave 81,
311 or 812 may soniain & L-_ﬁ“(i't‘rf}-‘ii‘?&‘i Sircuit -ty over the patisened oircplt fayers 83 andifor

332 of the thick gad wide xigaal trace, bus or plang 83 a8 shown in Figs TR-T0, Altsenatively,

-

he thivk and wide signad trace, bus or ;\‘49 33 @ shown in Flgg 7870 may confsin 2

%

parterned ivenll Bover aver thet of the previntsly deseribed power plang, bus o trsce 81 The

node s of the vohage vegulatar or converter giraull 31 Sin be connected o the sourses of the
NRAOR transistors 2M5 808 2311 T ol e raentary 6¢ 213, the sources of the NMOS transisis
QI  and 13 oY e sense amplifter 214 and the source of the NMOS panststor 2387 o the
f¥i-state input buttor 213 through the greviously desoribed groand plane, boy or trace §2or A2,
ay shown It Figs 10, 30 and 30, over the passivation fayer 5. The praviously desoribed
sround plase, bus or fase 82 or 821 may comain & patterned vireait laver over the patteraed
cirouit fayers 831 andior 83% of e thick and wide Mgral tave, bay or pline 81 as Slows in
Figs TRIB, Alermatively the thick and wide stignad srace; bus pooplane 83 as shown in Figs

TB-713 wiay contain a patternad clrooit fayer over that of the previoasly dessribed pround plane,
bus arwace 82,
083671 Referring o Fig SN, when the mamory ool 218 fs i a SWRITE opestion. o

3

it signal can be tensmitted o the Input node X' of the trivsiate input buffer 2137, that s, the

gates of She PMOS wansiators 2108 and the NMOUB trsnsistor 2107, through the thich metal
ting, wact or plang 837 over the passhvidion laver 3, Hosy the vutput node Wo 'of the intenial
circaRt 24, Ay sophficd bit (har) sgewl having o desiable woavefdon orvoltage level van ke

it i the source of the

o

putpit from the output node Xo' of the fr-state topa baffer 21374
PMIOS ransistor 2108 or the souree of the NMOS teansistor 21077, & the bl thar) ime 2172,

With the NMOS transistors 2122 and 2119 being turned o, the b8t (bar) signal on the bit (han
§3
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Haeoan be saved oo the trave oobrecting the gates of the PMOS varsistor 3118 and NMDS
wansisior 2117 and the sources of the PMOY transdstor 218 and NMOE transistar 218, and
e bit shpoad oan be saved on e ace conpecting the gates of the PMOS waasistor 2116 ad

KAOS meensistor 2115 and g sourges of the PMOS tansiztor 2118 and NRMON trarsistor

FOURSE] v this case, the thick rostal busss oy traces 337 may be oalled as bt buses
ranenat to-be-written bit data or bit fhar) daty with € bty widih, § bits width, 16 bty width, 32
Bity width, 64 bl width, 138 bits wadth, 258 b wighih, 312 bits weiglih, 1024 bits wadth, 2088
bits width or 4098 hits witth, notput from the tri-wate buffers 213 Accordingly, 4, B, 16,
64, 138, 230, 513, 1028, 2048 v 4088 bit buses arranged i pasalled xeul over the passivation
Raver S may conescd the s modey XP of mudniple bternal clesuits 31, the ohatwie input
butfers 213 i this cas, © youdtipde suiput nedes of multiple btermal cirouits 24, such as MOR
grtey,. NAND gotes, ANDY pates, OB gates, opoaational amplifiers, ‘addess, multiploxses

diplexers, oultiphers, A/D vonvertoes, IHA convarters, TMOR toxositors, Mpolar CMOS

e

wrafisistorg or bipolar sivcuitg

(08288 Alternatively muliiple address buses 33 connscling an sddesss deocwder 288 and
the outpas of sudtiple internad vivceits 23 3mi 36 can by fhewed over the passivation fayer 3.
s shows in Fig 5K, to travemdt an address date frove one oF e fvtevoad stvcuity 25 snd 38 10
the address deouder 208 during 3 PWRITE" sporstion, and the internal civouits 25 snd 26 gy
by NOR gater NAND gty AND gate OR gate, operdiona! sniplifies, adder, snltiplexer
diplener, multiplise, A senverter, DAA sorevsrten, TMOR fransistor, bipolar CMOS pansistor
ar bipelar cirouite The address decader 203 & connacted o roultiple word Haey Coupled with
muftiple memary ool in @ mereory areay. Referdag o Figs: SN and 83X, one of the word lings
AN i comccted to the gates of the NMOS transistars 2120 and 2119 of the memory el 115,
ransmitting & signal Fom the address devoder 203 o the memory el o contrel whether the
fogic kevel of bit data on the bit fine 2171 & saved inthe tace comneeting the drains of the
PMOS travaistor 2118 and NNOS transistor 2117 and the gates of the PMUOS tramsigtor 2118
and NMOS tardistor 2115 through the channe! of the NMOS wansistor 2120 and whather the
vgie level of bt (bar) dats o the Bt thael o 217238 savad o the frape conneoting the draing
of the PMOS trnnistor THE and NMOS wanstor J1ES and the gates o the PRIOS wransisiar
28 and NMOS ransistor 217 are tansmiited to the bis Hne 217 and the Bt e fue 2102
through the vhannel of the NMOR transistor 2119 Two traves 2177 and 2178 connest e

sddrege decadsr 205 andthe wi-state inputbuifer 3137, ranemitiing ar ENABLE signal snd an
&%
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ENABLE (bat) sigaad from the address decodsr 203 o the wi-sie Inpat buffer 2137 1o contral
whether the amplified b (haed signal s o from the trisiate ingat buffee 213 o e b
{hasy e 2172,

06276 Other smbadiments as desoribed below gan by ahermatively attained. Bame

reforencs nirabers i this patest apphostion indicais same o simdlar dlements,

ring to Fige. 3K, the butornal Clroult 21 pay be.a pass gate 2187 @ shown
i Fig, 50 The pass gate 216" may inolade an NVIOS tansistor 21247 hiving o gate sounseted
w s addisss decoder 205 through 3 racs 21867 under the prssivation layer &, s¢ shivwn in Fig.

SY. b SWRITEY operstion, the addvess deooder 205 recshves an sddress dats sheoggh

1

swliple address buses 83 cver the passtvation fayer 5. The addeead devoadsr 208 outpiit =
WRITE EMABLE data to the gate of the NMOS warsistor 31247 theough the frace TR0 w
corirel whether the NMDS transistor 21347 4 turned on or off. When the NMOS trarsister
21347 of the pasy gote 216 s wmed on, the bit data wansmoitied tdhrough the thick wetdl ey,

3% < 4% ~y

frace of plane 837 can bevoutput from the pass gate 116" W the Wt Hpe 217
of the NMOS angistor 2134,

b tdwough the channed

>

DT Refuring o Figs. 8K, the trdernal clrouit 21 nwy be & faich oiecuit 31778
showen in Fig 5P The Teich ofroutt2ET moay feoporally store the dats trassmitted through the
thick metal fine, frace or plane 83 The faichoircuit 217 clades two PMOS transtsiors 2801
nd 290 and two MMOS transistors 2503° and 28047, A trace 29037 connents the gates of the
PMOS tivrsistor 20027 snd NMOS transistor 29047 and e dralns of the PMDS tansistor
20017 and NMOR amsistor 280F, A taee 29068 commeats the gates of the FMDE wansivtar
ZE0T0 dnd NMOS tunsistiar 29037 and the draing ol the PMOS trantistor 28037 mnd NMOS

v«./

i

transistor 28047, The lasch cirendt 217 may farther welods tve NMOS transistors 2128 an

21307 having the gates connscied o an address decoder 303 through metal trades JRE and
2182 under the passivation laver &, 9 shown i Fig 824 In & “WRITE opaeation, the address
decoder 205 vensives afaddveds date ootpwt from the suipwt hodes A o Bo of s dnteinal
cirewit 2% or 28 trough multiple address buses §3 over the passivation layer §. The address
decoder 205 ouwpat WRITE ENABLE data {WEI and WE2ZY o the gates of the NMOS
transistors 21397 and 2130 through the traces T aod 2HE2 1o contrnl whether the NM 0%
tratsistors 21207 and 21307 ave turnnd on or off, vegpentively. When the MMOS pansistor 213
is Rurned an, the Bt {bar) dats sutput ot the internal clrowit 24 through G thich metaf Bag,

traes or plane 83, date bus, over the passhvition faysr 5 oun e latohed in the weee 2808

AN

2
’J)
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a

through e channel o0 RNMOS wansistor 21307, sod the kit date is farched n the wage 2808,
When the \\i@‘*« traveistor 21397 v turned on, the bit daty Biched by the wane 3905 can B

patpul vy the bit Bos 21T through the channel of the NMOX fransistor 31297,

RBITY Reforring lo Fig §P, e node P of the voliage regulator o converter civeast 41
can be conneted W the spurces of the PMOS ansidtors THE and T8 of the metmry nell
215, the sperpes of the PMOS fansivtors 2112 and 214 of the senep amphifier 214 and the
sources of the PMOS transistors 2907 and 2802 o the bavh eintalt 31T droagh the prdvicnsly

ribed power plane, bus ortrace 81, 815 or 8123, avshown in Fige, 18, 1C, 3B, 3¢ 38, 3C

e
ﬂé

and 3D, over tie passivation fayer 5. The proviously desoribad power plang, bus or'trace 1,

o0,

811 or 812 may contain g patierned oircuit fayer over the pafiernsd clrogit layers 831 andior
837 of the thick dpd wide shgnad trace, bas or plane 81 @ shown In Figs 78700 Allernatively,
the thick and wide sigead iracs, bus or plene 83 #s shown in Figs TB-ID may contsin a
patternad caat Taver over that of e preévicusdy deseribad powsr plare, busortriee 81, The
node Kol the voltage regulator or nonverter ciroeit 41 can beconnsoied 10 e sources of the

R

RMOS tramsistors 2118 and 2117 of the menwry cell 313, the soarcey of the NMOS teansistars

TO anmd 2110 of the senge amplifier 214 and the sources of the NMOS feansisiors 2903 and
2904 of the fatch odrenit 217 theeugl the previously degoribed gronsid p?sms;‘; bus or trace B2 oy
1, mxoshown b Figs. 1, 20 and 380 over the passivition layer 3, The proviously desenbed

wound plans, busor fmee 32 or 831 may contaln ¢ paiterned civoult laver over the patternsd

S

S

ciroadit layers 31 andior 832 of the thiok and wikle signal frace, bag o plare 83 58 showa in
Figs B0 Altormtively, the thick gad wide signal tracs, bus or pldne 83 ss shows in Pigs

TR owy contain & patierasd oivcult layer over thst of the provivualy deseribed grourd plane,

58

{0374 However, the pass gate 218" in Flg 50 or the latch cirowdt 217 in Pig. $P o
not provide the encugh sersitivity © detecta wesk voliage vixciation st the faput node of the
pass pate 218 o the ok oot 2T e Y WRITE” operation: To aroplify the voRage level of
3 signal wasswinted through the thick meial line, Jraes or plane 83 in 2 long digtance and

putpul from the bogic sircuit 34, she internal clroult 2 rony Iachide the proviously desoribed
internal receiver 2137 conpeuted W thecioput node of the pass gate 21, e shown In Fig 80,
steonnecied o the (nput node of the lateh olreult 217, ns shovay in Fig, SR, o sowplify bit daga
in'putténg 1o the pasy gate 216 ot the fateh olverit 2477 Referring o Fige. 3Q and SR, e
fnput sode of the Internal reseiver 2127 I connected 1o the outpet node Wa of the internat

cirouit 24 ironigh the thick tnetal fire, trace orplane 837 as shown in Fig. SK
56
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HIITE]  Reforvingto Fig x{} the nude Pofdw mitage regultor or converter cirmat 4
gart b connaiad do the sources of the PMOY fransistors 218 and 2 1E of the memery sl
215, the saurces of the PMOS tranafstors 2112 and 2114 of the sense amnplifier 214 and the
soaroes of the PMOS reansistors 21047 and 2104 of the intersal repsiver 2127 through the

b a1

peevicassly deseribed power plane, bus or trace 81, 811 or 12, oy shown o Figs: 18, 10 T8,

CLAB, 3 and 30 e the passivation v & The previcusly dessribad power plang, hus o
trace 81, 811 or 812 may coniabn spagernsd cirouit layer over the psfterned circuit layers 831

andfor 832 of the tdck and wide signal iaee, bus or plane 83 s shown in Figs 787D

Virsee. bus or plane 83 as showr in Figs 7R70

it

wiay

Alernatively, the thick and wide sigm
seetain & patlerand girsult layse over that of the previcasly describad poiwer plang, bus or wace
31, The rode Ky of the volinge reguintor of converter oivoull 41 can be connected to the sourses

of the MWMOS raneistors 218 and 2117 of the memer £y < cell 218, the sourees of the NMOS

franaistors 211D and 2113 of the senes amplifisr 214 and the sources of e MMOS sransisions
21037 and 2103 of the recelver olonid 3127 sthrough the previousty deseribad groured plane, bus
or trace &3 or 821, as showr dn Figa 10, 20 and 30, over the passivation laver 3. The

previcusly desceibed mround plane; bus o frace 32 ar B2 may somainy pattermed ciouit layer

o

over the patterned sironl! Bavers 331 audfor 832 ol the thisk and wide signsl ave, bus o plane
83 ay shown in Figs TB7D. Alternatively, the thick and wide signal vave, bus o plare 83 as

B0 may cwain & peiterned okt layer over that of the ;m.’v ushy

&

shown by Figs 7
deseribed ground plase, hog oy trace 82,

{08278} Referring 1o Fig SR the nods ¥ of the voltage regislator or tonverler girae 41
pan be connected o the sourves of the PMOS transistons 2116 and 2118 of the memory sell
218, the sourges. of the PMOS ansieiors 2112 and 2114 of the sense smplifier 2140 the sourtes

of the PMOS ransistors 2007 and 3503 of the lutch oirenit 217 and the soerses of the PMOS
transistors 21047 and 2104 of the intvrand reusiver 213 tabught the pravicusly deseribad power
plang; bus.orfrace 81, 81 or 817, as showwin Figs. 18, 10, 8, 3C 38, 30 and 3T, srver the
pagsivation fwyer 8. The previensly desoribed powsr plans, bus of trave 81, 81 o 812 may
sontain @ paterned cirenit fayee over the prterned giroudt fayers B3 sndfr 832 of the thick
asid wide signal trace, bus of plase B3 ag chowe o Figs TR-TDY Shernatively the thicl and
wide sigost trass, bus or plane 81 as shows in Fige TB-7D may contain & patiemad glroait layer
over that of the previdusly desoribed power plane, bud or taee 81 The pode By of the voltage
regulator o coveeerter cirsait 41 can by sonascted 1o the sources of the KMOS tnnsiastors 215
st 21T of the memary celt 215, the sources of the NMOS sransistors 2THT ard 213 of e
&1

Ex.1002

APPLE INC. / Page 350 of 1071



SO NI 14087 POTARMISOTTAN

i

sence amplitier 214, the scurces of the NMOS transistore 29037 and 2904 of the laich eiveni
V7 and the soureey of the MMOS tnsictors 2103 dand 210F of the infernal redeiesr 31X
;"ssfmm the previpushy deseribed ground plase, bus or tave 82 ov 521 as shown i Figs.

A and 30y over the passivation laver 8 The previowsly described grouwnd plasg, bus or'tree
3% ar 321 sy comtain ¥ patterned chrouit faver over the paiﬁe«md siveult fayers B3 andior 832
of the thick and wide signel trace, bus or plane 83 as.shown in Figs TR Altermatively, the
thick and wadeosignal tast bus or plane B3 3y showe by Figy TB-7D may contsb g patlerned

sireit laver over that of the previously described ground plane, bus or trace 52,

B0 Wefdrring w Plg 35, another panant spphication of the sthick ins! Hne, trave
ot plane $3 over the passivation layer § may be ased to iranspart @ pracise aaslog signal. The
thick metal lisg, trate ov phse 83 hus low registanes and capaciianes per wng leagth
chaspaeristios sndraccordingly offers 3 ko signal distortion of analog signals. Fig 38 shows g
cireuit dasip with an overpassivation metid bus, trave el B3 comnetting maliple analeg
chronits 31, 22, 2% andd 24 The design is stmiler 1 Fig. S8 sxoept el the internad shaulis 3,

32,23 and 24 mre anislop oiinity or mixedrncde sreuits Incleding an aﬁak}g civeuit and 2

analog civcuits 2L 22 23 sm’d 4, An anaieg signat outpat from the output node Yo of tw

analog oleouit 21 can be wansmitied o the fnput npde U of the nternal vircuit 22 shmusﬁh tha

fine-{ine metal strugtors 631 under the passivation laver 3, then drough the thickmeta! bes,

trase orplane 83 over the passivation fnyer 5, and ¢ Sren winigh the fine-fine metal structurss

128 and 6320 under the padaivation layer 3. Avsnsdog sigral tuipat Fom the outpn node %
of the anafog throult 21 Can be Tansmitted & the inpat node W of the inteeral olvouit 23
trough the fine-line metdd 3 imcma& &3 under the passivation Jayer 3, then through thethichk

3

oretsd bus, traee or phing 83 aver the pavstvation Tever 5, and then throtgh the fine-lne metal

ar
struchires §328 and 8330 under the pasaivation iau,er 5. Ananalog signat cutput frow the petput
node Yo of e soslog oireuii 21 cap be irsnsmitied 1o the rput node B of the Internad clercait
24 through the finecling metal striturg 631 guder e passivaion layer 5, then theough the

thick metal bus, frace br plane 83 over (e passivation Riyer 3, and then thivugh the fine-Bine
motal structurs 633 under the pussivadion kayer 3,

U8 The annlog oiveuie 31, 32, 33 and 34 an bean operations! asnplifier, amplifier,
pricarmplifier, 8 phwer amplifier, an sl to digital (AT convertgr, » digital 1o aralog (IVAY

comvertey, a pulse reshaping cireaR, & switched capacitor filer, & R filter, or ather Kind of

e

naiog vircuits, Fig ST shows @ save where the tntereal oircait 21 wr Fig 58 ¢ an operationsd
68 '
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amplifier 218 with 3 cutpust node YO sonmectad 1o the metal ierconnection fines or traces 83

wver the passivition fayer S The soerationsl srpiifior 218 §s desigred based o ¢ CHIOE

teshnodogy, referdng to “OMOS Digihal Cirspit Techrology™ by M. Shopi, published by

Prentics-Hall; Ine, Mew Jersey in 1987, Dniforential anslog signals can be inputiints two fnpit

-

g

rodes Yt and Y of & differentinl ivcut 219 provided in the oparational amplitfier IR and
with by mehAOR ransistorns 2125 and 2127 and beo poMOS wansistors 2136 and LR, and the
saput nades Yiv and Yieare conaectad o the gates of the p-MOS tansistors 2128 sad 2138,
sespactively, The souross of the' p-MOS trnsistors 2128 and 2128 we cormscted 1o 3 dnainnla
PMOR tansisor 2133 that is sontrolled by a voltage ot the node 138 determined by
resistance of & resistor 2134 The output of the differential cireuit 219 a8 the draing of the
webunnet MOR wansistor 2127 and the pohansel MOS transiator 2128 is comnented © a gate
of an weheone! MOY transivne 2UAS and 108 fop-electrade 21331 of the capactior 2133, An
sutput ods Yo v at 2 Dotioen efectrode 21332 of the capacior 2133, at the dvsin of the

s-chdnnet MOS tanaistor 2138, andvat a drain of the pachanpel MOS ransinor 2136, The

p-MOR transistor 2136 18 controlled by a volage of the node 2138 determined By resigiines of

avesistor 2134 Avcordingly: the veliags &t the cotput node Yot controlled by what degres the
DS fransistor 2133 b vened on and by e oulpwl of the difprential cireuiy 218 The

capaciior 2133 are often wsed for an awslog ofreudt, and are wually formed by a sulisble

DTRCRSY DF PILURSIES, €8, By 3 MOS papackor {using the poly gate od the silicon substeats as

wo slestrodes of the caploivor JTIRY, or'a poly-toeptly tagiacitor fustng g fivat poly silicon &y
& seeand mi;; siticon ax twa electrodes :w‘.zsc\:spas;iwr 2I33) The capaciior 2133 vy have a
finction 16 radues 2 aolsé nput ficen e nput sodee YW and Y- The resistor 2134 & alse

often used foran analog chowiy, and i usually provided by an inpurty-doped diifusion srea

g . - oy bR e 3 28
with cdnping demaity o 107510 end, sach @ i well g p wall, tr o 18710 oy, suchias N

diffugion or PU diffusion, in ths of subsirates sastior an impurity-doped poly siticon. The
chaelt shown In Frg 87 can output 3 yoliage Yo preportivesily aipBfviag the diferantial

vatpe of thy brput voltagss Y+ sad Yis

BOTSY  The thisk metal bus, waceior phane 83 a0 837 lustrated o Figs. 3B-3F can be
reatized by forming the sivet maal layers B3] sadder 832 ansd the pulymoer layers 95, 88

snctfor 99 showr i Fige TB-TEL or By forming the civouit metdd layers 801 andior 303 and the

eolymer fayers 88, 87, 88 andior 8% shown in Fige 134-21K,
X } j N 3 N

{OB3RBY  In Figs 5B, 5K, 38 s and 7H, the think oxetal frace; dis or plane 83 aver

shie passivition fayer § an be usad fo transgion dignalyinpat 1o v outms fromy the interwal
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clraty T 22, 23 wr 24 fu Flas SR, O3S, SU and SVWEE, aidorted Bne § indicater the
passivation faver, scarse fraces idivaty foaees of the overdpaasivation schedre 102 formed over

the paasivation fayer 5, and finetreoes Indicate traves formed underthe paasivation e

Third Ewmbadimenty Oomplete Architecture

[ONIRIT Schemes o ze&m@%bg for hrming coarse el cosductors, sdtarding 1o /the
peasentdischesurs, can provide wher advaniages for IC thp, Far a:«;ampie. e metal traos, bus

or plase 83 of 83 e the pesssg\fmiqﬁ faver & moay include gold, copper, aibver, patladiom,

&

b 3

chodium, phtimen, ndhenbun, sigkel, slamihom ov solden varlous kinds of contweting
srucheres, such oy solder bmzﬂpﬁ, sobder pads, solder balls, gold bumps, gold pudy, Bd pada,
alwainum pads or wirg bo neli ag pads o be bomed on the metdd treee, bus or plane 83
conneet: the 10 ohip o e extornal oirouit easily. &n 30 ohip may be connscted o ard
sonwmicatad with an exvernsl cirouit, When a signad s tunsmitied to exfems! cm‘;x 1§ 8

chig sivoultry s regquived o {Phdrive the erge current fogd 0:‘ external
s:érw,\ii‘s‘, ;aszmaii‘ms_ or componsrts, (2 deest solsy signals from the external clecuils
sonthanents, and (T provent the infernsd clronits Trof being danmaged By the sirge dleauricat

stinnsius from extemal civulis or componsais.

{O0I82]  Figs B8, 9B and JOK depict 2 schomatie archiiectore sccording to o thind
exemplary smbodiment of the present disclosure. Fig. 8K showe » clvouit diagram aceordiog to

the third sxemplary ernbodiment of the prasent disclosure. Fig 8 shows @ g view realizing

theolrouit dlagram of Fig 88 Flg OB showe 3 orosesectionad view tealizing the oire

X

dtagram of Fig. 3R,

(RO2831  Reftering rooFigs, 88, 98 and 108, an offvchip boffer 47 & convectad 0 the
autpu pods KXo of the internal cirouit 21 and & e npit nodes L ¥iand Wiof the internal
sirenits 22, 33 and 34 through the mstal frace, bus or g}iana 83 A-wtal bump 89 for elng
sennected toan external clroudt, such #s prinied cireeit board, batbgrid-array (BG A} substrate,
Hoxible substrate, semiconduntor cMip, wistal sabstrate, glass subtirate o ootiunis substrate,
may be formed gn 2 contact pel B39 of the redistribunted restal ave 83 The conteat point
B30 cun b connected to the &rigimi pad 8350 exposedt by 3o opening 339 i the passtvaion
faver § through the redidinibnded metal traoe 83 and e posttion of the comet pol 8310
from ® top perspestive view 1§ different from that of the seiginal pad 6390, The osiginal pad
£380 1t pomneeted to the offchip buffir 42 and 1o the oifehip BAD chrouit 43, A sighsd may e

T
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sravnvitied frarn the beenal cirouit 21 o exteorsl ciroult theough the thick metal bus, wace

ar plasse 83, then through the off-chip Wdter ’sl and then trough the thick vetel bus, aee or

plane 830 @ signad miay be wransmitted from an axternal cioult e the internal olroults 32, 23
andior 24 Grough the thiek metsd ates. hiseg or plane 83, through theaffehip bufler 42 sad

shen theongh the tick metal bus, traes or pdaoe 81 3 signal may'be ransmitted fram the
internal clrouit 21 to the infernab olrenity 22, 23 sndfor 24 through the thick stad bnig racgor
plare 33 The wial img‘th of the metal trave 83 over the passivation fayer 3, connecting the
offchip buffer 42 the intermal otnll 24, waa be hetween 330 oricrometery and 25
siflineters, preferably between SO0 and § millater, sl preferably bepwsen 1080 and 3000
HHCTOMELErS,

JOBIR4]  The shape of the openinga $31, 832,534 and $3%7 frond a tap perspective vidw
mwy beround, square, rectangudar or poiygon. It opentngs 331, 532, 334 and 33% e
rovnd, the opeaings $31, 337 and 534 pay have a dimneter of between 01 and 208 microns,
> arwd 334 wve squars, the openings 331 332 e 834 may fuve 3 width of betoveen &1 g

¥3
08 microns, between | and 100 mivrons, on preferably beteeen 8.1 snd 30 mivrpay Hghe

openivgs 331, $32 and 334 ave rectangelen, the'openings $37, 537 and $34 waay have a width of

¢

betwaen 0.1 and 200 microns, hetween 1and 100 mibrs, on proferably, betwesn 0.1 snd 30
mierons, and & longth ofbervenn 1 oderor and oentimeten ¥ the eygxs-nis s 33, 53 and 834
are polygor having more than five sides, the openings 531, 333 and 534 have o largesnt
diagona! Jength of hetween G T and 200 microns, betwesn | oand 100 aserons, on preferably,
benween 0.1 and 30 microns. Aleratively, the openings 831, 332 and 334 have a largest
franverse dimension of hetwesn 0.1 sod 200 midrovs between 1 shd 100 miorons, o
preferably, between 8.1 and 30 microns. to wosser the opeaings 331, 537 and 834 have & width
of between 4.1 and 30 mivrong, with the Jower partion of the Openiags 9831, 833 and 2314 in

yer-$3 hiving & width of bebwpen 30 and 100 microns,

o

the potymerds

(00288)  Alternatively, referring o Fig 80, the slement 42 sray be an oifchip revetver
3 8 £ Y £

Theoffvchip receiver 4218 comected 1o the mput sodes of the internal civevits 21, 22, 33 and

34 theough the thivk metal bus, trace or plane 83,

psel  Alernatbrely réforring o Tl 83 ti‘:e elemer 42 roxy ke av offtakip ditver
The offchip driver 42 is conrestad oaly tthe cutpet sodes of the ineenal circults 21, 22,23

ard 24 shrough the tdck wmetal buy, trace orplane 83,

1
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IR Figs BRoand BO show o simplified cirendt diagram where @ thick mesl irace 83
over a passivaton layer § contevisan offchip buifer 42, soch ay sxivrnal driver or exiernal

receiver, and internal olrouites 21, 23, 23 and 24, Fig. 9B showe ¢ top vieweof ¢ semicondustor

chip rexdizing the cirsuiiry shown in Figs. 28 and 80, and coarss treess 83 and 3¢ shown i
Fig. 08 mean the tracsy forned aver the passheation laper $, and fine races 69, 6322, 8320 and

a

&3 2¢ shows 1o Fig 9B mearahe g saces formed under the passivation layer 3. Fig 3B showsa

crass-asetianal view of 3 semiconductor ohip roxlizity the sivouitey shown in Figs, 88 and 8,

Fig. 8B shows a Wp view of the ssodeonductor chip shown in Fig, 1UB. Figs. 88,48, 0B,
FOC, 100 and 108 show the circuitry architee

s
the fine-line IO motal stractures 639, 83W 631, £32, 634 and O% undder the passivation Jayer 5

o

and the course nistal pruces 83, 831, 832 and 83r over the passivation §ay¢;>r 8, with the

conaidsration nf whoke ship desigs of the interral and external civcult cormeciion.

{OUZRE] Reforring o Fige 8B, 9B aod 108, the hetornal cirouit 21 msy cutput 8 sigaal o

1

pther baseral circoity 23, 23 aod 24 through the thick meral bus, wass or plane $3 over the

passivation loyer 3, as desortbad in Figs. SBST and $5-3T, wad; Desides, the internal civenit 3

may putpul & signal 10 an external oivcult through, In sequevwe, the fine-line matal trace 834

inder the passivation lager 5, the s;§3§<:§l: rastab teace B3 over the passivation ia)

3,

metal traze 6397 under the passivation faver 5. the offchip buffer 42, such ss wxternal drivern,
the fing-fine metal trace 6% under the passivation Tayer §, the redisiribited twiod Besver thie

passivation fayer § and the metal burnp 8% on the redistributed trace 831

062851 Refuveng to Flg 8O, 88 and 1OR, a signgd vutput from the intaryial giecoit 24
o3y he transmitted t the teeraal olrouit 21 through the thick mensd bus, race or piam\ B3 over
the passivation layer §, as deseribed i Figs, SEA88, and, besides o signal ovtpat from #n
exteral oirouit may be tranamited o the infernal civoult 21 through the metal bump 89, the
redistributed trace 83y the Bos-line metal trace 88 under the passivation ey §; the offschiip
huffor 42, such as sxtornial receiver the fine-ling metal trave 639" under the passivation layer &,

the Udek metad bus, trace or plane 83" pyer the pdssivation laver § gnd the fiog-line owtal foack

31 under the passivation fayver 5. A signal owput from the internad o Ton uit 29 may be

-

franspiitied 1o the internal cironlt 22 ihmusjﬁ the thick metdl b, ree or plasie 83" over the
paysivation laver 3, s desoribed in Figs, K-SR, and, begides, » 3§g§1a§ sutpat ffom s anteral

piecail may be trsmitted 1o the internal olvendt 22 {Irxmugiz the metal bump 89, te

redistriboted trave $3¢ the fine-Hoe mata] frace 69 under the pasdivation fayer 3, te offehip

buffer 42, such oy sxiernal recsiver, the {ine-Hne meats! trave 6387 undsr the passivatipn layer §,
72

wre of the disclysure using the two bigrarchipsof
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the thick yaetad Bus, tace ov plane 837 over the passivition ayver &, dwe One-Hne metal feace

o3 .
G33n

and 833b under the passivaton layer 3. A signal cutput fram the intermal cliroudt 26 may

be sransmitied fo the internal oireuit 23 duasgh the thick metal bus, fracs orplans 81" pver the

passtvation laver &, axv described $n Flgs, SKAOR, and, besides, @ swmi output from astogernat

< > e

chronit eay be transmited 10 the internsd cireuit 23 thwough the meard bump 89, the

&

eadistributed trace B3r the Hoc-line metal trace 69 under the passivation layer §; the offchip

baffer 42, sl as evtirnal redeivey the fneline metel frace 638" under the passivauion layer &

the thick mutal bus, trave or plane 83" over the passivation laver 8, the fine-line metal trace

x

328" and 6330 under the pasaivation layer .

{0880 In this smbuodinent, refering fo Figs. 88 and 8, & signe! waremitied through

£

the thick metal bus. race o plang 83 or 83 over the passivation kyer § i the internal spheme

200 cant be ansmdited o or fom the external ciroult {not shown) theough ey offchip cive it

0 nchsdiog aw offekip buffer 92, such av exiornal driver or regeiver, and an offvehip RS0
ped v ?}

{efeoy atntic disoharge) Cirpult 43, The off-chip BED chrouit 43 s connected I prratfel with
the oifchip buffer 43 through the trage 89 under the passivation fayer 5. The redistributed
metal traoe B3¢ can be gsed for rediviribation of the I fine-ling metal (O} pads 8390 In Fig
18, relocated (o' Biiféront Jocation, for oxample 38 over-passivatinn maal pads 8310 .Fig.
HHE, resuiting In reqdily bedng sonnceted o an sxternal ciroult, such e ancther semtoondusior
chip, ballgrid-army (BGAY substrste of coramis substrate twpugh the metal bung 8% or
thepugh a wirchoadad wire bondad orte the pad 8310 1 2 flexidle substrate thraugh the metnl
bump 8% preferably including & gold layer baving & thivkness between 7 and 25 sicrametns
asing & gohlto-gald bonding technology b using & guid-ieetin bonding technology, o v 2
alass substrnte through the metal bump 89 preferably wnclnding & gokd laver baving a thickness
beterepr 7 and 2% nicrometsrs viaan asisobopic conduciive fim (ACKY w énismmg}ia
conductivy paste ACR The-rxdisvibinnd maal tiop, vate or plane 83 can e foaned durlng

foming the ever-passivatinn htereoorestion seheme 83

(002931 Reforriop to Fig HIF the offehipy cimuitey 40, In Figs. 8B ard 88, for baing
sonmected fo the external circuitry may includs an offehip BSD ciruit 43, composed of twe

dindes §331 axd 4332, and an offuchip boffer 43,

R8I In e fest aspecly the offakip buffir 42 may be an offehip ditver 421, g shown
in Fig TEA. in application to the sirgalt srchitsgiure shown in Fig. 8B, having an inpui node F

connevted to the internal Circults 20 through the thick sexd wids clrouit trace 83, and w0 outpur

a2

%
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oode B seposcted, 8 paraliel with the ofekdp ESD ofreuir 43, 1o the ol bump 89 Figl Ha
shows an example of 2 rwosstage cascade offvoiip deiver 421 OMOS cwsende driver, The
castade detver may Include seversd stages of inverters. The offwehip driver 431 may helude
b veertars 421 and 217, aved the Inverter 4217 iy composed of an NMOS devfee 4201 and a
BROE device 4282, and the verter 4217 15 compused ofan NMOS devies 4203 ared a PMOS
device 4208, The gates of the PMDS devics 4202 and the NMOS devies 4207 sorve a8 the
input nasde Foand the dratay of the PMOS device 4204 and the NMOS device 4203 seove as the
outpast aods B The draios of the PMOS sdevice 4202 and the NMOS devics 4201 are copnmered
o the gatex of the PMOS deviee 4204 anub the NMGS devies 4203

X

0203 Reforring o Fig 1A e previously deseeibed power plans, bus o race 81

e

1 or B12, a5 shown i Figs. 1B, 1028, 20, 38 30 and 30, over the passivatia:ss; fsover S can
sonmpet the rode F ot te voltage segulator or converter clrcait 41 and the suurces of the
FMOS devises 4203 and 4204, The previpusly descobed power plase, bus or trace 81,81 o
12 may contain & patterred cirouit kover oveeite patterned strcull fayees 831 sodir 332 ofithe
shick and wids signal race, bus or plane 83 ge showa B Figy 1B 10D vnd 185G Aliernativety,

the thick sad wide sipnad vace, bug or plane 83 as shown in Figs 108100 and 100G may
contsin a patterned oireudt yer sver that of the previoosty described power plane, busor facs
81, The precivusly desoribed ground plime bus or trace B2 or 831, as shown in Flgs, 1€, 2€
sad 30, pver the passivation layer § o connect e nnde Ry of the vollage regulaior or
corverter stouit 41 and the sources of the NMOS devices 4201 and 4203, The pravicusly
described ground plang, Bug'or tace 82 or 821 miay Conain g pantseriad Sircait lager over e
patternad siroalt Jayers 831 andior 832 of the thick and wide signal trace, bus ov plane 8388
shown by Figs 108108 and 100 Alteraativeld, the hick and witle signal yape, bus o pi&m: #3
we shawsy i Figs FOBIOE and 100G may contain & patterned ciroult foyer sver that of the

previsusly desoribod grourd plane, bus ar trans 82,

FO8284]  The first stage 43 Dof the offvchip driver I Fig 1A B o vertae with the

NMOR dovieg 4301 having 2 ratie of a physical channel widih theveo? o 4 plosital chagned

fength therewf larger than those of aft NMOS devicse i the interval ciregite 20 compested (o
she ingat noste Foof the affohip debverd2} -and with the PMOS device $302 having # ratle af &
physioa! chaonel awidih thereof to'a physical channe! longth thercol larger than these of &l

N

VOIS devices in the nternal circais 20 connscted fo the input node F of the offichip deiver

g,

421, Tha NMOS wansistor 4203 may have s matie of @ physical shannel width thereof 10 &

Ed

physical channe! Jength thereof sanging fow, gy about 30 0 20,080, and prefersbly mibging
ol & : ¥ SN
74
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from, g, dboit 3 o 300 The PHOE wansistey 4204 may beve a ratio of o physical channel
widthy thevast 1o o physical chaoned iesw%s therent ranging from, e.g. sboat 48 1 40004, sl
preferabdy ranging Fom, g about 6010 600, The outpul swrrent of ane offehip deiver 421 3¢
proportional o the number of stages and the siee (WL, MO ransistor’s channel width

length ratio, move pregisely, the MUS offsotive chanse] width o effectve chanre! length ratio)

of transistors nsed 40 ench stage of the ofbahip driver. The offchip driver 421 sy output &

driving e o bebweent 3 ma and 5 A sod, preferably, between Wand ad 180 wmA,

{035 Mrovided that the oif-chip driser 431 Shovavin Fig A is spplind 1o the ciroit
srchitectare shown in Fig, 88 for & pover mansgement chip, the NMOS transistor 4203 of the

aff-chip driver 421 may have 4 ratie of & physioal chanvel width thereef o a physical channg!

tengih theren? ranging fom ., about 2000 0 080,000, and proferably ranglog ow, gy
about 7,000 10 20,000, The PMOS tramsistar 4204 sray have @ vatio of a physical chare! width

thereof to « physival channe! length thersof ranging from, E8 about 4000 1w 400006, and
praferably ranging from, s, sbout 4,000 to 40000, The offxchip driver 421 niay oulpat @
driving current of between S0U mS and 30 A and, profirably, botwean 300 mAsnd S AL

w

[OR8E]  dnoa second aspacy, the offchip buffer 42 may be an offchig rsceiver 332,

shown i Fig TR in applivation © the slcnit architesturs shows in Fig 8C, having an output
nede Foonsected. o the internal cirouite 3 22 and 23 shroagh the thick and widecirmat ave
B3, sod an nput node B connasiad, to paralial with the offchip B5D ciwuill 43, fo the matal
bamg 89, Fir HB shews an {‘:}:amgaie uf a peoestage cassade offechip roveiver 433, UMO8

cwscade regaivens The offchip meplver 420 may resaive 3 sl fran am external clrculicy

through the metal burnp 3% noad Gutput s einplified sigeat o the msmm%i civpuits 21, 22 sad 23

throwgh the thick and wide race o tus B3, The finst stage 4237, slose to the sxternud eiveuliny,

o the offohip reoiver 432 15 an inverter haviing A NMIOS devipe 4208 gl & PMOE device

4208 with 3 siee desipgned to deteot & nedey extevand signall The firdd stage ecebws a rolsy

sigral s point B fiton the extsimal dircuita or compotents, such ax signgd Fom another chip,
The second stage 4227 oF the offchip recelver 422 s slso su inverier except that it iy foemed
by 8 suitshle process of procggses, s by & lavger sive of NMOE devics 4207 ard PRMUS
devies 4208, The semi’sé stage of the inverier fe used o restove the integrity of the nplsy
exvernal signal Rirthe biernal oltcult, The gates of the FMOS devies 4305 snd the MRS
device 4208 serve ao the input node £, and the deadny 08 the PRMUS devios 4208 and the NMOS

device 4207 serve 13 Ure oulpwl node £ The draing of the PMOS device 4706 and the NMOS

device 4203 are donnected 16 the pates of the PMOY devive 4208 and the MMOE davice 4207,
35
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9T Reforving fo Fig. IR, the previopsly described power plare, s or trase 81,
BT or 812, as shows in Figs, (8 10, 28, 20038, 3C and 30, cver the passivation lavsr & oan
shovect the rode P of the volage repolator wrsorveetar cirsuit 41 and the sources of the
PRAQE devioes 9208 and 4208, The pre «\m\ss§ s desoribed pewer plang, bus or trace 3L 81 or
12 may contain & patterned irenit laver over the patiered thouit layers 331 andfor 833 ol the
thivk and \Miz;‘ signal trave, bus or plane 83 oy shown in Figs 108- 100 and 108G Ahernatively,
the thiok aasd wide sigral frdon, bos or plise 83 av shown in Figy 10B- 108 andd JOG may

sopotain  patisrasd cimult layer over that of the previously doscribed power plane, bus or race

83, The préviousty destribed fomind g)iarm g o trace 82 or B2, asshown by Fige 14, 20

and 30, over the passivation layer § can sewret the oede Ry of the voltage regulatorav
eooverier oircul @1 ud the sourosy of the NMOR devices 4283 and 4307, The provicusly
deseribad ground plane, bas or treor B2 0r 821 sy contain g patierned oivcel layer averthe
patterned ciroult layors 8‘35 andfor 832 of the 10K and wide sigral trace, bus o plane 83 as
abeway bn Figs HOB-10E and 100G Aitecs&aﬁi‘s’eiv‘ the thick and wide signal trace, bus or plans &3

as shows o Flgs 10B-10E and 100 may soitain s patiernsd oircudt layer ower that of the

o pread glane, bug nvarsce 820

{BOINBE  The flrst stage 432707 the offichip v in Fig, 1R & anbeerter with the
WMOS devics 4203 having a ratle of & physival channel width Sereo! foa physical ¢anne!
length thereof heger than theae of all MMOS deviess in the infemal cirouiis 26 conresiad 1
the output node Fofthe affvehip receiver 432, and with the PMOSR device 4286 having 2 ratie
&Fn phydival ohanne! seisdth theveof ko & phesioal channe! fength thiesel larger G those ol et
PRGOS devices i the internad chroulty 20 connected to the output node F oo fthe off “phip

‘mew gr 423, The MMOS wansisor 4207 may have o ratlo oF 2 physica] channg? widith thersof
o physical channel length thersof ranging from, g, showt 18 o 30,000, snd preferably
ranging fearn, &g abott 10 1o 300 The PMOS tansisior 8308 may have 8 raslo oft s phiyaieal

channel width thereof 1o 2 physical channgd fength thereot ranging Fom, ey, shout 30 0

-

AG000, and prefovably ranging fony S chowt 30 10 800, The offchip receiver 432 may

outp & driving current of between 2 mA and § A and, prefecably, bevwsen 3 mA and 1O wA,

O399 Provided thal e offchip resshver 422 shown in Fig 118 b applied W the
sireuit architesture showr i Fig, 30 for # power mansgement chip, the NMOS transisier 42067
of the offohip reosiver 422 may have & ratio of 3 physical chaonel widih thewsof o x physical

chamnel length thereo? smging frooy, e, shout 16 o 20,000 -t poatorably sangiag fowm, &

¥

vy

about 1D o 300 The PMOR vansbior 4208 may have s ratlo of & phiysical channel width
T8
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thereof 1o ¢ physical channsl longth thereel ranging Fom, e, sbout 20 o 40000, and

proforably ranging frov og., showt 2060 680 The oif-chip recuiver 423 miay cldpat a driviag

current of betwasn 130 mAand 30 & gnd, preferably, Yetween 188 mAand 3 A

JOS306  beow thind sepent, the offchip buller 47 maybe & trbstate aflr 4330 as shown

o By FHOL i application to the cirpuit architeoturs shown in Fig 8B baving anlnpud node T

sonnecied o the internal Girpeits 20 theough the tick and wikde circult toace B3, sod an sutpit

5%

nadde B, i parglisbaeith the o&‘i-"}*ip ESD cirouit 43, connectad to the retal bump 8%, Fig HIC
shows an example of an oifchip triostate hiffee 423 ag sooffchip driver, & comman design in

i
1N

dhips o allow roultiple Jogic gates o drive the saroe outpu, such &8 & bua The trhatate
butler 423, serving as an off-chip deiver, oy Inchide two PMGS devices 4210 and 4212 and
tis MNIOS devices 4200 snd 4211 The gutes oF (e PMOE device $210 508 S MMOS davice
4209 serve as thy input node FL and the drains of the PMOS device 4212 and the NMOS davice
311 gerve @ the putput node B The dradn of the PMOR device 4310 1s convested o e
spuree of the PMOR device 4212, The dratn of the NMOR devive 4208 ix oonngtied to the
souree of the NMOR device 4211 The wi-siste buflor 423 may have sswilch function
cantrolied by an Enable sigosl ranamitied i the gate of the BMUS devies 4211 and an

Enable(bary signal wansmitted o the gaie of the PGS device 4312 The offchip frisidts

&% N & N

buifer fn Fig 10 can be viewed 3s 2 gated verter, When U enshling sigasl Brtis high{ Bx

i forw), the oifohip trisemte bufibr quiputs seigond o an external civcult. When the signal Bn s

...... .

st at fose (En s high), so sgaal will be outpeg 1o an oxiemial clrenlt, The offop ribstate

haffer 473§ 580 10 drive the axtermal data b

{00303 Meferring o Fig. IO the previpusdy deseribed powey pizme, bres o trase Bl
811 or 812, avshown in Pigs. 1B, B 2038, 30 and 30, everthe passivation ysr & can
connest the node ¥ of the voltage rogalaior o cosverivr ciroal 41 and the starsg o the PMOS

1

device 4210 The previvusly deseribed powser plang, bus o freee ¥, 81 or 812 may contain g

<o

patterned gircult fayer over the patterned cirouit kiyers 831 andfor 333 of the thick and wide

ssgnai t;‘as:e, bus or piam 33 us shown §3§gs OB 100 ansd T0Q :‘&%wmaﬁiwi}g the thisk and

Chrma §\i‘1 v over that of G previousby desend owear- plane, bus or trees B 1 The previously
g that Jegoribed p ol b teaos 1, The previously

1

desoribed groumd plone, bus nr trace B2 o 821, & shown in Fige 1C, 20 snd 30, over the

0’

gmsséve&iis::_n Tayer Sooan connect the ande Re of the wltage regubatts or converier saudt 31 and

the soures of the NMDS device 4209, The previoushy described ground plare, bus or trase 82

7
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ar 821 may cortaln'a paiterned chroull fuyer ever the patterned oircull lavers 831 andfor 832w

e gk and wide sigoad s, by or plane 83 as shown dn Fig H8-I0E ped WG
Afrernatively, the thick and wide signal trace, bus or plane 83 a» shown iy Figs 10B-10F and
HMY may odnain 2 paticrned oirenlt aver over that of g proviously desaribed ground plang

huenrirace 83,

{00302]  The NMOS transistors 4309 and 431 may have 2 satio of & physical channed
width theveof ta'a physica! channel longth thereof raaging Fony eg., sbeart 20 10 20000 and
preferably ranging from, vz, about 3010 300, The PMOS tramsicore 4218 sod 4212 may bave

¢ frony,

gt

2 ratio of & physioad chasoel width thereoT to 2 physical chsmant longth thevenf rangin
2.8, shoast 40 10 40,000, and preferably ranging from, &g, about 60 1 600, The tri-atate buffer

423 ey output 3 drivieg survand of between § ma and § Asnd, preforably, botween 1 md

angd 100 s

BRI Provided that'the tri-atate buffer 423 shvws v Fig. 1EA iy sppiied to the clroult

”{" Q,

arclifiecturs shotumin Fig. 38 for 8 power nusagement chip, the NMOS waosistors 3209 and
311 of the wiatare buffer 423 may heve 2 ratin of & physion! chaonel width theveof o g
physical Channel length thereof ranging frove, 818, shout 2000 o 300000, and preforably
ranging from, g shogt L0G0 o 20000 The PMOS tamsistors 4210 and 4212 pay hive a
rasio of @ physical channel width theraof 108 physioal chanoel length thersoPrapging from, e.g.
about 4,000 o 400,000, and prefeeably ranging from, g about 000 1o 46,000, The triviaw

b

baffer 423 may output a driving current of betveen 300 pad and 3¢ A and, preforably, betwesn

WormAand T A

D3G9} o aTourifoaspest, the offohip buffer 42 rasp be sirbastdie buffer 423, os shown
in Fig. TIE, it appdication to the sircuil architesture shown in Fig, 30, baving an sutpot node F
eonmented o the internal clrouits 21, 32 and 23 Swougl the thiok and wide ciregit trave 83,
and wn Input node B, in parsliehwith the ofohip BSD cirouit 43, coanecied o the metal bump
8%, Fig 115 shows s example ofan offchip tri-aiate bufler 423, a8 wn offchip ressiver. The
wistaie buffer 423, serving as an offchipirsesiver, may fachude twy PMOS dse_vi‘c:es $210 and
$TE2 and fad NMOS devices 8208 and 4211 The gates of the PRMOS device 9230 andd the
NAJOHS device 4208 seree a the input node B, and the drains of the PMOS device 4212 and e
NMOH deviee 9311 genve @8 the outpul node B The draln of the PMOS devise 4210 &
sennscied 1o the spepce of the FMON deviee 4213 The draln of the NMOGE device 4208 is

ponsecied & the soufee of e NMOS devine 421 1. The trisatite buffer 423 may have 2 switch

8
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fusction conwolled by an Boable stgaal transaitted 1o the gate of the KMOR device 3211 and

an Ensbie(ber) sigmad transmitted © the pate of the PMON dovice 42120 Wher the cosbling

5

< ¥ X

signal Ea i Mgh (B ds low) the offchip friestare by oulputs 2 sigedl o tie interpd
cirouits 280 When the signal Brnois sstat low {En Is highl, no sigosl will be ostput & the

4

internad clecanry 3¢

O30S Refernng to Figo TR, the previousty desoribed power plare, bus @ trace 84,
81 or 812, as showsn in Figs, 18, 1028, 20, 38, 30 aaxd 30, ovnr the passivatian fayer § can
sonneet the node Pofthe voltage regulator or oonvester chiouit 4 Land the seprse of the PMUS
device 4218, The previnushe descrihed power plane, bus-or traed 81, 811 o 818 nay conttin 3
patierned civouit laver over the patterned cirpuit byers 831 andior 832 of the thick ared wide
signal trace. bus or plane 83 as shown o Figs 108100 and 108G Altertatively, the thick and
wide Sigral tract, D oy plane 83 ay shows in Figs HIB- 100 and 10G may somain s pattemed

sircuit laver over that of the previnusdy desenbed paoser plade, bus or trace 81, Thy previdusly

N

desvribind grovnd plamg, bus or race B2 or 828, 4 shown in Pigs, 1, 2C :smi 30, vver e
passivation layer 3 e sonnedt the nede Ry of the vollage reguistse or cenverier ¢ 4t and
the souree of the NMOE devics 9209, The previoudly deseribed grownd pi;me, s or trace 83

ey

or B2T yaay contain @ paiterned cirouit layer over the patterned ciroult layers 831 sndfor 832 of
iok and wide signal trase. bus @ plase 83 as shown in Figs JUB-IOE and 10G
Alternatively the thick sad witde signad teags, bus o plane 83 as shown in Figy 1U8-10E and

100 may contain g pattered oircult fvver over that of the previowusly desortbed grousd plane,

s orirace 82,

ER3086]  The NMOS transistury 4309 and 421 may bave s ratio of & physical channel
width theteo! lo.a physicad chanrel longth theeeof ranging from, ¢g. about 20 1o 200000 and
prafersbly m}ging from, &g, abiont 30 10 300, The PMUS tansistory 4210 and 4212 roay bave
a-vatio of » physl cal channel widh thersef to 8 physios! channe! fength theren! ranging from,
B b0 S0 W ADD0G, and proferably ranging From, 2 about 60 1 600, The tri-atate balfer
423 may nutpet ¢ deiving nurvent of betweeen & ma and § A and, ;\raieﬁhiv Betwesn 10 mA
and 100mA '

BOARTy “Provided that the tei-atare busffer 433 shown in Fig. 11E v applied o the sirouit
sechiwcnire shown i Big, 8C for @ power munugemast oftp, the NMUS ramsistors 4209 aad
4211 of the trivstate buffer 423 may bave 8 ratio of & physies! channel wirth therent 1o 2
physical shanne! length théreof tanging fowy, eg, sbowt 2,000 10 2000, and praferadly

8
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ranging from, g, ahowt 100 1 20000 The PMOS tansistors 4210 aad 4212 may have's

ratio of a plivsios] channel widith thereot o a phyaical chanpiel fength teradf ranging From 2.8,

about $000 o S00.000, snd preforably rangiag from, o, shoaf 000 0 40,000, The tristate
Duffer 433 may output a-deiving carmant of betwean 808 mA and 50 A sad, prefierably betwoen
M0 mAad 5 A

{08388]  Thens may be variow {sfiﬁ hip-put and outpat boffers, The abuove sxamples we

for thy MR level Signals. I the extooial signal € s wransistor-toansistor togie {TTL) level 3
CMUSITTL buffer is requived, 1 the exiornal sigust s ansmitier ovupled logie (BCL) lavel, a
CMORECH Interface boffer Iy requirad. Oripor mors atages of invertery oan be sdded betwesn
the dermal cirouits 20 and the offchip rbstale dbuler 423 seeving s an offvchip debver as

shiown in Fig T or v an ofitchip cepalver as shown da Fig, HE

I8 Iwoa filthodepent, the off-chip buller42 may be an off-chip divver 421 compossd

of g fe Teved of tnverter 4217 and & sepond eel of nvertars 21750 asshowsn b Frg, 1 o

apphication to the ciroud achitectre shown in Fig 8B, and the frgt lovel of invacter 421

conmscied @ series o the second lovel of Bwverters 42317, and the second kevel of fnvertas
$EP are cosmested in parsled with ne arother o the fiest Jeved of overer 4210 Fig, 8E

shows'a circait diagram with the offedriver 421 of Fig. 1113 spplied to the cirouit wichitesture

shown s Fig 80, Fig. 90 shows 3 1op perepeciive-view realizing the cireafl diagram of Fig 88

Fig. 10H showsiuelip strictrd reslizing e oirudt diagram of Fip 88 The oftchip drivey
421 has an fnput nade F eonnectad to the internsl cironits 20 Grough thethick and wide cirgait
s B3, and an outpuit node B connscted, s parafiel with the offcchip BSD dirouit 43, wotbe
metal bump 85 The gates of the BFMOS device and the NMUS device in the first leved of
nverter 4217 serve 8 the faput sode Fand e drains of the PMOS Sevives and the NMOS
devices i the seoond lovel of foverters 4217 serve as the outpwl sode . "The drsirg of the
PHOS device sad the MMOS devige in the i:fst fevel of inverter 4217 ard conngcted w the
pates of thy PMOS devigss and the RMOS devms in the second level of nverters 4217
through a thick and Wide metal tracd or bus &35 over the passhation layer 3. The drdlnyofithe
PRIOS devices argd the KMOS ﬁe:'vie-@s i the ancond feved of inverters 4217 are sonascied to
the metal bume $¢ through a thick and wide wetal trace or bas R3¢ gver the passtvition layer 5.
A patterned ciroult faver 831 foroed on the polverer faver 93, such sy polyimide, haviog:s
thinkness of bebween ¥ and 30 miccomaes may b composed of the thick snd wide metal
traney o buses §3r, 835 and 83, thay i3, the thick andd wisde metal races or buses 835, 838 and 53

may be farmed ot the same tinee, as shovt i Fig, HOH.
80

is
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8318 Ahoroatively, raudtiple petterned cirouit-layers and muBiple polynur layers gy
be formed over the passlvation fayer 5, one of the polymer Tayers & hetwesn neighboring beg
of the panterned ciroeit favers The thick and wide dista] trsves ov buses 8y vy be formed
the fower ong of the patterned olrcuit Inyers, snd the tick and wide meted fracey oy tuses 81y
may be farned i g upper one oF the patterned clroult lavers and-over the thick anid wids

;-\

metal traces or buses #35. The thick and wide metal treesy or buses 33 gy have g portion in
the lower one of the pateraed direnit layers and another portitn in the upper o of the
pattermnd chrouit layers

031 Refering to Fig

i

i
SH or 812, asshown o Figa, IR, B0 28, 20, 38, 30 and 3, over the passivation laver 5 ean

oo

15, the proviously deseribed power plane, bus or wace B,

sonriedt the node Fof the vollage regulator orconvensy sirenit 41 1 thesoes of the PMOS
devies in the frst levet of verter 4217 and to e souroey of the PMOS davicey in the second
fevel of lnverrer 42170 The previoasly deseribed power plane, bus or trace 81,81 ar B3 may

sontain 3 paterned shreult Taver over the patteroed ofrenit layer 831 of dw thivk and wide

3 .

signal race, bas or plane B3 se shows in Fig 10H Alternatiealy the thick and wide sigﬁai

o

renit laver-over that ¢

L¢3

frace, bos or plang 33 e shown ia Py FOH may comainy patteened
th previpusty deseribad pawer plane bas o pase 81 The previously deseribed gronnd paie
B or topee B2 or 831, ag shows i Figs, 1O, 30 sl 30, over the passivation fyer § can
sonasel the nods Ry of the valtags regudaton or sanverter circult 41, the sourne of the MMGS

devive in the fiet bevel of javerter 4217, and the sowroes of the NMOS devives in the seoond

feved of fnverters 3177, The pravicushy desoribed pround plass, by o race 82 or 821 mwy
contain 4 patterned civouit layer over the patterned cirouit fiyer 831 of the thick and wide

signal frace, bus ¢ platie 83 a3 shown in Fig 1O Alidrmatively, the thick and wide signaltracs,
Bus or plane B3 e hown in Figo 10H vy contaly x patterned cirsult fayer over vl the
wrevipusly deseribed grownd plane, busor trase 82

N3] Baoh of the WMOS wansisters i the sevand lovel of nverters 431 may have

satio of » physival chormel withth thereof te u phyeival charmel leagh thereof ranging fom a8,

.,

shout 20 w 20,008, and preferably ranging fom) €, about 33 fo 308, fweger than that of

3 A
NR4OS wansistor in the first lovel tnverter 427 by between 1% thnsy wnd § Gmen, and

W

srafirabily by hatoral exponential tneg. Each af the BMOR transistors i the second fevel of

P

inverters 4217 rosy have a watio ofg physiewl chonnel width thereef 10 & physical channed

ongti thereof rangiog from, sg. abost D 40400, and praferably ranging Fom, ag., sy

S0 1o 680, larger than that of FMOS teansistor i the fivst fovel nvetter AT by hetwaen 1.5
21
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tiies and § limes, dnd preferably by netoeyd exponsrgial dmes. The offchip driver 421 may
cutpat adeiving current of between 3 mA and § & sod, preferably, between 10 mdand [08mA

10 5 :m\mrmimnmiihmam the mhetal bomp &%

{08313 Frovided that the o olip driver 431 shown i Fig, 11D s apphed 1o the eircall

srchifsctare showr-dn Fig 88 fir o power management chip, eachiof the NMOS vanaistoty w

o3 ~

the seound fovel of tverters 4219 may have & ratio of & physical channel widih thersoto g

3

phivsial channel length teren

w‘.‘

ranging Trom ep., ahout 2,006 o 00000, and preforably

ranging from, g, ahout 2,000 o 20000 BEach of the PMUOS wassistorg fy the second level of

iverters 4217 may Bave @ yatie of 8 physical chanve! width thereof 0 2 physival chanbed
length thereof ranging from, o8, st 2,000 w0 A0, and preferably rangiog fram, e,
shout 4,000 {o $G000, The offchip deiver 431 may output. & driving current-of betseten §08

A snd 50 Aand, preferably, between 500 mA and § Ato an external sircult teough the metal

bump 8¢,

JOO3E4T I o siath aspedt, the ofbohip budler 42 miny bé an offchip driver 433 (of:\;m%ski
of & frst deval of fnverter 4217, 2 second Jevel of inverters 4217, a thind leved of brrverter 431
and & folnh lovel o Dnveder 4217, a¥ showh In Flg 11G i spplicatisn to th oiveh
architectsre shown i Fi g, 88, and de Tirst devel of mverter 4217 s onnnscied 1o serles wthe
ssctnd fevelof inverines 331, thivsecond hevet of fvvertor 431771 oomedtnd I sorfes to e
third Jevel of Invertery 4217, and the m;m fevel of nverter 4210 Is commevted in sorfes to the
Foorth teved of Wverters 4217 Fig. 8F shows # diroudt divpoar with e oifdviver 421 of Pig.
L1 applisd to the oirealy ;m,h seciurs shown in Fig, 8T Fig, 813 shows a tup parapective view
reabieing the olvouit diagram of Figo 88 Flgo 100 shows § olip strustire realizing the viroult
dizgram of Fig. BF. The offeohip driver 421 bay an joput node T combesied 1o the internad

o3

cirouits 2§ through the thick and wide clrout brage 83, and an outpul sode B cwrmected, in

paratiel with the csﬁlx\_hip EXD clrouit 43, 1 the metal bump ¥ The gates of the PMOS devic

s the NS deviee in the Brstievel of inverter 431 serve as the loput node Fo and the drains

s

of the FMOR device and the RMOS device Inthe fourth level of inventer 42177 strve ad the

cutput hode o The deaing of the FMOS device and the NMOX devies in the firgt lewebof

inverter 4217 ave semmeoted 1o-the gates of the FMOS device and the NMOS 4 *vwse e thi
seoond level ol inventer 4217 through v fine-live metal frace or bus under the passivation e

o

4. The drains of the BMOS device and the NMON devios 1a the seoond’ evelof nverter 4217

argconneetad e the gates of the PRCS dovice smd the NMOS devide in the dhind level of

hovertse 4217 through 3 fine-Hneonatad o or buy sndser the passiviaiion Inyer 50 The draine
et i
¥2
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4

o the PRIOS devicg and the NMOS devipe o the i feved of boverter 4210 are consected o
the gates of the PRIOE device and the MRGE device i the Jourth fevel of lnverer 4217
throhigh o fineslne dvetal tracs or bus under the pessivation River & The-dratey of the PMOS
device and the NMOS device iy the fourth evel of toverters 421 are evonected W the meial

tmamp 89 through the thick and wide metal trace or s 83r over the passivtion fayer 3. &
patierned Sivpai ia}er &1 formed on the polvmer faver 83, such s pulvimide, havinga
thivknesy of between. T and 30 ndcrommeters may be compossd of the thick and wide mstal
frapeg or bases §3r and. 83, that is, the think and wide mets! traces or buses 3 angd 83 mav be
Sroend at oy sarng time, ag shows in Fig 404

BEES]  Reforving o Fig 11Q the praviously desenbed power plaos, bus or trses 81,

-4

o
2

31 o 812, oo shown 1n Figs IB0IC, 28, 3G 3B, 30 and 38, ovier the passivation layer §oan
sonnect the node P of the volage regulator or sonverter girouit 41 ke e covrae of the FMOS

\ N

devies in the fiest lovel of Javerter 4217, fo the sourcs of the PMUOS déving n the secpad Tovel

o

of wverer 431 1o the agures of the PMOS device in the third level of Inverter 421 ard 1o

the soarce of the FMOS dovice i the fourth lavel of fvener 4217, The previcusly deseribed
power plane, bus or teaoe B, 81 or 812 oy contain & paiterned choult layer aver the
Q3

patimed Crouit layer 831 ofthe thick ad wide signal tracg; bus oF plane 83 as shown in Fig

0L Alernatively, the thivk and wide sigeal vace, bus o plane %3 as shows v Fig M may
sordain @ patternad g‘ia‘cuit ia};‘es- avey th of the previously described power plane, bus or frage
Hi, The pravisesly deseribed ground plang, bus ovtrase 82 o 821, as shewn i Figs 1030
sl 30, over the passhvation fryer 5 can cunnsad the wode Rs of the voltuge segadater o
cosverter chnuit- 41, the souree of the NMOS device in the first lovel of duverter 3317, the

¢ &

sauree of the WMOS dovite bn the second fevel of nverfer 3317, the Seurg of ﬁss;z.?‘«i%:\ii?ﬁ
device in the third fevel of tnverter 217, and the source of fhe NROS device in the Tourtk
tevel of brverter 42177 The previously desoribed ground plane, bus-or trace &3 or 821 ey
compin & pmterned circult laver over the paitered circuit layer 831 of the thisk and wide
signal trses, bus or plare 83 se shown in Fig, 100 Alernatively, the think and wide sigral traes,
e ot plans §3 as shown in Figo 18 owy contaln a-patterned olrcut fgyer over-that of the

previously described ground plane, busov trave 82

B0316]  The WMOS transisior he fourth fovel of bvverter 3317 may have a ratio of' 3
physival channel width therent a-phys‘ixseﬁi chanael length thercof larger thas that of the

NMOR transistor i the thind level of fnverter 4217 by between 1.3 sond Sitiroes, and prefersbly

by natiry) exponentil times, that 13 larger than tha of the NMOS wansiater by the second leval
83
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e,

o

frverter 421 b

<

5.

is farger than that of the MMOR vansistor b the Srst level of Inverter 421 by between £.5 and

3 times, and preferably by natival exponential By The PMOS transistor in the Tounth feval
of inverter 4217 may have 3 ratio of g physical chunnel width thereof to & physizal chanrel

keogih thereof Targer than thet of the PMOS transistor i the third jeval of Bueater 4217 by

3

Pt

bepween L3 pod Stineeyy and preferably by natursd exponential Bmes, (hat is lavgse than thatof

the PMOR wansistor i the second Tevel of ireerter 4217 by botween 1.5 snd § vimes, and
preferably by naturshexponemiial Smes, that bs arger than that of the PMOS transistor in'the
first fevel of hverter 431w bebween 1S angd 5 Smes, and preforably by natural exponesgial
sives. The offvchip driver 431 may cuips 8 delving cwrmt ofbetween $md and 5 A argd,

preferably;

<

kS

Y
between 10 mA and 180 mA to sn esternal sirouit froug gh the moetal bump 82

BT The MMON transistor i the fourth lovel of fnverler €217 may have aptic of &
physieal channel wilth therent io 2 physical channed length thereof omging from, sg abon 20
to 2000, and preforably rangleg Trom, g, showt 30 1o 30, The PMOYR inosisie o the
founth dovel of foverier 4317 womy have o rativ of 3 physical chamnel witdth theveof 100

physical channs! lonpth thereof ranging frovm 2.0, about 40 to 20000, and preforably ranging

g,

fon, 8.4 about 68 1o 600, The NMOS ransistor in the third jove! of verter 4217 may have
¥ ratie of a phisjval channel width thereof w0« phydival chidone! length thereof ranging frarn,
£.8. short 7 to 2,000, end prefecably ranging from, ¢ g, sbowt 18t 160, The PMOS wevsiver

in the third lovel of beverter 4217 sowy have & satly of a physical channst widih thereolto a
physical ehannel longth therbof ranging from, e.g. about 1310 13,000, sod preforably ranging
from, e, 2bowt 20 10 200, The NMOS transistor in the sevond level of inverter 4217 may
have s ratio of & physisal channel width thereot 1o 3 phivsies! channel length theren ranging
from, eg. Aot 2w 2000, and preforably rangiog fromy sy abent 3o 36 The PMOS
gamsistor i the sepond tevel of invester 4317 may have a ratie of @ gzhyzeia:si charmel width
oot 10 & physica] channg! length thereof mnging fram, 2.g. abait 4 10 3008, and prafunibly

ranging from, .8, sbout § w30

U388 Frovided that the o Fohip driver 43 U showcin Fige DD & spplied 1o the clrpan
architectury shiown inFig 88 for 2 power mansgiiment clip, e MROS transistor in the Towsth

fevel of mwverter 430 may Save ¥ rade of 2 physival chanwel width theeeof o 8 physteal

channs! lengthitherend ranging framy gug. about 2,000 0 200,000, and prefecsbly saiging fom,

gg,abont 800 w 1:8 G0, The, PMOS {ransistor in the fourth fevel of mvecter 421 rony

have 3 ratic of 8 p“w: 23l charmed wicdth thaeso! (o physical chanasl length thersaf ranging

v between L3 and S umes, sad proferably by naturs! exporential times, thay
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from, o, abont 4,000 6 400000, and preforably sanging ooy g, shout 4000 1w 40000
The NRMOK wansistor in the thied level of tnverter 3217 may have a ratic'ad s physival channed

width thergof to 2 physicel chamnel lengh thereo! ranging from, «g., sbaot T8 & THH00, and

b
preferatly ranging Tror, e, about 700 to 7000 The PMOS ransistor in the thind devel of
yverier 9217 shay have & mitle of @ physical charnel widih therenf & m phiysical shanned
length therenf ranging Hom, 8., about L300 o 130,000, and preferably ranging from, €.

abont 1,300 to 13,000, The MMUOS tansistor in the second level of nverter 4217 miay have 3
ratio ofa physical channel widih thereof o aphysical channel fength teveelranghg fame g,
shout 230 t0 21000, and preforsbly ranging fromy, eg. sbag 23 o I30E The PMOS
tansistor in the seoond fevel of nverter 421 may have a ratio of & physical shannel width
hereet w a physical chaune! levigth thereo! runging frony g, about 400 ke 40806, aad
,::'re.ﬁerataiy faagivg fran, 8., zbout 400 1o 4,000, The offectdp driver 42 1 may sutpat & diiving

current of between 30§ mA and 30 Asd, preforably, betwesn SO0 md and § A 1o an external

cireuit through the metal bump 89

QU319 Reforing so Figs. 88, 8C, 8K and §F the oﬁ»chs;z buffer 43 1% sonnegted,in

X

parafiel with theoffohip ESD choult 43 10 the metal bump 88, The desll ofthe off-Chip ESD
cirouit 43 sy be referred oo as Figo 1IE The offchip ESD cireaht 43 s somposed of twe
reverseshiased diodes 4331 and 4333, and the node € &y conneted o the anade of the divds
4332, wrthe cathode of the diode 4331, 1o thy offlchip buffer 42, sueh as offelip dnver 431 ¢ §
Fig ITA Do R off-chip recebver 42308 Fig, TR ortrbstmte bt 433 of Fig 11 or
HHE, wnd 1o/ the savted bamp 89 The dlode 433 & reverse-biasnd bebweern an exieran! voltage
andd the ground voltage Vs, and thy a;%icss?ie 4333 Is reverse-hiased batween the saiernal voltage

sond the powsr wdtage Vdd or Ve

032G Reforring o Fig HIFE an sxseenal power voliage Vidd can be provided o the
cathode of the diodes 4337 trough » powsr bug of phag over the passivation ey & The
previously deseribad ground plave, bug or race 82 or 821, as shown in Flga, 10, 3¢ and 38,

vy the passivation lgver 5 gan cotmeet the rode Ry of the vollage vegulator or Comverter
sircaitd] and the catbode of te diode 4331

03211 Accordingly, the voltage at the node B o be clamped betwesn the ponwer
voltage Vdd input from an external cirenit and the ground voliage Vs or betwseen the power
valtage Vil snd the ground voltage Vey. When the voltage at Hhe nude B suddenty sxoveds the

power voltage Vdd, & current will disehssge froom the node B we the external ohrouit through the

8

ey
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dionde 4332, When thewsiwsge at the aode B dramatically drop under the ground volags ¥ss, @

al

cusrent will fow fror the external ofrenit to the mode E dwaughvthe dinde 433

[GHA2EY  Allernatively the noede B o the divcudt diagrams in Figs. 8R, 80, 88 and 8F can
be protecied by muitiply ifchip BSEY civenite 43, which pan be refereed 1o we Fig, DIH, For
sxdampe, referving ©FIg 3D the hode B comnecting the offichip driver 42 to the wetal banp.
9 may be protested by muitip'&: offiohip ESD cirenits 43, Eg.c-;h of the offehip S0 cleniits 43

AN

is-composed of bwo roverse-blased diodex 433 and 4332, and G node B s somnected o the
anadeyof the divdes 4337, & the suthodes of the diodes 43231, & the offohip bulfer 42, such as
offciiip debver 421 of Fig. &, BD oe NG off-chip recaiver 432 of Fig THEL o ti-state
3 6fFlg 1 or 11E, and to the metal bumnp 89, The diodes 4331 ave reverse-hiased
Seineen can exierral voltage and the grourd veliage Vs, and e dicdes 4332 are

reverse-biased hetwesnthe external voltage and the pawer volfage Vddors

{0323 Relerring to Fig. LM, an exiernal powsr volinge Vdd cwn be provided o the
cathodes of the dicdes 4337 theough a3 power bus or plane over the passivation fayer 3. The

proviously described ground plsns, bus or waee 82 or §21, ag shown i Figs, B0, 3¢ and 30,

aver the passivation lver § can chnnsel the node s of the volage regulsior or comvertsr
cireuit $1 and the vathodes ol the dlogdes 4331,

(0B334 Accordingly, the vollage o the vode B can be chunpad betwesn the pawsy
voftage Vad input ooy an external olroult and the ground voltage ¥es When thevoltageat the
aeude B osuddenty sxcends the poseer voliage Vdd, s cutrant will dischirge from the node B
the external chroniy through the diodes 4332, When the voltage &t the node B dramaticallydrop
underthe grovnd volidge Wag, o ouwfeent will flovw  from the Sdernsd SR o thy node B
through the dlodes 4331,

IARSE 1o Figs 1OR, 10D, 10G 19H aed 1| there ik ondy one patternsd chvoult fayer
831, inchuding a portiorn serying a8 B pravicasly descrided thick and wide mesal trace B3 and
anathsv portion serving as the provipusly described tiiok andd wide meial frags §3¢) over the

passivation faver 3. The patternad olrcuit Tayee 831 may sontain an atheshobarmier layen, s

3

seed fayer on the schesiontharrier laver, snd an pleetroplated meted laver 8342 on the sead fayer,
the adfiesionvbarrier layer and the seed layer composhyg the bottom layer 8311

0032&]  Reforring fo Fig 108, regards to the progess for forming the patterned cioult
fayer $31, theadhesiontbarrier laver may b Rormad e sollable prooses oF provessss, ¢ g by

spatiering & iHaniunr-containing layer sech s thaniun layer < 2 tmisa-tungsiensalloy layen
86

Ex.1002

APPLE INC. / Page 369 of 1071



WO 20T H468T PUT/URGIGAOTTR

Saving & thicksesy betvveer HI0G had D00 snpstromyg, spunteriog s shrovdamoomadning layern
such ad chvominm hayver, Raving 8 thicknesy beiwssn 1000 and 6000 angstroms, ov spultering 3
sedlumecoraalning layer, such as tantalora layer of matalumenitnide Javer, having 8 Sikdiness
berween 1006 and 6000 angstrons, wna-silicon-oltride baver of the passivaton laver § and on
sontast pads 6399, principally roxds of alwiaisunorsoppey sxposed by valtipls openiogs 339,
397, 531, 330 and 534 i the passivation laver § Thereafter, the seed aver may be brmed by
& suitahie process or procusses, €., by aputisring a copper fayer having a thivkness between

200 and 3000 angstroms on the sdbesionthamisr laver of any previously deseribed materist o

IR

v spotiening 2 pold layer baving a thickpess between 200 snd 3000 wogstrome on the
adhesion/barrier laver of sny previcusly described msterial, Thereafter, a photoresist fayer may
be formed on the seed layern, muliiple openings in the photoresist layer exposing the seed layer
Therealler, the metal Iyer 8312 may be foomed by a suitabls process of proossses, &g, by
sleciroplating 2 copper layer having a thickness betvesn 2 and 30 micromatans ob the copper
fver serving as the seed layer, oyposed by the openitigs in e photsreaist i‘ssye‘r, by

slessroplatiog » copper layer Faving 2 thivkness between 2 and 30 micromeiers on the copper

fyer serving ae the seed Jayer, sxposed by the openings in tdw pmwmsiss‘ fayer and then

GG

§

slestroplmeing & olokel layer having 3 thickoesy between §.3 snd 16 micrometens w the
clestropdatad sopper layer in the apenings in the phutoresist feyer, by a.eum;\%at%hg 3 copper
fayer baving a thivkness betwean 2 and 30 wicrameters on the cepper layer serving as thesead
bayer eiposed by the openingy in the photoresist ver, etiroplating & nisket nyerhaving &
tiickaess betwear L3 and 10 seroasters oo the slectveplated copper layer o the openings in
the plotwresist layer and then ceciopiating’s gobd Taper, plathvun layer, pelladium E;wer a4

Ry

nfentunt fayer having & thickness betwean (.05 sud 2 micrometers on the sleciraplated nickst

kyer i the openings in the photoresist fayer, & by slsctoplating 3 pold layer having w

thickness between 2 and 38 micromerery oo the gold layer serving as the seed fuyes exposed

by the openiags in the pholoresint-faver Thereafter, the phatoresist layer may be removed,
Thereafer, the sead layer not under the metal lnver 8312 s removed uaing a wet-giching

3

rocess ot using w deyestehing proveses Theresfler, the adhesion/barvier fayer net under the

]

metal faver 8312 is removed using o wet-eiching process or asing adnvestofing process,

P

BT Adker the pattormed cirsait layer 831 &8 formed: 2 pobymer §3}'i:‘~?'-§§3 pan be
formed by & sullable provegsor protesses, wg. by spireon poating @ hegative: phofosgasitive
polyimide layer, such se-vsfor typk, on the patterned cirenlt layer 831 and o the nitride layer of
the passivation layer 3, €xposing the spinan ooated photussasitive polvinnide fayer, developing

3
7

7
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she sxposed polvimide laver and then curing the developad polyimide layer st the emperaturs
tstwesn 283 pnd 283°C for ¢ tinve bebwaen 30 snd 240 ndnates 39 3 alrogen or oxygen-free

ambierd. Ascordingly, ®n opening 9939 may be formed in the polymer fayer 98, sxposing the

cordact point B3H) of the patterned oivenit aver 831

FOU3ZR]  The process of Breaing the rovtal bump 8% on the polymer layer 99 and on the
cuntad poird 8310 exposed by the upening 5939 as shown i Figs. 108 snd 100 can be

\

seferved to ay the process of furoditg the metad bumps 89 on the pebyaer layer 98 and sn th

regions 801xexposed by the openings D80 & Hhstrsted i Fig. 130, The sgﬁf:czéfscaii»:m of the

sl buamp 9 a¢ shown in Figs 108 aad 10D can bereferred o a¢ the spesifivmtion of the
3 ;S {

reetal bermps 89 & Huwested fa Fig. 18M

MBI The metal bump 89 can be used 2 be omnentnd o 2 printed oirce® oard, 8
cormmie substrate, another semicontductor chip, 8 Hexibiy sobatrate by 8 fape-sutomaed
honding {TAR) process, or 3 glasy sebsteats vin asieotropic conductive il orpaste {ALF o
ACPL

BR3381  Alwrmstively reforming o Fig 108 2 siched laver having 8 thickness befween

.05 snd 2 micrometeérs can be slestroless gsiased oy the coniact point 8310 exposed by the

opening 9938, and a pold ey, platinwn layer, palladium fover or ruthenium laver having &
thickness betwdar 0.05 and 2 micotieters can be sledirofesd plated on the tlsoirokess plated

sickel Tayer in the opening 9939 i the pulyper Inyer ¥9. Thereafler, 1 gold wire ot s.onpper

wive o0 be borded oate the ehicirekess plated gold layver In the opening $838 it the polymey

hayer 8% wsing 8 wirsbooding provess.

BIO33E] Altersativedy, refersing o Fig 108, a gold wire or & copper wire ean be bonded
et & peld e plattvem fgver, pallsdiom layer or tutheniutt lpyer of the patteried oircudt

fayer 31, exposad by the opeaings 3938 n the polymer laver 88 using 8 wirehonding prossss.

332 Aheenatively, referring to Fig, 10C there may be nwlliple pafterred civouit
hayses 831 and B33, ncleding 3 gortien ssoving a5 the previcusty described thick and wide
megal trane 83 and ancther poction serving ss the phoviousty destribed thiok and wide mastal

race 83, over the passbvation layer & The preness for forming the patterned cirult fayer 831

¥

shirwrn i Bl 1O tan be refereed o a5 the process: for forming the patiernad ciroult layer 834

shewny in Pl 10B. The patterned eirowst iyer 832 may contain sn adhesiontbarder layer, 8

soed layer an the adbeskovbarier lyer, and an electroplated metal fayer BR2T on thi seed layer
the adhesiondbareier layer sod the sead layer composing the bottom Iner 8331,

g8
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83331 Reforring to Fig 10T, s8er the patemed vircutt laver 831 is formed, a polymer
laver 38 can be formed by sullable provess or processes, &g by Spineon coating a negative
photosersive polvmide laver such as eater type, on the patternad virctit layer B3 and onthe
nitride fayer of the passivation laver §, exposing the spin-on conted photosensitive polyimide

%

yoosed polvimide layer and then conng the developed polvimide laver

€4

layer, developing the
at the terpperative Botween 258 and 283%C for 3 time between 30 and 230 minotes is a nitvogen
ar arypen-froe ammbiont. Accordingdy, puiltiple openings 9831, 9834 and $83¢ may be formed
in e pofvioet bver 98, expasing ultipgle contact pads ol the pattsmed cireuit layer 831
BE334]  Referring to Fig 100, regards to the provess for fooning the patierand oleeul
fayer 832, the adbesiondarcier laver may by Homed by g suitable procesy o prosesges, 2.8, by

sputtering ¥ tHaniusroontaining laver, such as titaniun fayey or 2 anium-tungsien-alivy ko,

i}“
e
fe's

o
Fe

having & thiskness between 1000 and 8000 angatroms, sputiering a chramfum-vontaifing laver,
such as chromiug dayer, baving  thickosgs between 1000 and S000 sagstrone, or spultering a
tantalumecontaindag kyer, such 3y tantalium feyer o wadsbuyenitride layen baving a-thickness
Between 1000 and BOU0 angstrosny, ont the polymer huyer 28 and oo the contact pada of the
pmsme‘d cireuit faver 831 exposed by multiple openingy 9839, 9831 and 9834 in the palymer
faver 88, Thersaller, the send tayer may beformed by 8 suitable progess of provessss, €., by
spmxermg & copper layer having @ hickopss bebwsen 200 and 3008 sopstroms on the
adhesionibarrier layer of any prévidesly destribed material or by sputtering 2 gold layer having
& thickness between 300 and 3000 angstroms on the adhesiondamier {dy‘s‘ of any pravicusty

described mattrial. Theteafter, 2 photoresist Jver may be formnd on the sead laver, maliple

openings i the photorestst faver exprsing the sead layer. ThereaRer, the metid hayer X ragy

B formed by o Suitehis process e processdt, .8, by sloctioplating & copper layer Biving a

P

hickness betwaeen Tand 30 micromaters on the coppar Rper serving a3 | the send ‘iaym‘ axpased

by e openings in the photorasiet laver, By elentropdaing @ copiper laver Having'y thicknges

between 2 and 30 micrometers o the coppsr laver seeving e the sead faver,

>

ased by the

¢ R

operingy in the photoreiist Javer and then eimim;:eaatmg & pickel faver having a thickness

it

betwepn 8.5 and 10 micrometses on thy eiem-gp?med copper ayer i the opeaings in the

photoresist lapsr, by slectoplating & copper fayer having & thickoess bafweey T and 3@
misroaveters on the copper layer sorving us the seed laver, saposed by e openings in the

1

shotoresist fayer, sledtroplating a nitkel ko baving a thickogss bepwesn 8.5 and 18

Iy

mi;:mam:t;:x‘s on the sleciroplated copper fayer in the openinge tn the photoresiat fayer and then

afép mph-mg\ a gold fayer, platinum layer, palladbon lwver o rathenivm layer Baving
8

Ex.1002

APPLE INC. / Page 372 of 1071



WO 20T H468T PUT/URGIGAOTTR

teivkness between D.0% and 2 micrometers on the glecwroplated nicke! layer i the openings in

the phutoresist layer, oe by elestvoptating o gold fayer having o thitkness between 2 and 30

micremeters o the gold faver serving & the seed layer exposed by the openings in the

photoresist tayer. Thereafler, the photoresiat fayer roay be removed. Thersafter, the sesd tayer

aot soader the owtal laver 8322 iy reroceved using 8 wet-iching process or using a dryeeiching
process, Thereafter, the adbesion/Marrier lver ot under the metal laver 8322 13 removed using

& wet-etching procsss or using adry-stohing procuss.

IBE3358]  AfRer the potterned clreatt faver 332 & formed, w polyser layer 99 Qo be
formed by » sultable provess o processes, 8.8 by spin-on coxting & negative phakaensitive
polyvindde laver such ag exteritype, on the patternad cirvuit layer 832 and on the polymer fayer
U3, expesing the sphron coated photossasitive polybuidy layer, developing the syposed
polyindds fayver and ther coring the develapad polyimide Ibyar at the haperaiurs beween 263
and 285%C for 4 time betweeen 30 and 240 minutes B & uitrogen or daygen-iree ambient.
Aucordingly v opening 283% may b femed by the polyoer kayer 99, expusing 3 contast
point 8320 o the patterned sivcut faver 832

A6 The process of fooming the metal bump 89 onthe pebansr ayer 99 and on the
santadt point 8320 vxposed by the openiog 99397 s shown in Figs. 100 and 18E o be
referred 1o as the process of Hroming the roeial bumps 8% v the polymer Tayer 98 and onthe
segions S01a exposed by the openings 880 as hastrated 1o Figo 18R, The specification of the

wintal bumip 39 ag showy i Figs, 10C and 1OB cab be reforred o as the speoifioation of the

metal burnps 89 as dusirated i Fig IS0

{0337 Thenwiad bump 89 shinen In Figs 100 and TOE Gaw be dsed 10 be' connedted o
@ printed hrouft board, ¢ ceramiv subsirsts, wnother seonconductor ohip, 2 flexible substrate by
& mps:—a_m;csmamé bonding {TAR) provess, & v glase substrate viv anlasiroph condustive film
ar paste {ACF ar ALPL

wernatively, refercing to Pig 100, a nicksl aver having a thickoess haliveen

s
=
&
lov
s,
ka3

)
3
P
S

£

205 and 2 micrometers san be slectroless plated on the tavt pobi 8320 exposed by the

opsnmg 9839 i hayer polyower e 3% and g gold fayer, plattusy fayer, paffadiem fver or

YET
ruthentum laver having & thicknesy botween .05 abd 2 milorobinters Can bu sleciroless plated

Y

o the clectroless plated mdoked layer I the opening 939 in the polymer layer B9, Thersaflen @

zohd wire or @ copper wirg vant be bonded ot the elscimless plated pold Inyer 1o the ppening
9939" in the polymer fayer 89 wsing a wivebonding provsss.
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03391 Alernatively refering to Fig 10, 3 gold wirs or 9 copper wive tan by-borrded

¥

oo a gold lagey, platiiuny faver, palladiom laver or nahenivrs fayer of the patterned gleenlt

fayer 832, exposed by the tpanings DU fo the polymwer layer Basing 4 wiﬁ_fb@ﬁﬁmg PEDCRSS
{88348 Heferring to Fige, 10D and 108, before the patterned ooyt over 831 fs formed,

d pohmer laver 95 can be shtfonally Tormtd by dndtably provets or provesses, 2.8 by splron

{3

goating 3 negathve photosensithve polvimide lover, sunbag edne type, on the sitvsde layerof the
paRsiivaion lavsr S.and on the contast pads 8390, exposing the spincort eoated photosensitive
polvinude layer, develuping the exposed polyimide Jover and then curing the developad
polyintide layer & the temperature betweere 263 and 285°C for a time between 30 and 240
minuwies i & nitrogen or oxvgeedine ambiont. Sccordingly, nultiple openings 9839, 95197,

8331, W32 and 9334 way be formed i the polymer ias};es‘ 95, exposing multgply comact pa‘::is

G380 exposed by the openings 539, 839, 331, 932 and 5§33 in the passivation Jayer S, Afler the
godymer fayer ¥ is formad, the patterned cirosit Tayer 831 can be foromwd on the polymer Jayer

U3 and on the contact pads 8390 exposed by the openings §3%, 839 831 838 and 333 The
sdhwsiowbarrivr layer of any proviously described materigh may bo sputtersd on the polymer

fayer ©F and on the contaef pads 6390 exposed by the openings Y338, I3 9531, 952 and

8334 in the polyirer layse 95,

186341 Ahernatively referring to Fig 10F the offeohip bufler 42, such ay offchip

driverof Fige. 118, 1% or i{‘l‘ off-chip receiver of Figs HER or ni-state buffr of Figs. HOw

HE, san be sontiected w the internad oirceins 30 through ths Tine-Hie metad trave 638 under the

pasatvation kover 5 bul ool x‘%;ma‘ﬁs any feace or Dus over the passivation 'ani:: & There rowy be
sy one mswﬁéd siegedt loyer $31 focluding 3 portion serving a5 the provioushy described
shick aad wide mistad fhace B3n over the passivation law’ 4. The pusitiar of the otatadt point
310 of the previnagly deseribed thivk and wide metal trace B3¢ for belng wirchonded therate
from 3 tog g}efs;m:iiw. view iy different. from that of the compot pad exposed by the opeaing
539 n the passivation layer 5. The procsss for fevoing the pattorved cirowit layer 837 san be
seforred o ne that Bor ﬁi}rm’mg the patiermed cirouit tayer 831 shown in Fig 108, The process

I 2

for forming the polymer layer 89 gan be roforred 10 3¢ thar or Drming 1he polymer layer 89

shown i Fig, 108,
8343 Reforving o Fig 10F & gaid wire pra copper wire van be bondsd anto a gold
hyer, plaiiown layer, paliadium layer or ruthenture layer of the patlerned sircnlt layes 834

exposed by the cpenings 939 in the polyoer layer 88 using s wirehusdding provess.

e

i
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RB343  As oo slerngte, velerring o Fig WOF, o nicked Iaper having o thickaess batwesn
4.0% and 2 micrometers can be slcialess plaled on the contant polnt 8310 expossd by the
Gpening P93¢ dnthe polmier laver 89, and & gobl heer plathaiey laver, patiadium boyer o
ssthenium layer baving a thicknesy batween D05 and ¥ aricrometeny san be elentroless platad
Gy the dlectrokais phued nicke! fver in the operdog ¥R1% in the pelyney yer 88, Thersaftar @
gold wirs or 3 copper wire an be bonded onic the electealess plited gold layer fnths opening

§93% in the pobimer layer 99 using ¢ wirehonding procass,

1803441 Reforring to Pigs ID0-10], sopaid wive or @ poppey wive van e bonded onte &

oid layer, platingm 5, patfadivm laver o nathenhiot layer of the patterred circuit layer 831,

aﬁ;pv@zd by the a;ammgs SR39 in the polymier fayer $Y psing ¢ wircbording provess.

HR345]  As an alteraate, referng to Flgy HOOHI0T, @ nicke! fer hﬁvéfxg 8 thivkness

£

v

between 0,05 and 2 misriviveters can be eleciiess plated on the contact poirt 8310 exposed oy

the opening 3939 in the polymer Svver 99, sod w gold layer, platinvum laver, pabladivem layer ov

)

rutheishunt layer having a thickness betwesn 0.05 and T micrometers can be electroleas plated

e eleatroless phited niokel faver in the oponing 993

ey

334

oo

G i the polvmer layer 38, Theresafinr, 2
sold wihe can be Dorded obte the cledirnless plated pold taver uthe opeming 9939 o dw
[ R &

wiymer yver 9% using 8 owirehonding provess,

%

B0388]  The cleouitry showt it Figs. SB-8F, 88-81 and {0R-10Y can b ased bra Hash
rnery ofip, n a DRAM memory chip orin & SEAM memcry chip. The ¥ pad redosation
using the redistribution fayer 83 i particulardy usefid for the stacked packaging with flash,
DRAM or SRAM nwmory chiips The FO pads of « DRAM chip ave aseally decigned roughly
alorig the centering of the chip, and cannot be'uged R stacked padkages. The redistribugion

fver 8dr relocates thecenter pad to the peipheral of thy chip for the wirebonding fo e

atscked package. Figs 10F and 100 show specific exdivples, with & wite bonded o8

ot
]
i

sottatt pobyt B31U conpented to the onginel pad 8390 exposed by the npening 319 o the
paasivation faysr 5 vis the thigk and wide metal trace of bes 83p In Figy, 8B, 9B, 10B-10G i

ant dpplication 100y memory by, ag SRAM call, or a fash mewwory osll, ora DBAM il i3
conngcied W the tnpwt pode Xiof the inernal cironit 21, such sceenge anplifier internad
wivstate buffer 313 of Figo 5P, pasy oleepit 11608 Fig 3G hmch cheoat 217 of Bl 3H, olvoul of
‘pany cirenit T16 and inserial drbver 212 shown i FigoSL or chicuit of latole cireult 217 and
internal deiver 283 shown dn Fig. 54 The varibos deisiled internad vhroult 21 and methods

connecting  mamory cell 1o e internad circet 21 can beoreferrad do e shown in Figs. 8854

92
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Roforving @ Figs. 38, 8UL3E BP0 and 1OR10], an SRAM celf, or 3 fash cell ar & DRAM

8

cofl 14 connedted to oxternal circutlt {1} through sense aapiifier 214 of Figs. SF-&3; {2) through

Nk

e

ool Fig $G  icheipuit 217 ofFig

3

anbternal tri-state bufir 213 of Fig. 8F, 2 pasgotralt 3
SH, a crogit ofg pavy olreui 216 and ay interaal driver 212 ag shows I8 Pig. 81 o a st of

a latol cirenit 217 aod an Dderinal driver 238 s showndn Fig 810831 t?«muvh 8 fiost flowdine

structure fhrmed by a suitable procesy or processes; e, by stacked viss

g

and owetals 83V Y wp

"»/

drough & first passivation opaniag $31E8) for 106G dbw §}r{mgf'-’éﬁﬁi‘5{ polvier opeaing §531;

{5} fromph « Hoe-line roctd 638 under the passivation laver 3 fue Fig. 10F, whily through sn
averpassivation metal linsy, aces or phoes 83 do one or moe meld s over the

passtvation fayer § for Fig YOG (7} for Pig 10 dovwn throvgh & sccond polyrow epsning

Y

93357 (B through o second passheation opening 33970 (9) through a foees metn! strustire

forowed By & suitshle proooss o processag, e, by stacked vias and metal pads 83%, sornveied

o the loput of 8o offechip buffer 92, (10 trough the outpet of the ofbohip buffer 42
copnected o an offvchip BSD cirouit 43, and 16 @ siacked Hosliny metad vias and wmetal pade
839, {111 through an passivation epening 338, (12} for W0G alee through a thind poalymer
opeming 9839 and (13) through an over-passhidtivn redistobutico retal Hines ov traces o
wlarins 83, (14} through pver-passivation meal pad 8310 eypoend by a polvmer opening $93%

{15) thoough o bonding wive 8% arvthe aontact point 83 1 or a mistal hamp 89,

FOB347] Neste thee as e Figo 1KY there may' be g pmi}-‘mer faver umder o over the

B -

redisinitation metal fayer §3n Thecedistobution rowal Hines, toaoes or plares 83 cae be Deiwied

by @ meltablde provess By processes, €., by a {electroplated or slectrolass plated) gotd Tayer
with thiskness within a rsage between L8 wmand 30 g, sxemplary 2 s and 18 g oeby s
{eletiroplated) topper layer with thitkneys within a fange between 2 pm and 100 @,
sxermplary 3 gm and 20 pm, a N eap fayer {Hdokness between 0.9 jun sad Spm)on the copper

%ayt:r and an asserably matad Jayer of At or B, or Ri{thiskoiess betveen 008 pom and Spemton

&

e Wi sap laver A wirehonding is perforived on the sarfase of the gold, yai?a,»éiam plativam ar

o

rathespum. lver of the over- passivation metal pad 8318

{D8348]  Hefording to Figs, SB-8F, 8390, 10B-10F arg AT, e shape of the

reenings 330, $3R, 534 and 33 by the passivation fuyer ¥ fron a 1op perspective view may i

ropnd, squan, oty o polygon. Wthe openings 331, 332534, 539 and 3% are round,

the apenings 531, 332, 334, 530 and 39 vy heove a disemeter of betweden B0 and K sricrons,

3
hetween | and 100 microng, on prefershly, betwesr (U sred 30 sviorar, 3 the apardngs 334,

532, 334, 53¢ and 53R ave squars, the openiags 531, §33, 534, 339 and 33% miay have a widih
‘ 93
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of bavwenn @1 and 208 microns, beserpen | and {100 mitrons, ov graferably, berwsen 8.1 and

30 mnierone. Hthe openings 531, 833, 534, 539 and $397 are rectungular, the ppenings 33, 835
f E 8

34, 839 and 5397 may have @ widih of betwenr 8.1 and 300 mierons, herovesr | oand 100

mivrpoy, on weforably

3

Ie, between 001 and 30 microns, and & longth of between | wderon and
contimetsr, If the opsringe 531, 32, 334, 539 and 53¢ sy polygon having maore than fhw
sides, the openings 331, 332,834, 330 sod §39° have a largest divgonal lenguic of bevwsen 804

and 200 microns, betwsen | oand 100 bucrons, o, preferably, beteeen D4 swd 30 mivrns,
Altsrnatively, e openings 831, 532,538, 38 and 539" have a/largest transverse dinbnsion of
hetween &7 and 200 wiveons, bedween Dand 100 microng, oy ;wri\\a'eh})-; raapwena L and 3

adornns, In 8 vase shown in Flge, IO IUE, 100 10H snd 101, the openings 53, 832,534, 339
and 538 have » width of between 07 and 30 molorons, with the lower ;ﬁ}rti@n of the opaaings
8531, B832, 9534, REI9 and HEIY In the polymer laver 5 having 8 width of betwesn 20 and
10 rmicrone. The sp‘mings 2331, 9332 and 9334 in the pohvmer fayer 3 have lpwer portions

By

having widths se transverse dimensions larger than those of the openings §31,532 and 534 in

“the passivtion laver § afigoed with the openings 9531, %32 and 9539, respectively. The
openings 83T, 9532 and 9334 Tn the polymer laver 95 fusher expoge the passivation ayet §

A

cloas to the openings 331, $32 wnd 834, The polymer layer 93 covers the peripheral regim‘@ of

the contset pad axposed by the oparings 838 and SR in the passhvatioh hyse 5, ban the

Eowe

ppemngs 833% and H5ID i the podymer fryee B axposes the conter repion of the contact pad

exposed by the opepings 339 and 5397 in the panvivation koer & The widths or barwverse

divnensions of the apenings 539 and 539" i the passivation layer § sve larger than those of the

apemnge 9539 and P31, ragpeatbeedy.

O3 In Fige. 8ACRE ¢ doned ling 3 indicsies the pegsivation layes, Cofrse tates
indicate traoss of an sver-passivation scheme 102 formed aver the passivation taver 5, snd foe
ey dionts races formed wader the prssivation laver 50 In Figy, SABL, coarse: trases
indicate the races of the over-passhvation scheme 102 formed pvar the prssivation layer 8, and
fne traces Dridicat the traces formed araler the pattiviition Iaped 5. The over-pussivation

scheme 102 shown 1 Rig. 104 ncludes the pobyaer layer 89, the mistal tracs 3¢ provided h}f

P

the pattemed clrouit layer §31, and the matal baoip $9, and the opening 9939 in polyner faye

.

G iy pver the sontaet potat 331D of the metal trase 835 sad the matal buwip 89 i i the
opRning ?939», s the soviaet poont 8310 snd on the polymer fayer 99, The averpassiation
scheme 102 shown in Fig. 108 inchades the poly vaor layer 99 the wetal traces 83 and &3y
provided by the pattened clrauit faver 831, and e mensd bump 89, sad the opening 9939 i

94
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pafviner borer $9§s over the contact point 8310 of the pwial trace $3n, sod the meted bump §9
i3 in the dpening 9939, on the vomtaat pou 831 and o the polyraer layer 95 The
avsepassivation schome 102 showse i Fig. 100 includes the polyower layers 58 and 99, the

3

wwtal traces 83 and B3r provided by (e pattermed Siecult dayers 831 and ‘832, snd the reeal

burog 89, and the opening B8 i polviner fyver 9% B over the contast poim 8320 of the rmetal
trate B3y and the metad bomp 89 18 in the opening R8I, wn the contact point 8330 aad o the
poiviney fayer 99, The over<passivation sshame 102 showa in Fig 1D ncludes the polymer
fayers 95 and 99, the motalrates 83 dand 83r provided by the pattertad olrcult fveer B3 1, and

the metad bump B8, and the spemings RI3R, 95397, 8331, 933Y and 9534 mee in the polymey

mstal race 83, and the watal bomp 89 b by the opening 9939, v the cortant pobd 8320 wd
on the pohymisr layer 8% The aver-passivation schenw 102 shown in Fig H0E inchudey the

polvmer lavers £3, 98 and 99, the metal traces 8% and 83 provided by the patterned ciroult

fyers 834 and §32, snd the metg bump B and the openings RE3Y, B339, 831, 9532 sad
4534 are b the polymer leyer R80aad the ppesiogs R85 1, $834 and 9838 & the polymer fayer
48 are over the patierned oircoli oy 834 aad the s}g)«n&ng 99397 o polvroer layer 9908 over

the contaet pobd B30 of the metsl trace 835, and the metal bamp 88 is i the ppening 89387
on the contact poit 8320 and on the polwner layer 99, The over-passivation scheme 102
shown in Flg 1R inchudes the polymer laysr 99 and the metal trace B3 provided by de
patieremd elrcult fayer 831 and the oponing 993¢ tn the polymer | ayey 9 g over e tortalt

potid S3HG of the metal trace §3r and wposes. . The over-passivation ssheme 1R sehcswsz in

Figs. 100107 includes the polymer fayers 95 and 89 and the metal traces 83 and 3¢ provided
by the patterned cirasdt layer 831, and the opentngs 9339, B33Y°, 8531, 9532 and 3834 we in

thepolymer fayer 95, and  the opeaing 8939 1 the polymer fayer 38 is pver the contadt paisg
8310 pithe metal trace 83r and sxposes iU
Fourtk Bxbodimant: Powerfronnd Buses Design Architecture

003581 1o e St ombadiment of prosent diselosure deacribed previcusly, an exlernd
pawer supply Vdd is provided to the volmgs regulator or converter eirauit 4, and the voltage
regitiator o comearter pivoail 41 outpute B power supply Vou to the indernal cirpais 20,

ARory

G
b
pod
ks
.

o
%

ively, the external power supply Vdd can be foput From sooexternal clgeit o the

irternal clroudts 30, cluding 31, 23, 23 and 240 with wit ESD protection cirpuit 44 sequired ©

provens ey voRage orcurrent surge from damaging the internal sirouite 30 The EST circait 44

5 ennnected n paratiel with the internal circuity 31,22, 32 and 24, In the first emboditient in
2%

lyer 85, and  the ppening 9R3% in polymer layer 9% i over thy contasy peim 8120 of the |
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Figs, 18, 1C, 28 3¢, 3B, 30 aad 3D, an ESD circolt s bealw added and connected
parsiie] with the viltage vegulator of converter olrcuil 41, and with the internal clroants 21,23,
23 and 34, For sxample. the girenis shows I Fig 10 contalns the eireuit ol Fig. D dvaddition
with an ESD clecuil 44, The E8D sircuiy 94 inchades » power nude Dp connectad toa thick and
wide powsr bus v plane B1F deliveriog wiexteral power voliage Vad, and 3 ground node Dy
connetsd © 8 thick and wide grovrd Dus or plang §2.The thiek and wide power bus or plane

SIF comenta the puwsr node Dp of the BSE cirouit 44 wd the powsr nede of the voliage
regidntos o converter gircuit 41 Thy thick and wide ground bus of plare 8% conneuts the
grownd sode De of the B0 civenlt 44 and the wourd node By of the voltage regolstor or
chonverter ciregit 41, Thy ESD circnit 44 fnthe chrouitey of Fig 1D may be woreterse hiasdd
diode 4333, as.shown in Fig. 128, having anwnode conneoted to the thick snd wide ground bus
or plany 2 arad a-cathode oonascivd i the thick and widse power bus or plane 8P An sleiment
in Fig 10 can be reforred to as e clomeng dn Fig 10 bdivated by s eoforsace munber
dentival i the slement’in Fig. 1

8381 Fig 128 shows a eiroult dingram including s thick and wide power bus or plags
i v

FiPover the pussivation laver 5, sonnecting an BRE

3

44 and internaf circaits 3 Fig
138 shows 2 top view veafizing the cireait diggram of 'f*"ig P28, and the bold hoes shown o

Fig. TIB woeans & thick snd wide metal traoe vf bis over § pasgvation laver and the Tine lines

48 shows s

oo

shows fn Fig 138 mieans a fime seetad tace wnder wopasshvation layer. Fig
srusa-gestionad visw realizing the clrouit disgram of Fig. 128 In Fig. 128, sn oiternad powsy
supply voltags Vad i inpe 2t a node Bpoand disiributed o the Vdd nodes, power sedes, Tp.
Up, Vp and Wpofthe intermal clrceis 31032, 33 and 24 through 3 thick ard wide poser bas oy
plans RIP over the passivation Ryer S, therngh passhation opeings $11, 312 and §14, and
thronsgh poreer Sne-fine metal tages 611 812 and $14 under the passivatipe Igyer § A power
sode Opof an B0 clrcult 44 v consected 1o & thisk and wide mstal trace, bus or plane 818,
power bus, ;i‘:mug}z sofine-fine motdl trace or bus &8, andhwough wn Opeaing M8 the
passhation layer S, The thiek dnd wide power bus §1F can be connscied 1o the gower nodes Tp,
Up, Vpand Wp of the internal ohrouits 3822, 23 snd 24 that muy invlode o NOR gate, HAND
gate, AND gxte, OR pate, operitikngd amplifien, adder, multipleser, diplage, multiphier, /D
convertés, TR gonvertsr, MO device, bi-polar UMUOS devige, bipolar olvoult, SRAKY cell,
DRAM cell, norsvndtile memory coll, flash memory cell, BPROM cddf, RUM pell, magnatic
EAM (MEAKM) or sense amg}!if”em‘. The dbove mentiongd power bus 1P shown i Fig, 128
wr the passivation yer 5, can be oonrested 1o the power nodes of the irdernal clrpaits 20 or
&
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2

sther elecuts in the previvasly desoribed Rur cobodimenty provided with acesss o 2 powsy

vollage Vdd: The BRD gircoll 49 in the ciuitry of Fig, 128 iy beoa reverse blased dicde

b

A333, sa shown i Fig, 13E, having an wmwde z:cmszec-zsé. o ground and 3 cathods oomnected

the thivk and wide powet bus or plane 318
RIS o Big 14D, there b only one paticresd cireult layer 811, ncluding & portion
serving as the previpusty descreibed thiok and wide sostal race B1P power bus or plage, over

ition ia;s*@s' S ;mzt\.;s)&ﬁ cireuitlayer 81 may contain au adbesiowBamier laver

ke i;ay,er and the ga&xi ia}'@r sormposing the bitent ia: B

IB6333]  Reforriog o Fig 198, regavds to the provess Tor foproing the paticeasd sireult
ayer 311, the adhesionvbarsier layer may be fooned by a suilable process dr preossses 2.8, By
sputiering & Humigim-confdmng koer suck ax tianium leyer or 8 tantun-tungstensatioy b,
having & thivkness betwesn 1000 and 000 angstraras, sputiering & chewnivm-coninining fayer,

3

such as chrominny kover, haviag 2 thicknese botween 1000 and 6000 angstrons, « sg.\utiﬁrmg g

CORact g;szzi-s 494, ps‘iswi;&ai v made of shundnum ot soppen ax;&a:seci b}: muftiple oparingy 348,

S, 312 snd 314 in the passivation layer & Therealler the sead layer nay be formed by &
suitable process o processes, £.¢, by sputiering s copper kiyer having s thicknese between 206

and 3000 snpstroms on the adhesiovbaerier fayer of any provicusly deseribed material or by

sguttering & gold layer having x thickn oss betwesn 200 and 3000 angstroms on the

wdbesfor'banier ver of any provionshy desortbed mnterial, Thereafler, a photorasist layver rmay
be formd onihe secd layer o multiple spenings dn the photoresist layer axposing te seed layen

,,,

Thersatter, the merd layver BHY may be formed by # suilable process &r progesses, 2.8

7z

SR

Ny

slectroplating & copper Ixver having w thickvess between 3 and 30 micromsiers on the Copper

5.‘;}

Z‘/‘

layer amrving as the seed fuver, expossd by the opemings in the photoresiyt layer, by
chectroplaning a cupper kver havinga thickness betvvese 3 and 30 micromaties o the Sappey
ayer asyving as the sved layer, cyposed by the openings in the photoresist fayer-and then
Sevtropiating o nickel laver fwving & thickness: between E5 and 1Y sitroometars oa the

glectraplated copper layer in the opsnings in the pholivesiy v, by electropinting o Sopper

sver Having i thicknegs betwoen 2 and 30 nutrometers o the Sapper Ryer serving av the seed
fayer, sxposed by the openings i the photovesist Taver, slsehoplating s nickel layer having a

thicknass bebwsen 0.5 sad 10 micronveiors o the electropiated Sopper layer 1o the openifigs
27
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the phoieesist laver and then elecooplating & pold laver, plutinem lfayer, palladium fayer or
rutheniarm Byer having 2 thickness between §.08 and 3 seicronuers on the electropiated nickel
aver in the opiénbigs in the phoweresiel Bver, or by ﬂiﬁc-impiesﬁng @ gold laver having a
thinskness bebween 2 and 35 micrometers on the gold fayer serving as the ssed layer, axpased

by the ppentngs i the photoresist loyer. Theroaflen, the photoresist layer owy be removed,

«

Thercaflen Lh» sead aver aot under the mengt layer $112 b5 oreooved using 3 wet-oiching

process O usinga dbvsiching process. ThereaBler the adhesionfbarrier layer nol under the

meted fayer $112 ivremorved neinga wed-niching proogss ov using g dny-etehing provess;

HE3S4T  Afer the patterned i:.im&x'ii fayer BIl do Romed, & polymer ayer 39 tun be

formed byasuiable provess or prodesses, g, by spibon conting & g'{isv‘e phaioseasitive
pobrintich faver, such a5 cster type, o0 the patierned ciicuit laver 811 and onthe ritride layerof
the presbvation Bver 5, exposing the spincon onated photostasitive pciy‘i tids faves, developing
the exposed polyimide Iaverand thencuring the developed pelvimide yer atthe toroperature

5 i 2 aftrogen of muez’s»?r

between 265 and IXZMC for-g thve betweey 10 and 2490 ming

£+

smbient. Accordingly an opeatar PHY may by forved i the polymer laper 99, exposing a

conaet pad 8110 of the patterresd civeuit aper 811,

FD355]  Refervingto Fig 148 fir formiog » meial burey aver the cumact pad 3110, as
adbesioafbartier ayer may be formad by a suitable process or processes, S by sputeving 2
stanjwn-oniaining fayer, such a3 thaniugt yer or 3 Wanhim-tungatey «aﬁiay fayer, having #

thickness bebwsen 00D and 5000 sagsiroms, sputisring & chrominm-contsining laver, such as

cheoghwn layern, baving 3 thivkness between 1000 sad S00D sngsirams, or smdlevisg 2
tantahun-contaising layer, such as tentalt Jayer or tantshienitnde fayer, havisg a thickeess
butwesn 100 and G000 sogstrarhs, on e polyper layer 89 and ob te contact pad 8110
exposed by the opening 9949, Therealter, the seud Tayey may be Toomed By & sufiable provesy

X

. by spuntering & copper laver having 8 thickness between 200 and 300G

BT PYOCOSSTE, &
anigstroms on the adlicslon/barrier fayer of wny previcasty described prateniad. Thersafler, &
photores ss‘iager iy be forned on the seed layet, multiply openings n the photorswt layer

axposing the seed layer

Thereafier, the metal bump may be forned by & suitable provess or
procesies, €.8, by electroplating 2 copper laver having a thickves betwesn 8.5 aad 10
mucrornuiers o the copper fayer serving ay the aced Jayver, expaseé- by thy openings in the
phutorssist fayey, eleciroplating o nickel her bdving » thickosss betveen .5 -and 10
arigromelers on the electroplated copper fayerin the _:mqmngg w0 the pholaresist laver and then

slearroplating o dnecontaining Jayer, seeh @y g iée}%&ad #tioy, & Hassilvey wlloy or @
48
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finsaflver-copper alloy, having a ithickness between &0 and 30 seloromiaters on the
clectroplated micke! fayer in the openings inthe photoresist laver. Thersafter, the photoresist
Javer may be rovnoved. T hetenflor, the seed layer not ander the metal bump is removed using 3
wei-siohing process or using asnv-olohing process, Theresfter, the adbesioadarrisy Ixyer not

%,

under the melal bump & removed using 2 wet-ciching prooese or wsing & drseeiching process.
Therealler, the matal buow can be reffowsd 1o be shaped Hile a ball for s Mp-chip wssembiy.
The metal bupip can be tonmscted o g orinted iroult bodrd, cevamie sabsrate or another

semiconduntor chip.

§€}@3§é§§ Heferring o Fig, 4B, for forining another Kind of metd bump avey the contant

vad 8110, an sdhesionbarier faver may be forved by 2 sublable provess or procssses. o8, by
sputiering ¢ itt&;‘mim«:m aining laver suchws ianhwelaver or g fitaniumsqtungaten-alioy kover,
having a thickness La_m“ en 1000 and G000 sogstroma, or spuliering 2 antalume-comsining
laver; such se tantalure layer or tandalunvnitvide ayer, having & thickness between 1000 and
G006 angatroms, on the polymer fayer ©9 a:id on the gontact pid 8110 oxpossd by the opening

S B049. Thereafier, the seed layer ma ay be formed by & s-uii‘a&ie PrOCEss OF DrOcesses, gig. by
sputtbring 2 gold layer having @ thickoess betwesn 208 and 3000 angstromy on the
adhesionfbarvier layer of any previpusdy Jdesoribed mateeial Thereafler, a ;:-hammsi:»:i laver iRy
by formned on the seed layer, multiple cpenings i the photorssdst layer sxposing the sead layen
Thercafidr, the wietal bt may bo formed by @ suitably procesy o procosws, 2.8, by
electroplating 3 gold hver having & thicknesy bebween & and 23 migromaters on the gold layer
servintg as the sead layer enposnd by the openings i G photovesiss. layer. Thereafler the
photoresist layer may be romoved, TheresBern the soed Inver nod poder ‘the metsl ooy i
rempved using 8 webcichiog procesy oF using a dry-eiching prosess, Thersafter, the
adbesiondbartier layver aot-under the meied bomp ks rawved wsing 8 wet-etvhing prosess or

using 3 doscching process. The rectal bursp tan be comnented to & flexible sulsiee by a

mpe-automied bonding {TAR) provess, or 3 glass subotraie vis anisotropie condugtive fibw o

sacte (ACK w A0P).

O3S Allernatively veforing to Fig 148, 8 sickel fayer baving » thiskness bepween
GU§ and € odesgrmdters can be eleciroless plated o the: comtast-pad 8110 exposed by the
apening 949, and a gokd fayen platiners layer, palladhioy nyspor ruthenium layer Taving 8
tigkness botween 0.05 and ¥ micromgtens gan be electroless plated on the eleviroless ;,s}a;tvgﬁi

nickel faver By the opening $948 in the polvmey kyer 89, Theresfier, a gold wive can e bandad
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§

onto the olevtroless plated pold faver in'the apendng 9948 by the polymer layer 89 using 8

{BOISE]  Aliernativehy, referdigfo Fig HBw okl wite car be bonded oo & gold layer,
platinue fayer, palldinet Taver or nuthenium laver of the patfemed ircal Yaver 811, exposnd

by the openings P4 in the polymer fayer 93 usiag a wirsbonding process:

0388 Refaring Yo Figo MDY befdie the patterned cisult Imer 811 55 formed, 2

polymer layer 95 can be optionafly formed by & sultsble proctss or provesses, wig. by spin-og

costing & negative photosensitive palvimide laver, such as seier fype, on the mtride laver of the

passivation laver S'and on the dontast pads 6490, exposing the splnOn coated phdtosersitive

¥

eolvimide laver, developing the saposed polvimide laver and, then cdring the developad
{3} 2 § X > §

polyimide Jayer w the temperature between 268 and 2837 for 2 tme bebween 30 and 340

$

cperefren ambiont. Acctrdingly vhultiple operings §848, 8311

H3ITand 9514 may be forried iy the pelvier Baver 95, exposing meliple contact pads 6480

exposed by the openings 349, 31, 513 dad 514 ¥ the passivation

3,
34

gver §. After the polvmes
layer ¥S I formed, the patternad eircult faver $11 can be Bormad on the pobymer .%s}-*irf % ard
oivthe contact pade &iSexposed by theopenings 349, SH, 517 and 314, The adhesion'banier
layer of any previoushy described materid iy be sputterston the pabiner layer 88 and on the
sontact pads S48 exposed by the operings 9549, 9511, 8312 and 9514 ja the ps}%yn‘sax fayer

BO36HT  Fig 120 shows, v addition 1o the power Vdd connsction in Fig 128, 3 grovnd
Ve conpection. Fig, 130 shows w top view realiving the clroult dlagram of Fig, 1380 and the

&

fws shown 8 Bl 130 mosns o ek and wide wetal frace dr bus over & passivation

fayer and the Tine Hany shows m Fig, 13C rovanya fine metal tracs under 3 passivation layern

Fig, P shows o oross-sectiond] view realizing the Chdait diagrand of Fig. 120, I Fig. 12C

g2

the external ground Vs is input at 3 nede By and provided e the Vs nodes Ts, Us, Vs and W
of the tnternal civouits 210 33, 23 el 29 through s thick and wide metab wace, bus o plane 82,
ground bes orplang, pwerthe passivation ipyer 5, twough ppenings 321, 523 sod 824 in the

wasivation layer 5, and dwough :*‘arsﬁ.-:«i'iﬁa. mistal wces 824,822 and 824 under the passivation
&

e

fayer 8. The thivk and wide grouod bus o plane 83 ixponnected 16 8 Vs nods Dg of the ESD

cirauit 44 through an cpening S99° in the passivation layer § and theough o Sne-line ground
matad bus 649" under the passivation ia}f@s‘ % The sbove mentionsd power bug 1P shown in

Flg 120, over the pdssivation hayer &, oan be »ume{'it\i w the power nodes of the inteeny]

e
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sironits 20 orother Cirouits in'the previousty desoribiad Rour embodinens provided withoaconss
- a power voltage Vddo The gbove mentioned ground bus 82 shown in Fig. 120, over the
pussivation layer & can be connested (o the wound nodes of the internal swreaity 20ar other

sts inthe previcusly deseribed o enbodiments provided with soovss o @ grouss] voliage

Vs The E8D oiouit 44 in the Shrouitry of Fig. 120 may be g reverse blased diode 4333, »x

shown in Fig. 138 baving an anode tomnented  the ek and wide ground bus or plane B2

and g cathode comneoted o the thick angd wide power bug or plane 818

D6381]  Refeering to Fig. 140, thers sy be multiple ;mtiema'{i sireuit layers 821 and
12, including the previ;}a_ss'@_\ E eseribad ground bus or plane 83 and the previvusly described
poswer bucor phine 81F over the grounsd bus oo plane BE, over the passivation layer §. The
process for forraing the pattermed civeult fnyer 821 on the prasivation hayer § and on the contagt
pads S0 suposed by the openings 349, 321, §22 wnd 524 van be reforred to 8y the progess
for forming thy paticrred drouit layer 81 shown i Fige M8 on the passhation fayer Jand on
the contuct pads 5490 expused by the openings 548, 31, 512 and 314, The pattevned cirourt

fayer 82T meay ccodain an adbesivo/barrier layer, w sced fayer on the adhesion/barrier layer, and

an slectroplated metal layer 3312 on the seed fayer, the adhesion'barrier- layer and the sesc
fayer conposing the bottem lager B2 The petsened eircelt fayer 812 romy scodaln an
sdbesionfhareiee Taver, 3 aced Bayer on the sfbeciondarier laver, aad ok ‘z‘egia“d ietal
fayee 822 on the seed laver, e adhesivodbarrier layer and the sced tayer samposing the

betiom laver 8121,

(B0363]  Refrring to Fig BT afler the paterned clroult ia)"t:‘-r 821 i formed, 2 pobymer

fryer 9% can be frmed by & sultable process or processes, m g, by spineon comting 4 negative

photossrisitive pobimide fover mich as asir Doe, on te paiternad ciroudt Srée 321 and on the
ndiride layer of the passheation layer 3, exposing the splivon coated photogessitive palyinude

fuyer, doveloping the exposed polyinide faver and den curing the devsloped polyimide fayer

2t the fenperatgre between 288 and 28%°Cifur # tire betwnen 3G and 248 reingtesn a ritvogen

ar paygen-fren amblant. Acodrdingly, ai opening S84% oy be Ronted in the polymer tayer B8,

exposing & contact pad ol thie pattermedicieoult layer RE1,

0383 Referring to Pig. 140, regards to the proosse For Torming the patisrned olrouilt
Tayer 812, the sdhexton'barsier ayer may beforrmed by o suitalde process ¢ processes, 8.8, by
sputissing 3 agiemcontaining lover such as tiankum Iyer or & anieretungsien-alloy Ryee,

having & thickness betwesn 1000 snd SU00 sugstrong, sputicring @ chromivm-coraining

1
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such a8 chromire leey, having & thickness between 1000 and 8000 angstroms, or spuiteriog
pegsuricontaining Taver, auch ga antalum koer @ wsslugeniride tver Baving o thickasss
hetwsen 1000 and 8000 angstroras, on the polymer faver 88 and on the woraet pad of e
patterned circult fover 81 exposed by the opering 98497 tn'the polymer fayer 98 Thereafier,
the seed laver miay be formed by 3 saitable Prosess oF proceses: &g By sputisring & vopper
laver having & thivkness Botween 200 and 3608 angsirory on the adhissiaaybarvier yer of sy
previously descoribed material or by sputtering 3 gold Rayer having 3 thickness behvesn 200 and
3060 angstroms on fhe stbesionbarrier tver of any previvasty desoribed matenisd Thereafier,
3 photeresiat lver miy be formied on e sced Javer, meltiple opendagy In the photeresist laver
sxposing the seed faver  Thereafier, the meted laver ¥132 may be formed by 3 suitalde
RrODESs or provessey, s, by electroplating 8 copper Rayer having o thickaess betweern $and 30
micrometers on e copper layer serving ub the seed loyer, eaposed by the openings in the
phoforesist layer, by-elecioaplating 2 copper layer having 3 thickness bepwecew 3 and 30
snorometen on the coppey lnyer ssoving @ the sped layee, exposad by the <e;}e3rz‘émse i the
phetoresist layer and then sleswoplating o nivkel laver hevieg o thinkress deatwesn @.8mnd 10

mirgrnetleny o the slectrnplated copper ler i the npe ~.ing‘ i the photoresist fayer, by

o

slestropdating a copper Byer having » thiskness between 3 sod 30 srlcegmeters on the vopper

fayeraorving as the socd hayer, exposad by the openings i the phatorssiat layes, sleetroplating

# mickel laver having a thickness between 8.3 and 10 micrurneters on the shectvoplatad: sopper
fayer in the openingy by the photoresist fayer and then electroplating 8 gold e, platinum

fayer, paliadium fayer or rathentum layer hav‘ng & thickness butween 3.05 aod 2 micrometers

gold faver having a thickness botweern 2 sm;:i 30 micrometers o the gold fayer serving 2s g
seed layer, expossd by the openings in the photovesist layer. Thereafter, the photoresist layer

may be removed, Thereafier, the seed layer not under the metal layer 8132 & romoved using 8
x«aébett‘-héng processor usiig s dry-ciching provess: Therdaller, the adhestoa/barrier layer not

gnder the metal lyyer 3132 15 renwved asing 2 webeiching proces or wing 8 dry-eiching

03841 Afler the g:a%i@s'w*ﬂ civeuit layer 812 & frmed, 3 pobymer lyer 99 san be

formed by arsuitable provess or processes, g, by aplieon soaling & negative phokesgmitive
polvimide layer, suach as ester s, on the pa‘;zs:maé cirotat fayer 31T andd oo the polymeriayer

B8, sxposing the spinson tod photosensitive polivmide fayer, developing the sapoesd
3 R334 & PR

polyimide fayer and then cariag the developed polyimide Toyer o the temperaturs between 353
1532
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and 2590 for 3 tive bebween 3¢ and 290 ovretes i3 nitmeen o ouygen-fee ambient,
Aconrdingly, an opéning 994997 may be foomd ivthe polymer fayer 3% expusing & comtact pad

3120 of the patisrved cirguit layer 812

{83651 Relferring to Fig 1R, for forming & mwetal bump over the sontact pad 8130, an

adhesionbasier kyver sy be farmed by o seltalde process of processes, g by

y sputtering 8
sifantum-containing layen such as tamian layver o atitstue-Rgsterealoy layen, having s
shickeiess bebwesn 1008 and SO0 angatrams, sputtering ¢ sheomnoreontainiag layer, such w8
clromitme faver, having o thickness between 1000 and 8808 sagstroms, ov sputiering &

sentafem-containing faver, such as fentalum kiver or andsbineainide layer, hitving 8 thickness

o

Lo

beteesn H0OU and GO00 angstroms, on the polymer fayer 99 and on the contast pad 8138
wxposad by e opeatag $98T ThoreaRer the sead layer oy te formed by 8 sulinble process
OF prOSesses, S8, Y sputtering & copper dayer having # thivkness betwees 240 and 3{'}{}{3
angswoms on the adhesiow'barrier fayer of any previcusly described waterial Thereafter, &

photorasst laver maybe formed on the sead laver, multiple opeamgs i the photoresiat layer
exposing the seed fayer Thereafler the metel bump magrbe formed by & sultabls progess
processes, 2, by clecroplating & copper iaver having s thiskness betwesn 0.5 gnd 10
micromsiers on e copper layer sevving as the seed fayer, exposed by the apentags i the
phatoresiat laver, oleciroplating 8 nicke! daver having ¢ thickuess betwesy 8.8 and
migromelery on the electropiuicd coppier laver &y the openingy in the photoresist laves, dnd then
electroplating 8 ;’im:-cm;aiéing layer, such ag 8 de-lead oy s tuestbver glloy or g
tiesifvsccopper alfoy, having & ‘thickoness between 60 und 300 mivromstors on the
slectroplated nivke! layer i th@ apenings i the photoresht layer Theresfler, e photostsist
tayer may be removed. Theveafter, the sead Jayer not ander the mets! bunp is removed wsing 3

-eiohing process or ualng @ dry-stching process, ThersaRlern the sdhesiondbardisr koér oo
gnder-the metal bump i reptovied welng a wat-eiching procesy of uxing 8 dry-stehing process.
Thereafier, the metad bump cun be refiowed to be shaped ke 2 ball The metal laevp wn be
connented T g prirdsd circuit board, cevarais sulistrate o ansther sericnndueior chip.

U366l Reforing o Fig 140, for forming anether Rind of meist burop over the contact

fay

pad 8120, an adhesitnbarrier fayer sy be formed by & sullable provess Or provesses, 2.8 by

sputiering s ritnium-containing yer, sach ss tBanbuny fsyer ora §smmum%wgs&an»xii oy fayern
having @ thickaesy Betveen 1000 and 6000 angstécms, oy spaRering # iamaismw:mxtain%ng
fayer, such ax angaham fover ortantaluarmitride faver, having 8 thivkness twtwenr 1000 and

SDOG angetvoms, on the polymer dayer 3% and on the contact pad 128 &xpa»::\es‘.i by the opening
103
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O48° ThereaBer, the sead fayer may be formed by wosuiabie process o procssses, g, by

sputtening & gold laver hoving g thickpess, bohween M ang 3000 angstroms on the

adhesinn'barvier layer of any provigusly desceibed materfsd, Vhorowfler a photoresist fayer may

be formed on the ssed laver, multiple spanings In the photoregist fayer syposing the send hyer

Thereafier, the metal bump may e formed by w soliable prosess or prnesses, o, by

¥

electroptating o pold laver kaving a thickness betwesn &and 23 micromeiers oo the gold fayer

serving o the seed layer, exposed by the opovdngs in the phoeweesiat Iayer. Thereation the

7%

phintoresist luver may be remcoved. Thersallen the seod By not wndet the melal buap B

remoyved using @ wg::w:sch:lng progesy &F using & depestohing process. Thersafler the
adhesinndharrier faver not undsr the metal bump I rerocved using & weteiching process o
wsing a deveching procesy. The msl bump can be sommected 0 8 Jexible substrave by

fape-autonated bording {TABRY process, ov 8 glass sublivate via anisofropic oonduetive film o

paste {A0UF or AUP).

BUIT]  Alternatively, referring to Big. 180, @ nickel layer having » thivkosss between
08 and 3 wyicsometers <an be electroldss phited o thercontany pad J120 waposal by e
apening 9840 in {fayey polymer fayer B9; anl & gold bayes, phtinwyn fnper, paliadive laver oy

5

suthexiun Iy having w thickadss between B85 aned 2 micmme@em care be slectraless plated

g

o the sledtroless phaed nickel fayer in the'sperdng 99497 In the polyter lager ¥ Therealter. a

gold wive can be bonded onto the clsctrolesy plated gold laver in the opening 89387 i the

; .

pedyier layer 99 using & wirgbonding progess.

O8N Aleenatively refring to Fig. 140, a gold wire can be bonded onto a go K fayer,
riatinpoy layer, palladiun foyer ov ruthenduny layer of the pattermed elrouit icwer 812, exposed

v the openings 99497 in the polymey layer 5% uaing a wivehonding progess

G03e8  Alernathvely, before the patternad olrcall layer 821 i formed; 3 polymar I
] 3 ¥ 3 3 X ¥

can beoptionslly formed hye g suitable proges o provesses, g by spion cowting a negative

phvtosensitive potytmide foyer, sunh ag ostor typs, i the nitride layse of the passivation Iayee 8
and on the pontact pady $38¢°, exposing the sphon coated phutosensiive polvinude layer,

N

deviloping the expossd pobvintde layer aad there curing the developad polyiniide Juvee ot the

¥

wmperature behween 285 anid 289°C R a tive botwsen 30 and 340 mimstey in ® sitrogen or
oxygen-fiee mblent. Accondbighy muliple openinge sy ke formed In the polymer o,
@xg}(s&ing muliipfe contact pade 490 exposed by the apenings 34%, 321, 322 angd 334 in the

passivation Hyer S Afer the palwnes faver Is foored, e pastersed vircait e 831 car be

134
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formed on

LAY L a SN
522 and 328,

ot the pol

layer,

§OU 37}

o pofvmer fayer and on the contant pads S99¢ exposed by the openings 348, 521,

The sdhesionbarrder Riyer of agy previouely deseribed matecial ragy be sphtiered

yemer fayer and o the contact pads 84907 expaesad by the openings b the polyraer

Alleraatively, the previnusty desoribed power bus o plane BIP and the

previnusly described ground bus or plaoe 82 can be connected fo twe ESD cirouits 44 and 43,

aw shown o Fig 1200 The previdusly destribad power bu

3 oy j;;i,m:‘ BIP thay oondiet the

3
power nudes Tp, Up, ¥p and Wp ofthe intorral sirouits 31, 32,733 and 33 and the power nodes

D dnd D" of e B3D aircults 44 add 45, The previotsly desoribed groond Bug of plate 82

b e

Ry connect the wround sodes. Te Us, Veand W of the interned siveaits 23, 28,23 and 24 and

the groand nodes Dy and D7 of e E8D sircuits 44 aad 45, Therbove mantipned power bua

$IP showa dn Fig, 120, over the passivation Joyer 3, can beconnevted 1 the powsn opdés of

fa‘

with age

N

e el

Sironits 20 or uther girculta in the previoasdy deseritied four cvbodimnts provided

cegs to spowervolisge Vdd, The above roentioned groond bus 82 shown i Fig. 12D,

over the passivation fayer S, can Be conredied w e ground ondes.of the mietrad pirchiiy 3o

other cirouity in the previoushy deseribed four embodiments provided with aceess {08 grouad

witage Vi Each of the BST offonit 44 anil 45 40 theciveuitry.of Fig 12 may b a voversy
bigend sdinde 4333, s shows o Flg 12E heving av soads compested R (e thick and wide

ground bus oy plxasze: 2 and a cathode covmecied fothe thick and wide power bua or plane IR

00371}

L ST20814, 521,523, $24, S99 pad 549 in the passivation layer 5 from 3 top perspeeiive

Refersing to Figs, 12B12D 138, 3*1?12 and 148140, the shape of the operings

“yiew mav be round, squars, rectangular oF pelygon. I the opew ings 514, 512, 514, 834, 532,

have @ gigm

bateeceny &1 and 3 micrdrs. 1T the oponings 831, 814, 3

4, 349 amd 58 are round, the operings S, SET, &34, 321 532, 834, F40 and 3497 may

cter of betwesn 0.1 and 2090 wmicrons, betwesn | and 100 nderms, on, preferably,

4,328, 23, 324 34% and 4% are

e

square, the opendoge ST 32, 3140 821,522, 324, 549 and S49° may have 2 width of betwean

G wod 200 miorons, bétween | and 100 microns, o, ;:sm&rabi} hetwieen (0 and 38 miorans,

hatween | oand

nge ST, 517,514, 501 CRER B2 S0 snd S99 are vectangularn the openings S,

F2H522, 524, 4% and 8497 may bave a width of between (1 and 208 microns,

d 100 awicrons, or, preforabiy betwesn 8.1 and 3R micrans, and 2 lenghoof

between § micrw and §cemimeten Hibe openinge 34, 312, S14, 521, 532, *3'2-43_ S4% ang 3487

are polvgos having mere than five sidss, the opentoge ST 812, 314

523, 522,534, 549 and

B T

4% have & lrgest disgonal kagh of botween 8.1 mod 200 microns, betwesn 1 and 100

3
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migeans, o, preferably, between 4.1 and 30 miwrons. Slterastively, the openings 811, 512, 3§

'S

R21, 5220524, 599 and 54Y° bwve a lurges! pransverse dimension of betwesn G and 200
sutrdng, between 3 aad 100 miorons, or preferably, between Q1 and 30 microns. In 3 case
showsn i Fig. 190, the opsologs 31105312, 314 and 54% have & width of between 01 and 30
mivrens, with the lower portion of the openings 8311, 9812, 9514 sad O54% in the polyngr
fayer 93 having s width ol between 20 aod 100 odoruns, The dpeaiags 9311, 9512 and $214 10
the polymer layer 95 have lower porticre having widthe or Bansverse dimensions arger than

those of the openings ST, 51T and 514 e the passivatia layer 5 aligied with the openings

7
W

£l

B34, 8512 and R4, respectively. The penings 931, 2512 and 2514 in the polymer layer 98

funther sxposy the prasivation ks ¥ lose wo the opentngs 513,512 and 314, The polimer
faver 9% covers thy peripbueal region of the contact pad 4 by the opering 349 inthe
passivation ayee S, it the opening F548 in the polvoer layver $5 expiaey the sonter region of

the comiael pad axposed by the apenikgy 4% in'the passtvation §a§-'ar 5. The width or fransvarag

dimensinn of the upening 54% 10 the passivation laver § 8 lavger thanthat of the operdng 9349,

b

§§}(§3'?3§ fr Flge, 12RG12DN a doved Hne 5 Indicates the pisstvation layern, sosne tices
Todicate traces of an over-passivation scheme 107 formed over the passivation Teyer 5, amd five
taces indicate races formed under the passivation fayer S0 Figs. 108 and 130, coarss wraces
indicate the trsces of the dves-passivation scheme 102 formed over the passhvation faver 5, and
Hing traces indiodin the troces formed ondyr the passivation Javer S0 The awerpassivaiion
scheme 102 shown in Fig 148 ncludss the polymer baver 9% snd the raetal trave 311 provided

by the pstterned clicia layer 811, and the ‘pesing 9948 v the poliunst layer 99 1s over the

,

eontact point 311G of the metal trase BIF and wiposes U The ovenpessivation scheme 102

showin Fig. BC cludes the golvmer layers 98 and 99, the metad wace 81 P provided by the

patternnd circuit aver 812, and the metalrace 82 provided by the patterned cimait fayee 831,
and the apening 88E i the polyioer laisr 98 ta over the metal frate 83, Gnd the opening 9949
dny the polymer laver 88 v over the comact point B30 of the patternesd glrcult fayer 812 ard
‘exposes it The over-passivation scheme 102 shown in Fig, 10 includey the pelymar rverg 83
gnd B9 and the meral frace ¥1P provided b}f the pattpened clroelt lager BH, and the openings
G336, B31Y, 9312 and RIS are in the palysier fayer 95, ard the apening P48 i the palyme

layer 9% is over the contact point § 10 oY the metad race 1P and expowes i

Formstion of an Qver-Passtvation Schemse

168
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BT & nwin chersowenistics of the over-passivation schemes in exemplary

smbodiments of this disclosurs e thick maldd layers st baving « thickness larger than

ymeromaetar, soch as betwesn ¥ sad 200 micromelers, and proforsh ‘v Between 2 and 3@

micrometers, and thick dielestric layays sach having a thickness larger than 2 micromeiers,

such ¥t berween 2 and 300 mcrometées, angd preferably between 2aind 30 micromeias.

{83741 Figs 130-18H thow s onbossing process o fabricate s patterned ohouit layer
B0¥ over the passivation faver $ 4nd o the polymer layer §3, shish san be appled o all
enthodiments i this dibclosure, Flge 1SI8T show an &m:bcs sing process we Bbricate 3
patterned chredit fuyer 802 on the pefterned civcult Byer 801 arad on the polymigr Bier 88,

which can be applied o all embodiments & mz& disclonge, Figs, 13C15G and Figs. 168-18K

show a double embossing provtss to fabricats one or mors parterned siveul hayens 801 and 802

3'

over the passivation layer 8, which cn be applind o afl smbediasets in this disslosurs.

polymer layer 3% way be providad under the patterned clecult layer 8O0 and Gver the

pagsivation laver 5. A polymey laver 98 may providad batween the patemed civeuit layers 801

and 802 and over the passivation laygr 5. A polymes laper 19 oy be provided over the

patterned choult layer 802 and over the passivatien fayer 5, Fike 134130 sd Figs

PSA-I8M 3 based b the struciure of Fig R in the thivd embodiment, and ax

('fe

sxamples to lusirate methode for farming the ove r—pa:sﬂwaim seheme for all enthodiments. in

5 the

e

his disclosure, I othey words, the misthody deseribed and the gpetilivation spepifind

following paragraphs can be apphicd toall metal fraces, buses or phnes 81, 31 82, 83, 83 and

1

B all metal faypers 811 831, 831, 812 and 833 in this disclosure

Ty

(=5

IR

HIITS]  Fig I5A shews sostanting mowiseial dor die onver-passivation provess. The
Cever-passivation process dhwts ou a walr 10 finalized o be cub i chipy afler ihe

everpasnivtion schetne of thetop gﬁ)ﬁzt«ma»‘:\fa tion fehaology i fonoed on the waler 1.
U378 The serivenductor witder 10 inchedes alevants, ssfolkows;

BIOATH Befbrencs n asmhés aof 1 indicates o substrate, usually s sitivon substrste, having a
thivkness betwden 800 and 100G micrometiry) between 30 pitorowneters and 1 milllimester or
betwees 73 and 250 micrometers. The silioon substrate can be an intrinsie, & peivpe, or an
setvpe sificon substrate: For g high perforoaios bip, 3 SiCe oF Bilivon-On-lnsufator (SO}
sobsivate van be wsed, A SiGs subgirate ncludes an epitaxdad ayer on the surfios of & sflicen
subsirate, An SOL subsreate includes an insulating faver {snemplary silicon wxide) on @ silivon
subsirate, and a $1 or RiGe epitaxinl layer forowed over the Insulating layer

137

used ae
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{OBIT8]  Heforonce number ol ¥ indicates & devics layen, osustly a semivondueier device,
inandior on the substtte 1. The semicondugior devise includes sn MOR tarsistor 27, either &
a-MOS o 2 p- YOS transistor The MOS wansistor nddudes & gate {tsvally a polysilicon, a

ngsten povicide, @ tungsten silinide, titeniuny silicide, cobalt ¢

source, and a drain, Other devices are hpolar traosistors, BMOS {Diffesed MOS), LOMOR

~

{Lateral {Hffused MOE) OUD Charged-Coupled Deviee}, UMOS sarmors, phodosensitive

digdes, resistors {formad by the polesiBcon layer or the diffision area in the siticon subsirate).

The devices Ram various cireuity, steh s OMOS clrcgits, NMOE chrouits, PMOS cirpuits,
BICMOB cirouits, CMOR senser oimuits, DMOY powsr cirauits, or LDMOS ciscpits. The sy

inciudes the bagenal ciroetts 28 Greloding 34, 22, 33 et 247 in a3t entbodiments) the veliags

1
A;!;

reguistor oy converter alrcail 4] i thy fiest codbadiment; the offchip steoult 40 {lochading 42

i‘-)

aad 431 in the third smbodinient, id e EST drtuit 44 rvthe Tourth embodimen,

\

HIO3IT8T  Referency number of 6 indicues g foe-line schene, sl

}
%

g fing-live vl

N

ayvera 80 and Bnefine via plags &7 fnovias 307 of Hne-line dicdectnic layers 33 The fing-bing

3,

chems & insludes fne-Hag metal races vadl emby
£18, 619, 6197, 621, 2T, 824 and 6% of the fiost crnbodiment; (23 831, 832 and &34 of the

socond embodimenty (3 831, 632, 634,638, 6397, 6381, 63017, 6311, 6321 and 8341 of the

odimenas of tas disclosure: {13 811, 812,

2%

’4

third embodiment; {33611, 612, 614, 649, 621,622, 624 snd &49 of the Hurth entbodiment.
The fne-line metal layers 60 van be aluvinum of copper Inysrs, ov rore specifically, spuntered

sfominum yeey o damassens sopper e, The fne-lias etal fayers 60 cun be (1) afl

fineehog metal byers any ahunioas ayees, (2 s -l metal layers are copper tayers, {33

- the bottom layars ave aluminum lavers and the top layers are copper fayer, or (4) the botiom
fayery are copper layers and the top favers are stundmum layers. The fine-fine metal layers 60
raay have a thickngss botwesn L03 angd 3 micvorbeters, and preferabiy bBotween 03 and 1
micrometers, with Horieontal design rules {he widthy of lines or ‘trsces smafler than 1
rofororneter, such as between B.05 and D88 piicramet ors, o oger than 30 nanometers, such @
between 20 nanomisters and 15 nilcrometens, and prefendly botween 20 nanometersand 2
roicramneters. The aluminurn biyer Iy wsually Torsed by a sultable process or processes, €., by

x physieal vapor deposition {(FVYD) nwethod, sich asthe :«tpumriﬁg'fr thod, and thes patterned

by deposiing 2 phisoresist laver with tickneas betwesn 0.1 and 4 pucrometers, snd praferably

\( n Py

gontatning Tlodsine plsma) Av an optios, an adhesiorBarier (T TIW, TIN O @ somposi

o

fayer of sbove maﬁai’s’} miay be added wader the sluminem tayen andfor an antbreflection haysr

108

tlivide, ar 3 salicide gad, &

8.3 and 2 mivrometers, followed by 3 wat or dy etching, exemplary dry plasema efch {usnadly
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3

{TINY miay be slso added over the alomines laver. The viae 307 see optionally filled with
hianketed OVD 1ungsten deposition, fellowed by a chemical mechamest polishing {OMF} of
S ; i &4

the asmpsten netal averto- fomm vig plugs 87 The copper-layer Iy usually forrned by w suitabie

i

PYOCESS OF prosssses, og, by s damatcens process including an elatroplaing process 2

fuflowst £1) depusiting @ opper diffusion baerler Inyer {sonh 88 myz;étriaﬁe or wdtride Byerof
thickness berwean 405 and 82%pm); {2) depositing 3 dislectnie laver 30 of & thickness
botwesn 0.3 and 2. 5pm, exemphay between 6.3 and {30 by BECVD, spinvan coating, sadder

High-Density Plasraa {HOF VD methods; (1) patterrdng ihg‘ distestric layer 30 by depesiting

a photorsshal oy with 2 thekness betwsen D1 arad Spmy, and preferably belween 3.3 sod Qpny

then exposing and developing the photoresist laver 1o form openings and/or renthes, sad then
siripping the photoreaist Javer; {4} deposithng o adhesiontarrier lover and - an elecienplating
saed l.aye«r by sputtering andfor TVD methods, The adhestondbarrier fover tndludes Tx, Yol
T T or TIW or a sompasite taver formed by wsuitabde procsss or processes, €., by aliove
materialy, The eltroplating ssed ey formed on the adhesivn/darrier layen s wually 2
sopper tawy formed By ¥ sullabls process oy protesses, 2.8, by sputtsdng O ar TV copper
o a. CVD Oy folinwed by o sptering G (51 elaciroplating o ooppee layer our the
sleptroplating sead Tayer oz Hhicknegs smaller than  mioromster, such as Between B0% and ¢

reicromeieny, and proforshly betwesn 8.2 and 1 reltvamelensy {8) watoving the ehoiroplated

wapper layen, the slestropiating sead layer and the adbeston'barrier layer wot in the ppeningy o |

trenphes of the dideciie layer 38 by pobshing (exemplary chomdeal wmechanical pofishing,
CMPY the water umi the diclectrie yer underlving the adhesion/barrier laver exposed. Only
the mastale 1 the ppenings or trenches remsin wfior CMP; and the remained owtals ard wsed gy
metal conductors (Hines, traces amimr planes} or vis phigs 607 connscting two adiavent metad

Jayers 60, As grother alternative] 8 double-darangeere provess s used fo form me tal vis plugs

Ny

sod metal waces, Hoes, o planes siuitareously with one electroplating process, one (M9

"ﬁ

rgeess. Two photolithography prodesses, and two disleetrie depusiting processey are dpplind
i the double-danassene process, The double~damascene process adds mmre provess steps of
deposing and patteming anpther Tayer of ditlcetrics betwesn ep (3} ¥ patromning » divkeoirio
fayer ared step (41of depositing the mew! layer in the above singlndamascene provsss. The
dighsetric layer 30 is formed by ¢ suitable procsss or processes, ey, by OV (Chemisal Vapor
mm onl, PEOVD {(Ploma-Enharsed TVD) High-Demliy-Plasma (HOPY VDL @ a
spinqan method. The materiale of dielectele lvers 30 inclinde layees of silicon oxide, siiidon

aftride;  sificon.  oxypitrids, FECYVDY TEOS. BplnOn Ghss {SGG. stiods-based o

e
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siloxane-pased), Fluorinasd Silivate Glase (P80}, vra Jow-K dislentriy material such ss Black
PBlarnond {geneewied by rschiney of Applied Maserialy, Ined or YLK CORAL {generated by
machines of Noveltfus Inodoor SLK {of IBM Coma kee & dieleaiios. The BECVD silicon

sids ar PECVD TEOS or HDP oxide has 3 diclecirie Sorstsnt K between 1.5 snd 4.5 the
PEOND P3G wr HDP FSG hay g K wvahis berween 3.8 and 3.5, s the fow K dislestric
‘waterial bas o K ovalue bepwesn 18 and 3.8 Thefow K diclecie material) such a5 Bk
Diamnnd, is povous, and inchudes hudrogen and sarbon fn addition 1o silicon and oxygen, the
forminda 38 BWCSE3, The fiasdine dicleetric favers 3 usnally ehude rorganic materigls.
The dislsetvic layers 3 may have » thickoezs bopveer 008 and 2 micronwiers. The vias 38" in
the ddietectric Tayee 30 Iy Rormnd by o quliable process oF progeses, e, by wet andfor dry

3

wivng with photresist potterming, oxeraplary dry eiching The dry sich spenies invhude

S

ko

flaorire plsma

I8 Referetice munther T3 md;&&ﬁ““ A passivation by The phssivation layer §
plags 8 very imporstant role fnothis dissloswre. The passbvation dayer 3 i an insulstiog
protestive layer gt prevents mechanicall spd chemiosd doarmage dwing sssembly and
packaging, in es;:iaiz@zmz i preventing mechardon) soteh, it prevenis the peostratiarof mobils
long, such ze sodiunt, gnd transition mstal, such as gold o copper. into the u“s\.s‘*?ymg HE
devices: B also protects e underlying devices aod terconnestion {metale and diclectrics)
from spoisturé poastration o other contsinments, The passivetion layer § cun by tormed by a
suitabdy process or processes. o, by @ cliemdcal vapor depusifion (0VEY) owibed, and
typrically has g thiokness larger than 0.2 micrometers, such s between 8.3 and 1.5 micrometers

orbeypesn D4 and Q.8 mivrometers:

(0038 The passivation layer'd dan be composed of one or mors inorganiv lavers. For

sxample, the passivalion layer 5 oo be & conposits layer of an oxide: fgyer, such as

sifivcreoxide laver or sificenoxycarbide (MOC) heyer, baving a thiskness smalier than 1.3
mivrovaeters, such as botwsen D1 and 1optcromsters, and preferably botween 83 and 07
microrfeters, aad & nitvide Taver, such s sibivon-iitride layer, silicon-gynitride layer or

siticor-carborenttride (ON) Taver, having @ thickness smslier than L8 micrometars, such 2
Serwesn 825 and 12 micremeters, and proforably betwsen 035 snd b micromsters, o the

wxide faver, Allernstively, the passivigion laver & can bg o single lyver ofsilicon nuridy, silicon
axyniiride orailices Sarbon nitide (SICN) baving 3 thickoess smaller than 18 oicromdters,
steh ag Bebwees 82 and 1.3 mivrnmeters, and prefersbly betwesn 8.3 and | oddgrometers. na

exormpliry case, the passivation foyer § inclodes o wpmost inerganic kyer of the
5
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seraiennduntor water 10, and the opmear inorgarde laver of the sermeonductor wafer 10 canbe
a sificon-nitride fnyer having a thickness farger than 0.2 mivromaters, such s between 803 and
1.4 nicromelers, or @ sificor-oxide layer baving 8 thickness farger than .2 micrometers, such
as benwsen 82 and 1.8 micvometers. Akernatively, the passivation layver § oan be w composite
faver of arcoxvnitrids faver with » thickosss smaller than | reicromeis, such sg botween 008
ang 035 mivroweters, and proforably borween (01 and 0.2 auvrametors, 3 fiogt exide lypsowith
& thickness swalier than 1.2 micromuiers;, such ss betwess 0.2 and L3 roicromelurs, and

ver, woaitride layen sueh as

prafersbly between 0.3 and §.6 puicrometers, on e oxyniiride

by

ailicoreniiride layer, with 2 thiskness smaller than 1.3 micrometers, such as betwesn 8.2 and

12 microonetety, and preferably between .3 and 8.5 pdderometers, o the firgt oxide fayey, and

55

aascond axide Iayer with 2 thicknesa ¢ amaller than 1.2 micrometers, Sach ag hetween 0.2 an
P2 mioroieters, and preferably betwesn 0.3 and 08 misrorasters, on the nitvide laver The
firgt and seeond oxide layers cae be PECVIY silison oxide, FEYEOR oxide or bigh-density

plasros (HDP oxide,

{BAIBT] The sbwove deseription and spesiiisstion Tor the substrate §,the devies fayer 2
the {ine-line teisl scheme 8, the dislsoirie lavers 30 and the passivation laver § can be applisd

1o all embodimenty in thes disnlosurs,

HWI3R3 - Operdngs $0-are formed in the passivation lay by uny stehing proeess, such
a5 a2 wet etehing prodess or 8 dry Stching provess. The spw;ﬁaa jon of the openings 30 and the
prosess of fonning the same can be applied o openings ST1, 813, 814, 81Q 5197, 831, 323,
534, $29, 531,632, 534, 8347, $31°, $32°, 5309707, §49, 5497, S5 and S597 in this disclosurs,
The width of the opaning 50 sso be farger than 8.1 micsometors, such as hetween 0.1 and 200
ralcrometers, hetween 1 and 1000w
aad 3 ovicrenetses. The shape of the opening 58 fom a top view may be a circle, sad the
dizraeier of the circle-shaped opening 30 tay be largss than U mdorawistera such as beween

o1

3.1 and 30 micrometers or bebwean 30 and 230 micromaters, Altormatively, the shape of the

Fo)

pehing S0 front 3 1op iew oy e sguard, Gl the width of the squardshapid opining 38
maay be ia‘rg\r than 8.1 micromelers, such ag between 0.1 and 30 migrometers or between 38
and 200 ndcromstess. Adwernatively the shape of the opeaing 50 Gam g 1op view may b @

polvgan, such ag hexagon or ootagon, and the polygomsshaped opening 30 may bave a width

farger than 8.1 nussomnsters, such s bettveen B jid 30 nticraristors or betwenrt 30 and 200

mivrometers. Alternativaly, the shape of the ppening 30 from & 1op view may be a reviangle,

and the rectangheshaped opening 30 tray bave & shorter widih farger than &0 micromiers,
o
3

yigrowioters, hotween 8.8 and 3 suicvemeters or betwien §
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Ty

sugh 2y betwoen .1 and 30 midiometersor betwien 3¢ and 300 misrometens. The width o

2y

the
:a;}enings. S31, 530, 5340 ATV 83Y 434,51, SR s 514 in the possivation layer § Tor the
nd 243 oay be farger than 03 mdeedonianrs; sush as
between 81 and 100 micrometers, and prefrably betwesn 0.1 and 30 pucromesers. The
openings 318, 519 and 839 Ror the volisge regaslator of converter Cirswit 41 the openings 539

and S39 for the offchip bufler 47 sod the offahip BSU aircait 43, snd the openings 348, 849,

s

S8 gnd 3597 fur the BE0 ctroult 44 mey have 8 width labger shan thoese of the spenings 33

N

v

33, 834, 816 S12 and 14, o3 ronge between 1 oand 150 micrometers, amd preforshly
batwéen § and 100 mitromaters, Alernatively, e gpenings $19, SIRV and 339 fur the voltage

engiintor or senvarter gtrcait 41, the opendngs 338 and 339‘ far the offchip buffer 42 and the

aifechip ESD chouit 43) dod the openings S48, 3997, 359 and 538" for the BSEY Sirtuit 44 moay
Fave g wikdth larger than those of the npenings 334, 532 and 534, namange betvesn 8.1 apd 3¢

ficrometges. Thi \s;:em*gﬂ SO i the passivaion fayer 3 are aver multiple regions of mokiple
metal pads or traves 800 o the Hnc-Hoe metal fayvers 60 snd expose them, md the reglonsof

the meial pady o tacss SO0 ae ot boltoms of the apanings 30, The metal pasle or teates 680

may inclede skt or elactropiated soppen

{80384]  The wafly 10 o e Bilyieded x,ggéng (E:ﬁ‘ crers gavenaticis of 10 prsgtss

‘:J‘

wo

cehnplogies, seeb as b, 88 pro, Q& unn 0.5 o, G35 o 28 pue GIE poy, 6258 pae,
B3 e, 90 amy, 8% am, 48 HE 3% s or 25t technologivs, defined by the gate tongth @
effective chansel fength of the MOS tanvigers 2. The waler 19 can be procsssed wsing
phowdithographly prooess. The photolithopraphy proossy pan nclade soating, exprisiag and

developing the phokuasist. The photoresial used to procesy the waler 18 has o thickoess

betweey 1 and 4 micrometers, A SISpROr OF & SCaraSn ., 8 53X stopper or seannery can be

5

used fo expose the photoresist. The §X means that the dimension on a photo mask {usasd made
of quartzy is sodused on the walkr whea Hght beamy is prajecied fropy the photo mask onts the
wafer, and the dimensiost of 3 fealure on the pheto magk s 5 tmes of the divwension on the
wafer: The scanaer is used nadvancad ginesations of 0 pracess fsehaolugiss, and i usually
with 4X dimension raduction to tmprove the. seaalution, The wavelength of the light boan wed
i the stepper or the scanner o be 436 nin {-lne 365 um {iline), 248 rmul}»ap Littraviole
DUV 193 s (BUYY, or Y37 s (BUVYL or 133 ans {Extreme UV BUVE The high-indg
snshorsion photolithogiaphy 19 alsd used to schinve fnglink Reaturegin the walke 1§

IB0388]  The waley 10 s proforably protessed in « clean roont with Class 19 orbegter for

exapple Clage 1, & Class 10 clearerotm aliows rakimun nurnber of pasticles per cubie Rt |
i1

i\)
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haeger thare Ty, 10 larper than 05y, 30 largey than 88 om, 78 lavger than O3, 350 lavger
tharg O] ey while o Class Dalean ronw aiiaws sm;rsma sunbeer of particles per cuble Rr

farger than 8.5pm, M iarger than G e, 7 lacger than 8.2, 33 lacger this 8. 1auw

NGIRA] When ocopper e ussd a8 the fine-line meoted ey 68, and oxposed by the
aperings 50 i the passivation laver 8, 8 metal cap 68, Inchading 861, 662, 684, 68% 3l 8687,

S

i proferably uved to protect the expoasd copper pad oy trace frony corrosion as shaws i Fig
{ B g

Z

{3R. The mutal cap 56 havigg 8 thicknesy between 84 and 3 mivrometerd inclodes mn
aluoinerecontaining dayer {uch oy slumbain fayer, sliuminunroopper alloy layer o ARER
alfoy laver), o gold fayer » T laver & TIW tayer, w To laver, 8 Tal tver, or a N fgver e
metnl cip 68 I s afominemscontaining laver Gsuch as stuminasm layer, sluminureeopper dlfoy
tayer of &ALSRCyn aloy layer) a barvier fayver Raving 2 thickness between 001 and 8.7
microieters s forpied betweer the alumintm cap 88 and the copper pad or draos, and the
barrier layer inchudes T3, TVW, TIK, Ta, TaN, Crar "‘{-a Faor examgle, & barvier fayer Having 8
thickness batwesn 0.01 sod 07 mioromsters can b fo;‘m\x} o the coppey pad or trsoe expossd
by the opening 3 and an slominum-conivining laver having g thicvkness between G4 and 3
wacreeters s formod o the bavrier Taver, and the bamer fyer may be made of titantum,

tianterm-dengaen alloy, tlaniem nitride, pntalom, antshin sivider sheamium or alloy of
refractany mead, ad the alesinwscocmtaining laver may be o aliwbawn laven, an
slemingmsepper-atiny laver or an ARSEOw alloy e, Thewvallr or chip with metat caps 66

N

oan be used @3 opUone IR g 1 envhodiments in this dis kssu-u:.

93RT Figs. I130-15K shoow provess ateps- ol Dbricating an ovespassivation scheme
0% over the waler 18 shown in Pig 134 or Big 138 The grocess slepy ghown ia Figs
IHO-ESE are used to-form the sirioture dhowain Flgs 168, G example, with o fayers of
sverpassivativn mstaly, and with “umpint* design architednire for imerconnecting e internal
cirgdts 20 snd offekip el 40 This oumple showy twe pverspassivation oetal fayers:
wittle one et dayer, thrse menl layers, R owtal Iy or morg restal fayers over the
passhvision laver & can be formed using the same o simifar methods, and the samie o sinilar
spacification desneibed in Fige 13GSKL 1o ather wonds, the followisg description and

specification apply to all eobodiments i thie disclosure

19038H  Reforring to Fig 13K the aver-passivation scheme 102 vait be &vowd wver the
water 10 desoribed iy Figo 1S4 o Fig 15B0 The overpassivation schems 102 {nchudes

2

dver-passivation  metads 80 and  overpassivation  pobmwers or nsulstors. 90, The

113
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aver-passivition shetals 30 inchele onp, tweo, three, four or mare yotel layers. In the example
ayer §51

v

of including two masl fayers, the overspassivation mf:tai 8¢ Inchude 3 fired nw

- $R38

i

and 2 vstond wend fayer BO2. The specification of the meisd layer 808 and the prvonsy of
fhroing the savwe can beapplied 1o the ekl iayers; i1, 82tand 837 boihe disclosurs, snd dre
specification of the matal layer BU2 and the provest of fornving the sve canbe applied o te

meial fayers 812 and 832 in the disclosure,

(O3S The metals tssd in the over-pussivation mesl lavers 30 are nainly copper, gold,
silver, pailadivro, rhodivrn, platiners, nateniuny, and nickel The metal Hoe, raver or plane
the over-passivation owtal schems 3G usually dncludes conyposite layers of metads fn a3 stack,

The ceasssasation iy Fig 18K

shows hwo cornposite fayers 2001 snd 8002 by excly of the

S¥sr-presivation metal layers 30, which carcbe applind to as the two pomposiie fayers B4 Eand

#1127 of the patiorned cirsult Ea}e 11, respootively as the two composite fayess 8211 and
A3 ot the pattevaed cireult layer B2Y, respec ctively, as the Two composite fayery $121 and
122 of the paitevned olrcult faver 812, respsotively, as 'the fve composite layers 83311 and

BHTof the pattevand eivcull fayer B3, vespectively, sod aa the two cumposite layers 8331 angd

B3I32 af the patterned ciroult layer 832, reapectively

W3 The bouorn layer of sach  overpussivation netal layers 80 i aw
sdhesion/barrierissed fayer 8001 {ncluding RO and BOZUL incheding an adbesiordharrier
e {at shownt and @ sead bayer {ant shownY on the adhestonbarsier layer. Theé specification
of the wihesiontbamierisced fayers 8001 fnchaling 8011 and 8021 and the provess of Fwrmiing
the same can be apphad to the adhosionbareiedseed lovers $1TE 812, 821 331 and 8321
The twop tayer of each ovetpaashvation metal kvers 80 i a bulk setal layer SIDZ, Incduding
FROERY amd
fhe process of forming the same san be apphicd to the balk motal layers 8112, ¥132, 8212, 8312

and 8323

BOIT and 8022, The spesifivaion of the bl metal layers BO0Z (nnhuding 802 oy

E3FE] The miaterial of the  sdbeslonibirder Javer & the towowy of de
adhesaunfmr““r«’ sed Javer BUBT can be Th {tharamy, W, Op, N TN tanbey nitnided, TiW

sifaniometungsten st ¥V, O {chrohan), 0w, G0l T (sntalorn ), Tadd (mntaltnm niteide),

ar alley srcomposiie laver of sbove materile. The sdbesiontmrrer Byse sun be forraed bya

stiffable provess Or procesess e, by slectropintiag slecwolsss plating, chavsieal vapor

wr

’dﬁ;ﬂ)sézim (VDL or PYD {such as sputiering or svaporsiion) exemplivy deposited by BVD

{physictl vapor depuaition} spch ge owetel spuitering procsss. The thiskeess of the

Fhat
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adhenion'barner lver s smaller than | micremeten, sech as bopween 82 and €8 micrometerg,

s preforably botween G5 and 3.5 migromgias,

08382 For  sxample.  the  adbedondeerior lver 8l the  hotiom of  the
adhssiontbardierfseed laver 801 may be foroed by 3 sultable ;:ygcetss OF provessss, oo, by
spultering 2 titunkon laver with a thickness beveen 8.02 and 8.8 nucrometers, and praforably
hotween .05 wnd 4.8 mucromaters, on the polymer layer 85 andon the pads, principally made
of aluminum, sxposed by opandngs 830 i e pobymer iaya;‘ 33, Alraatively, the
adhesion'hartier laver st the bottom of the sdbesiondarniarisecd fayer B0 may be formed by
& suttable provess of proussses, .. by spulitring a ltaniumctungsten-alioy laver with a
thickness of bovween 003 snd §.8um. and prsfasbly of botween D03 and Q%um. on the
polvmer laver §8 and wn the puds, privoipally made of ahuminny exposad By the apetings 950
i the polymer fayer 25 Altormatively. the adhesion'barrior Javer & the bottom of the

adhesipa/bursiesfseed layer 8811 may be formed by 2 suitable procese or protesses, 2.8, by

205

puttaring a titsoiumenitide Jayer with a thivkness of between 002 and 8.8um, and pratorably
of betwoen 805 and 08pn, on the polymer laver 335 and on the patds, priveipally made of
suminars, oxposed by the openings 850 i ihg pobyer layer 95 Alcrastively the
adhesimvbarrier ver at the bottom of the adhesionfbarier’ssed laver 8011 may de forned by
3 sultable procesy ov processes, ¢ Dy sputtering g chrorinm fayer with 8 thn.im sgoof
bepween 0.2 sod {Ruoy, andd preforatdy of betwesn D08 and 8.5, on the polymer Tayer 83
and on the pads, pri:’}cim?i};‘ madeof shondeunt, sxposed by the openings 930 inthe polymer
fayer 88, Alterpatively, the sdhesicrbarrier Rver al the boltvm o the adhesion'batriend "'f,d

fmyer BOLL may be formed by u osultalde process oF pIOCEsSNE SR. By sputis

b
&
o}

g
&

tantaluneniteide vy with a thicknoss of betwesnt 0,02 and 8.8 wn, wod prefersbly of betweaen

3

05 and $0umy wn g podyiner fayer 93 and on the pade, priveipally made of aluminam,

i

3t the bottogy of the athesiondbariedeoed e 83T may be formead by s suliable proosss or

3

prooesses,; 8. by spoticring & tandaduat layey with s thickooss of betveen U:.02 and 0 Buny, sad

Z‘-{e

& ¥

¥ af‘ berwsen $403 and §.5um on the polymer biyer 85 and g the pads, pringipally

made of alumininn oxposad by theopenings 930 i the polymer layer 93,

(RO For  example, the  adhesionftanier Eéivei‘ at  the  botiom  of the

adhesion'harrierseed Tver BUOH msly be fornved By 3 saitable process or procestes;

7
!‘2‘
At

spultering a Haniwn laver with a thickaess of between U2 and D.8pm, and grme::ras?:s‘lg af

hetwoen 303 snd §.5m, on the polymer layer 95 snd orcthe pads, principally made of copper,
115
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cxposed by the opesings 250 in the polymer layer 85, Slieepatively, the adhssiondurrier laye
at the botiers of the adhesiondburrier’seed aver 301 may be forowd by & sultghls process ¢r

rocesses, o8, By spultering & Slanfun-tungstoreatioy laver with o thicknesy of hetwien G 0

p

ant 38w, and prafoably of batween 085 and B3pm, on the polymer layer 95 ard on the
pads, principaily made of copper, evpoasd by the openings 953 I the polymwer layey 33,
Alwrratively the adhesiogdbareier laver at the botfom of the adhesion/barrierfseed laver 8011
may be formed by » stitable prosess or procesdes, e, by sputiering & Htaniumendivide fayer
with a thickness of betwseen 5.02 and .8urm, and ;mkméi} of between (.05 and 0.5, orcthe
polyoer layer 93 and on the pads, priscipally made of copper, expossd by the openings 93¢ in
the polyvier fayer 95 Alernatively, (e adbestowdburrier laver at the bottowm of the

udhesiontbarrier’sead laver 8811 miy be Hored by 3 sultable pricess ar provesses,

r
“ntt

prs

spaitering o chrorntum laver with & thickness of Berween 002 and $:8pm, and peeferalily of
wiwaen G085 and 5501 on the polynier laver 95 snd on the pads, principally made of copper,
cupesed By the openings B30 in the polemer layver 95, Alernatively, the adhestontbarver o
at the Bottorn of the sdhestontbarrior’sead Iver 803 may b formed by a suttable provissor
processes, o.g. by sputioring 8 aaialwneniivide faver with 8 thicknesy of between 082 and

€.8um, wod profirably of

betwaen 005 and U5, on-thy polytmer layer 85 asd on the pads,
principally made of copper, expound by the operiings 950 i the pobymer layer }5 Aherraively

the adbesion'barrier layer at the bottom of the adhestonbarsioriseed fayer $01 ma‘y be formsd
by a suitable provasy Or processes, . by sptiering o totalum layer with a thickaess of
between 002 @ﬁd OB, and preforably of betwosn B.0% and 8.5um, oo the polymer layer 94
and on the pads, prindinally meade of coppen exposad by the openinigs ¥3G in the polyniar layer
23,

383l For  oxemple, the  adhexioatbarrier leyer 8t the  bothmn of the

adhesfon'barrierthedd laver 8O way B Hrmal by aoauiteldd proosss or processes, 8., by

gy

spotioring & anim koyer with g thicknews of betecen 882 and 8.8pm, and preforably of

\

Hetwenn (L85 aad O 51, onihe polyrier laver 9% and on the abonisum-crotaihing ipes {sieh
as aluminwn loer ai'ismi.mmvcs)gamf alloy fayer or ARSECh alloy fayer), exposed by the
apenings B30 o the pelymaer layer 95, of the sietal oaps 86 wver the copper pads. Aliernatively,
the adhesiondarmier fayer ot the Botor of the adhesiontarrier/seed fayer B0TE raay be formed
by & subtahit pROOSSS 0 FOCEsENs, 2.8, by spuitering & disolunr-togsien-atiny g with g

thivkness of botween U.02 and (.8ww, and profersbly of berween S0 and $5pm, on the

pofymer fayer 93 and on e aluminumecontising layer (usk as alumivure layen
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afnnuro-copper sifoy fayer or ALSEQu alloy fayer) of the moetal caps €8, exposed by e
peninge 930 in the polymer kver 85 over the copper pads, Altermatively the sdhegionBarier
e at the hottont of the sdbeston'harrdacisend faver 8011 may be formed by 3 sultable prvesss
O pIrecsses, o, by spattering & Hlantomesitride laver with g thicknesy of Botweer §.08 sl
D.8wn, and pr;&x‘fma&ﬁy of between D05 and 0.5um, on the polysier layer 33 and on the
aluminmn-conisindng Isver (such as slumisum laver alumindmesopper alloy fayer o AR U
alloy faver), exposed by the dpesings 950 o the polynter lyer 85, of the motal caps 68 weer
the copper pids,  Aliormatively, the sdhesionbaerler Jwyer b the botom of the
adhesiowharriovaesd lyer 8011 may e kemed by & suttable process o prootsses. 6.8 by

sputtering & chropium fayer with a thivkness of between $.02 and B 3pay smd profirsbly of

U’

atwean iy 6}\ and 0.8uny, o the pelvmer e 83 and oot slumingsecontaidag boer {such
as ahurninws laver, slomiwescopper alloy Tover or ARSL O atloy Taver) of the wetal saps 6
sxpossd by the ppestings 350 fo the polymoer Jayer 83, ovar the sapper pade. Alermastively, the
sdhesiorybarricr ioeer at the baiony of the adhesiowharier’seed faver 301 may be fonwd by
2 mettable process oF prosesses, 6.8, by sputiening & Lntalumeritride fayer with a thicknese of
Between U2 sod 8.8 pm, and proferably ol betweeny §.03 and G, on'the polymet layer 93
and o0 the wleminu-containing layer (Buch o ahweniowm fiyern alumioure-eopper alloy fayey
or ARSI alloy fover), vxposed by the openings 939 in the polymer layer 98, of the meted
caps 66 over the copper pads. Altematively, the adbestarvbarrier layer st e bottom of the
adhesion'barnierseed fayer 3011 may be formed by & suitable procssy or proceases, a.g., by
sputtering & tantalum layec with a thicknsss of batwesn G.02 and 0.8um, and preferdly of

betwenn (005 and G5 on the polyiier layer 85 snd o e shaminue-containing ey (such

e sl fayen slnminuocopper alioy layer or AMSCy glley tayer ol the metal vaps 86,

sxposed by the dpeningy 88w the prlymer layer 83, dver the capper pads,

BE3R Por cuample, fe alicdondbarder lyer w8 i botom. el e
adhesion/barriereend fayer 8021 maoy be formed by 2 sulable provess or processes, eg. by
spattering & tianiem hyer with 2 thickeess of batwesn §.02 and U.8uny and preferably of
hetween (.05 and .5um, ona ;}{ﬁymcr‘ layer 98 and on a gold laver of the condecion belk
faver 3012 exposed by openiaps S50 cln dhe polvper laver 880 Alernatively, the
adhesion'barricr faveriat the bottonr of thy adhesfonbarsier/seed fayer 8O iy be founed by
a siitable process or progessel, w.g. by spulisring 8 ttanfumeungsten-slloy layer w’i:ﬁ a
thickness of betwesh Q02 and O 8um, and preferably of between 808 and §5um, on the

patyimer layer 98 an

¥

toarr the gold feyer of the comducuion badk layer 8042 oxposed by dhe
137 ‘
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apenings 980 in the polyrasr Inver 98 Alteratively, the adbesianbarrior Inver a8 the oo at

the adhesiondaricnissed Tuver 3021 muy be formed by a sultable process or processes, e by
spattering & tianivm-nitride hayer with a thickness of hetween 0.02 and U.8grm, and proferably
of between D.08 and 8.5, oo the polymer laver 93 and on the pold laver of the condutiion
Bulk Itver 3012 sxposed by the wpenings 980 in oo polyoer layer 980 Ahersatively, the

sdbesiondbarmier laver ot the botkes of the adhesion'bagier/seed fayer 83621 may be formed by

aomiitahle prOResh O Provsses, g, b spulicrisg a olwwrsivm faver with 3 thiekness of
betweer (02 and §.8prn, and prefieably of botween 0.05 and 8.5um, o ihe polynier fayer 28
and on'the gold layer of the conducting bulk layer 8012 exposed by the openings 980 mthe
polyowr layer 88 Alooatbvely, the adbosionbamier byer at de botiom of the
adbpsionfbarnereed Taysr 8021 yoay be formed by 1 sulteble process or provessss, o4, by
sputiering o tantahuemenitride laver with & thicknese of hetween (‘{}}3:_ and 8%, and preforably
of bevwesn 0.0 srd 850w on the palyorer layer 88 and o the gold layer of the conduction
budk fayer ¥012 cxposed by the apenings #30 in the polymer-layey 98 Ahernativaly, the
adhesiontharnier layer 5t the Bothwn of e adhssionbardonseud faver 8021 may be rmed by
a suitable procgss o provesses, o, by spultering a tantalum layer with o thickness of hetween
.00 and O 8um, snd ps‘ai&:ra&ﬁy of betwesn $:05 and §.3pm, on'the polymer laver 98 and orvthe
ol laver of the cundustion bull foyer 8012 exposed by the openings 980 in the polymer kayey
28

{i54]

1863961  For woampl,  the  adbesiondbueder layer te  bottom  of the
sdhesion'harriervond layer B0 may be formad by 2 suiisble provess or processes, a.g. by
sputicring & tisniam iswu‘ with:a thickoess of between 802 and Ofien, and preferably of
Getween .03 jod 0.5pm, o0 a polymer layer 88 and on w coppay layer of the conduution bulk
layer BOTR exposed by suftiple openings 980 v the polwaer fayer 98, Alersatively, e

adhesicovbarrier Iayer at the batton of the sdhesion®arriorizend ver 5021 may be farmed by
3 suitable process oF prososesy, T, by spultering & Sterbun-tungsténealloy Iayer with g
thicknoss of betwoen 802 and G.8uny wod preforably of botwesn 808 and $3pm. on the
polymer tayver 88 sod on the copper faver of tie condustion buldk layer $CE2 expased by the
apenings 980 in the polemer laver 98, Alternatively, the adhesionarrier layer ot the buttont of
ihe adheswontbarserieed lver 302 may be formed by x suitable provess or procvsses, 8.8, by
spufioring 8 Haninm-aitrids fayer with » thickness of botwesn .02 sod (.8um, and pr&-fer&sbi}:
of betwesn G.08 st 850, on the polner laver 88 and on the copper taver of the corduction

bulk layer 8012 (2\{‘(}%313 by the ‘operings 980 in the polvmer faver $. Alternatively, the

18
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adhosionihaeried laver ot the botom of the sdhesion'barder/seed fayer 8021 way be furowd by

suitalile protess or processs g, by sputiering & cleomiim |

bevwenn Q0% and Q. Spm ant prefoesbly of between 003 and 0.5um, on the pebaner layer 48

ansd o the cogper taverof the sonduction budk layer 8812

expressd by the speningsy 98¢ in the

polymer  layer S¥0 AQlicrastively, the adbesionbarisr faper st the botom: of o

adhenionbartaread laver 3021 may be foraed by # sniable process wr

< 8.8, an

Lo

sputtering & Taataknnendidde ayer withor thickocss of betwesn 0.2 & preiferab

of botween 808 ard © anducdon
btk fayer 303

adhesion’barrier fyer

Sgrg, on the pobywradr iu;e 28 ared on the copper layer afthe

2 vxposed by the oponings 9B0 In the polymer layer 380 Allernatively, twe

atthe bottom of the adhesiontarsarissed ée’ay&zr BT romy be feented by

N

& saitable PrEnusy pr proesses, o4, by sputiering & aniahem yver with a thickogss of between

Q42 and 0.8um, and preferably of batwren DUF and Q.3 on the polymer Inyer 88 and on the

eopper laver of the conduciion buﬁc laver 8012 expozed by the openings 980 withe polyne

laver ¥8.

08397 The aseo

subsequont elsctropiating process, waually

aner at the top of the sdbestonbarnerissed layer SO0, for the

vy

ormed by s suliable

slovtroless, TWD or PVD faach as

PROCTAE OF PrOCSES, €. by

s

slegtroplating, S spultering), sxemplary céémsited by PVR

sl we mostal sputtering provess. The msterfad wed v the sced taver wseally made of the
samoe metal material as e conduction bulk mual formed in the sabsequent electroplating
PRGLCES,
raaterisl of the slectroplated racial Iayer formed ony

an be Au, O Ag N R, Bh, Fyor Ro The material of the seed fayer varies with the
¢ seed layer. Whety a gold fayer 37t be
glectroplated on the seed fayer gold i a preiemb?e muaterialte the se
faver is 1 besglectroplated on the seed layer, Copper B8 § proferable miateried fo the seed tove
The thivkness of the slectroplating sced fayer (o bobwesn §.08 and 1.3, exempliey between
845 and 0.8pm.

{00398} For

adhesion'harrieriseed Taver

sxample. when  the adbosionfarder  laver ot the bogem of the

R0 §s formed by @ suitable

2.

spuitering a ttanbim faver with g thickoesy of Betweer G02 and

IOUESS . OF processes, B8, by

botween (.03 and 0.5uwm, the seed laver at the top of the adhesion'barrivrseed fayer 808 can

b fotmed by sultble provess bf procuiies, £.4., by splttering a gold lover with 2 tucknesy

bebween D05 and ¢

by 2, and peeferably of batwesn 8,08 and D8am, on the anium yen

werfssed layer 8001 &s

When the a<i§wefm‘v"~(arrit‘f kover st the bottom of the adheaonba

forred By 3 suitably procasy of processe, €g. by sputtering & ttair-aihgeieivalioy fayer

1R

POTURMIMOITIRG

fayer with a thicknsss of

fayer When a coppse

.8pm, and prsfemb':‘:y of
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with a sh ekuvas of between 0.02 ant 88w, aofl preforsbly of bavween .02 snd 8.3pm, e

‘.

e §sws at-the top of the sdhesiondbaoderfeed Iy 8001 oso be formed by a stitable

Brofess <o prosesses, &8, by sputtering a gold dayer with a thickness of botween (.08 and

=2

 2um, and g}rei‘emh%y of betwenrn G053 and G.8um on twe tlaniwo-tengsisn-alioy fayes When

the bowrin of the adhestonbardierisead layer 8001 s forrond by g

i
Z
o
=
b
=
[l
.
4
"2
=
)
e
~5
e
=

surtalles provess oF processes, S8, by spuiiering a2 Blaniumenitride fayer with a thickaess of
betwenn 802 and B.8um, and praferably of betwean 805 and €.800, the sead layer at thy top
of the adhosioabarriersced fayer 8E oan by Boned by 2 aullably (rovess or processss, €.g.
by sputigring 3 pold hayer with a thieknses of bevwasy .05 sod 1.2y and g:r*fi"'mhiy of
hatwesn 0.05 and 9.8um, on the Blanivm-aittide laver When theadhesivadarrier e at the
hogom @ the sdhesionbarmicy/sedd layer 8001 1s formed by« solisble process or provesses,
e, by spultering o chromium layer with & thiskness of beveaen D02 sad 88um, and
35

praforsbiy of betvesn 983 sad é).figs.m, the seid fayer at the top of the sdbesiorybarvicrisge

v

(=

layer BUH can be formed by a suitable progess or processss, .8, by sputivring & goid laver
with ' thickepss of benwsdn .08 and L2, and prefoesbly of burween .08 and D8y, on the

chrowdurn laver, When the mibesipofbarder fayer at the bottarn of the adbesiwvbarrierfseed

Hvey SO0 fe formiad by 2 subluble process or processes, g by sputiering » s Reneniinide

tayver with g tiickness of befween G802 and B8um, and praforably of between 008 wad B,

the sevd §syc" al the top of the adieaionibacrior/send e 80T can be Bwnd by 3 sultabie
PEOCRSS OF Procesies, £, BY sputtering 2 geld Tver with & thickassy of heaw,ﬁiﬁn 885

1200, and profosably of betveen 8835 gnd Q fure; on the retabureniride layse When the
adheyionbarrier fayer &t the botom of i atﬁ*mssnfbsmev Sped bayer 8001 45 fovend by 2

suisehie process or provesses; £ig, by spatiering A taveaboy favee with sothickress of batwesn

Q0 and U8, snd proferadly of bebwean B.0% aud O 5ion, the sed layer 81 the top ol the

adbeston/barrisrivend fayer 8001 pan be Tormed by a suitably procesy or processes, e g. by

sputisring 8 gold faver with @ thivkness of batween 803 ard 1. 20em, and preferably of E:_x;:swgm
£.05 soid U8, on thy tantalinn laver,
[OR39BE  For sxample, when the adhoslon/barier Ryer st the bottony of the

adhesion/barsfor/seed layer 800U is furmed by 2 sutiable process OF processts, @« by

5

sputiving 3 Gtandum layer with g thickoess of between D02 and 0.8uum, and. preferably of

benssen §.08 and 050, the seed Hover st the top of the sdheston'bartior/sesd layer 8001 ¢

=

be formed by 3 snitable provess oF processes, 2.8/, by sputisdng & sopper layer with 8 thickness
of betwstn 0.0F and 125084, and preferably of between 0% sad G ien, o the tianiom layer.
120
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Whenthe adhesionfartier laver at the honom of the sdhesionburriersesd lipee 3001 &

fortied by w maishie provess or processed; g, by spuliering o UGartumefangsieralioy oy

* i

N

&3
with 'a thickness of betwesn 002 and 0. 8um, and prefecably of beowsen 003 md B.3pm, the
seed fayer 4t the top of the adhesfordbarrforfased layer’ 8001 pan by Tormed oo & soliable

provess or provesses, €., by spultering’ s copper e with n thivkness of between G058 and

f.2pm, and praferably of between 8035 sod 8oy, an the Stanjum-fungsien-alloy fayer, Wheg
the adhesionbarrier fayer at the bottom of the edhesion'barrierisead layer 8001 by formed by 8
suitable. procsss or progesses, &8, by spsteriag & Htanjumenitride Jayer with @ thickaess of
between 002 and 0.8wm, snd preforably of between G108 and § 5uum, the seed layer at the op
of the sdhesion'barrder/sead layer 8007 can be formed By 2 sullable process oF progesess, WE,
By spultering @ cupper fayer with o thickness of bebwaen .08 and F.3em, and preferably of
betwann (.05 and 08, on the titaniwn-nitdde Tayer When the sdhesiontbareier laver st the
hottomy of the adbesion'barrietfesd layee 8001 b formed by suitably process ov proossses,

. by sputiering a -chromitm foer with o dickness of ‘between G042 add D8um, and

i

i

preforabiy of between 805 sod 080y, the seed laver 3t te top of the sdheskovhamrieniased
tayer SU01 can be Srmed by a s;yiiﬁhia ROSESS OF PrOCesses, &8, bY spuliering & eopper Tupet

with & thickness of betwsen 0.05 and 1 2pm, and preferably of betssen .03 and D.3no, v thy
chromigm layer When the sdbesiondbarrier Jayer ot de battom of the adhesion/baier/seed
layer ROUT fs Formad By'a suitabls process o proossses, s, by spatiering » tantahum-nitride

laver with g thickiwas of betwsep 002 and U Bpmy, &0d g)mfes‘abi.y of betwesn GOF and §%am,

the seed fuyer at the top of the adbesionbarricrased fayer 8001 car be Rorowed by & suitable
RUONSSE OF PrOtesses, S, by sputierieg v copper layer with 3 thicknass of botween 048 and
$2um, and prefirebly of between D05 and O, ob the tardslsmenivide Tayer When the

® .

adhesion/barrer fayer at the botom of te adbesiordharrieriseed layer 8001 B Brmad byos
aitable procesy or procssses, 2.8, By sputtering 3 tantaluny Inper with o thicksess of between
402 and 4.8, wod preferably of batwenn 085 and & Sjra, the seed layer at the top of the
54 h%mm’m riefsend layer B0CGL san be formed by v suileble provess or processes, e.g., by
pui}ﬁrmg opper layer with » thickness of between GOF wod L 2pw and preferably of
tetween 0.0% and G.§om, on the tanahuny layes
IS8T The conduction bulk layer SU0 e formad Bor the Tow resistance conducting,

usally formed by 8 suliable progess br proesssss, &g, by slectreplating, with 2 thickosss
between 2 ard {00um, exereplary between ¥ and 20w, The rovial nuaterial of the tondevtion
bulk fayer 8002, formed by w sultable procssy orprovesses, g, by 8 wosess bluding an
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slectropinting processior as glevtroless plating prooess, inclusdes Ag Tu, Ag ML B, Ry, Proe

[B04811  For example, the condustion helk laver BU02 may be fonned by a suitable

provess or procssses, o, by elestroplating 3 gold Tnver with 8 thickness of between 2 and

100, and gretirably of bevween 3 ared 20pm, o the seed lager, made of gold, at the paf
the adhesionbarrierfased laver BONY, Alernstealy the vonduction bull Ixyer 80382 may be
formsed by a solable process or processes, eg, by electropisting » copper layer with a
thicknese of betwesn 2 and J00pm, and proforablvof batwean 3 and 30uim, o1 the sebd laver
soade of coppen &l the op of the sdbesion'barierisced fayer B001 Allernatively the
condastion badh lager 3002 oay be Boemed by & sultable process @ procssses, g By

slectropigting & copper lver with g thickness of betweirt 1.5 and $0um, and preferably of

between 23 and 1Bum, oy the seed layer, made of copper, at the tup of e

sdhesion'barrierfssed fuyer 3007, and theo electruplating 8 pold layer With g thielness of

between 0.5 and 10um on the copper faven, and e thiokieds of the copper faver and the gold
layer iz benween ¥ and 100uwm, and proferably of bétween 3 and HMum. Allomatively the
eoniduction bolk laver 8007 sy be formed By s soliable progsss o processrs, e, By
glectraplating 8 vopper laver with a hickaess of bebwaen 3
bevwsen ¥ and {5on0 on the sead layer, wiade of coppern, 2t the fop of thy sdhestonbarrierisent

3
3

lusr ROGL, thew slestroplting o alckel lager with athivkuess of bethen 8.3 .and Shny and
prafierably of betweps 1 and 3pem, anvtiecopper laver, and theo eletioplating s gold koer with
a'thickansy of hstwepn 0.03 and GSjen, and preforably of §:t¢:t\s<eetz 405 and 8 ism}@ oy the

sickel lyyer. Alieraativedy, the sondaction bulk yer 8003 muay

oF pravesses; i by clectrapiting # copper Ry wiz}i & thicksess of ?csatwe;)n 3 and 20pm,

and preferably of betweerr 3 and 1opm, ow the s&mﬁ fayer, made of copper, ot the top o the

adhestonfbarrier/sced loyer 8001, thea electenpluting « wicked laver with 3 thickass of Between

05 and S &M praforably of betwesn 1 and 3pmy on e sopper layver, amd then eleairoless

-

plativg s gold Iayer With « thicknese of between Q.03 and {8, and prefesably of between

005 sod & tam, on the nicked layer Alterratively, the conduction bulk ver 8002 sy be
formed by @ sulieble process or processss, e, by slecwoplating 8 copper layer with @

.

thickness of betweery 3 sod 20om, and preforably of batween 3 sod 18wm, on the seed layer,

made of copper, at the fop of the adbésionbarrinrfsend fayer ROGE, then electroplating a rdeked
fxver with 8 thickness of between 8.5 and Spm, ad praferably of between | and Jum, on e
copper fnyer, aid then plectroplating 2 palladivhy layer with a thickness of bevwsen .03 and

132
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F3um and preforsbhly of between §0% and G lpw on the nickel layer Alernatively the
conduction bulk layer 8002 may be formed by & sulisble provess o poossses: t.go by
slectrepiating @ copper laywy with & thickness of betwean 3 sad 20pe, snd preforably of
betwpen 3 and {Spny, o the ssed k rnade of copper, al the we-of the adhesiontharrierfeesd
faver BUGE, then clectroplating & nickel iz er with 2 thivkness of betwaen 0.3 and Sjan, and
proferably of botween 't and Jum, on the Sopper laver, and then sleciroless plating 8 paliadius
fayer with athivknese of betwenn 8.03 sod D.3pm, and profrably of between D05 snd 0 iy,

o5 the nicke! aver

{0483 As anophion, a caplbrier wtal layer (not shown) for protection.or diffusion
barrier purpose is added. The capfbharder {aver-can be formed by o suitable process or processes,
8., by eletrnplating elecrroless plading, CVIrar PYD sputtersd mretid, edmnplary deposited
by elestroplating The thickness of the capiharrier layer is of @ rangs betwesn 0.05 and Spam,

Remplary 8.5 snd Jpon The capdartier layer can bea N1, Coor Vlavern As arother option, an

f9

asseanbhhecontact fayer {noy shown) over the conduction bulk wmeidd fayer ROO2 and the

E

Sapdhartier laver (not shown) for assombly or packaging purpase, sspeciaily for the top-maost
metal fayer of the pyverpassivation metal 80 (i noe or more wmeted lagees with polanee

dieddearic Potvesen o adjeocat moeial layargk

{00303]  Cpenimgs B90 (ncluding 9918 and 8928 i the fins embadiment, 9939 an
I 1 the thivd senbaadivnent, 9949 and 9948ty the Tourh efsri’smd»iment} int the toprmia
polywmer layer 9% expose the content pobrts 8000 inchuding the contist poing 2110 and 8120
i the fisst embodiment, the contact points 8310 and X330 in the third cbodirent, and ihe

sentast goints §116 and 8128 in the Hrorth embodiment) of the toprost pvee-passivation metad

seaibly-cormaet med o i wirshondabde andfe solder wettable wsed o

wirghonding, gold connestimy, sokder ball wounting,  andfor sobder conoswiion. The
asseimbiv-oontact meta! aver can be Ay, Ago B P Rivor Ba dobning o the sasembly-contact
matal fayer sxposed by the polyraer spenings 00 can bie s bonding wirg, a s -m‘er ball {solder
ball mowdiog), & wieial batl {metal ball wodnting), & roctal bunps on e Qi’ht‘:? auhstvate or
oi i, @ g0 id bumpoon the other substeate or ship, aometal poston the other subsirate of chip 8

upper postan the other sisbstrate gr ship.

i

{DO4R4]  The ovar-passivation meial Hnes, traoss ot planey osn be, 8575001 examiples, ome
of the following stacks, o bottom 1 topr (13 TIW £ sputierad ssed Au /afes ated &g, ()

Tidspunered seed Au f elettroplagd Ay, {3) Ta / spuitered sead Auf éia»tmaiaﬁ&d Ag, {4YCrd
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sputiered ssed Tud elootrdpinted Co (8} TIW 4 spustterad sead Cu ¢ elovtroplated O, {8 Taf

sputtered seed Cu M eloctroplated O, {7} Ti/ sputtered seed O/ electroplated Cu, (BY T, TIW

Teor T

]
’

¢ sputtered seed Uu f sleotropistad Cw'/ slecwvoplated N (53 Co, T, Th ar Ta f
sputtered seed Cu { elestroplated Co 4 elecrnplated NiY eleciroplated A, Ag P Fd, Rbor Ry,
{HY O, THW Thor T ¥ sputered sead Co ¢ eleciroplated Cu ¥ dlectroplated N aivatralese A,

&g B P BR or Ry, Bach of overpassivation metal fawers 30 Bag thickness batwesn 3 and

P30mm, sxemplary bebwsen 3 and 20wm, with boriseantal design reley {the width} of

gver-passivation metxd lings or trapes between | oand 200w, sxemplary 2 and $3pov An
gver-passivaniun meted pads 1 alin exemplary particalardy fepowir, of grouad pland, with'a
widih larger than 200mm, The minimum spape between twvo adiaosst moatal ooy, trases andfor
platies 38 between {and S0Goen, skemplary 2 and §50une

04GR fnesome application of this disclsure; the metad Hoes, tracey o planes can anly
nclode sputiered slumisam with thickness betwaen 2 and Spm, exefnplary between 3 and 3
e, with an sptional adbesion/barrier ver (nchading TL TEW T, Ta oo Taly faver) under the

alommum yyer

{R8486]  Refoaring to Fig 151 a8 an option, & contavt strocture 89 can be fonned oo the
contagt point 800, exposed by the spening 998, of the pvenpassivative nretal sclienwe 8¢ The
contact strusture 8% oo be g metal bump, 3 solder bump, a seldey ball, & gold bump, & copper
busap, o metal pad, xoselder pad, 3 pold pad, 8 metal post, 2 solider post, 3 gold postor s oopper
gast The contadt stuctare 89 miay includs miotdd layers 891 and 8%, The mend layer B9
guder the neetal ey 890 Includes A, TL TR T z\ Ce, S, OeCu, Ta, TaN, My NV, Vorle
layer, or composite izsysrs of the above muterials, The excariphiey stacky of the contact strutiurs
89 {inchuting wntal Ryers 891 and 83u)from the botlor to the top ace (1) T/ Au pad {Sa
{eyer thickness 1100}, {3} TIW ¢ Ag pid {8 layer thickness - 10gmd O3 M f Av pad (Nt
fayer thickness G5 1 0pm, A laver thickness 9.2-10pm), (41 T/ Ao bump {8y layer thicknass
Fodlon) {3 THW S Au bump (&g layer thivkness ?«\@Q;zm}‘ {8y N/ Au bump {(N§ laver

thickness G8-10uw, An ;d“yi‘% thickness 7 m*‘; Th TV or O/ Cu d N/ &u pad, {topper

thickress . Lo pey Au leyer thitkness ﬁ,..,»n};sm}, (83 T, W, O Grle or NV I Quld
N A bump, (oopper laveriiickosss - 10am, Au fayer thickosss T-40um). (83 TL ToW, O,
Crlo or NIV Cu 21077 solder pad, {ooppet laver thickness §.1-100m, solder tayér thickasss
0.2-50gmmy {10 T4, W, O, OrCaoor NIV Cis N solder busap o solder ball, (Soppey fayer
thickness O 8- 10, solder laver thickaess 1300w, (113 T W1 On OrCa 6 WV Ca post,

{onpper layer thickeess Y8300, (HEY TURW, Cn Crlu or NIV O post B {Ropper fayer
124
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thickaess 10-300pm} (1) To, THW, G Gl or WY £ L p{‘:ﬁ WY Bokder {sopper lapsy
thickness 1300w, solder Taver thickiess {-308um L U D T TIW, Oy Crlle or NIV £ Ca past f
i 7 Solder {copper layer thickness 10-300um, soider layer thivkness 20-100pm}. The assembly
mathods van be wirghonding, TAR burdting, chipou-glass UGG chip-on-board {COB), flip
chip on B3A subuirste, chipesaefilm  {(COFL chipon-ohip stae hveroonrection,

chip~on-Si-subsirate stack interconnestivos and sig

08487 Por example, e condset struoture 89 muy be fboued by w sultsble process o
provesses, 28, by spotering a taslum-coraining layen, such as UiRclem layer @
Htaman-tongserealioy dever, with & thickness botvesere 082 and §8um; and preforddly
beween (L83 and D.5pm, on the pohaner laver 99 and on the contast point 000 of sapper,
nickel or gobd exposed by the opsaing 390, then sputiering a sced fayer, made of gold, with &
hickness beowsen 0% and 12w, angd preferably bebwesn 005 and O8pm, on the
aniuraeconiaining Myer, then spincon costing & photuresiv §zs:a‘es‘, such w8 posifiveqtype

photaresist laver, o the seed layer then sxposing ihe ;:‘s'simmrs)‘ sist fmyer using & 1¥ stepper or

PY sontnet slignes witheat agt twe of G-fine baving a wavelength rasging from. ¢.g., about
434 1o 438y, H-fine having & wavelength ranging from, 2.8, sbout 303 1w 47 ;md line
hdving 8 wavsiengh rangiog from, 2, abet 31831 36Thm, Sleminating te ;zhmm‘eﬁi tlaven
that is, Uline angd §'€~§_§m\., Geline angd Blne, Heling and Llipe, or {3dine, Heline and Lire
Humindte the phowresia laver, then developing the sxpoded photorssist layer, as :vgmning in

the developed photoresist Iayer expoging the seed fayer over the comtact point 8808, then
r&muvés\g the redidus] pofyierio material oy other cottarinants: front the Jead Byer with 8n i
plasma or & plama containing flecrine of belpw ZU0PPM s oxygen, then electropisting 2

er with o thickness betwesn 1 sd 10pm on the seed Iaver exposed by the opening o

gold Jaye
the photoresist laver, then removing the developed photorasist faver ustog anarganie soiution
with amide, HBen repioving e regidus) polyments saterial & dtfier contaminsnis from theéerd
Saver and from the gold ey with an O ;}iessma or-g plasma sontadning fuorias of below
INORPM and oxyien, then ramoving the seed fayer mot omler the gold Jayer with a dey eiching

,/

%

method nr 3wt stohing mothod, and then removing the titaniuny-gontaioiag Isyer tot unde
thicpold. laver with a dry ctohing mahod oraower stching pwthod Av toihe wet sigling
method, the ssed dyer of gold ene be siched with o indise-containing solution, such as
sofution sentsining podassium iodide. When the thaslunveontaining lager i taniom ey the

tlanban laver can beowet stohad with & solution containing hydrogen flugride. When ihe
Hrardurt-containing laver s tanium-tungstior-alioy laven the timismangeten-atioy laver can

823
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be wat etchad el 3 solution containing hydrogen peroade. As o the drysiching methad, the
ased laver oF gold San be vemoved with &b lobh milling proccis Gr with s Ar splitening stohiog
process, and the Stanbwre-conmbrdng laver van be eiched with 2 eldorine-comaining plasma

Mng process o with an RIE process. Accordingly, the metal fayer 891 s be formad of the

Hashwme-nemaining ey and the soed layen made of gold, o the fsniun-containing layer

and the meinl layer ¥8¢ can be Troed of gold ihat 8 on the ased Inyver of the metad laver 881,

{DE408]  For example. the conwst steustee 3% pay he Romwd by a suitable prosess or
WOy, €. by spuitenng @ lanismecontaimag Bysn osweh as tandam fayer o

sitanivmtuhgsien-allay lyen withahivkness of bebssen D02 and 0.8pun. sod preferaiily of

betwegen 0.0% srd O %mm, on e polymer hayer 98 and i the contaet poind $000 of copper,

2

nickel cogodd exposed by e epanbing 890, thansputtering wased ke, raude of copper, with &

3

thickoess of betveson 005 and 1.2poy sod profrably of betwesn (.05 sad O8um, on the

titanban-containing

Iayer then spin-on comting & photoresiet layer, such as positivadype

-

photoresist laven on the seed layer, then caposing the photorgsist layer wsing 8 1X-Stepper or

A

IX eontast aligesr with st feast two of (hdine having s wwvelength vanging from, 2.g. show
A34 fo 4380w, Mo having s wavslongth sanging from, v.g. abour 403 10 4870m, and Bling
having & Wwavelengh ranging fromy, €., shout 383 6 36Ty Hhominating the photerssist ayer,
thit da, Gefire sod Helive, Geling and Ming, Hlineand Bline, <o Goling, Moling and $line
Hiuminate the photoresist faver, then developing the exposed photoresist o an operdng in

e developed photoredisy fayer cupoving the seed laver over the vontact peint BOGD, then
repaving the resideal polynseniv mnterial of other contasninanis from the seed Byerwithan Oy
plasmag or 3 phiseg codaining fuoning of bekew JCOPERY and oxygeny then slsctroplating 8
SOppRE im*er with a thickness of between | and 10um, and preferably of berween T oand Jpm,

oft the sed Taver exposed by the operdnl in the fytoresiat leyer, then slestroplating 2 sicked

¥

3

taver with 2 thicknesy of between .58 and Spm, and preforably of betweea 8.8 and Tpo o the

copper {8yer in e opening, then sleatropliting 8 Hn-conining layer, suchne 3 tb-fead alloy, 8

§

tiresibver aloy or & :m»ssiwnmpp@r shioy with a thivkness of bovwean 30 sod 150um, and
preferably of bepween 83 and 130pm, on the nmicke! fayer i the wperdng, then ramoving the
developed photorssist layer using a0 ongenic solation with amids, then reawving the rexidaal
palymeric material or viher contaniinans front the seed fayer and frony the Hrecontaining layer

with an (3 plasma gr g plasmy contsining Duorine of below Z00PPM and oxygesn, s
révaoving the seed layer not under the Copper layer with a deyv etthing misthod or & wet eiching
method, then remayving the Haniumscontaining laver aot ender the onpper layer with & dry
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siching method or 8w etching msthod, and then reflowing the Un-contuining layer Qg to the
eiching method, the ssed fayer of copper tan be etched with 8 sohution contalning NH(HL
When the tanhreonntaining Inyer is titanham lover, thetitantum leyer can b wvet stched awith
& sclution contpindng hydrogés fuaride: When the  taniwe-containdng  layer &

v laver, the tanhivebingsien-aloy laver can be wet oiched with a

o

Hardurn: i\d‘igm&i}»ai;{}
solution comaining hydrogen peroxide. A% 1 thedry siching method, the seed layer of tepper

oxt b removed with an Ar spultering etching progess, and the titanh musantainéng bavar gan be

tehed with a chlodos-comaining plasma clehing process of with an RIE process. Aex cordingly.

she mieted ayer 851 can beformed of the tlanherroontaining layey and the seed fyen roade of

r

oppst, on the (Haniwn-containing laver, and the metal aver 88¢ cany be formed of the copper

i

faver on the seed fayer, the nickel fyeron the mg}per ayer, and te tincontaining fyer mnthe

B0AR9]  For sxample, the contast stracture 8% nay he fonned by & suitalle prapesgor

B by sputtering a clvominm laver with a thickness of between 002 and 0.8,
sl praforsbly of hetwesn .08 and 8.5y on the polymer layer 99 and oo the ontact poi
000 of vopper, nivkel or gold exposed by the opaning $98, then sputtering & seed faven, made
of coppes. with 2 thickness of between §.08 and | 2pm, and praferably of batween (43 avd
& 8um,on the chrombu ey, ey spin-an coating 2 photoresist layer, such a8 positive-tips
photovesial taver, on the sced layer, then exposing the photoresty lover sy o 1X sieppae or

FX coptast aligner with o feast two of G-line having & wavelngth anging fom .., about

434 1o 438w, Hdine fuving v wivelongth ranging from; eg. about 483 to $07am, and blise
having & wavelength ranging from, €.z showt 383 1 367wy, Bhaadaating the photoresist fayer

(hat 1w, Goline and Heline, Geline and Blne Holine and -line, o Geling, ?\w:m angd fding

Hhundnate the photoresist fayer, than developing the cposed phothresist vt an upening i

Lote

the developed photoresiat fayer exposing the seed lager over the contast poing 3000, ten
revtoving the resfdeal palynwerie muteriat or other cortatinans from the sead fayer with s O
plasma or & plasne sortadaing Duoning of bekaw 200PPM and oxygen, then slecvoplating &
sopper layer with 3 thickness of between 1 and §i}?‘m and proforably of betwesn  and Sum,
on the seed laver exposed by the opsaing i the photoresist layern then elsctropinting a nivkal
faver with o thiskhess of batween 0.5 i Sy, sod prsfirably of bétwsen 05 and Tuot onthe
capper layer iy the opening, then shstvoplating w iisevonisining koer, suchag ainsdead alloy s
tinesilver atley @ 3 thaesibves-copper alloy, with a thickness of between 3G and 8w, and
preferably of betwveen 80 and 130un, onthe nicked fager i the opening, thes removing the
127
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develoged photrresist e usiag an vrganie solution with amide, thee removing the residusl
polymeric rostssiad or nthey contaminants from the seed layer snd Fom the tin-costalning layer
with an Oy plsma or a plceia containing Duoring of below Z00PPM and oxyaen. then
reynonding the sead layer not under the ooppsr yver with a dry stching method or ¢ wes drehing
method, then remenving the chrammwm layver a0t onder the copper layey with g dey aehing
msthod ar o wet eiching method, and then reflowing the theconiainiag fayer &s 1 the wat
stohing method, the cead layer of copper <an be wiohed with 2 sohition contatning BHHWOH, asd
shie sheoovier kiyver can be sivhed with g sdutiog comtalning potgssiurn ferciyanide. As o the

2

dry stohing oethaad, the sesd laver of copper van be wanoved with an Ar spuftering ciching

LIOCEsS, AQ(:»{}rdir‘@%}z the metal laver 891 can be formed of the chromiunt laver and the seed

layer, mads of var, on thy chromium fever, and the el o 880 tan be formed of the
3 O X

copper layer on the seed layen the sicked laver on the popper layer, and the tireonatainiag laver

an the aickel ayer

gfmm For exmmple, the contact ftruchuoe 88 woay be fommed by

&

4 guitable proeesy oy

provesses, e, By ogpotiering 8 tantalaecordaining layen such ae tandzhane fsver aw

mmai‘srnmiiﬁde fayey, with a thicknessof between 007 and D 8pm, und prefenibly of batween
005 and 0.3, on the polvmer laver 99 and o the contact goint 2000 of c&'sp;:a%; nickel oy
aoid axposed By the operbng 999, then sputtering a sesd Inyer, made of copper with &
hickness of bepwsen .08 and L. 2um, snd preferably of benveen §.0%F and §.8u0y o the
tantahon-containing layen then spincon coaling 3 photoresist layer such 83 positivedtype
photresist layer, on the seed hayer, thed exposing the photoresist fayer using a TX stepper-or

V¥ contset aligner with at feasy twp of Geline having a wavelength ranging from, .8, sbar

434 w0 438, Mg having s wavelongh ranging from, ey, about 0316 4070m, snd Bline

having s wavelongth ranging from, 0.1, about 363 o 36T nm, itaminsting the photoresist fayern,

>y

that is, Goloe and Heline, Goline and HMing, Hline snd Mivg, or Golineg, H-line and Bline
Hiuminate the photorgsist Tayer, then developing the expessd photerssiat fayer, an opeaing in
the deveiepeiﬁ phoforasist Ixver txposing the sead fayer over the contaet point SO0, then
reraoving the residual polvoenis material or gther confuminants from the seed Jayer withan Oy
plasma or & plasma containing flucrine of below JH0FFM and sxygen, then electroplatiog a
copper fayer with @ thigkness of bevween 1 and 10um, and preferably of betoesn 1 and Spom,
on the seed laver exposed by the epening it the phowwesist Ryyer, théa sleciroplating 8 nicked
Jayer with o thickness of betwesn 6.5 and Siuw, and preforably of between 0.5 and Lws, on the
cogper feyer in the opening, then eleciroplating a tincoontaining layer, such ay a tinlead 3lloy. 3

.4
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ynesitver alloy o 8 tivstivercappsr sifog, with 2 thickneas between 50 and 159 micromsters,
and proferably baween 80 and 130 micrometers, on the wicke! layer in the openinge then
remaving the developed photoresist fayer waing an orgatie solutionowith smide, thes renwving
the restcdl polymeric materiab or other sontamibnants from the sced lager ard from the
Snepontaining layer with an U plasree or @ pleenia containing fuorine of below 2D0RPM and
oxygen, thes removing the seed fayer not under the copper fyer with a dey etching method or
& wet eiching methid, then removing the tantalam-contalmng Jayer not umder the copper layer
with a dry etching method ora wet siching method, and thest reflowing the dissenntaning laven
Axte the wet niohing method, the seed layer nf sopper can by siched with a selution containing
NHOH. Agto the dey giching mathod, the gesd By of copper oan be removed with an Ay
sputiering ciching provess, Accordingly, the metad laver 891 e be Drmed of the
wntaborecontaining laver and the seed fayer, made of copper on the antslam-conteining layer,
andd the metal layer 8¢ cart be'formed of the copper faver on the sead layer, the nicke] aysron

the copper kiver, amd the Uneetraining Tavée on the nicked Jayer

B4 For axample, the contact strustare B2 may be fonded by 2 saliable process or
processes, €8, by aputtesiag @ ttanivmecomzining Been neh @ tlanivm Beee o
ttaniostuogetéa-atiny B, wii’h & thivkness betweep GO2 and 0.8 micrometary, and
preforatdy between .03 and I3 micrometers,on the palwaee layver 8% and on the comtact point
SDOU of copper miskel or gokbexposed by i spaning 990, thon sputiering & seed fayer, made
coppen with a thivkness betwess 205 and 1.2 syiorometers; and prefersdly hetwsen 605

¢
and 68 micrometers, © ] thie tHrnia-oonaining layer then spin-on cogling x photoresdst fayer,

such as posiive-typs pliotoresist Taver, o the seed fayer, thert expusing the photoresist fayer
using & LX stepper or TX contaot aligner with st loast two of Geline baving a wavelength

&

ranging from, & o, about 434 1o 4380, Holine having s wavelongth ranging from, o8, abomst

&

24

403 R 4070re, wnd Idine baving s wavelengih rarging ferg, o.g. about 383 o 26Tan,

ileminating the gsi‘:msrt:‘ist fayer, that Is, Geline snd Heling, Guling and Bline, Huline and Mling,

. ¥

ar Geline, Heling and Bline Humibate the photoresiat fiver, then developing the expossd
photoresist layer, anopening by the developed photoresint lnyer eaposing the seed Jayer over
the contant puint 8000, then rentoving the vesidual polymerie mateniad or other vontaminanms
front the sead layer with s O plasma or o plesm sontaining Muoring of bedpw 200PPM and

pxygen, ther elecrroplating 2 nicke! Wyer with » thickoees: of batvase 0.8 sud Span, dnd

proferably of betwern 0.5 and 1o, on the se¢d Byer exposed by the ppening 1 the photerssigt
aver then sleotropisting @ Hossorgsbung layen such as o thvdend slloy s tmwaibeer alloyors
3 ¢ i &8 & Y ¥ 3

128
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tinssibvercopper aliby, with o thackness of betveen 3¢ and [50en, sod preforsbly of bebween
30wt E3hevy on the nickel fayee i the opening, then Rmoving the developed photeresiy
fayer using an crganie solution with amnds, then removing the residusl polymerie maeriad or
siher contandrants fom the seed oyer.and fom e thecomaining o with an £ plasma o
3 plasma comtaining Suorise ol below IDOFRM and oxygen, then removing the sesd Bayer not
wider the copper hayer with g dey ciching mathod or 8 wet wichiog methed, theroremoving the
sifEniunicontaiting Tyer w6t omder she scpper layer with a dry siehing vethod or 8 e

snhing fasthoed, awd-then reflowing the tricontaining laver. &etn the wet eiching method, the

&

seed layer of copper oan b etdhed with a solution contsining NFLOM When the

wahiun-containing layer & tanfus layey the tispiunt layer can be wetl stched with a salution
cordaining hydeogen Thnonde When the tlaniuneContaining layer s fispiunvamgaien-alicy
layer, the tian tn-!ung&:‘l&t}«a§i@y laver oan be stohed with 2 solution containing bydrugen

aoroxider &s 1o the dry viching method, the seed laver of copper oxn ba reraoved with an Ar

sputivring etohing provesg, dnd the lsousv-conisiniop Iyer can be oiched with &

chicrine-coriniiing plasron stehing process of with an RIE. provess, Accordingly, the meual

=

2 3

fayer 3% can be foemed of Uy thardweoontaining layer aad the sced lager, made o copper,
vr the lanhin-contgining laver, and the metal layer 8% can e formed of thewdckelt fayer-on

i seed fayer and the dnecomsining lyer ow the sickel fayer,

0042 Por example, the contast structire R may by formed by @ suitabde procsss oF
pronesses, .. by sputiering a chromiun layer with a Giskuess of between 002 and O.8pm,

and prefe -s\?m;, of bepween U058 and O %uny, vrvthe polvimer laver 2% aad on contadt poing 30K

,

of copper, nivkel or gold s:s».‘:pnsesi by the ppesing R9E, then spuering & sved layern mads
Sopper; with x thickuesy of betwens €08 and 1 3un, wnd preferably of bebween G.05 sl

{3um, on the chrominm layer, then spinson coating & phowresist layer, such 8 positivestype

Py

photiredist laver, on the sead layer, then exposing the photorssist fayer asing'a 1X Qupper of

1% contact aligner with at least two of Uiline having 8 wavelength canging from, g, shost
434 to 438y, Bofine having a wavelength rabgiog frony, 22, shout 303 (o AT nm and bline
having s wavelength ranging from, sig. about 363 to 36 7am, llumingiing the photoresidt bayer,
that iy, Geling and Hohine, Goling and Bine, Hilne and Lline, or Geling, % Hine and Hne
iHuminate the phomregist layer, then developing the exposed photorssist k.yar, an opening in
the developed photomsdst fayer exposing the seud layer wver e cont polnt 8808, then
semving the residudl polemeds material or other contwnionnals oot the sted fayer with an s
plasma or g plasma pontatning fusriite of helow J00PPM and uxvgen, thereleptroplating 8
130
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nickel laver with g thickness of betwenn 0.8 and S, and preferably of between 8.5 and s,
on the seed laver exposed by the opening in the photoresist layer, then slechroplating »
fgssonaining fayer, such as 2 ta-lead afloy, wtnsibver alloy or a fio~silveraopper alfoy, with
g thitkness of bebwaen 53¢ and 530om, and preferably of between B0 and 130am; on the nicketb
fayer in the opening, then remgving the developed photoresist layer using an organfo solition

with anide, then removing the rosidest polymeric material o other contaminans fromahe sead

faver and from the ta-containieg aver with an O plaava or a plaama conaining flhundoe of
3 IR 3

beltw 200PPM and oxygen; then rerpoving the seed Javer not winder the vapper fayer withadey
stching method or » web elching method, then romoving the shrombam layer ot under e
sapper ysr il 8 dey clching method oF 3 wel oiching pwibod, snd then mﬁmvéng_ the
tin-cortaining fayer, Ae to the wet eiching method, the seed layer of copper can be etched with
a solution contining NH.OH, and the chromiuim fayer cin be eiched with & sohution
containing potasshun ferviovanide. Ag 1o the diy eching vethad, the seed fayer of copper tan

e removed with an Ar spuitening stching progess. Acoordingly the metal layer 841 can be

5

formed of the cheomiom layer and the seed laver made of copper on the chromnm fwver, and
the metal layer 8% san be formed of the nicke! laver on the sped layer wnd the tindéontaining

feyer on theonicket layver

843 For aysomle, the contiet stnwitrp 89 ey be forned by & suitalds progessor
PIOCESSEE, &g Uy sputtering & mealurmecontasing lyers such ag tontdem ia:@er or
nahaveaiteids fover, with g hickness of between 0.02 and B.8um, snd preferably of batween
0.05 and B 3pey oo the polymer Jayer 99 and oit the contadt point 8300 of copper, nickel or
sold expossd by the opening 990, then sputferng w seed Boern, made of popper with ¢
thickness of betwosn 803 and L2um, snd preforably of betwes 005 and G.81um, on the

saolalemeconiaining fover, then spir-on coaling a photoresist laver, sl @ posifiveaype

photoresist laver, 60 the sded laver, ten exphsing the photoresist layer using 8 1X stappsr or
X sentact aligner with at lowst dwo-of Goline having o wavelengle reaglay frivn, e, aba
434 to 4380, Holine having a wavelength ranging from, 2, about 403 w0 4070m, and BHine
having x waveleneth ranging font e, 2bout 363w 387hn, Hlemitaling the photaresist layer,
hat is, (hling and Heflne, Golineand Bline, Heline and Bline, or O-line, Holine and Bine
Huminate sthe photoresist layer, then Qevdloping the exposed photoresiat ayer, an openlng in
thy developed photoresist faver sxposing the sead. layer over (e contuel paint {UOY, thew
resnoving the residual polemeste materisd ot other comaminants from the seed d faver withan(y
plasma or ¢ plasms containing Hucring of below 200PPM and oxygen, tern slectoplating 2
§31
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aickel yer with & imcknesa of Between 0.3 and Sum, wnd proforsbly of between 0.5 and Luny,
on the sosd faver exposed by the opeming i the photoresist layen, then slectroplsting a
'ziss«ms\,zaizlisg Baver, such o8 8 fielead alloy, a tinwsibver alloy ar g tinssiver-copper alloy with
& thivkness of betwesn 530 and 150um, and proforably of bebwaen 88 and 1300w, vy the aicked

fayer in the opening, tern revoving the developed photoresty laver using an organie solution
with amide, then removing the regidual polyrosie material or sther cobtaminants from the veed
layer and from the Hreoontaining fover with o Oy plasmn or 2 plsw conaintig Huerineof

i

below J00PPM and oxyeen, ten rmoving the seed laver notunder the copper layer with & dey

eiching method or & wet stohing method, then removing e tanishin-contaiping layer not

\

]

profer the copper Jayer with o dey giching méthed or & wet steling method, and then reflowing

the Hn-cuntaining fayee As o the wet ciching metiod, the seed lager of copper can be ctohed

NHOH: Ay to e dey stching rosthod, the seed layer of copper s

with # solution sontain

be removed with an & spattering ciching process. Acvordingly the metal fayer 821 nan e

ity

aroted of the jentalume-contalning layer and the aeed fayen. mude of coppern, on the

\

mntaha-soitaining faven and the rectal Javer 8% nun furmed of the wcixei taver on the

sand faverand the tincomaining fayer oo the nicke! layer,

{B8414]  Therd is aviother Imporant featiurs of the over-passtvation scheme R0 using

3

polynser shaterial as e divleoirie or insulating fayer 90, ower, under or betwsen e
ovgt-passivition metal lavers RO, ‘ﬁef”*‘rténg wFig ISK weof ;mi}mmr wery RO {inchuding 98,
95-and 9% 40 all evabodiments of this disclosure) provides the possibility of fabrivating thicker
than 3 pen dislectric Jnyer, The thickassoof the polynier layer S8 canbe between 2 and 100um,
ard proforabiy of between 3 and 30um. The polymer fuyers 30 wed in the over-presivation
soharne 102 can be pobvimide (P, bamsowichuiare (BER), slastomey fsush ag siliconel
pavviene, epoxy-based muterial (such ay photospoxy SL-¥ supplisd By Sotes Misrosysterss,
Henens, Bwitzeriand). A solder musk materisd used in the printing Circsit board industry san be
used a3 the cap layer % (e toproust polymer layer over &l the over-passivation metal fayers
£05. A photsaensitive polyimide can be twed as the polymer layers 99 (naliding 95, 98 and 99
m afl embodimants of tis disclonre). Purthermors, the polymer lagers 3 finchuding ®3, 98
and 99 in gl ebadimenty of this discloneg) can be s nov-iohis polytinide, sueh a8 an
sther-bassd polvim ide. FIMEL™ suppiied by Asabi Clemival, fapan, Copper doss not diffuse
o penetrite thicugh the non-lenin polyimide, terefore, Bt iy allowed 1o have a divegt coblagt
betwesn copper aned pobvtmide. With the soosionds polyimids, spacing hetwear copper fines or
trasgs or planes i1 the over-passivetion ol scheme {0 van be s cloar as fam, te the
132
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N

spacing between twe mgtal fraces or plaves vt be Targer Tasn, Farthsemiors, 1o protectinn cap,.

$ e
1%

such a8 nicked Izyen, over the copper layer i required Ry copper Hines races o plangg.

{BO4E5]  Reforring To Fig 15K nowg openings P00 i the polimer lavers 90 are formed
for intercunnsction betwsen differan mverv;:\iasn ation matal fayers 80, or for connsction to the

underiping fide-Hoe metal oyers 80, or for conndation fo an @uerhal Circaits. The polymer

openingy B0 (neluding 850, B80 and 890} incladex (1 8918, ¢ TS REERT 951

G812

b
2]

ard 9514 i the fivst embodimenty {2) 8831, S834, 933
srmbodiment; (37 PUIR, DUAYT V3G GRIL, 9834, 9IIR, N:«}u B531, 8532 and B8M in the
shivd enbodiment; and (4] 5945, §939°, 98487, FSIT, 9812, 8314 and 9549 in thy fourth
smbodiment. The material of the polymsr fayers 90 can be & photo-sensithe or

nonvphiotg-sensithve. For the photossénsitivs podymer layers 80, the polyner opéamgs 308G o

defined and pattorned by Hght exposure and doveloping. While for the: non-phote-sensiive.

polirest laver 90, the openings 0 sre defined by st costing & gmwresw tyer over the

polymer layer, sxposing angd Seveloping the photoresist to creaie ppenings in the photoresis

wet ardry stching the polyaey’ laver eaposed by the photorasist openings, creating dpenings
G006 in the pobymer Iayer 98, and then sivipping the photorsnist, The width of the polymey

¥

upcmi‘vs 00 i hebween 2 and LD, sxemplary betvveen $and 200pm. In oo deaigns,
the polymer layer 30 way be removed dn o large with dimension larger than 1.000m. The

penings B0 ash designed fooimles, sorterrdunded squnres, rsotungles, oF polvgaria,

D >

0418]  The polymer layer 95 i betwesn the passivation layer § and the bustonmost

overpagaivation metal lover 801 Throwgh openings P50 in the polyier layer 95, the signal,

v pround (Vs passes berwsen the fine-line metal scheme § and e

power {Vidd or Voo angdd
evsr-passivation metad scheme 300 The poocesy for Brming the openinge 950 by the polymer
fayer 93 can be applied w the process for {13 forming the openings BB, KSR, 88, 882
and B9 H o Fig 30 s te.polymer yer B (2) Tforming the openings 9331, $332 and 253 in
Fig 70n i}m potynier yer 95 {1 feming the operdngs 8339, 8539, §531, 9532 and 9334 in
Fige. 100 108, 164, 10H snd 161 by the polymey fayer 93] or {43 forming thelopening 9849,

the polyaer Jayer $3. The width of the polymer openings

¥12 3 i
NREEN 9*5’3‘2, [534, 9_‘5‘& FOOSER pad 9514, aligoed with the passivation openinga 831, 832, 334,

betweeen | and I00um, exvnplary botween 3 andd iuﬂ\um‘ The width of the spendngs 9519 and

SR, sligned with the oponings S19 and ME, rospegtively, for the voltage regulator or

Iy

h of the opbningy 9339 fnd 933897 aligned with the openings 539
£33

goreverter Ciréuit 41, the widil

§orespectivedy, for tm: iternal wirouits 20 Gacluding 31,32, 23 and 38) B
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ang 5 9‘, wspectively, for the offchip clroult 40 Gueleding 92 and 431, or the width of the
opsaing W34%, afigﬁ@d with theapening $4%, respectivady, for the ERI¥ civonlt 44 may be larger

thar those of the opsriapg 9331, 832, 9534, B3, ¥312 and 9814, v a range betwesn § and

1006 sicrometers, exsnpliny 10 and 200 mipronetors: Note that tvo types of stacked viss of

& polymer opening 880 over & passivation «pening S I8 & Bost type of stacked vias; the
palyneee dpenings, or example the cpening 3331 showa 1n Fig HIE hay 2 widd larger than
theat of e underlying passivation opening 331 shown in Fig. WE. The opening 8331 exposea n
top surfice of the passivation ber § ddjacent i the swidaet pad €390 exposed by the vpeting
331, boaddition to oxpoaing the contact pad 8390, be this case, wosmaller passivation opening
331 can be tormed; bedse wosrmaller sordat pad of the top-most fing-Yine metal fayver 80 can be
farmmd. This type of stacked vias allows higher routing density of the fop-most fine-Hne metal
fayer &€ In p spcond type of Sacked vias, the peiymeropenings, R example the opering 9339

&

shown fe i 108, i smatler than the uaderlying passivetion spening 539 showy in Fig. 10E,

iy
;'.7
b
k<
c’,«
3
=
et
3
&
i
%
prad
1
Eed
[t
3
&
o

w peripheral cegion of the contast pad &390 exposad by the
.}pe-::zi-ng 339 and the pessivation Jryer 5, an oponing ¥337 In the polwser Jayer 85 exposing 2
oostir region of the contast pad 6350 expoasd by the opéening 338, by this tpe, the pelvmer

ayer 85 covers the sidewatbof the passivation epeniags. The sidewall ol the polymer opentags

Srovides u gentle, better slope than the slope ol the passivation ppening sidewstl, and sesuliing

i & betfer step coverage Ror the subseguent metal sputiering for the adbasiondareine/sesd layer
01 A better adbesion’barier metal sidp novirige s impodtant for the rellabifity & the chip,
Mnce R prevent- e mtpr-mtatbic componnd (MO fixan Rappemng.

{0417 The opeings Y80 in the polyner yver 98 'are twtw&etz swo gver-passivation
metal fayers 801 and 802, The provess for forming the openings 980 in the palymer layer 98
van e applisd 1o the proocsss for (1) forning the ap&nimg SR8 1n Py, 30 1 the polvmer Taver
98 {2) forrpring the dpenings 3831 and 9834 tn Fig. T i the polywner laver 987 (3) forming the

openings 31, S8R5

%

nd 9839 in Figa. 100 and 10K o the polymer fayer 98, or {4 fomniing
the ppening 98497 in Fig 14C v the polymer fager 98 The width of the polymsr openings
FE31 and Y834 for the internal cirouits 38 Cncleding TH 28, 23 and 24} de betwest 1 and
3Dpm, exemplary bevween 3 and 1D0wm. The width of the polymer opening 9829 for the
voltage seguliior or converter cirouit 41, the width of the polymer operdng P38 for the

offvchip cimnuit 40 (Geclading 42 and 43), or thewidth of the golymer spening ¥ or g

D circuit 49 may be Jorger than those of the operdags 9531 and 9834y b n range between §

and LOU0pm oxeoplary 10 and 200

s

34
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;@{}4133 The vpening 990 4n the cap polvmer kyer 89 exposes the vontant potng 300 of
the fop-thost matal layer 8O for connedting 16 the external sircuits o for the probe contasting

X

n chip teging The provess S forming the openiage 990 10 the polvmer laver 99 can de

&

&

applicd 1o the progess for (1) forming the opeming 3% in Figs 3B and 31 in the polymey
fayer ¥91 {2} fonwning the opening 993% i Fig 3C in the polemer faver B9, (3) forming the
opening F939 by Figs TOB, 100 10F 10Q O and 100 inthe polyier fayer 89 {43 f(’sma;ng
the apering 8397 i Figs, 100 and 108 in the pobymer lrver 9951 forming the operdng 948
inFige 148 and {4Dn the polymer Jnyer 99 oo {6} Homing the cperdng PO Fig. 140 in
the polymer layer 99 There are no ppenings in the cap polvmer layer $% for the tdemal
cirouits 20 (reloding 21, 22, 2% and 24) being conngoted 1 a0 external gircuin. The withk of
the polymer opanings 991 % and 9938 for the voltage reguistor or converies clrcait 41, the wea:h.ﬁs

of the pobymer openings 935 and 98387 for the off-chip ciroult 40 {including 42 and 433 or

the width of the pobvmer openings 994% and 9949 for e BSDroircuit 49, can be b g range

!

between 3 and 1000um, sxemplary 10 and 20@um.

HOR4EB]  The sigesd, power or grownd atimull inthe Svar-prasivition moal layers 8G of
the overpassivauion schema (02 {s dotvered 1o-the ernad clroults 28, she volia age regudator or
sonverter sircoit 41, the offohip . clecuits 48 or the BED chreuits 49 timugh the flog-dng
seheme £, The fasdine metgle 831, §32, 834, 838 and 839 shown in Figo 18A gan be
compesed o stacked vig phugs 607, and preferabdy, the upper one may be divecthy over the
fowerons. . ARemative, the fine-line metal 833 may inghude s local fine-line meted Byer 833

shown in Fig, 138, and as well as iy sl embodiments of this dischrsure.

0438 The plobithography wsed w fibricaie the oveepamivation wheme 182 B
significamtby different from shat of sonveation 30 process. Similarly, the over-passivation

3.

photefithegraphy process cludes coating, exposing and developing the phalm‘e&ist\ Twotypes
of photoresist are used o form the sver-passhration sohemse & {1} Hoguid photoresist, formed by

w auitahis provess oy procssses . by ong or meltiple spineon ooating. »r peintieg. The Hauld
photorssist has @ thickness betwesn 3 and 68, exeraglary between § and 40pm {2y diy-fim
photoresist, formed by a suitable process or pracesses, e by & laminating e sthod, The
dre-fiim photoresist has 3 Suckaess between 30 and 300g oy exemplary bativean 59 sad 150um.
The photoresist can b posiive-type o nepative-type sxemplary  positive-typr thick

photoredial for batter vestlution, I the polymerts photo-sersitive, the same phidithogeaphy

process for the photoresist cah be spplied to pattesn the polymer. &n aligneror 1X stopper
axposes the photorssiat. The TX meany Uat the dimention on & phaky raucl {vsual made of
5%
N wd
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guanz o glass) is reduced on the water whan hight bearn i projecied from the phato mask ot
the waltr aod the dimension of & featirs ooty ghoto soasd b e same of the diversion oi
the waler The wrvelongh of the light beam used in the sligner or 1X stopper can bo g 436mm

{g-ting), BTam (ling). M (RHngd gledion comblaation »f gine and beline), or

il (oombination of gohing, Teline and Hine) The gdh-line wr gfhficline YO stepper fo BX
sligner} peavides strong Helt intersRy & tkk photoresist or thiek phote-sensitive: polymer

SRPOME.

HD42E]  Sine the passivation lavey § proteots grderlying MOB traasieirs and fns-fine
scheme § from the penetration of moisture, sodivm or other mabile ooy, gold; coppar or ather
wansition. metads, the merpassivation scheme 102 on the wafie can be prosegsed e a cleas

v with Clasy 10 or loss stringeat envisonment, fre example Clase 10 & Class 108 clean

=

et allows maimum swenher of particles percelic Tt 1 larger than Spay 18 facger than
Vadre, 100 Yargey thao 8.5p0y 300 Targer than €3y 786 haeger the .20y 3500 farger thad

§iym.

D843 The device laver 2 icludes the interrad olecuie 30 {reluding 21, 22, 33 and 24)
i aif embuadioonts, the voltage regulnior or convertar girgult 41 in the Hist embodiend, th
aff~ship clronits 4% Cnehiding 47 and 433 in the third embedinend, sod the B8 direuit 4490

the fourth embadiment

HRE P EY Ar inteinal vimiit or an imernal ciroelt eait 20 i sinding 21, 22, 33 and 3, In

all esbodimenss of this dissloeure, i defingid ae a oot whose signal nodss ar not sonescted

@ the exiernsl {outside the ohipy strcults 1 8 signal of an internad sivcuit or internal clrouit unlt

B

.

20 noeds o conneo! fean extoraal olrcull, 1 must go throtgh i offchip clrooit fiesy, Sor
sxmmple, B8 cirouits, uf?whz;} drivers or o f-chip receivers wd/or other offchip FO sheaiy,
befare connecting o the ex?«nm eirowit In other dofinition, the temal cirdiin or the internal
sirouit pnitg 20 é,.‘*i‘a ot eluds i)ﬁla:hi;) civenits. The fntevnsd circuits ov internal cirouR units 20
moloding 231, 22, 23 and 24, in this disclosure towy, I8 addition © a NOR g&k and a HAKND
e, be an inverten, an AMD gate, an OR gate, an SRAM cclf, 2 DRAM cull, a ron-volatle
marnary cefl a2 fash memory coll, o EPROM cell a2 ROM csll a rs}:zsgné:tic RAM [MEAM)
sell, 3 sense amphfion wy openstonal amplifier, aradder, wmalipleser, & diplexsra wadtipher,
B A convener, & DA converter, arother CMOS, BICAMUSE, andlor hipalar niveuit, analtg

cireuit, 3 CMOS sensor oell, or 3 photo-sensitive diods.
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O Moreover, i ingernal circiit or av intpenal sivonlt wnit 20 car be defined by s
peak input o ouimR curent, o # can be deficed as e MOB thansistor size, as dlscussed inthe
siird ombodiment. The off-chip ciragite 490, including the offchip buffer 42 ard e offciip
ESD cirouit 43, can ulse be defined by e powd inputior oulpat current, or defined @8 s MOS8
sangistor size dlee asdiscussed 0 1he third enbodiment. The definition of the internal pircuit

20 sod the oftohip cloeuit 40 3pply 1o @l other ettbodiments In this distiosare.

=g
(

08828 Tna

MOS devioe through the above mentioned thick and wide meial lrsce, bus or plans B, 81882,

age, agate oba MOS device nay B connested o annthiny gate of asather
83, 83" or 85 over the pussivation lyer 5. In souther cese, @ gate of 8 MUB device may b
coveoted g soore of another MOR device through the above mentioned thisk and wids
wretal teaes, busof plane 81, RIP, 82, 83, 837 or 85 overthe prsstvation hever 8. I anather oase,
apateof o MOR device niay b connected 1 2 desbiv of another MOS device trough the ahows
mentivhed thick and wzén metal g, bus or plans &1, BIP 83, 83, &% or 8% over the

PASS stvsition layve

r X Io wpother vase, @ sovres of & MOR device may be opnaecied o anotber
sovren of sauther MOR Stviee through the sbove mentioned thivkl and wite 'wetad wacs, bov s

fane B1SIR 82, 83BN or B3 over the passivation laver S, In another oase, s sourse of 8
¢ RESS

KOS device may be conmented w2 draln of another MOS devies through the above mentioned

thiek and wide metal trage, bus or plane 81, 8TP A2 B3, 5300 B3 over the passivation laver &
e anothes oase, » drain of & MOS dovice wey ke serwiscied 10 am\:hu drsin of snother MO
device through the above sentipaed thick and wide meal trace; bes or plane 81, 818 82, 83,
81 o0 83 over the passtvation layer 8.
MB438]  In Tollowing peragraphs, the dimension of Teaturss and clectrical characteristing

are desestbed and compared bepween meaal fines'ormetal traces 88, 60 fnthe oven-passivation

scherae 07 snd in the foe-line scheme § for exemiplary siabodiments nthis disslogure:

064271 . (1) Thickness of metsl Haea, meial aces: Back of the over-prosteation metal
tavers 80 has thickness botwien T and {300m, @empliny bétweedn 3 dnd 20, while each of
the, fiosfine vetad fayers 60 has thickoess betwversy 885 and Jpm. exempliry between 8.3 wnd
tam, For 30 ohip desigred with embodiments in this disclosure, the thickosss of an
peppprssivation meial Hoe or metdd trace i thicker thaw the thickness of any fing-Hre metal
fineg v reatal Bages, with thy thicknsts rativ o a vange betveen 2 and 230, oxsmplary betwesn

Gand AL
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{8438] (23 Thipkness of dislentric Wyerst Exch of the overpassivation disleatris
{uspally an oeganic material, such av polyeir) layers 80 has thivkiess betweere 2 and 180um,
exgngrlary betwesn 3 and e, while esch of the foecling divlecitie: {usually- inorganke
material, sueh av oxide or nitvide) fayers 38 hax thivkress beveen 8,05 and Juny sxemplary
betwesn 0.7 and lgm. For an 10 chip designsd with enbodiments i this disclosure, the
thickeess of an over-passivation dislentric lawer 80 {separated by two neighboring metal layery)
i thinksr tHarthe thickness of any fine-lingdiclectric lnyer 30 {separated by toag neighbaring

setil Tavers), with the thickness ratio in @ range beteeesn T and 250, exgmplary batvesn 4 and

{0438 (3 Sheat rosistnee and resistapes of ‘m‘iﬁ’iiﬂ fines or metal taoss: Shest
sesistanice of @ pietel Hog of melad traoe B ocomputed by dividing ovetal stsistivity by mead
thicknesy, The sheet resdstance of & sopper (Spm thiok) ever-passivation el hog ar travg 8§

about 4 milfiohimg per square, while fora gokd {dum thick} oeerpasiteation metal fine or trage

is shout 3.3 willohras per sguare. The shest resistance of an overpaastvation wetal Hne, or

f)

fraee, or plane 38 I @ range bebween 0.0 snd 10 millvolany per square, exemplacy bebween
st 7 milficohrms por square The sheat registanse of 3 spettered. albminem {G:8us ddek)
fondine metad ine o trave (3 abbut 35 milticohmic per sypdre, while for g damiascene dopper
{09 thisk) Hasding wmetal Hoe o trace s sbout 20 millbohms per squars. The shet
sesisiancs of @ ﬁs;&iiw— meit Hns, or wdcd, of plane I8 In @ range betwesn 10 aad 400

mitlohmeper sqoare, sxemplary betwserr 1§ and 106 millt-obrms per square. The resistanee

5%

pee unitiength of 2 metal line o rasechs calowdated by dividing the sheet resistance by ity width,

The hodeontal desigrerules The widiy of eee-passivation matal Hines or traces between | and

\?
H00an, evemplary 2 sat $9por, while the borizontal design rules {the withhy of Bines or traves

betwesn 30 nano-meer and P 3pm, oxemplary 20 reneerovter and Juny, The resistanve per mm

<

of an ceshpasaivation metal e o trade is Detveeeh & milli-ohats pedram fengthand 3 ohms

&

per o length, exemplary betwean 30 mill-ohme pormm lengthiand 2.5 shimg per e léngih,

e

The rissistance per min of g fhe-ding metal Hrg o traes i betwesn § ohay per v lengtl and

! *

N

1000 ohms per oot length, exomphuy between 500 milli-ohos per rom lengthand 500 ohmg
per suw length, Foran 10 ohip désipned with vorbodinena s thiv disclonure, the resistanes pey
st lengtivof an everpassivation metal fine ormtal traee i smalier than it oUany Ting-Hae

gl lpee or ometal tracey, with the ratic of cesBtange per unR leagh {fiosling 1o

&

1l

pver-presivation) b a mogs hetwsen 3 and 230, exemplary between Dand 30,

138
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£

{6438] {4} Cgpacitarce pey solt bagthof maty Bnes or nwtel taces Uepesitance per

writ length i related to dielectric bopes; thickness, and metal Hne width, spacing.and thickness

B

3

and the swreunding. rmstals i hocizonial and vertical divections. The dislecike qonstant of

solyimide i showt 3.3 fhe dislecirie corstant of BUR s sbout 2.5, Fig 20 shows air example

of 2 typisad over-passivation metal lre or toaey 800y with two oeighbivring vetal Hoes oo tmees

8G2y and 802z on hoth sides on the wame metal layer 802, and & roctad fine ovteree 80w o

[+
%
B

metad laper BOL under the metal layer 502, soparating by & pelyvoer yer 28 Similaely, Fig. 20

shws an example of & Dpival firevline metal ling or tace 80 with two reighboring metal

P

Boes or wacey 02y and 802« on both sides oo the sanwoastal lyver $02 and 5 mstal Bngoor

wace S o on a maal laver 601 wder the matal layer 602, sepay aﬁw_ by »disleotrie layer 30

The typical capacitance per it loagth of the typieal motal Hoes o traces 802y, &2y include
tvee companents: |1 plate capacitance, Txw {pFiven) wideh & » funstiso ol the owtal width w
distecirie thicknsss aspegt ratieg ) soupling cupacitanse, Coy &= Oxy +0xz) which 35 2
furctiva of the metal thickeess fo Hoespading aspast mtio, and 3) fringing capaviianes, Ui (=

Lf wCE), wh

f e a furetion of metd thicksess, spacing, and disleotric thickness The

sapacitance per m;m o 3 overpassivation waal oy & traoy v batween &4 pF {pice Farads)
per vy Jengh and 2 pF por muw leapth, exempdary between 0.3 pf povmim length and 1.5 pF
per s Jeagih. The sepuciisnee per it of s fine-line metsd Hoe or trace 18 bebween 0.2 pF par
rars fength and 4 oF per i kengh, exemplary between 0.4 pf per oo length and 2 pF ¢

e lemggh. For an 10 ohip Jesigned with ssbodbments i this disclosure, the capacHiance per
unit lonptfead s overpuasivaticre metal Hne o metal s i amadier than that of any fresline
metal Hoss or metyl traces, with the matio of fapscitanee per L forgtly (fine-dine W

SEpaasivation) in ¢ range between 1.8 and 20, exemplary betwees 2 opad M Ag

steation schome 102 bown in Figo 30 inchides the polyoer lers 85, 88 and 9, the
pansrmed otroult layers 801 and 802, and the metsl buwp 89, and i%m openings 330 i the

salymer fuyer ¥5 are pver the vegtons of the ivetal padsortrates S00 expossd by the opetings

i

Sﬂ 1o the passtvation fayer $. and the opening 880 in the polymer Byer 38 & over the patierned
roul fuver BRY and  the opening 990 in the polyner tayver 99 i over the cordact point 800¢

of the patterned clroul fayer 862, and e metal bamp 89 i fiv the opening 98¢, oo thy cuntact

potat 8000 and an the pelymier bver 3%

B3 (3 RO vonstant of matal Bned o metsl taces: The signal propagation iims on g
owtal fire o metel trace iv computad by the RO defoy. Bassd piy the degoription of provivus
e pirsgraphs (3 aod {4), the RE delay in anpver-passivation mietal ling or rage I8 i wange
2

S

i
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betwesn G.083 axd 10 pafploesecond) por mem kogth, exemnplary between .35 and ¥ ps {pico

sepnnd} ;5»5 mm lengthy while the RO defay na fine-ling wetal Hee or trace s B oo rangs

betwesn 10 sl 2,000 ps {pien ssconmdl per o length, exemplary beyweearc 44 and 5350 pa {pico
second) per mm length. For an K ohip desigond with embodivsaly fo this disclosare, the 8O

propagation thye per unit beogth of an wer»;mﬁsivasix}n metal How or meial trace i smadler than
that of any fine-dine metsd Hnes or metal traces, with the stio of RU propagation dely time per

et length {Sne-line o over-passivation) b 8 cange between 5 and 300, sxemplary between 18

and 3D

(G433 Figs 130K show the provesy steps o form the overspassivation scheme 182

o the waler Hshown i Fig, 138 orFlg, 158, Esch of the over-passivation metal laymrs 80 iy

formed By @ osniable protess OF proseses, .8, by wn sobossiag process {ay gomivsst 1o the
damascene copper process ender sthe passivation layer 81

{84331 Reforring to Fig 15 3 polymer lover 935 con be femad on the pasyivation
fayer Sof the waler 1O i the polymes fayer 95 i s Hgadd form, 8 cae ba depostied by spin-on
chating or peinting. 17 the polbymer lger ¥5 b oo dey 8, te dey flm s Rooad By g sulieble
PIUCESS OF PIODESSEs, 2.8 by a daninating wethel, For & photo-semttive polyows, the pelymer
Baver 93 by caposed by i:;:,h‘ af o alignecor 21X stmg\s* trouph @ phote mask. Multipk
operdngs B30 i the polymer yer 95 ave over the rmgzms af the metal pady @ waesy #00
expesed by the openings 30 and wypose thern I e polymwr i sw ~;:s§mts:.~sensi::ive, a
photalithography prosssy psing o photoresist s requived e patteny the opentngs B33 & hard
musk {auch as g silicon wdde laver, ot shewny, with @ show diffoentiating stok rate during the
puiymer opening ey may optivaally be deposttad on the polymer inysr 98 before coating the
photeresist. As an alternative. the patierned polymer layse 95 (that s a3 polynier layer with
openiitae 930y oo also be formed by sultable Process Of ProcRKees, &g, iy wratolng printing
methody using @ metad screen with patierasd holes. No exposwrs and developing are required In
the Scr@eﬂ«g}rimkzg method, 1 ihe polyrose Tover 93 s dry 8, a8 another alternative, boles

oan bé formed o a sheet of dey b bafore laminated on the wafer, No exposars and

3 3

DY ‘?n;:}im a&re fé‘\idirﬁ 1 thig Bi $ivVe,
434 For sxample, the polvmer sy 35 care be formed by g suitable procsss or

processes, &, by spib-an coating & negilive-ips photosessizive polvimide Byey congining

,4

esferiype provursor, having a shichness between 6 and 50 ndorometers of e passivation ixper

4 andt on the menad pads or waces SO0 exposed by the apenings 50 in the passivation layer §,

140
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then beling the spin-on goated palyimide tayer then exposing the haked polyimide layer using
& 1 X stepper ov 1 X pontaa aligner withe g least twp of Goline having & wavelength ranging
from, 2., abaut 334 to 438%am, Heline having 8 wavelength ranging fony g, abot $ o

07 and lne having @ wavelongl rdnging fomy 2.8, shoit 363 to 38 Tney, dlumiating

the baked pobyinide fayer that fs, Goling and Heline, Goline and Bline, Heline and bliog, or

S-lne, H-line wnd BMine Hominse te haked polviadde layer, then developing the expossd

pohdmide fayerto form multiple ppenings in the expussd puyvimde ey aposing the metad

vads re traces SO0, then curing or beating the developed polyimide lnyer ab s poadk temperatare
of betwesn 380 and 00°C for o time of betweer 20 sod V3G punutes o a pirogen ambiant or
i an oxygen-free ambiers, the cored polvimide hver having a thiskness between 3 and 28
pticrometers, sad then remsrving the residual polyomeric materind or other eoptaroingnts from
the apper surfees of the meiad pads oy traces 600 exposed by the spanings i the polyimide

eh=3

faver with an s plasrma or a plasma contatning fuorioe of balow 200PEM and oxygen, such
that the pobvmer layer 85 can be patteraed with the openings 838 in e polymer layer 83
expusing the rectal pade e aces 600, Alternatively, the developsd polyimide layer can be
oured or heated &l 3 tonmperature batwsen T8 asd 290°C, wnd preforsbly c;f between 358 and
/DY, fora time of botwesn 20 and 130 minutes b s nivogen ambient ar in an onypersee

aralisnt,

[B438)  The polymier fayer 89 hetasen the bafivneaost paiterned metad Jayer 801 and
she passivation layer § plnwrizes the sfice of the passivation yne &, and decouples the
reer-pasivation metad sclicre 80 fran s underdving finetlne metal schems Goresuliing in
aigh slestrisa] performance. In soms applications, the polymer layer 83 may be omittad o for

saving, Me that opsnings $30 are sligned with the passiestion openings 30, Note sho

S

hat the miyﬁmr cs;}eniﬂgs Q&0 can be sither larger ov smaller than the passivation openings 34,
A3 an ghernative, regards tothe water 10 I Fig 184, there are no openings in the passivation
fayer 3, pext the polymee layer 83 is epin coated oo the passivation laver ) follawed by
farming ih’s spenings B30 W the polyoer Rayer 93 suposing the passivation fayer 3, and then
forming the wpenings 30 in the pussivation lmeer & under the operings 950, wipnsing the

enniney pads of the fine-line pigtal scheme & In s option, Sw polverer epenbngs B30 aee

about the same size as the opeaings S5 is the passtvation layer §.

{R0438) f"fg,s PS5 H show v embogsing process vy form the pafterned metal fayer

B0, Referring 1w . 1353, after formding the polymer faver $F Higetrated 8 Flgo 158 &
23 & ¥ X B

adhesiovbarrieryeed Ea;_&r 3 s formed an the polyner layer 88 nd on the vegions of the
1238
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mesl pads of nices B00 dxposed by the openings $30 In the polyiier layer 93 by peing &
physicat vapor deposition (FVEY process, such 3y spuitoring proosss or syaporaiioh prosess.
The sdhesionburrieriscad aper 2011 inchudes an adhesinharsier layer on the polymer-tayer
95 sl on the reginns of the metal pads or waces SO0 exposed by the openings 930, and 8 sond
layer on the adbegivadarrier anﬁ;: The materigl of the adhesion'barrfor layer may hohady:
tHanhan, 8 tmivo-tungsien aflow tianiam nitride, clvomiuny, antalem, Jentaluny nitride org

siposite of the provicuslty described nateriads, and the mateniad of the seod Jayer ay inchads

copper, nickel, stuminumg, gold, sibvey, platinum or palladiom,

N
1@yer

{BESIT For example, when the adbesionfaerier layer of the adhesion/barrienisead g
B s formed by 8 suitable proscsg oF pOCesSEs, 2., By sputisring & aniwm-containing
fayer, such &y & single Tayer of ttanium~tungsten alloy, thanium or tRantuny nitride, having &
dickopss smalisr then | micrometer, such s between 0005 and €8 mivennwtorg, and

3

preferaldy botweent .07 and 0.8 i ‘nme-t“ers@ an the polyrer layer 95 and on the regions of

thy mistal pads o toces SO0 expossd by

o,

he opssngy 93 de osesd vy of the
wdheskavhariorsesd layer B0TL pan bo formad by 2 sulishle provess or processes, eg. by

spattering woeopper laver, & nickel fayer, s ahuniowm fayen g gold layer a sibear layen, &

S 2

s

58 s«msik:‘ than | wiorometer, such as

-y

phatimem layer or 3 palladivm laver with o thickne
between §.00% and 0.7 micromaters, amd preforably botwenn D.0F and D2 mlorpmeters, on i
ttanbi-vontdnmg layer

)

04381 Alternativaly when the adhestonharser lper of thy adhestonamiar/ssed fayer

BT fs formed byog suitable prodess or processes, €. by sputiering z tentaluin-conisining

aver, neeh as w single faver of ntslon or wtalam aitride, having « thivkness smaller than
micrometer. such ay betwean G005 and (8 mivromieters, and prefirably botween 0T and 0.8
mirViRrS, on the polymer faver 95 and on the reglovs of the metal pads ov faess 500
vasd By «m spenings 930, the sced seer of e adhetiva/barvioniiced e B8 can be
ihmzcﬁ by @ suitable provess or progesesy, £.8., by sputisring & coppst layer, a nicke! layes, an
alumingm laver aogold tayen & wbver ‘iays—:z; & phatinam layer or @ patladive Jayer with @
thickness smaller than 1 micrometer, sueh #s betwsen G005 ard G7 micronwiors, and
srofefably botween 0.0% dod 0.3 mivromators, on the tantalume-containing layer
FOR43R]  ARernatively whn the adbosiondardier layer of the adbesiswbarriorfsesd Ryver
}

A

i formed by seR slw DIDORSS. (8 PIDOSSSCE, 2.8, by sputering 8 chromium-comtainin

%5

fayen, such s singhe layer of cheaviwe yer having 4 thickorss smaller than | nowrgmsten

142
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stnh oy betveen G003 und 0.8 muivecmmtess, and preferably botwesr (L02 and (8 miorasneisss,

ofvihe polyméer ver 95 dnd o e regions of the metd pads or waces 80 sxposed by the

operirgs 950, the send hayer of the sdhesikwvbamisddsend layer 801 oan be forved by 3

suitabde Procass of Procssses, L. by spuiteriog & copper layer, & niskel layer, an alumings

faversagold laver, a silver Iayer a platimuny layer or s prdiadivm layer with x thickness soaller
ye 3 i 3 i A

han T midromieten, such 58 botween 0005 and (7 sreremsters, and praferably bebween 803

e

and B2 micrenieters, on the chtomiummooniainiog layee

{00440}  Reforving to Fig. 138 alter forming the sdhesionharrierisond layer S8

ihestrated I Pl 15D, 8 photoresist fayer 71 i formed on the sead hayer of the
adhesionbarrierfsend laver RO, and moltiple openings 710 in the phetoresist loer 71 egrose
she seed Moer of the adhesion'bamierised layer SDTL The operinge 710 defined the mund
Hoos, trsces o planes o be formad iy the subseguent process, and contants in the polymer

apedings 930 and the passivation apeaiigs 50 The contacty ave over and connented to the

axposed fing~line motal pads or Irseas 600,

[00441]  For example, the photwresist Tayer 71 can be formed by 8 switable provess or

iy

DIRCERIS, &8, By spinan coating & postive-typs photosensitive polyowy layer ov the seed

&

ey of the adhesion'barmier/sesd B e e BO1E then sxpnging the photosonsitive polyiner layer
dsing 3 X stepper or EX contat aligner with at leset twe of Gdine having » wavelength
ranging from, e, about 43410 438y Hedine hoving a wavelongh ranging from, e abowt
403 1o 9@ nm, and Lline .‘Esaving # wavelength ranging Sromy o8, wbod 3863 1o 36Tam,

Hhumiating the photosensitive polymer layen thal B, O-ling and Heling, Gline and Miae,

3

Holine and Hline, or Geling, Hdine and Iling iluoinate the photosensitive polvmer fayer then

developing the sxposad palymee layer, and then reraoving the residual polymietiy materiad or

other conamivarss from the sesd o with s O plasma ov v plasma containing fuarins of
¥ v &

balw. 200PFN sad-oxygen, such thst the photoresist layer 71 gan be patterned with.the
openings 718 wxposing the seed Tayer of the adhesionartierisesd layer 831

{04421 Reforring to Fig 155 a bl meta! laver 8012 can be forved o the sead laver,
gxposed t;jf- thy openinge THO v the photoregist layer 71, of the adhesionbarriersoad taver
801 and in the openinge 719 by & peoossy including sn clectroplsting process andior an
dleatrolesy plating prosess. The bulk metal fuver 8012 nvay have o thickwesy largee than 2
micromaters, suchoas betwesn 2 and 100 pucrometess, and preforably weteeen 3 oand 20

mivronieters, wod larger than that of the adhesiontberier/seed fnyer 8011 and that of cach of the

143
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fins-Hoe rasat layers 80, rewm ively. The bulk mctal laper 801 may e s widih larger than
otcrometer such as bebween 5 and 150 odorometers, angd preforsbly betwesn §oand 3G

migrometers, and Javgee thare that of sach of the fine-dine metal lgyers 50

{68443 The bulkcmetal laver 8012 having a thickaess larger thav 2 micrometers, such a3
between 2 and 200 migrometers, bepween 2 o 30 wicrometers or bebween 2 angd 30

S b

mivrreters, may be g single laver of gold, coppey silver slumineny palladivre, platiney,

rhivdiorn, ratheniuy, cheatom o niskel ora compusite layer sade o the previoualy deseribed

wetads.

04441 For oxampls, the halk mesal Tayer RE12 can be compoeed of o single vweted fayer

formed By 8 sulable provess or progesses, o by elscimplating 2 gold ver, a thickoess

b

favger than 2 mloroweters, wuh o hetween 3 md S myvioromsters, and preferably betwesn 2
ad 30 micrometers, by the openings 718 and o theaned hover, preferabdy the previnuddy

deseribed gold layer, ofthe adhesiowharrienvend layer 801 exposed by the aperings TH.

HR4E8  Alternatively, the Bl metal Ber B012 pan be somposed of a s

formed by 8 suitable process o proossses, ey, by slestroplating @ copper layay, Ie & tdokness

Taeger than 2 mivrematers; such e betwaen 3 and 200 wicroniarer, and ;)f&f"

and 30 micrometers, in ke openinge T and erCthe ses

gegeribed copper laver, of the adhedlondaprierisced ayer 3011 sxposed by the dpenings F14,
D04 Alternatively, the balk motal fayer 8G12 can be aniypased of a stogle restat layer

ff;

armed by a suitable progess or Provesses, 2.8, by deciroplating o vickd fayer, © o thidkness

- pad preforsbiy betvean 2

larger then 3 miacrometery, such as begeish 2 and 100 siooymeters
and 30 micrometars, It the openings T sed oo the sead layen profoably the previousty

desaribed copper o nicked layer, of the adbosiunfbarriorfeend fayer B0 eyposed by the

openings T,

008347 Alernatively, the bulk mewat fayer S0HE can be compassd of dadbly metal
layers formed by @ noteble procesg or processas. g, by slestroplating aooppet layen 1o«
thickress favger tdeoy 2 miteormictnes, sieB ag bebween 2oared 30 wloromatery, and prefersbly

%

between 3 and 15 micrometers, B the openings 710 and on the ssed feer, preferably the

(

peeviously deseribed copper-layery of the adhesionfburiar/sead layer 8011 oxpossd by the
spendngs TI0, and then slecpoplating or eleciroless plsting a gold layer 1o a thicknesy Jarger

thany .5 wicrometrers, such ag between 808 and 10 micrometers, sad proferably benwpen &8

£
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and §omicromelers, by and o the sleotroplated copper ayer in the gpenings

ks

D048 Alernatively, the bulk metad Tyyer #0172 ¢an be compostd of riple metal layers
formed by & suitable Fooess o processes, ©.8. by eleairoplating & sopper Tayer, to 1 thickness
larger than 2 miprovisters, such as betwesn 2rand 30 micrtuneiers, snd preferably bebween 3
and U5 micrommeters, i the ‘opanings T10 and on the-seed fayer, preferably the previowshy

deseribed sopper the sdhesionfburrier/sead layer 801 exposed by the openings 714,

then elecioplating or slpcrndess platiog 3 nickel layen. to 3 thickness larger than 8.3

Tak

mivromelers, sach s between Q5 gl § micromalers, and proferably between boand
migrometers, v the opesings T8 sl or Te elecwoplaied copper layver B the oportings TG,
zadh-then eheoiroplating or glentroless plating s goid layer, 3 palladiws layer or.a plativem ayes,

to # thiskness hgu‘ than (.03 ovierwnsters, such 8y betweery D03 and 0.5 micromeiers, and

ey A0S and 01 misroineters, i the openings: 710 and ont the gleotroplied oy

{00848 A copfbaeriee layer (ot shown) can be optionslly Torimed by @ soilable process
or prescsses, g, by el smaiaww ar eleotraless plating over the bulk sl fayer 8012, &n
sssembis«a"&:mnact faver {not shownd oan alse be fucther formed, as an option abse, gver the budk
stal lyse 8012 and the capbardier fayer by slectropluting or Mectroless plating. The

assemblyfoontact _iesyt‘.?‘ can be a gold fayer, a pudladhan fayer o o rothentum fayer with a

[G0450]  Next, sefeering fo Figo 1500 the photorssial fayer 71 is removed wsing
organiy soliton or uafig an arganie solstion with smide, Hewever, soeie vésidualy froet the

photoregist Taver 71 sonid rémsin onthe bulk matd fayer 8012 and on the sped fyer U th

13

4

adhision/barnersead Taver 5011 Thereatter, the residuale cun be renmved frosm the bulk aatal
fayer 8012 and froot the seed fayer of the adhesion/baniensesd Jayer 011 with a plasme, such

a5 Oy plasma or plssma eontaining Toorine of below Z00PPRM and oxyien

106453 Refewing to Fig 13K, the adbevionvbarrierfsesd e 801 not under the bulk

metal fayer 3012 is then removed by seifvaligned wat sodéor dry stoling. Tn the pave of w

toling to toiovs the bottow metal lager 8011 st under the boll matal layer 8612, an

e

undercut 3011 with 3 sidewall of the botioprmetal haver 8011 recetend fuvn & sidewall of the

42

i metal fayer 01T b formed. No undarcot 8011 exists when an anisutroples dry eleling i

used to remove the bottom metal faver 3311 not undet the bulk ractal layer 8012,

145
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{848 For srampde, when the gend fayer of the sdbechontbarriarfsond layer 881 s &

gold layer, i can be ciched with un lodinecortrining solution; suel ae solution gontaining
potasshvn fodide, with an fon milling progess or with an Ar spdtering vtehing progess.
Alernstively, when the sesd hnerof the adhesfonbarrierfseed laver 8011 is 2 sopper layer, i

can he stohed with @ selution conaining NHOH or with as Ar sputtering stohing process,

{84831 Por example: when the adbesionfbarrier fnver of the sdhesion'barrion/seed layor
S011 15 3 tantuntningatorestioy Tayer, It can be orched with a solution sontaining hydrogen
porside. with & chicrisxcf»c:ema§ning plasma ewching process oy with an RIE provess
Alirnatively, when the adbesiowbarrier laver of the sdhestowhariarfsend layy 8010 8 &
trandum dayer, ¥ can be oiched with o solutfon confaining hdrogen: Huonds, with a
z:fs‘ﬁarinwmmsining plassty sching prosess of with so RIE pricess. Ahvsatively, when the
adhesiontharrier laver of the adhesionbariorfsesd yer ROIL o 8 chromium layer 3t ean be

eiched with 2 solulion containing potassium forvieyanide.

3

B6$84]  Acoordingdy the puitersed clraudt faver 804 composad of g netal layers SH
s BOEY san be brmed on the polmer layee 35 and on the wgiony of the med pads or traces
SO0 exposed fy the openings 950, and can be connacted to the fine-lng mal iesy&tzrﬁ &G
through the openings S0 and 930, Alternatively, the poliener ayer 93 can ba omdtted, that is

the adhostontsrrier laver of the adhosiondbarvierisead layver 8011 can by Hrmad on the

o

passivation layer 5 and on th dons of the metal pads or traces 800 sxposad by the-opeatags

%
%
£
w5

SO bethe passivation laver & ARer the stop Mustested n Fig 15HL the senuconductor waler ¢

san he optivogily cut intp & phorality of individual semivondusior chip by & dig-siwing proscss.

00458 - An overapassivation aschisrme 102 shown in Fig. 158 inchades the polymr lawa
93 and the patterned circeit lver 881, and the openings 930 i the polymer layer S8 are wver

e roglons of thy matal pads or races SO exposed by the speniags S0 in the pascivation layer

BE4SE]  Fige 1537 md 1531 show 2 prosess of Torming the addittona! palvmey hyer 88
and patisered clroudt faver 302 vaing the above dwentionsd procesy Hhosteated e Figs, 13081
Piest, after the stop dlstrated i Fig. 15H, the polyrser laver 9% s formed on the polymer fayer
S and on \h bulk metal fayer RO of the pattorped cirouit lagar B0, snd wnkiple spemings
DEG iy e gm% ey dayer 98 gne over moliipls reglons of the bulk metsl layer 8612 of de

patieraed  direnit layer 801 and expose theny Next. sn adhesiondbarrier dayer of aw

adhesiontbarricrissed fayer R i formed on the polypier layer 88 and oo theregiors of the

146
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adhesipabardieorseed Javer 8021 < he foomsd on the adbesionbarier layer of the

bulk metal layer BOIX exposed by the openings 883 Next, »owesd layyr of

wiheston'bardersced layer 8031 Next, a photoresist Jayer i formoed un thie aced layer of the

adtesionibarrierfesd layver RO2L and waltiple opordngy i the photoresist ver expose the

s formed on

3

seed fayer of the adhesfon'bartierisend fayor 8021, Mext, 8 bulk metal layer 8022

§

the seed Jaxer of the adhesion/barrierfeed fayer BOZE expesnd by the tsgjf;‘-nii’igi in the

photoresist laver, Nexy, the photoresist liyer I removed using an inorganis sohaion orysig an
organic sclution with amide, Next, the adhedoa/bariorseed faver 8021 ot under the bulk
motad laver 8023 & removed. The gpecification of the pobymer layer 980 the
sdhestonbarrier/sced laver 8021 and the otk metsl laver 8022 a5 showsr do Figs TRRISL can

b reforred s e spreifieation of the pui};m“r fayer RS, thy adbesionbarriorisced fayer 8011

i ~

and the bulk messl layer 8012, respestively, ay ilhisteated in Figs. -E5HL The proceas of

forming the polvner yer 98 ag hovw § Bigs. ISIIET car beoreforred a3 the provess of

forning the podyer lover B s Whestesied I Fige I3CAIEH The proesss of forming the

adhesiondbarvierfsced layer RG21 a8 ahownin Fige, 1314155 can Be referred 1o as ihe progessiof

arivdeg the adhesienarriersed Yaver 3011 s Hloswated W Figs. 1815 The procsss of

g2

o

o the Bk metal lyee 3032 s shows in Flgs, 13513 can be reforred 1o a2 the process

#

of forming the bulk metal kyer 3012 se Hostraied in Pige. G- The provess illustried in

Fige, 151 and 157 con be ropsated v Sorming one ore reove polyrner layer and one or wmwe

paterned cirpait faver over the patterned cirouit fayver RO2 sosd over the pobwaer fayer 98,

04377 Reforving 1o Fig 15K, efler rermoving the adhesionftaniariseed layey 3041 not
ander the bulk motal laver BOZY ay illuseated In Fig 15), a polymar layer 99 can be Runied on
the bulk meta] laver 8832 of the pattemed oircult fyer 802 and on the polymer fayer 98 not
coverad by the pattorred chaait hysr 862, Multiple openings 990 {only one of them shown in
the pobeer lyer 38 can be aver auftiple contdel points 2000 {only one of therm shown) of the
bulk meta! laver 8022 of the patterned clrendt layer 302 asd expuoas the contact points $600. In
soms applications, for example, rothe pold over-passivation metal syaton ased for the wpmost
patterngd  sirelt laver 802, the polymer laver 99 may optomally be owmited. Ax
aver-passivation scheme W shown In Fig. 15K inchides the polymer orors 95, 9% sl 9%, aad
the patiermed throuit iaye:m‘ 801 and 802, and the opediogs S50 in the polynior ayee 85 aredver
the regions.of the metal pads or toroes 600 exposed by the ependngs 59 in the passivation layer

5, and the opemings D86 i the polymer layer S8 are weer the patterned cirouit Jayer 30, and
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the opening 890 i the polymier Byer B9 ia over the conlact point 3000 of the patternnd ‘oireult

fayer 802 amd exposes &

[ORMSRE ARer forming the overpussivation wheme 182 of the Wi post-passivation

v,

techoclogy shows in Fig. 15K, the somiconductor wafer 10 can be out inte 2 phaadiy ¢
individual semicondugior ohip by w die-sawing process, The contaa pointy 805Q of the

srvicorductor chip out Sony the septicondustor water 18 eon by used for somngating o an
sxterast ofroult by (1) wires (soch wa gold wires, alumimue wires or copper Wi s&v} of &
wirchondlng progess, (2 bumps {such a8 goid buraps, copper umps, solder bumps. nivked

bumps or other metsd bumnps) on the other substedes (such as sificos chips, silicon substrates,

corantic substrates. orgunie substrstes, BOA substeates, foxible substeates, flexible wpes o
glass sobatratest The bunips onthe substrates have o heinht Jargerthan 1 mdrometed sush a8
batweart § and 30 micrometers, and greforable botween § and 20 micrometers; {3 Y poste (such

gold posts, copper posts, sokder posts, vickel posts or ofher mistal poste) on thy other
suiz.szrat {suoh as siflcon ohips, silicon subshrates, coramic substnton srganio sabutratey, BOA
substrates, flexible subarmss, floxible tapes or glasy substratey). The posty on the substrates
fave a height farger than 10 solovometers, such g betwsgn 10 and 2 micromsters and
praferably between Wand P20 mdcrommstersy {4 hompy (ush & gold bumps, copper bumps,
solder bumps, wivkel bumps or cther matal burps) on the terminals of met! feads of a
Isadsframes o @ fexibly wipe, The bumps on they metal leads bave a buight lasgerithan |
miorometsy, sudh s between 1 oand 30 micrometers, and preferably barween § and 20

syicrameien,

0488 Alsrnatively, reforting to Flg 180, after formrog the strutiure shown v Fig
13K, the contast struchsre 89 can be formed over the sonlagt point 8000 faccomnection 10 an
sxternal Sirchlt, such @ hidb-gidearey (BOAY substrate, rintad sircalt board, somiconduciar

giase sobsteate v coraraic substrate, The contact structurs 3% can be (1

G§i§§, metsd substrate,
solderpad {with 3 thivkness bebween 0,1 and 30 microiveters, sad proforably betwann 1 and 10

4

smicrometens) oe selder buap {with a height lager than Boasicvematers, such as between 10 ang
200 migrometnns, and preferabdy between 30 and 120 adercstens) Rermed by x suiteble
FEOCEES OF PROKESERS, 8.8, Sy clectreplating or soreon pinding. & solder seffow process ia
raegirsd o fora g baéi«ﬁmgmcﬁ solder Ball. Solder pad-or bump 8 rasy ingliods hgh lead salder
{Ph8n, with Fh composition farger than 83% weight percantag), sotectic wolder (PLRR, with
~37% Ph owelpght porcentage, and ~83% S weight percentage). leadsfres solfer inshading

Saag or SnCeag, hismuth or iadiurg €2) gold pads Pwith o thicloesy between G and 10
148
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micrometers, and preferably berween 1 and § minrotiters) of guid burapa {witk
thare § ovicromnsten, such ag betweer § w40 micronwiors, and preforably detween 10 and 20
snicroraerens) formed by 3 sultable procsss or progesses. 2.8, by slectroplating; (3 swlad balls
foraed by @ sultabde prosesy of provesses, «.g. by ball mounting The me] ball can be g
solder ball, ‘s copper ball with surface conting ofia MY layer or 3 copper ball with surface

aating of a Nt laver and o solder Tayer, or 8 copper ball with surfoy sonting of & N fayer and
8 pokt bver. A diamseter o she metal bafl is hetween 10 and 300 micrarmctory; and preferaily
hetwaen 30 and 300 micrometers. A metal bl San by mounted divestly on thy contagt paint

B000 exposed by the podyrmer opening 290, or o thenetal lvse 88L The wetal layer 891

fonnsd for thematal ball spunting may telude 3 admpostie fayver of TUNL TGN, T
TrRAOwP, TNV Ay, THCONY &, TIRIRFSy, TIWACuANF Au, THCuNIRE, TIWICWRIR,
CoflleCa, NIVCu, MIVICe, NiViAe, Kitae, NP, ol lavers are from botivm 1 top. Aller the
rastal ball mooating 8 selder reflow prootys 8 uanally required. After forming the contact
steucture 89, the wafer 10 can be out tote w plurality of individual sewfoonductor ¢hip by &
divsawing process fve packagig or assemb %y 0 cotrct to-external circults, The wssembly
rastheds ey b wirshoadivgg (fo pads o externad prganit, coramie, glass, or silicon subsirstes,
or io laads of e leadframeora flaxible tape), TAB bonding, tepe-chipecartier padhaging {TOP),
chig-on-glass (COG), chip-on-buard (CORY, chipron-fim (CUOPY, flip chip on 3 BGA subarate,

chipronvflie, chip-on-chipstack intergonrection or chipronsSi-subatrate stack intercomnention

{04661 Ar over-paseivation scheme 102 shownin Fig 3L includes the polwer bovers

¥

95, 98 and 9% the pattemad olreult fayers 80 and 802, and the vontact sirusture 89, wnd the

openings 950 in the polymer Juyer 35 are over the regiom of the metal pads or traces H0G
sxposed by the openaings 50 i the passivation faver §, and the operivigy 880 in the polyover

layer 5% wre vver the patterned eircuit layer 801, and  the opering 990 i the polymer layer 39
SR

’X)

o3

b2

i over the contact point S0O0 of the patforned chroull feyer 807, and the coritant Struchive

e the opening ¥90, on' the contact point 8000 and cu the pelymer laver 89,

98401 Fig 15M is s orossesectiong visw showing & semsondustor waler which san
te formed by asultalle proesss or processss, 2.8, by the fullowing steps. First, aftee the geps
Hostrared In Fig 154 and 150-15H, the polymer Iyor €8 b formied on the galymsy layee 83
ot o the bull wietal lnyer 8812 0f the patterped oirenit layer 801, and wokiple openinge 980
in the polvmes faver 8% are ‘over nulipd raplons. 801 of thetopraess yer of gold, copper,

siiver, glaminum, pafladivm, platinem, shedian, rutheniurn, rhenjum ar nickel of the

pievicusly deseribed vacious the bulk metal fver 8012 and expose thern, Next, g metal Jeyer
149
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8%a can he formedion the polyner layse 9% vad on the vegions 80a of thetoprangt layer of

gold, coppercsiives, sluminems, paflagivey, platinnsy, disding suthonhas, rhenioneor nicke of
the previousty deseribed varfous the itk metal layer SETT exposed by the openings B30, Mext,
% metal laver 89% 2an be formud on the mets! kver 893, The material of thy rmetal faver ¥9g
may inefude titaniom, o henbipeningsten alloy tendum aitride, . chromom, tantaduoy,
tanalumy nitvide ora composite of the previcusly desoribad materials, and the matenial of the
meial fayer 895 may include coppey, nivke!, abuminum, gﬁ}'c‘é. gitver, p%aﬁrsasm e paiizsdi&m.. The
metad layers 8%a and B8b may be fhrmed By o suftable provese s provegses, 8.8« by & physiead
wapnt depositon (PVDY process, sunhas spuitsdng provess or evaporation pmesss. The metal
fayer §%a may have 3 thicknoss simaller than | astcromeidy, soch a5 betwotn 082 ang 0.5
mivrometers, and proforably between 801 and (2 micrometens, and the metal layer B9 may

3

have a thicknesy smaller thay b micremeier, % ay bebwsen G085 wnd 8.5 misramaees, avd

profhrably betwesn (LO8 aad 815 adorometies,

{8463 For oxmmple, whenothe motal laver 893 i formed by @ seluble process
progosses, S, by spoticring o ttshaecomtsising laver seeh @y g single e of
tininmatangsien alfoy, ttanium v Uasiem sitddes baving a thickasss svwller thar |
wyigromearer, such ag bebwioen 002 and 0.5 micrometers, and preforabiy betwesn 801 and G2
micromelees, o the polymer fnver 9% and sy e reglons B6Tof the topmest fayer of goll

opper, sitver ahuiinem, paftadium, platinum, shodiurh, suthenium, therdum o nickel of the

YN

greviously desortbed various the bulk metal fayer 3012 cuposed by the opeoings 988, the maotal
ferer B9 can be Ramsd oy g suttable procoss or proosssss, 8. By sputicring a copper fayern @
aicke! ayer, an ahaioum fayer, a gold layey, a sitver taver, @ platinum layer or @ palladiom

tayer with g thickness smalles than | micromeier sunh @s befween 803 and 8.8 mivraneters,

8y

betweasry 8.08 and (015 ovorconeters, between T0F and 1 peforarocters or between 8% and §,

micromelers, an the mas‘m n-soriaining hyse

4631 Aliormatively, when the metal fayer 8% 5 formed by o suitable prosess o
PrOQUSIES, € &, by spuitering & tantalum-condaining layern sushoai v single layer of tamalam or
taniahuarn. sdiride, having o thickoess smaller than L micrometes sush as between 808 and 8.3
reforarnsters; sl preferably betwesn 8.0 and 0.2 micrometers, o the polymer fayer 88 and on
the reginos 3013 of te wpmast layer of gold, copper, dlver, ahuninum, paliadium, platinum,
rhtdium, nethonium, rhetinm o dinkel of the previcusly described vartotn thd batk sl layer
B2 sxposed by the openings 880, the matal layer 89% gan be formad by » sultebke process

prosesses, ¢.g. by sputtering s vopper layer, 3 nivke! layer, sn ahemiman layer, 2 gold layer, &
PRG
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sttver fayer, 4 plativwe fayer o 8 paliading layer with o thickaess saller than U micrometes
sech ue bayween 3108 and 0.5 migromsten, hefween GOR and D15 micrometers, betvesen G

ard 1 micrometers orbebween 0.2 and 8.5 nderometers: on the tantalum-containing layer

aldedl  Alternatively, whes the wetd luvse 888§ fornved by 3 switable process or
b : ¥

FOCEEERS, €, By wultering a chrpmium~-camaining layer, suel sy 8 single fayer of chromium
£ VY § {133 3

faver, having » thickoess smaller then 1 rsiccomcier, such as between 003 and 03 microreters,

and praferably between 8.1 and 0.3 sylorometars, on the polyrser layer 98 and on the reglons
8012 of the wopmost laver of gold, copper, sibven alumipum, palladivm, platinun, shodium,
ruthesdam, rhenitny or nickel of the previeusly described various the bulk metal fayer 8012
expved by the apeningy 880, the maal layer 895 can be foumed by a suliable provess or

grocesses, gL by spoatiering & copper layer, a nickel layer, an slumbnam Jayer, & gold layen, &

sibver aner, a piatinngy layer or 2 palladivn ver with & thickoesy smallerthan 1 mivrometer,
suph as between 305 and 4.5 micromaers, botwesn §.08 and 818 micrometers, between i

snd Lmnisronwters oo bepween 5.2 and 0.5 microrovters, on the chromium-conaliing fayen

I80465)  ARer forming the matal laver 89b, a pholoresist layer can e formed o the
mietal layer 88, snd muhiple openingy in the photoresist nyer ave over the regions 8Maolte
topwe fayer of gold, copper, stver, ahuninuo, palladiuey, platinurm, rhodiurg, nisthenba,
rhenium o nicked of the previcusly desoribed varkoas the bullCowtal Inyer 8012 wuposed by the
spenings 980 and expose thy matal fayer $8b. Moy, s metad Inyver 8% can be formmd on the
mstal fayer 890 wxnprsad by the ppenings v the phoworesist fayer by 8 process inchuding an
slectroplating process. The raetal feygr 8% may have » thickness hager than } suicrometer
sunh a6 betiveen 3 and 200 avorarasters, s proferably between 3 and 100 micepnaters, and
farger than that of the metd layer 59b, that of the netal layver 882 and that of each of the
fireeline mntal layers 86, regpectively. The metal Jayer B%¢ omay have a width Jarger tha |

smicrometen such gy betwesn 3 sad 200 micrometers, asd preforsbly between § and 30
misrometery, and g than that of vach of the Bae-Bne mstal layers 60, The meiat layer ¥8¢
way inchude coppey, pold, nivkyl, sluwminem, sibver, ;}Eaimum, solder or @ compasite of the

previnesly desoribed matenals,

(004661 For oxumpls, the sl aver B0 uan be copposed of »osibgle metal Iayex
formed By w suitable grocess or provesies, e, by slectroplating « copper Iyey 10 o thickness

fnrger than 3 molorometers, such w hetween 10 md 18 missvnstes, and proferably between

P
Lo
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20 and 109 adenvmtess, on the metal fayer 8%, preferably the provicusly desgribed copper
fayer 8%, exposad by the openingys in the p%x:i;:{'nmisx baver.
{04871 Alernstively, the metal fayer 8% can be composed of a single metl fayer

formed by « snitable process or progesses, e, By ehecirophating ¢ gold layer, o thickoess

larger thag 3 micremeaten, such as between 5 avel 130 snicrarnetees, and preferably botwean 10
and 100 micrometens, on the metal layer B8 preferably the provicusly deseribed gold layer

88b, sxposed by the openings photoregist hayer,

{86388 Alernativaly te mesl o R8¢ pan be composed of a single maal laysre

o

formad by a suitable provess or processes, e, by clestroplating ¢ nipke! loyer, woa thiskres
Brger thany 3 eloromsters, such sy batween ¥ and 150 micrometers, and praferably batween 10
and 180 mipronsters, on the metad yer 89, preferably the previously desoribed coppey layver

araickel laver 8%h, wiposed hy the openings in'the photoresist fayen

{8468 Alternatively, the metal layer 8%¢ can'be composed of o siogly mesd bayer
forned by 2 sullsble process or processes, g, by slectvoplating ¢ soider layar, soch @ 2

bismath-oomaining faver an indiun-contaisting pyer or 8 tinvContainmg fayer of a tinlesd

alloy, a tinsstiver alloy or 8 tregilvercopper ailay, to 2 thickness Yarger than § raloromerery,

such as bebween 5 and 200 micemseters, and peeferably bebween 10 and 138 mloronaiers, on

a3

fe cm('?sis d copper Iaver or nicked layer 8%,

the matal fayer 89, preferahly the pravioes

need by the operdngs in the plxaoresist lpyer.

T Alternatively the metad layer 8% can be composed of triple nuetal lnyers formed

by @ suitablp process or prooesses, e, by iu,ﬁmpiatmé, foopper layer, to o tickness heger

than | micrometer, such oo between 3 and 138 micrometers, and preferably between 5 and 180
micrometers, on the metal laver 89 ferably the peovicousty described Dopper layver B8b,

exposed by the spenings in the photoresist layer, next eleatroplating or slesroles plating 3

1

rigkil fayer, 0 o thickoess farger thare 1 anoronsise sush @ betovasn 1 aad 15 pucryngters,

M .

and preforably between 2 aad 10 mderorpsters, on e slesvroplared copper yer a3

j 24
s

i
speniigs wthe phaiceesist fi}z‘?;. and then elsttropisiing or electraless plating a goid layer or &

patladiunt laver to & tiivkeess larger than DOUS micewnsters, such as bebwesn 8005 and 10
ricromarets, sbd pweforalbly betveen 805 and 1 ndcroineters, o the cledroplated or

elactroless plated nickel laver o the operdngs v the phetorasist laver

HDATE  Alernatively the meinl ayer 89¢ can be composid of triple matal tavers Tormed

by a soitable prosees or procssses, o8, by slecroplating woopper vy, tow thickoess Targer

158
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thart 1 micromster, such &5 betwsen § and 150 ndorometers, snd preferably between 10 snd

K3

1O migrometers, o the meal Jover 89, preferably the previously deseribed vopper layer 88,

sxposed ?&3 the ppesings it the photeresisl layer, roxt slectroplating or electroloss platlng &

R

nivkel layer, & 2 thickness farger than 1 micromeier, sush as between | and 13 micrometers,

and pnaferai‘:-ij between ¥ and 10 microméters, on the elettraphasd copoer layer dn the

u

ppenings in the photoresit lver, and then slevtropintiog or slestroless plating 8 solder layer,
such s 2 blsnnsbecontining over, qn indhmvconiaining layer or a tgconiaining Byer ol g
tinedead alloy, 3 thesdlese oy o 3 tiﬁvsiivaz‘ucs)p;}ex' alloy, o 2 thickness hwper than |
micromster, such By bbtwesn § and 100 micaristels, and proforably betwsen 10and 5O

micrometers, on the clectroplaied or elentrokess pivted oighal hayer in'the openings by the
g 3 §8

8047 Afer forming te metad laver 38, the photoresist g B removed wsivg s
organic solotion or using an organic solution with adds, Nexy, the metl yer 880 notunder
the metal laver BR¢ i removed by 3n stohing provess, and then the roetsl laver B9 ot ander

¥

the metal faver 8% & remived by an stching prosess. The process of removing the metad layer

£9b not prider the metal laver B8 as shown 1o Fign 158 onn be refrred 1o as the provess of

removing the seed layer ¢f the adbesiotvbarrieriseed layer 3011 not under the budk metdd faver
8012 e Hustrated e Fig. 1SH The process of removing the medsd tayer 8% sot under the
mstal fayer BOC aw oshown in Fig I3M ow be reforred o S8 the process of siching the
adbesion/barrder layer of the adhesion/bacriorseud layer 8611 not under the bulk metal fayer

8012 e llustenied W Fig 18H

¥

T Accwdingly, the metal bumps 8¢ provided by the matal fayers 89, $%b and 8%¢

.

ean be formed on the polymer laver 98 and on the reglons 301 a of the tophiost layer of gold,
copper sibver, slominom, palladivin, platdoun, rhodiarg, rutheidum, rherdu oe aivkel of the
wreviously deseribed various the bulk meta! laver 8012 exposed by the opentings 880 The
sl dyer 8% of the metal burbps 88 van be used 1o be connncted 1o an sxtorsad aivosdt; such
s ballegrid-array (BOAY subsirate, printed clrenit boaed, semicondactor ohip, metad subgirate,
giase subsirste or covamie substiate, By bonding the metal laver 88¢ with the eaternal crouit,
After removing the metad fayer 8% not undes the metal faver 38, the seniconduntor wafer 1§
can be cut fnte s plurality of tndividual semiconsiuanr chip by & die-sawing process.

T4 An overspassivationssheme FIZ shownin Fig. 15M tnoludes the polymer layers

% and 98, the patterned oircud laver 30T and the sl uavps B9, and the openiogs $30inthe

153
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polyoier laver 95 are seer the regiens of the metal pads o traces 600 exposed by the openings
$0 in the passivation laver S.oand  he openings 980 i the polymer fayer 98 are over the

contant points 801a of the patterned circadt laver 0E and the meid buvps 8% are W e
aperdngs 980, o5 the contast points §81a and ow the polymer byer 98,

{88878 The embass procsss ahowst iy Figy 150 w0 15K adesoribes 2 metal bayer s

forvocd by 2 spitable provess of processes, g by only one phoieresit palterning pragess for

slestropiating & metsl layer o an opsning i the only ooy photoresiat e, This type of

prosess i5oa sinple-smbass grocess thet means the process insludes one and ondy oeg
photelithography process bafore removing the adbesionbarrierfsend fayer not under de
slestroplated fnstal tavee & doubleerabose procesy csn Be implomented o Bem metal tace
sad 2 via phig on the metal wace by sfectropiating mistal lapers with' ¢iffdecnt patterny using
sty ooy adheaivbarrisrisend layer, while perfonming two photolithegraphy provesses, befors
sevaiving g adbosionarrioreesd Javer not under an electropleted vontal layer. The fiest
phusolithography procsss i perfurmed for defining the pasters of the youal e, whils the
sscond photolithography process ds ps:ri‘s:me»;iﬁ for defining e patiernof the vin plug Figs
PEO-1S6 and Figs 108168 show a double-smbossing process 1o foon an over-passivation
sehome bver e wathe 10 shown ia Big 138 or Fig 15850 The double-ombossing pravess his

FEeLse s

front stopy ssove as the steps shown i Figs. 1801 SQ The stepuad Figs, 1648180 follow the

<

036

steps of Bigs, 150 5G for o double embossing prosess, I Fig. 150 the photorest Jayer 71 s
swipped, feaving the sdhestondarrieresed Bager 8011 oot under the bullo mesl Iayer 8012
sxposed o the ambient: Figs, (6A-16M show anexample 1 fuvny an ovet-passivation whemg
for Al embodiments i this disclosre by usiag a doublo-ombossing process o form the yaasl

faver 07 and e vig phugs 898, u\aimc & sinple embossing o foroy the mowd laver 802, sad

{0B476]  Rofuring to Pig. 184, a St phowlithagraphy sd clegiroplating provess i

t

5'1»
£

performed & form the fiest wetal layer 8041, whick can be veforred o 85 the slep sHhustrates

ﬁ

Figa. 15131505 and then a second photorasist laver 72 is depnsited dnd patternédd on the seed

tayer of 1l seed layer 8011 sad on the bolkmed! faver 8013 W is noted that

openings 720 i the photoresist layer 72 expose the bulk meial fayer 80127 openings 720" inthe

sead Saver of the sdhestontbarrieriseed layee SOH

BE377 For sxaople. the g}'ﬁ%mfmt‘siss. fayer T2 can be formed by & sutably procesg or

provesEes; o by Eivan ooathip & posithiesiype photosensitive polyicr layer onihe sesd

134
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r 8011 and o the ehetrapivtad bulk mend layver 8G1E,
o

fager of the adhesionbarvierfened la

S"

then exposing the photosengitive { fﬁ}mm Faver using & TX stepderar 120 oomtact afigner with
at teast wwo of Geline having sowavelagh ranging Fomy, e, abour434 o 438my, Heling
having @ wivelength ranging from, ¢, obivur 403 6 407mm, ard bine having 3 wavelongth
ssnging from, g, abowt 382 1o 36T am, lluminating the photossasitivg polymer By, thatiis,
Geling and %««imm Godine and fhing, Heline and Lling or Geline, Bfine and bing Hhunpgaats
the phomsemi&%w pobvisr layer then developing the wiposed polvmer ayer and then
renteyving the residual polymeric material or other Souaminants from the-seed yer anid form

the bk metal fayer $013 withan Oy plasres or 2 plasma containing Buoies of below 200PPM

c4

dnd oxygen, such that the phowresist layer 72 sanbe paftemned with the openings 720 aad 72¢°

“h

exposing the bull metal layer 3012 and the sced layer of the adbesipn/barrinefsend hayer 8411,

respectivels

-

RST8] Reforring o Flg 188, shoe the seed haver of the sdbestdrdbarierfaved layer

811 iy not removed, 3 scvond clectrophating process can be performed to form via plugs 895

o,

Nogte that & metal ploce 598 0n the sead laver o the adiesion'harietfoned fayer RO iv.also
formed a2 horizontal leved Jower than vig phags 898, The metal pleve 8887 can be used for
packaging purpeses. The metad picce 888 may be thitsier of Stcker than the bulk metal dayver

SOTE Yo oan he wsed for bhigher density interconnection {in case of thiner) or wsed & lower

resistance interconneuticn {in cass ol thivker).

04T Thomaterial of the via plog R8% and metl pless 8@*& iy he pold o copper.
For sxampie, the viz plug 898 and fetad pleon 898 may ke formind by a stk progess or
protesses, s, by slecteoplating a gold laeer with a ticknesy of bepwesn 1 and WG, and
prgferably of bepween 2 and I0pm, on the gold layey expessd by the spenings 720, of g bulk
retal jeyer 8012, and ow the sead Toyer, made of gold, of de adbesion/barrier/seed layer 841

pxposed by the speningy T207, Alicenatively, the via plug 888 and matal plece 888 may b
; A 8 ¥ RRR 3

formed by @ suitahde pracess or processey, e.g. by electosplating 3 copper fayer with 3

hickatss of between Land 10000, and prefeeably of bapween Tand 30ur, on the copper layer,

¥

axposed by the openingy 720, of the bulk watal fayer 5012, and on the seed layer, made of

stippey, of the adhestorvbrrrier/seed layer BT gxposed by the opeaings 720

JOD4EB]  Referring to Fige 180 the sévond photoresist 72 1o then removed using an

organic sahtion with amide, sxpesing the via phigs 898, the tulk metal layer 8012 siot under

s

the e plage 398, the seed layer of the schesion/barrisrfsend layer 8011 ot under the bulk

G
A5
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mveral fayer $012, and the metal plese 8987, Howevey, some residuals fram the photoresist fayer
73 could rewalin by e bolk omets] fayer 8012 dnd on e seed v of the
adhesionharriosfsoed Jayer 8011, Thereafier, the residuals tan be removed from the seed ayer
of the adhesimvbartien/send Iaver 8G11 aad fom e bull metal layer 8012 with 2 plasma, such

as O plasma oy plasma contsining fhorine of below IH0PPM and suygen,

{00483]  Referring 1o Fig 18D, the adhesiontdartior’seed layer 8011 not under the bulk
protal faver 8012 and not under thy matal pleos 8987 {x romavesd by wet andior dry eiching, in
the case of wet giching & spmove the bottpm metal fayer 881 not under the slectroplated

3

el fayer BOT2 and not wider the slesropiated metst fayer 898, so underant 8311 with 2

(

sidowall of the bottam melal koo 801 rovessed from g sidowsll of the slectroplated metal
S BOI2 sad with o sidewattbof the hottont rmetal lyer 8011 repesset Bomiosideventl of the
sleptropiated metal Tover 898" 5 formed. No underowt SO011" exists when an anisotropies dry
stching s used w romove the botirs metal faver 3011 dot under the elentroplated nistal fayer

#0172 and not pader the slestroplated mntal Inyer §98°,

FOMRZD Por exaiply, whes the seed hayver of the adhesiordbarrios/ssed layer 8011 B2
gold lven B oan be etched with an ludine-contaiping sulutipn, such as solution nontatring
potagshan lodide, with an fon milling process o with an As ,spist{i{srmg stehing process.
Shormatively, when the seed layer of the adbesionbarrion/seed fayer 8O fy acopper layen B
sawt be etched with sanhation containiog NHQR or with an A spuﬁ&:‘-si;sg atshing progess.

084837 For owample, whety (e adhesitwvbarrier fayer of the sdhesiontbarriesseed layer
S011 is a Slanfum-tanpsen-alioy fryvern # oap be stohed with 8 sofution containing hdrogen

poronide. with o chlorine-condining pluna siching procsss or with #n RIE - process.

x
’f}

Afwrnatively, when the adhesiowbarmier laver of the sl mmmh\smmxei faver BOIT 38 3

dtasing Hyer, § can be ewhed Wil & solufon contsireng hadeogen fhaoride, with

chiorine-coriining plasos otching process or with wn RIE process, Alomatively when 1l
adhesion/barricr layer of the adhesion/barrieriseed layey S011 i8 a chromiam layern, #t san be

crched with a solution contuining potassium forvioyanids.

{0484 Refuving © Fig- 165, » sceond polymer et 88 s deposiied on the'via plage

BOH, cn the vietal pioces S98Y, on the metal taver 801 and ob the expossd Hegt polymarfayer 85

The sseond pobirner hayoe 88 dan be formad by o aultable proness of procesess, o, by a

PG SURUNE PrOcess, ¥ MMInGHON PrOCSt OF & Sereen-priving Prouss,

W
5
N
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[D048ST  For oxepple the polymsr Ryer 98 can be formed by 2 osultable process o
processes, €., by apln-bn coating & negetive-type photosensitive pobymide layer, centaining
sutertypeprecunor having a thickness of betwsen § and $um on the via plugs 898 onthe
metal pleces 895, on the bulk metad layer 8612 and onthe exposed peluner fayer 85, then
baking the spineost conted peivimide jover, and then curing or heating the babied polvimide

ver 8 o peak fempoaiurg of bevwenn 289G aad A00°C for & thne of beiween 20 end 180
sinutes in @ irogen ambisnt or in an oxygen-free sodieny, the cuved polyimide wver having
thickness of betwern 3 and e Altsrratively, the baked polyimide faver van be sured o

heated ats temperature betwesn 150 and 280°0, and preferably of bevween 3580 and 280°C, &y

2 time of betwwees 30 and $50 mingiey in 3 olirogen ambient of in an crygen-fres ambient.

[0485]  Referring o Figo 188 & polishing or mechenical polishing procesy, aad
g}rsf‘%rab ¥ 2 chamival-meghanioal pohshing (CMP) process, is el 1 phnsrisg the surface of

¢ setond v fayer 98, sxposing the vig plugs 898, The polywr layer 98, after being
3 £ e FUXIG 3 8

plarurized, may bive s Buckoess Thetween 3 sond 30 micronmters.

WB48TL  Fige 6G-16K show process deps o om 3 second sver-passhvtion matal
hed in Fige, [AG1SH, that iy, an

a>u SO using & singleserpboading process same aw desg

sdhesionbarrer/sced layer 8021 3s fornad, exemplary by sputtering, on the second polymer

6d

fayer 88 wnd on the exposed viw plags 898, Bllowed by faing & {?s’ii}iG‘QSE stlaver 73 on the
adhesiowbarrivyfssed layer 8021, (s;:sz:?x‘:}sig,s T30 v the photoresiat fayer 73 exposing the sead
tayer of the adhestor/barmeriseed fayer 8021, fuliowed by forming 2 bulk conduction rogtal
fyer BORZ -op the seed v oyposed by the openings 730, follewed . by removing the
shotoresist layer 73, follpwwed by removing Gie sdhesionhurrier/sead laver 8021 rov yader the
btk condustion metdd laver 8022, The spacification of the adhesionwDarvierdsed avee 8024
and the bulk conduction metal faver 8G22 shown iy Fign, 16G-16K oup be reforred to as the

specification of the adhesinn'harrior/sesd fnyer 2011 and the bulk el

i Pige TRIRTSK, resprctively. The process of foening e adbeaiond
shetwn in Flps, 16G-18K can be refarved to ax the provess of forming the adhasinn'darrisy
faver E011 Hhisresesd dn Pl 18D-13K, The proosey of forming the bolk conduction mera

Bver SG22 shows in Figy, 16G-16E danbe refirrad 1o a8 fhe procsss of fnning the hulk wetd

Bayer 8412 Mustrated in Figs. 1SD-13K.

{4581 Referring o Fig 186, s polymer fayer $9 5 then formed sod pattersed w

complete # heomctablbyse (-vezngmzawat i scheme. An over-passivation schems 102 shown

.,_}

i3
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in Fig. 181 inciudes the pufymer lavers 93, 98 and 99, the patterned circait lryors 881 sod 802,

%

the via ploge 8§98, and the metal piese 398, and the openings 950 in the polyraer koer 88 ave
cver the regions of the metal pads or races SO0 oxposed by the opsrings 50 in the passivation
fever 5, and the opening $90 in the polymer kayer 89 & over the contiet poing SO0 of the
pattermed chouit layer 802 and exposes i Afer e step Slusvated i Fig 8L, the
seminondocter wafer 1D can be aptionadly cutinte a plarslity of ndivideal semicondusiar ohip

by 8 digesawing proness.

[O08E8]  Akernatheedy, referring o Fig 160, affer the step Hisrated in Figo 6L, dhe

ortact structere 8% Bustrated o Figs 150 or Fig 15M an e formvad on the' exposed Somact

pont $000 forassembly andfor packeging porposes. The speoifieaticn of the contget struotas

B4 shown in Fig 160 can be referred 1o &5 the specification of the soniacy strudture 8%
ihetrated a Fig, 180 o0 Pig 138, The prosess of forming the contact struciure 32 ay showuin
Fig 18 ean be referred fo.a the process of forming the contact stractire 59 Hhusraed y Fig
5L or Flg, 58 As an aligrmative, the doubiambesy process steps e Figs, I3DR-158 and
168180 for forming the first soetad faver BGE and the first via plog %88 cdo be ropeated w

ugs 898, and

g

form addivonal metal fayer {not shown) e the polymer layer 98 aod on the via ph
o fomn additionad vis glug {ant shown) on the additions! matal Taver. In this allarnative, the
additional via plug can be jolned with-a wirskonded wive nsing & wirebonding process, with &
solder burap osing & balbmowntiag pissess arwith & Hoxible substrate using & TAR process.
The deseription and speoifioation in Figs. 184160 can be sppliad o founing the thi f:i\ anud
wids potwer mstal fracs, bes or plane 81 over the passhvation fayer 3 in the z:ixses'ﬁ:sm:, e}
forming the thick and wide groved muead trace, bus or plane 82 over the pregivation fgyer § i

the disclosure, 1o i \nmg the thick and wide powey mutal tosos, bus or plane 81F over the

w.dmwui;m faver § in the disclosure, and o forpding the thick ami wide signal meta! trace, bus

o plane 83, 83" or &3 over the passivation layer § i the disclesure,

{0490 Afler formdng e overpasstvation stheowe of the fop post-passivation

wchnology shown in Pig. 180, the sopiconducior wafer 10 can e out inte a plurality of

individual semiconductor chip by & die-sawing process. An over-passivation scheme 2

shown in Fig, 16M inclndes the polymes lagers 95, 9% and 89, the pagernad cirouit layers 801
arid 302, the via plugs 398, vhe metal plove 3887, and the wetal bump 89, snt the npenings 850
in the polyoier ayer €8 we over the regioms of the metad pads or traves 808 expasd by the

spemings 50 In the pavsivation faver § and  the apening 998 in the pobymer layer 99 i wver

38

o
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the pontact point 3000 of the patterned cirouit fwyer 303, and te meted bump 39 B i the

Gpeving 90, on the oniust poidnt 3000 and op e polymer lager 99,

190491 Figs. 17840 17) show process steps © form an overpasshvation scheme 12

"

with theee metal layers 8G1, BOZ and BOY. Meal Iavors 301 and R02 are formed by a suitahle

POSess OF processes, &g, by a double~smbuss provess, while the meted layer ED3 s formed by

a sultable process or processes, e.g. by a single-embosy process, A Thst double-smbussing
proosss s dved fo form the fest matdl layer ROT and the Gest vz plug 398 ax despribed i Figs.

ESI-I5G and 18AI6D, A first intevanetal pﬂ%ymﬂ; taver B8 & formed srdd plagiied

axposn the st vis plugs 898, St in process stops of Fige. I6E-16F Fig 174 v at the same
step as Fig 188 when the Srsy metal laver 801, the firsy viz plugs SFSV_and the metal pisce §48°
are formed by & sultablé provess or provedses, el By 3 double-erboss metsl process st the
wnfer-metal disfentrie polymer layer 88 Weformed with the first vie plugy 338 being supmsed
The dedign of the first matal laver ROt and the Bry vie ploge 898 B Fig 174 e slightly
different from that in Fig. 180 fo accommodate an additional metal layer The prosess for
forming the bottors metal layer 8021 i Pl 174 can terefiored W gy the protesy for forning
the bottom metd faver 3017 in Fig 15D orihe botiers metd layer 8271 by Fig, 166G the
procest for roming the memd ddver 8022 i Pl VP& care be veforred fo aa the process far

fonning the metad layer S012 iIn Fig. V3K or the wetd] Jayer 8023 3n Fige §6}-§-§5§I The

e,
&"‘M

sgiecification of the adhedonDbartiersesd taver 3021 wnd the bulk conduction metd layer 822
shows In Pigs, 17A-17T can be referred o as the spesification of the adhesiowbarnierssed

faver BO1Y and the bk netal layer 8012, respestively Blustrated in Fige, 505K

{04921 Reforving to Fig 178 now, 3 sscond photorssist fayer T isthen deposited and

~

priterned 1 fivm vpeniigs T4k over the Bulk condudtion muetal fuyer 8022 dndfor 1 optinmally

Farm openings T4 directly on the seaid layer of the seeond adheddon/arvierseed layer 8821,

{BE4R3E  For cuample, the phs)ime&‘xs_i tayer 74 can be fonmned by a sultable process of
processes, 2.2, by spinon cou g & pusitive-type photasensiiive polymer fayer ob the seed
fayer of the mihesion/bartierizesd laver U271 wnd on the bulk vonduction wietal layer BOZ2, then
Exposing e g‘%!nws%)\’s‘ism pofvimer layer selng 2 X stepper or PX conact aligner with at
feast two of O-Rne having » wavalenigth rhnging fromy, e.g. about 438 1 43 8o, HeHne aving

I

# wavelength ranging from, e.g., abow 403 w 0%, and e having aowaenleagth smging
from, o8 shout 363 to 367w, thamnating the photssrsitive polymey I, that i5, Galing

and Meline, Giline and Iine, Hhline and SHne @ Goling, Heline and Bline illuminate the

158
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phiptesorgitive polymer yver, ten develnping te siposed pobaner lves sod then removing
the residual poelvienic owterial or other contamingdy from the soed fayer and form the halk
conduction temt layer, 8522 with o £ plasma or'a plasoe Containing. Haerive of beinw

JOOPPM and oxygen, such that the photoresst laver 74 can by padterned with.the opemings 740

R

and 74D exposing the bulk condustion wmelal lver 8022 and the sesd lawer of the

athesipabarrioriseed kover B2 L, sespectively.
{D0484]  Referning 1y Fig. 170, 8 second via plug ayer by slestroplated e the photoresist

spenings 740 and 7307 10 form e seeord vis plugs 897 and the sevord mstal piece 8977, The

second meotal plece 887 can b dsed ay desoritad e the fiest metad piste 3897, The wraterialb of

the viz plog 897 and mstal piese 897 may be gold wr copper. For exarople, the vin plug 887
ansd ractal plece 897 may be formed by @ sultable process o processes, 2.8, by slectroplating &
gold ayer with « thickness of hetwess 1 and 1000y, st proforsdly of between 2 ard I0um,
unthe gold kover, exposed by the opeatogs 740 «f the bull ooaduction metal fayer 8022, snd
on the seed dever made of gold, of the adhesion'bariveisesd hoyer BT cuposed by the
cpenings 7490, Allernabvely the vin plug 387 and metal plece B977 soay be formed by &

suitalde procgesar processes, egx, by elborroplating & copper layerwith wothinknoss of bebwaen

P and 10000y, and proforebly of between T and 3, on the copper ayer, exposed by e
openings 740, of the bk condheatinn metal Taver 8022, sod on the sead Tayer, wade of onppee

of the adhesinnarrisr’sesd layer 30271 expised by the opanings 740°

[B0498]  Referring to Fig 17D, the sesand photoresist layer 74 i then siripped using au
prganis solption with armide. Howsyey, some residusls. fram the photoreaist fayer 74 could
remain on the bulk condustion wistal layer 8022 asd on the seed laver of the

wthesionbarriegfsend lavee 3021 ThereaBler, e residualy can be removed from the bulk

ponduction metal layer 8022 gnd from the seed layer with a plasog, such as Oy plasma o

plasrns containing fuonios o bekew 20GPPM and oxygen.

(804%6]  ABernmtivedy, sfter the dulk u(}*&itmmﬁ metal baver 3023 s Formed on'the seed
taver of the adhesion/bmrrierseed byer 8021 expuasd by the openings 730 Hlustrated in Fig,
161, without remaving the photnresist layer 73, the photoresist layer T shown in Fig 178 can
be forned ot the photorasiss Taver 73 and on e bulk conduction metal sr 8822, The
operings 790 dn the photoresist Tayer 74 oxpove the bulk conduction metad fayer 8022,
respeatively, for defining the patiern of the g phegs 897 The proeess for SHming e vig

plugs 887 can e referrad to as e shovs disclosure. Findly the photoessit layers 73 and 74

160
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are removed eing an organie solution with amide. Hoswever, some rosidesds fom. the
ghotosesist avers 73 and 74 could remain on the bulk comduciion owtal fayer 3023, on the vig
plugs 897 and o the sead layer of the adbesionhuerievissed laver BOZL ThevealBar, the
sisiduals cioy be removed from the ssed Raver o the adhesiondbarriarieed fayer 3021, frwa the

via plugs 887 and from the belk conduction st leyer 8027 with & placosg, sushoss O plasma
or plaemy containing fuoring of below J00PPM aad oxygen. Mg, the adliesinnbarrionfsesd
feyer 8021 not urdder the bulk sondustion metal laysr 8022 can be removed, 83 awionsd In

the shovedesoription,

)

100497 Reforving 1o Fig.

VTR, the sevond adhedon/barvier/seed fayer 8G21 ot under the

senond budk sonducthon metal layer 80273 and not under the seoond metal plece 987 e revagvad

The progcess of removing the second adhesimnbarrieriseed layer B021 rot uadecthe ascond

halk cenduction metel layer 8032 and not under the second metad ploce 8977, as shows i Fig,
PP, can be referred 0 ag the process of vamoving the Hrst adhesion/bareierisead layer 81
nut under the firar budl metal foyer 8012 and sot under theneta] plese 8987, &8 Mustestad

Fig 180

{O0498)  Heferringdo Figs, TG o sacond intersmetad dicdeaiie polymer layer 97 is
then depositad and plonarized o sxpose the sscond vig pligs B97. The materind of the pohwner
fayer 87 may by ;Saiyim%d,e- (B, benmoovciobatane (RCR), polvercthane, epexy fesin 2
parylene-based polymey 8 seiderransk materislomn clastomet, silicom or 2 porous dislectric

; " i e
17F

smagrial. The process for Torong the polymer faver 87 in Fig, 17F can be as referred 10 as the

process for fpming the pobaner layer 98 o Fig 16E; the process for planarizing the polyme
tayer 97 in Py VRO can beoas reforred to a8 the process B planarizing the polymer laver 98 in

Fig. 18F "

[B048S  For example, the polymer feyer 97 oan be Bvmed by » suitable provess o
processes, . by spiron corting 2 aegativetype phokesrsiitve palvimide Tayer, contalning
Sstertype precurset, having & thcknesy of beteeen 10 and 120w o8 the expused bulk
sondustinn metal layer 8022, on the sia plugs 897, on the merad plece 887 and on tiw exposed
polymer fayer 88, then tuking the spireon ooated polylmide layer, then curing or heating the
taked polytmide layer gt a peak winporsbive of bafween 290 and S00%C {or « e of bebwaen

&wnd 150 roinuges in @ nlirogen sovblont ov i an oxygen-frae smbient, the cared polvinide
'iayer having & thiskness of between 3 and 80um, and then polishing or mechanical polishing,

L

sksmpldry cheraleaboechanteal polishing anupper surface o the polymer koeer 97 & uncnver

o
g’
i
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the vis pligs 897 and 1o planarize the ugper surfase theresf, Alernative by the baked polyimide
faver van be cured or heated At 8 tempermture between (3G and 900 and preferably of
hepween 260 and TE0%C, for w e of Betwenn 26 and 158 minuteg v 3 oifrogen arpbient oria

o

anpxygen~ireg ambient

(06568]  Fhgh 1TH and 17V show 2 singiv-ombossing process i uasd 1o form g thivd

331

mstal faver 803 by firet depositing an adbestorndbartierseed fayer B0 q:i:.,pemwg, snd
patsming & photdresist faver, electroptitiag & Bk dondudtion metel layer 8832, s{rig}piszg ihe
phatorssisr hayer wnd &eéﬁsiigrsaé zich the ad'hasimfhszme:s‘swd layer 8031, The spesifivation

of the adhesiorvbarievissed Wyer 3031 and the bulk ¢ m}wimr} mstal layer 3082 shown in

Fias, I7H~171 can be referred o as the specification o

.

'the adhestonthartiesisesd fayer 8011

b2

and the budk metal ayer BOI2, sespeotively, iHosated in Fige SD-I5H T
forming the adbesiovbarnio/sesd layer 031 showgy in Figs, VI an he referesd 1o a5 the

wocess oF forming the ahesiovbarnierisesd Jayer 801 Hhstrated o Figs, 130 18H The
e ~

process of forming the bulk conduction pstal layer 8OX2 5?\@%@; i Pigs. 17HTH can be

[ESEEY  Flge 171 shows s oomploted Stracure by forming 3 polvaer ayer 3¢ on e

srpased pa:si}-'_smr ey 97 and on e tivd mesb fayer 80, sad an egsening S840 in the polymer

Eusrecnnection 1 an external circuit, The polyeer

=
<
%
L3
A
%
.
o
¥
{1 (3
sy
3
<
z
&
&
3
23
A
Z
%“’
o

layer 9% oy by formad h\, a suitabls proogss pF prosesses, eg‘%; 2 aplean m‘ﬁ{ing procedd, o
fanination process or 3 soreen-printing provess, The polyrasr fayer 98 may include polyinide
{F, bonzpbvclobutane (BOB), polyurethanse, 2pohy resin, 2 p&'}*iﬁ.\=°~bas%d- pulymer, a

soideramask material, an dhastomass, silicons oy ¢

5
o]
Pt
s
%
2
v
<o
=
5
A
£
&
%
2
b
*,’;
fed
8
:'..,

3

[06%62)  Por cxample, the polvmer layer 9% pan be formied by 2 nliable process or

Brotessés, &8, by spin-on coating 8 regative-iyps phisessneitive pulyimble ayer, contaming

esfer-vpe promirsern having @ thickaess of between ¢ and 50w on the exposed pelymer layer

97 and of the bulk conduction metal laysr 8032, then baking the spin-on ceited polytmide

iaver henexposing the baked polvimide laver usinga | X slepperor 1X contant aligner with &t

3

st two oF Godine hving @ wavdleagh sogiog from, g, about 434 0 4380, H-live having

a wavelongth ranging from, 2., about 403 1o 407non, and Iine having a wavelength ranging

from, e, about 363 1 38Tnoy Musiuating S baked polyindde layer that B, Geline and
Heline, Uvdine sad Bine, H-fing and Dhne, or Geling, Hofine and Bline lluminate the bulied

fen developing e exposed polvismdde laver W faerh & polyimide epening o

P

polyiinide layes,

163
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the exposed pulvimide laver sxposing the contagy point 8008, tow ouring or hesting the
developed polvimide layer 8t 3 peak teroperaitre of betwers 298 and 400°0 for stlme of
between 20 and 150 ntinutes in s nitrogen amblent or b an oxvger-free ambient, the cured
pofvimide faver having a thickness of between b and 38um; and then remaving the fesidusd
polvrdedc material o other vonlaminaniy fom the contagt poby 800 wposed by the
poivimide opening with-an O plasig or ;:sE s conaining thaine of below JOUFPM uand
oxygen, sush that the polymer layer 5% i be pattemed with an wpening ¥8¢- i the polyowr
faver 99 exposing the contact point SGBG. Alternatively, the developed polyimide fayer can be
sered o hoited at's tomperatere hetween 150 and 280°C, and preforaldy of between 266 and

FRO°C, B o hme of butwees 20 wnd 130 meinties 04 nitydgen Andbivor or bt an wygensdre

ambient,
8503 The sontacy point SU00 can be weed © be conmected o an external clrcsit vis g

wirebonding proceds, @ dolder Bonding proveis’or ¢ wpesainonatedobonding (TARY protess,
and the external clrowlt roay be anether semiconductor chip, o flecible substrate inchuding 8
pelyoier fayer (Such as polyhwide) havidg v thivkness betvesrs 10 and 200 micromerens andnmt
bieluding any polymer layer with glass fiber, o gleoy sebstrate; ¢ corsmic substrate bwluding 8
corarnie material ay Isulating laysey Betwsen difnuit layers, o sificon sulbistate an STEBRIS
subatrate, a-printed clroudt board (PUBL o hall joid srray (BGA)Y subsiratss

98304 ARer forming the overpasbvation scheme m‘ the Hop  pust-prssivation

technciogy shown o Fig 174 the sedconduecior wafer 10 gaﬂ- b our buo g plradity of

individual semiconductor ohip t:i,‘ s de-sawing process An over-passivation sohame 102
shwn i Fig. 17) inchedes the polymer fayses §3, 97, 98 and 99, the pattersed olreuil davers
801, 882 and 803, the vie phas 387 sad 898, and the roptal picoes 887 and B8, andithe
apenings 938 in e polymer layer 95 are over e mgi{m& of the metdd pads oy trsees 800
exposed by the upsnings 30 in the passivation fayee § Mmi theopering 990 i the polymer

fayer 99 s over the contast poing SO00 of the pantarned olult layer 803 and exposes it

[BOSUSY Figy 1A o 181 show ancther altermadbve of provess steps o Rornt an
gver-passivaticn scheme with thees metal lavers 801, 802 and 803, Metal layers 801 and 803
are formed by @ suitable provess or processssy, 8.9, by & singlo-ombuoss prgeess, while the metal

fayer B02 is formed by o suitable provess or processes, 8.8, by'a double-ambess progess
{B0S68Y  Reforriog to Fig 1840 o fist siogleembossiag process v wsed by form the firg
setad fayver 801 as desoribed in Figs, PSD-13RL Nest, w fiest interniwtal polymer fayee S8 i3

&3
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deposited and paitermad with opsnings 980 to expose the first metal mw 801, as shown in
grocess atep of Fig 151 Fig 184 {s a the s process siep asv Fig 151 when the first mstal
tayer 801 and the firat inter-nmatal dishectrio palymoge fayer 88 are formed by a sultable process
ar peanesess, e By 8 single-ornboss wwetal prooess; amd the internstal dislectric pobyner
fayer 98 1s deposited and patisrned with openings 980 epreing the f‘f\? metad ayer 801, The

design of e firy metal layer 801 and the frst interaneaal polyowe oporings 880 dnfig 18A

@&

stighaly $ifferent from that i Pig 1810 aceommadate an addiionad metal layer The proosss
steps in Figs, 18R-180 show s double-emthossing provess vy fon & vesund meval fayer 802 and
vig phiga 887, The spwification of the polymes layer 35, the wetad Iayer 501 and the polyn

taver 98 shown (o Flgs. 134181 can be referred t 38 tha gpenification of the polvner fayer 95,

the mistal layer BOT and the polymer layer 9%, respectively, Hlustrated in Figs, 13C-15K The

ﬂ,

prsesssof rming the pebimer layer 35 showy in Fig 18& Sam be referred 1o a5 the polym

“s

taver 95 Hustrated In Figs, 15C13K. The provess of forming the metal layer 80U shoon in F §g
I8

formiing the polymer layer 8 shown in Fig 184 oo be vefarved o as the polymer Jayer 58

7!;

ituetrated in Figs, IMCA 13K

SO} Reforving o Fig. 1B, a secord adhesion/Barrierisesd layer 3021 is depasitad on
the podymer dayer 9% and won the frgt metal fayer 301 expossd by the apenings 381 The
spectfication of thy vecond ddbesionibairierivend fayer 8021 shown i Figs VEB18Y cary be

reforred 0 ows the specification of the seoond adheslowbarriorsesd laver 8021 MNostrated ¥

Figs. 155 15K. The process of Sorming the second adbesimvbanier/ened leyer 8021 showr in

oy

Fig. 188 can be referved o a5 the process of forming the soeond adhesiondbarrierfssed layer

BO2Y ilustrated 1o Figs, 130158

RBSHB]  Reforring to Fig I8¢, a photwresit layer 73, such as positivestvpe photoresist
fayer, {s deposited on te seed Jayerof the second adhevion'barder/seed layer BU21. Mext, the

photoresist laver 73 4s panterned with exposyre and dovefoprosnt propesges to form apenings

T30 in the photoredst tayer 73 wiposing e seed layer of e sscond adhesion/baridnisead

o
fayer 8021, A 1Y stepper or 1X conter sligrer can be vsed 1o exposs the photorssist Tayver 73

during the process wfvxposue

[80309]  For sxample, the photoresist fayer 73 van be formed by & suitalde provess or
propesses, e.5. by sphron ma&éﬂg Y pasitiv&t}*gka photosensitive polymer layer on the geed

Mver of the sécind adbesisnDare tayver BU21, then exposing the photosensiftve patyer

64

A zan be reforrad fo 45 the meted layer 801 Slustrmed in Figs, 18CI3K, The provess of
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fmver using a 13 steppsr or LN sontant aligner sdthomt desst v of Geding having o warvelengti
ranging from, g, ghout 434 o 4380m, Hellae having o wavelength ranging fom, €8, sbaw
403 w 40Tno and Bline having @ wavelength ranging fom, og., shout 383 o 387nm,
harinating the photossraitive polvmer layer that is, G-line and Holing, Goling and Blhine,
P and Wline, o G-fine, Hedine and {Wline Hlustinate the photosensitive pobimer fayer then

developing the exposed polymer laver, and then romoving the residual pofymerte material or

other contantinanis From the seed layer with an (& plasma o @ plasma contsining Muoring of

betow 200PPM and oxygery such that the photoresist fayer 73-¢an be patterned with opaniags

730 in the photoresiat laver 73 sxposing the seed fa

WOSI8] Next, & bulk conduction Jwyer 8022 can be electroplated andior, slectenless
piated sver the ssed layer exposed by the openiags 730, Thebulk conduction iay{zt’ ED2T may
be  singde laver of gokd, coppey; sitver, patfadhom, platinuny, rhodan, rathenium, rhenlam or
sicked, ¢r & compogite laver made of the provioushy deserthed motals. The specification of the
bolk conduction metal fayer 8028 shown in Figs. 18CG-I8 can be reforred w0 ozs the

spgeification of the bulk metal fayer 8012 {Hosnsted i Figs, 18F-1 SK. The procesy of fonmin

p 4

the bl conduetion metal faver BOZY showsn fn Figs. 18CHIST can b referred 1o 3y the provess
of forming the bulk mutal layer 8617 Hustrated In Bigs, 13F-13K0

LI E 3 Rafwing t Fig. 1ADYy the photorssist fayer T35 then stripped oxing as argasis
solution with amide, However, some residhals from the photeresist layer 73 sqndd remain on
the utk conduction metal faver 8002 and on the ssed layer of the adhesinwbarrier/vead ayee
8021, Thereafler, the vesiduale can be romoved from thessed layerof the adbestovharicr/ssed
layer BOZL dng from the bulk sonduction wmetal layer 3822 with a plasme, such a5 O plasranor

plasma containing Rusrine of below 200PPM and exypen:

{(8812]  Reforring to Fig 158, a phutorasist lyer 74 fs then depoaitad and patterned &

forsys apenings TAY overths second bull conduntion metal laver ROE2 andior 1o optivaaily R

s);%e“!{sm TAN divestly oo the seed layer of the senond adhesion/barrferivend layver SR For
m{am;ﬁa, the photoresiat laver 74 can he fonmed by 2 suitable process or progegess, 8.8, by

apivn coating @ poaltivasipe phowesnsitive polymer layer on the seed oy of the

adhesion'bardes/sred daver 8621 and on the Bulk conductinn ractal laver B02Z, then saposing

the phetosensitive polymer laver nsling a 1X stepper or 1X contact aligher with o leaat two of

Gefine having o wavelength raaging from, g about 434 fo 438mm, Hdine having @
£ § 8 & ; £

wavelength canging fom, wg, sbout 403 to 40T, m\d f-Hne biving a wavelength ranging

1es
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oy, 2.8, sbat 383 w 38Tam, Hlaminating the photosensitive polymer layer, thet is, G-ling
and Hefine, G-line and $-Hoe, Heline and Fine, ov Geline, Holine and Bline illiminate e
photosensiiive pelvinet layer, then develophigthe wpoted polymer layer and then removing
the residual polymeric materisl or other contaminants fom the seed fever and ftrne the ulk
conduction matal laver 3022 with an O plaenia or & phoma containing fuerine of belew
FOOPPA and exygery such vhat the photoresist laver 74 can be palterned with the apehings 740
and T expoding e bult sonductivh msial layer B022 andl the seed lyer W the
acheston/berrieniseed fwver 8021, respeotively

DOSYA Mextoa vie plug laver Is slectropiisd i the photoresist dpanings ‘43 apd T4Y

»

o form vig plups K97 and metal plees BOT . The etal plece 8877 can be used as destribed for

the metal plece 397 in Fig. 1ol

HDS13] The matrial of the vig plug 897 and metal plece 3977 may b gold or coper
For sxample, the vin plug 897 and wmeinl plece 857 mny be Tormed by « suitable provess ¢
processed, 2.8 by electraphiing 2 gold layey with s thickeess of benvesn Tand 108w, and
praforably of between 2 and 30, on the gold layer, exposed by fhe openings 740, of the bulk
conducion mvtal Tavsr 3022, und of thesded tayer, made of gold, 6F the adhiesion/bartior/seed
ayer SU21 axpossd by ieoperings T4, Alerntively, the vig ?;iz;@ 897 and metal piece §87°

sray be formed by # sditable prodess or processey, &8, by electroplating o copper ey withoa
ihickness of between 1 and 08, and preferabbeof beoween 2 ahd 30um, va e copgis lagen
axpased by the ofeningy 748, of the bulk condustion metal layer 822, and on the seed fayen

made of vopper, of the adheston/barrieriseed layer 8021 expnsed by the opruings 7987

0518 Hofording o Fig 18F, the photoresist laver 74 3 then sicipped using i onganic
solution with amide. However, some residualy from the photorasst layer 74 oenbd senain on
the expased bulk conduction metal layer 8822, on the via plugs 887, on the metal piace 587
and ot the seed laver of the adheslowbiuriericesd Tuger 021, Thereaften the residhuals can by
remaved Foot the seed layer, Trom the wia plogs 887, from the metal pleoy 887 and from'the
bulk condustion mekal Tajer 8032 with « plostmy, such 8y Oy phems or plasms scntabiing

fhorine of befow TOOPPM and oxvesn

OS5I Altsrmatively afer the balk sendustion metal lager B22 1 faomed on the sead
fxyer of the adbestondbarvierfieed fayer ROZT expotsd by the aptgnings 730 Hostated in Fig
AT, witholt removing the phoivresist layer 73, the photorssist layer 74 shown in Fig. 18E qan
B formed an the photoresist e 73 and on the bull donduttion meml layer 8622, The

165
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apenings 740 I the photoresist dayer 74 expose the bulk conduction mend Tayer 8032

respectively, for defining the patters of & via plugs 897 The progesy e fonming the vis
plugs 847 can be referred to ax the shove disclosus Finally, the photoresist fayers 73 and 74
are rermoved osing an oorganie solution with amide. However, zome residuads fone the
chotorssist fayers 73 and 74 could renwin on the bulk conduetion mstal fayer 8022, on the vig
plage 897 and ont the seod laver of the sdhesionharrisrfead laver 8021 Therpafler, the

ssidusls can be reraved from the seed laver of the sdhesion‘barrier/send Rayer 3621, from the

via plaps 97 and Son the bulk cordoction metal layer 8032 with @ plaama, such 85 O, plasna
oF plasrns containing fuoring of below 200PPM and oxygen. Negt, the adhesiordbaemtenseed
fayer 8021 not under the bulk conduction matal layer 8422 can he removed, ax mentioned

the above description,

081 Refuoring to Fig 180G the adhesion'barrierfaced layer 8031 notunder the bulk

senduction rostal lover SU2T and not tnder the matal plece R8T can be remeved. The process
of removing the sdhesiorbarder’seed laver B021 not under the bulk condustion metal laysy

X

BATR and not undsy e seeond metal ploce 897, sv showein Fig 184G con be refsrred o sy the
progess of removing the adbestondarricrseed layer 3011 not noder the hulk meutal laver 8612
and not urder the metad plebe 8987, o Husvated I Fig, 180,

OSI8L  Retwing to Fig 188, a sccond interpetgd dictentris polymer bayer 87 i then

depoaiad sod plaonrized o expose the seoond via plege §87, The materisl of the polyner fayer

97 rany be polvimide (Ph. benwocyclobutane (BOBL polnwretbane, wpoxy resing g

parviene-based polvnier, 2 solderwnash material; 3 ehstomer, silivore of & podous diddecire

material,

ORSI9 For example, the polvmer laver 97 oan be formed by a suimble pooess oo
provesses, e, by spincon coating 8 negative-type phatosensitive polvinade laysr, sonaining
gstor-aype procurser, haviog a thicknesy of betwesn 10 and 130pm on the expoxed bull

condustion metat layer 8022, o the via plugs 897, on the mietal plece B8 and o the sxposed

v

polymer laver €8, then baking the spin-on soated polvimide ke, then oueing or heating 1%

baked polyimide layer af 2 peal Wmperature of brtween 298¢ and 400D for 3. fow of between

¥

&

20 and 150 ninutes Ina nitrogen ambient or Bran oaygen-ftee arbiant, the cured polyimid
layer having o thickenss of betwasn 5 ol &0uny and thep polishing or owshanizal pulishing,
ﬁwmp cheminalmechanival polishing, an upper surfies of the polyoer laver $7 o uticover

the via {3} g RET and to planarics the upper surfaes therend Altcrnatively, the baked polyimide

167
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lyver can by sured or beated at & tomperatuce between 18O and 290°C, and preferably of

botween 260 dand TR0Y, for g Ume-of betweea 2 and 138 minstes in s nitrogen ambism o in

aganyren-free amblent,

[OUSI8]  Fig 181 shows s completed stuchure by fest forming the thied metal layee 833
i formed by & sultable process of ymws se eg.c by 3 siogleambossing process as desoribed
in Figs 173171 Newt, 2 poboner layer 99 is spin coated on the pattarsed circult Iayer 863, and
anoopening 990 i formed i the polymde fayer 89 v expest ¥ cobtast point J000 for

mterconneetion 10 an external sirouit. The spacification of the adbesinavbartier’sesd laver R03

%

ad i bulh condoction matal Tayer 8837 shown in Fig 81 san be reforred o ae the
specification: of the adhesion'brerioviseed Rver 80H and the bk memd faver 801,
respectively, Hestrated I Figel 15D-15H The grocess of foroleg the adbusiew'arrieraeed
favers BO3Y shown in Fig. 181 can be slomred to as the process of forming the
sdhesionibaerierissed fayer $R41 flusteated In Figs, 150 13H, The provess of Boraving the bulk
conduction metad laeer 8032 showy in Fig. T8 oan bereterrad oy the protess of forming the
butk metad layer 8817 Hlusteated in Figs, 1ISD1EH The specificativoiof thy polymer laver 99
showwn iy Fige 181 oan be refvrred 1o a8 the apecification of the polwaer layer 9 Hustrapd in
Fig, 171 The process of f‘lﬁsz‘miﬁg the phlymer fayer 99 shown i Fig 181 can be refirredic as

the prooess of fepung the pé@iv

viner yer 89 and the apening 908 ithistratad nFig 171
[EOS21} The contact polnt SUBG oan be used o be connected 1o an exwernsl cireult via s
wirebanding process, # solder bonding process or @ pe-auiomated-bonding (’i’A%K} YOCeEs,
and the external chroult vy bs another sovticonducior ohip, a flexible substrete wwluding 8
patymer layer {such a8 pelvimide) baving s hickovss of betwern 30 and 200 sricremeders and
oot including any polywer fayer with glasy by & glasy subsrater & ceramic subsioy
inchuling @ cermmwic material ag inselating layors between cirpult layers, g silloon sebstate, an

orgaaie substente, 3 pristed virciit bosed (POBYor a ball grid asvay (BUA) subsirate,

[B0522] Afer forning the overpasivation soheme of e wp  post-passivatios

technelogy shown in Fig 184 the somiconductor wafer 18 can be oy into o pherdlity of

individial semisenduntor chip by 8 dicvsawing procems, An over-passivation scheme 162
showst in Fig 181 nefades the pofisner Jayers 95,97, 88 and 99, the patiernsd plreisit-layers
$01, 802 a0 803, the vin plugs 897, and the metal pdecs $97°, and the openingy 980 In the
polvmer fayer 85 are over the regions of the meal pads or trices S0 suposed by the openings

SO thie passivarion fayer Soand the apeninge ¥80 bt the polymer fayer 38 argrover dw

soos

68

Ex.1002

APPLE INC. / Page 451 of 1071



SO IR 4687 BOTAURG AT TAS

pattert ngd ofrenit Jover 800, wad  Swelopening 990 in the polymer layse 9% s over the contant
Perang PO

point 3000 of the patterred clrault faver 801 and exposes R

HROS23]  Figs. 194 to 19H show sosthyr aliernstive of process steps o fomt an

ovsnpassivation scherne with two metal lavers 801 and 802 The metal lyer 801 is formed by

a suitable progesy Gr processes, 2, by a doulleemboss prosds, while the midtal Rysr 38201

formsd by & sultsble process or progesses, S, by anngleembioss process.

HiSI4)  Refurringio Fig 194 alterthe -pm‘s:a’ss steps of Figg, 130150 gral 10A-18F Ry

N
e

o

forming e polyied layer 83, the openings 950, the il lager #01, the via plags 298,

.

metal plecss 398 and the polyoer hyer 88 arg compia vod, & polymmr layer 97 can by fornsd

on the polymer layer 98, wultiple openings 970 In the pelymuer layer 87 expo mry the viz phugs

8Y8. The material of the podymer layver 7 say be polvimide (F1), barodyvelckatsns (BOSY,

ahaesthans, spoxy résing & patyiensbased polymer, o soldermiast fositrial, o slastomer,

sifioons o & parousdielecirie makerial,

B8281  For examiple, the polymer ldyer 87 cun be furmed By a suttable process or
pl £

proResEes, &, by spireon cuating & negatfve-type photosensitive polvimide layer, tontaining

extEp-type precussor, having o thickaese of between & and S0ja omthe potimer Tayer S¥and o8

he sxpoved vin pluge 898, then habiing the spieon costed polyimide laver, thep sxpoding the

o

bakedd polvimide faver wsing 8 IX smg:-;;sr nr 1X contact aligner with at least vad of Geling
having & wavelength ranging from, eg, abont 434 o $38nm, M-le having w wavelengk
maging om, 8.8, g‘mm 403 fo 40 7om, dnd BBng Baving a wavelengtd soging fron ag.,
abot 363 1o & 367, o mnsmng, the baked ;m virade laver, that is, G-line and Heline, Ghline
and line, HeHng and Mide, or Going, Maline and Bline ilwaioate the baked polvimide aver,
then developing the exposed polyhuide layer o Sy polyiraide openings i the exposed
podvimide fayer expising the expdsed via plugs 98, than u:mag, gr hesting the developed

polyimide feyer at @ posk temperatuse of between 9% and 400°C for 2 time of botwesn 20 sod
I3 minutes in 2 nitrogen ambient of v @ oxyesrefree smbier, the cured polvimide layer
having 2 thickness of betwesn 3 and 25w, amd then r{:mswimg the residual polymenic material
o other contaminants o the upged surfase of e via plups SU8 gxposed by the polyimids
aperings with an O plas SEERUES plasya containbng Huorine of bolow Z00PPM and axvger
such that the polymer taver 97 can b patserned with openings 879 exposing the via plugs 388
Alternstiveby the devsloped polyimide layer can e cured or hoated &b 2 temperatire bebween

150 &nd 29090, and praforadly of between 280 and 280°C, for a Bnte of batwean 20 and 56

HO

Ex.1002

APPLE INC. / Page 452 of 1071



WO 20T H468T PUT/URGIGAOTTR

sminuies R nitregen ambient & i 2w ogvgereiree mvibient. [0051] Refordng to Fig 198, an
adhesion/barritrsend e SURY e dopuesited, sxemplary by spoftering, o the palver fayer

97 and on the wia plugs 898 exposed by the

b

openings YL Alternatively, the

=
=

X

adhesiowbarrivraend fuver BUZT s be toomed by 3 suitalils process or provesses, s, by

provess Wwluding 2 vapew deposition sethed, an evaporation wisthod, & OVD methed, an

%

slaetroless ;}.‘iaiiaj method or 3 PV method. The speaifieation of the adhesion/barrier/seed
fayer BO21 ahown dn Plgs, (9BAI80 can Be referved o owy the specification of the

myver 8011 Mustaed By Figs 13DWE3KD The prosess of forming the

Lo

sdhesion/barrive’send
sdbesion/harierfased Taver S0 shown In Pig. 198 can be refired to a8 the procass of forming

the adbesiowbarvierdseed layer 8611 Hustrated i Fige. 130613K

(885361 Reforing @ Fig 18T, a photoresist ia};‘@r 73, such as postitvasiype photoresist

Isver, i Tormed o the adbesionsharces/seed laver ROR. Wext, the photorasist layer ¥3 s

paiterned with exposureand developrment processsd o form Sperdngs T30 in the phoforesist
3 erposing the sdhasivo/barvier/sesd layer 3021, & 1X stepperor 1X sontact aligner can

be used 1 exposs the phoieresit

forming the photoresist layer 73 sod the opandngs 73000 the ;}%{}Mzwb fagee T3 shown inFig
P cab e referred 1o a6 the procesy of forming the phétorstist tover T and the s.)p:":nings T34

in the photorssist layer 73 iHosrated in Fig 18C

RS2 Reforing to Fig 190, a bulk conduction metal layes 8022 canbe slectrophnt
andior electroless plated over the sdbssiondharrieriseed fayer 8021 exposed by the openings
T30, The bull sonduction fayer 8632 smmay'be 8 single bayer of gold, poppey stheer, pritadivny
platingr, rhodiin, ratheniur, thenlant or nickel, ov o comprsite layer made of the previcusty
deseribedt matals, The specification of the bulk contsstion metid layer BO22 shoown bn Fige

PR I8Y piwt be reforved 1o as the specification of the bulloroeisd Ryer 8012 flleatrated in Pigs

TSRCISKL The process of forming the bulk conduction metal Tayer 8022 shown i Fige 19D
can be referred to onithe grocem of fheming the bolk wetal Boee 8812 Eiu mated in Figs

{00328 Reforring wo Fig

IRE, afer the bulk condustion metal laver 8022 i Homed,
moat of the photorestst iiiyar 73 pan by removed using as organie sclution with aurdde,

%

Howsvgr, some residuals from the phigtorasiat Boser 73 ookl remsi e the bulk conduction

?”ti(a fayer 8022 and on the sesd fayer of the adhesievbarricyseed faver 8021, Therealer, tie

G
<

fayer 730 diwing the process of sxposare, The progesy of
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rectidisals cun Be vemoved ooy the budk conduction nintal faver 8422 and fron the veed Myver

with & plasna, susheas Oy plavma or plasma containing Buorine of bokow 200FPM and paygen

[OU52S)  Heferring W Fig 19R, the adbeaion/bartiorisesd iagm 8021 not under the balk
sonduction metl layver 8023 is reroved with 8 dry oiohing method or & wat ciching mothod,
Az 1 the wet giching mathod, when the seed lyyer of the adhesion/bairier/seed E\zy- 8{325 is3

=

zold layer, ¥ can be eivhed with an lodise-conisining solution, such we solution vontsining

\

potassivn iodidel when the socd layer of theadhesionbarier/secd Iy 8021 s a copper fayey,
wopan be etched with a sohution contsining MHOH, when the sdbesionarrier layer of the
adhesiowharvicrheed faver 8021 By & tHaniubvtungstenalioy laven & can bo oiched with &
selution  comaning  hydeogen perpxider when the  sdhesionbariey  layer of e
sdtiesionbardicr/sead lavar 8021 de s titaniun fuyer, it oar B exthed with a solution semaining
hwlrogen fuoride; when the adbesiondbartier laver of the adhest ezx»hame;‘:s;:ed faver RG21 sz
chrominst fayern & oda-be eiched with s solution contalsing potassiun Revigyanide, As to e

vetehingmothod, wher the soed Inyer of the adhesforbarger/sead korer 8021 v gold layes,

4
=z
ot
P23
73
&
o

froaa bermoved with an oo nailling prosess o with puitering ciching process;) when

the adhestontbarder layer of the adhesion/barrierfsed fover 8021 v a taniom lver e

5

trariub-tingsichealioy fayer, i can be oiched with g chivrine-containing phsow. ewhing
8 Yoy

by

1

process of with an RIE process, Generslly, thd dey siebing oahed o stch th

%

adhesionbarrinsicend faver 8021 notender the bulk conduction metal Taver 8023 may include g
chetdical plasna stoling process, & aputiering stching progess, such 35 prgon sputier prooess,

or xchomical vapor siohing prosess.

{00S38]  Accondingly & sceond metal layer 802 can by formed on the polymer ayer §7
snd onthe via plogs R9F exposed by the cpenings 870, and the second metal fayer SR s

fonned with the adbedonBardedeend laver RU21 and the halk conduction motd fayer 8022 on

the adbesiovbartierfsesd layer 8021,

HIOS31Y  Refuring to Pig 1900« pofymer lver 98 & formeld on the eéxpased polyvaey
fayer 97 sod on the bulk metaf Jayer 8023 via  spinson soating process, Referring to Fig 18H,
the polyer lyer 8¢8 parbmied with skposury and devnioprient procesies 4o fortn anopining
990 1o the polymer yer 29 expusing the canast point 3000, Aernatively, the polymer layer
93 may be formed By 3 suiable process or processey, ef. by s Innvisation prossss or a

areen-priviing proness. The polymer kyver §9 may inchade polyimide (P, hebzacyciohutang
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(BB}, ;}s}iyarﬂh&ntﬁ ppaxy resit, & parviene-biced pulymeer, x solder-mssk masterial, an

eone or 4 porous dielecinic metenial

::‘3’
7
%4
]
=
,.J
n

HINSAZ]  For sxample, the polymer layer 39 tan be formed by & sulisble provess o
processes, o8, by spinson coating & negative-typs photesersitive polybrids layen serdaling

f:ﬁﬁi"ﬁfe‘;?ﬁ precursor, having  thickness of hetween & and Slpon on the exposed polymer laye

\

Foamd on the bulk condoction mstal ayer 8032, then baking the sphvon soated polyinide
ayee, ther exposing the baked polyiords fayer asiog s 1X steppet oy 1X contact aligner with at

test two of G-ine baving & wavelength ranging from, .., sbout 434 o 4380w, Holine having

& wavelength ranging from, e.g. abut 483 0 407nm, and Mine heving ¢ wavelongth raoging
frony eg., shout 383 to 36Tom, illumingiing the baked polyvimide layen thet iy, Geling and
Hafing, Goling and Ming, Holne and bdine @ Odine, Hodine and ine illuminate the baked
sofyimide layer, then developing the ehposed polyinide Jayver 1o for an polyimids opeaing in
the exposed polvimide laver exposing the sontaat point 300U, then curisg or heating the

veloped polyvimide layer m @ pesk tempostore of bebwess 298 and 400°0 for a thw of
hetween 30 and 150 mivaies vg sdirogen amabicst of in an oxyren-free ambient, the cored

polyimides fayer having a thickness of bepwvesn 3 and 23pm, qad then ramoving the redgdual

=

aarerial of other contambianiy from e contast point BOOD exposed by the

s apening with an Oy plasma or 1 plasma contaiing Huoring of below J00PPM and
axyper such that the polymer layer ¥ van b pattersed with an opening 990 in the pelyreer
feyer 99 sxposing the sodact polnt SO0, Alternatively, the developed pulvimide hayer can be
casd or heaked ot g tenperaturs benveen 130 and 200°C, and preforably of betwesn 266 awd
280°C, for a time of between 20 and 180 mimaes in a sttrogen smbient or 1o an oxygeiisg
aodhient

HERR3I3) - Afler fowwing e oveepasdivation seheme of e fop  gostpesivation
wehaplogy shows in Fig o 1O, the soroloonducior safer 10 can b owt intoog pharality of
mdividus! omivonducior ¢hip by a divsstwing process, The mathad of‘cmmemiag the eohtatt
poing BO00 in Flg 19N i an sxternad efrcnit pan bevaferredito as the mahod of eonnecting the
seact point 3000 i Fig 15K v an extornal wirenit, The exweenal crodt voxy be anothey
seraieondueior chip, 8 Hexible sabstrate fnchuding & polemer aver Oush ae polyvimide) baving
3 thickoess hetween 30 and 20Cum and not including any gm%g;mser layer with glass fiben,
glags sobstrate, & coramis substrate tochuding & ceran ovc material as i Eza\mg Iayvers botween
girouit fayers, 3 silicon ubstrate, an organic subsirate, & printed clronit board (PUR) or wball

grid arvay (BOA) substrater Fov esample, seferriag 1o Fig. 19, via & wirstonding progess, a
N
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wire 89, such av gold wire, copper wiry or ahavima wing, can by bondad to the contact poim

000 of the semicondustor thipreat from the walke 18,

{H0534]  Ahernatively, the contact sfruciure 89 llusirated in Fig, 13looe Fig 150 can b
fanmed on the soningt point 8000 exposed by the opaning 990, After the contaqt @ructure 89 4
formed on the contast point 8000 of thewader 190 showar i Fig 1RH, the walvr 10 canbe diced
inte & pheabity of individual sensiconductor chip. As averpassbvaiinn sehene 102 shown in
Fig 19H inchudes the polymer layers 85,97, 9% and 99, the patmored olrcolt fayers 881 and
$2, the via plugs 98, wnd the meatdd plege 8987 and the opantgs 959 in the polyiner loyer 95
sy wver the regions of the metsl pids or tracey 600 exposed by the openingy 30 i the
passivation laver 3, and the openings 70 In the polymer fever 87 e over the vin plugs 888,
and  the opentay 990G in the polvmer faver 89 over the comdact point 8000 of the patternsd

cirouit fayer S03 and ouposas .

[OURIS] Fligs, 21 and 32 show fop viewy of & \A( % gransistor that van be & PMOS
fraaistor o an MMOS sransietor. Reforring 1o Fig. 313 i;ms:sismr fncludes an antive region
00U, Jiffusinn region, in or over the sitioon substrate ], 8 febboxids regivn 202 on the sificen

substeate 1 wnd aroiind the active region 2040 & gats 209 on the flold oxids region 302 and

cross-he ac

223

fve reglon 200, and 2 gate oxidd {nut shows) bedween the active region 200 and

the gate 204, The gctive reglon 200 can by defined a5 5 source 306 ar v side of the gate 4,

and & deaie 208 at the orher side of the gate 204, The materind of the gate 204 may he poly

sifieon. pietal silicide or composita E‘S}-‘&r of above matetiale, snd the mewl silicide may be MG,

5

ol Tl or W

. ﬁitgﬁmaﬁivai;«, the material of the gale 204 may be amutal, suchies W, WK,
TN, Ta, TalN, Mo, or alkey or composite Jayer of above materials. The material of the gate
oxids may be silivon oxkide oy high K oxids, such as HE contalning oxide The HE poiaining
oxide niay be HE,, BSON or HSI0. The prviowusty desoribind physical channel swidth and

p&zysisa,% channel length in the disclosure can be defined In Fig, 21 The referente mark ol W ig

elined as the physionl clannel width of the transiston, the fength of the gate 204 prossing cver

the diffusion oegion 2000 the refSrence wiwk of L is dinfined ax the plisioal charmel fongth o

the fransistor, the width of the gate 234 over the difVusion reglon 300,

BOSIS Refeming o Fig 32, dlernatively u tunsistor may inglude @ gate 304 with

ﬁ&iiiﬁi;&i,ﬂ pirtions 209 =304, puer g or moare diffesion reglons 300, The aferene onacke of

3 .

Wi W e are-defined as e physicn! channe! width of each portion 204y of the gate 204,

o

thie fengrh of wanh pottion 2041-204, of the gate 204 cressing over the diffusion reglon 208, the

R
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reference mark of L s defined as the physical chaonet length of pos of the portions F04304,

of the

s

St 204, the width of ong of the portions 3 -2, of the gate 204 over the diffusion

&

region 200, o this case, the plysival channel width W ol the transisior 1 the semmation of “?

D

P

physical chanaal widths Wi-W of sich portions 304204, o the. gate 204, and the physie
channe! length Lol the vunsisior iy the physival charme! fenmt L of ong of the portioms

204,204, of the gate 204

JB0SI7] Figs, TAEIM show crodssictional vidwg f{sr'g}acmgmg 2 DRAM chip using
the previously desoribed progess, snd the glements, shawn in Figs. 23A-23IM, indicated by
same referenne minbers a8 those i:}die’iﬁi.ﬁg the provisusly desaribe d alements oah be reforrad
to 2 the shove deseription whout thenn. Referving to Fige, 234, x DRAM pafer 10 neludes
musitiple memory vells {rot shown), muhiple off-chip cirouits sod pudiiple internad irouits 30
i or on e sifioon sabafrate 1. The DRAM waler 10 may foclode an slestvicad fise 23 and &
taser fuse 36 over the sthioon substrate 1, and the slectrical fuse 28 and lusor fuse 26 s
conrested to Hns-line metal lavers 30 over the gilison sobstrate 1o The clecirical fuse 2365
compased of a polysiticon faver 251 havisy o thickosss betwesn 200 and 2,600 angsteoms and
a neetabailioide daver 252 having @ thickoess bevween 1,000 and 3400 angsivomy on the

nofyaificon laver 251 The raciabeilicide faver 332 piay contairt Sitanian, onbalt, picked op
{\ B - -

torgstan, The cleotcieal e 3% s an urblown condition miay have & shest resiaiabve of

beteesen 1 oand 1S obisfguare. There may be as axide-contaimag nsulsting layee baving 2
dictectric constant of oy than 3 on andior wider the electrical fuse 23 The laser Roe 28 may
comaiy copper, shavinunt or palysilicen. Aa o\e'zmh 326 in-the passivation layer § i3 formed
cver the laser fuse 28 and expbses a sificon-ocide T D the Taser fiise 2

3

JO0S3B]  Wew, an electrical festing provess in 2 waler level can ke performed 16 varify
good dies, norepaicably bad dies and ropairable bad digs. Mext, a step of laser sepairing the
repaivable bad dies cart be pecfbued. o the sty of laser vepiiring the repairable dad diey, the
faser fuse 26 oo by Blown By faser Heht, such that the meldd traces conneoted to both eands of

the fager fuse 28 becomes o open cirauit, a8 shown in Fig 23R, Accordingly, the repairable

bad dies prsaibly tem out o be good dies,

FOS38] Nexi, vefersng ro Fig, 2360 a polynierlaver 85 can be formad on the pastivation

iaj;er 5, ot the Silicon-oxide laver on thy lasty Ruge 28 and on the é‘ oy portionof the lase

>4

otd
£
3,

L weith muiiple openings 950 W the pobynwr lnver 85 expésing multiple contact pads

G008, wock ue alominum peds or copper padssexpossd by maltple operings 3@ i the

174
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passivarion ke 3, The steprof forming the pobimer layer 35 can he reflrred to 8y the sigp of

fornving the polymer laver 95 on the passivation layer 3 as shown b Fig, 130

S&

US4 Newy, re:ﬁasri:zg to Plg. 230, an adbesitwbarrlerisecd layer S0 B formed on

bl
b

the g

forming the @ feend faver BOYE on the pobaner tayer 35 and o the ¢ontact pads

A00 a¢ shown i Fig, 15D Next, reforsing o Fig 238, 2 g.\immrt:‘.sist fayer 71 is Tormed on the

adhegicovhamriorfeassd Rover SO, with muliple bpesings 710 in m-;, photoresdst layer 7
sxposing & seed layer of the adhesknvbartlerisead layer 8011, which can be roferred to as the
step of Forming the phuteresist laver 71 on the adhesiontbarriorisend fayer 8811 ax shown i
Pig. 138, Newt, reforing o Figo 23R a bulk conduction lyer 8012 s fermed over the

{

adhestonbaerierisved nyer B0 E eaposed byrthe openingy 718 i the phorersist fayer 71,

o3

which can be referred fo as the step of frmiing the bull conduction layer 8GIT on the
adbeston'barrieroned layer BDIY as sh

heawns dn Fig IS Next, referving o Figo 23X the

hotoresist fayer 7Y s remived Trom the seed laver of the adhwsiow/barrier/sesd layer 8Q1L

o]

whish can be referved & a8 the step of repoving the photorssist fayer 71 as shown w Fig 183G
Next, referving to Fig 234, the adhesion'barrierfsend kyer 8G11 not under the bulk conduction
Javer 80IZ & romoved, whish can be mefored 0 as the step of remaving the

pe

adhesionbarrierisead laver 8611 notunder the bk condustivn tayer 8012 gy shown i Fig
154, Ascordingly, the gatterned vitcuit hayer 8G1 pan e formed with the suhesiontbarrior/eesd
layer 801 and the bulk conduction layer 3012 wver the adhesion/barieriased fayer 8011, The
patferned oireudl fayer 801 may have g loft portion coanesting muliiple of the internal civeuny
20, without being sonnected 1o 3w external circuit through an opering in the polymer layer 89,
a2 tight portion, for s relocstion objective, readily connesting Ya%\sp reult 40 woan

axternal cirouit through the opening 990 i the polymsr layer B8,

{B8543]  Nex, refering 1o Figo 231 2 polymer laper ¥9 can be fornsed on the pattersed
civouit faver 801 and on the polymer laver 98, with yailtiple openings 990 iy the polymer layer
5% gxposing nuiltiple comladt points 200D of the pattemed oGl Inyer 80E The swepe of
forming the polyater laver 9% on the pattersed circuit fayer 01 and o8 the polymer layer 85
can be refurrad 1o a5 the step of forming the polymer fayer 89 on the patterned sirouit fayer HOZ
and on the polymer fayer 98 axshown in Fig, 13K, The patteryed eircult taver 301 may have s
Jeft portion connecting meliiple of the intorral clrculty 3B, without teing conaavied o wp

exterral circuit theogh any opsaiag in the polymer layer 94, sod all of the leRt pordew is

id ¥

¥

sovered by th polyeier layee ¥9, and a right portion, for « relecation objective, readily
E7S

¢he contact pady SO0, wideh can be reforred to a3 the sigp of
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H

eonedting anoffohiy chroait 40 to an ewterssl clraut through the ppening 3984 the pelyrer

layer 59

(005421 Mewt, refureing to Fig 334 saother slectrival testing process in & waler Jevel van
he pptionnly perfariond 1o verify good diss, nonsrepalesble bad dies and repadrable bad dies
Next, v step of E-fise repairing the repainsble bad dies can be performed. In the stop of Eofuse
sepairing the repairsble bad dies, an elecirie current between 808 and & wvipeves: paases
through the slestricad fase 28 for a thme beteen 80 and 1,800 microseconds, aod preferabilvan
slevtriv current betwsen G011 and | smpores passes through the clectringd Rige 38 for g time

hstwiesn THU and 908 wddroseconds, leading the elevtrval fuse 28 1o be hlowh, AU tine, the
inetrical Bise 29 fas a portion having an clectrival current only pass throngh the polysilicon
fayer 251 thereo! bat not pass Hrough the meabatlicids layer 252 theref Aceordingly, the
eopaivalis bad diey possibly turn vut o be good dies. The blown dlecinieal Rise 23 may bawve o
shoet reaistance between 100 snd 40,000 ohmaisquare. ARer the step of B-fuse repatring the

repabvable; bad diss another cheotrical tosting provesy I 8 wafer lewed can be pptianally

performed 1o veriy good dits; ton-repairable bad dies and repairable tad des,

(OOS43] Mot the DRAM wafer 10 can b cat into mudtipde DRAM chips 187 using a

mechsnionl cuiting provess oF using & laser oty ig:m(mtw‘- 1 shown iy Figo 23K The

noserepairable bad diss can be discarded witheut being packaged i the folkewing processes,

An uver-passivation schemie 102 shown i Figo 23K docludes the: patternsd cirouit feyer S0

¥

and fhe polymer fovers 98 and 99, and the ppsoiags B30 n the polymer Jayer 85 wre overthe
regiony of the metdd pads or races SO0 exposed by the opeaings 30 in the passivation fayer 3,
and  the {,peﬁ'\& 989G ir the polymer layer 99 i over the tontact polt 8000 of the patterned

chroul faver 801 and exposes it
[O8844) Nexp, soferding to Fig 234, one of e DRAM chips 187 can be isudited to @
orinted cirewit board (PFORY 14 ha’i;‘i»gri&iwat:ay {BGAY sehstraty, via an adbesive rosteral 11

such s silver epoxy. Weky, avies 897, steh as pold wirg, coppbr wied or alumbnurn wire; can

b

2 ball bonded on the contact poin B0 scposed by the opeving 890 3 the polymer layer 9%
and wedge bonded on & corllact polnt 13 o the primsd alropit board 13, Next. 3 polymer
material, mehoay spoxy-based material, car be molded overthe yrimed sireuit bosrd (PURY 13,

snclosing the wire 89 and the DRAM chip 107, Next, the printed civoult board {PUBH 3 can
be singidarized imo mdiple portions using 8 mechanical sutting provess. Naxt, multiple Solder

bafls I9 containing bismuth, indiem, @ tinlead stley, @ thesilver slfoy or g ta-silver-sopper

178
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sHloy canbe balf mounied onto a botom surface «f the stogulaciead pricied chrcul bosed (POB)
3.

{08548 ABernmbvely, multiple DEAM chips 107 can bestacked over the printed olrouit
bosed (POR) 11, #e shown in Fig 230, A bottom vre ofdhe DRAM chipy 187 can be first
soounted W the primed sieull board (PUBY 13, balbgrid-amsy (BGAY substesie, via an
adheshve material T, such ss silver epony Next, & wive 8970 stwh as gold wire, copper wirg o

ahivdming wite, can e ball bonded on the contant pobit 8000 of the botom tre of the DRAM
chips WY, exposed iw the opening 996 in the polyraer layver 99 and wadge bondad g caniagt

§of the printed sirouit board 13, Mext, & dunsp buep, sush a5 ifiverear coppen, can be

s

ol
adhered 10 2 top surface of the hottom one of the DRAM chips 107 via s adhesive miterial H,
such asailver epory. Wext, o top one of the DIRAM cbips 1D oan ke mounled o the duvamy
bunip 19, viaan adbesive naateriad {1, such a2 sibror ¢poxy; Next, & wire 2 8%, such as gold wirgs
copper wire or chistiman wire, oan be ball borded on the scutaer poine 8050 of the fop ongof
the RAM chips 185 sxpused by the opening 930 10 the polymer layer $and wadgs bonded
orcthe contipt point 15 of e privied cirsuit beard T3, The sndy one costany pad 18 of the

¥

priviedt chmait boand (POB) 13 cancbe connadied to the twe contas pointy 300D of thetop and

0t

hottam Ships 10 theough the two wirebondad wirss 897,

{8546 Referringe Fig 23N showing a top view of w chip package For the DRAM chip
WY and o Fige 234-23M, original pady S00 oxposed by openings i a passivation hyer Save

ghigned in @ center B of the DRAM chip 13, and relovated pads 8000 connedted 1o the

origiral pads SO0 throtyd the patterned clrouit fyer 801 over the passisstion layer § are

avanged cloge to the edges of e DIRAM ship 10 leading the relocated pads 3030 & be

reatily wirebomded by the wires 8%,

(80387 Afer antior more DRAM ot

P

i 107 &% packaged o showe i Figs, L aad

26, 5o eleotfical festing process oxn be perfooned W initially vertfy gl pre kzsg
4

non-repairable bad prokapes and repairable bad packages. The indtlally verified ropaivably bad

pankages cxn be repaived by the proviousiy described B-fise repairing process: Negy, another

slectrical testing process can by pecformed to check i Eh@.;f@?&i?&iﬁ packages are good. Nesi,
the initially verified good packages and the repainnd good packeges can be bumed I WNaxy,
anpther dleoirioal tésting process cas be performsd to check i the burosd-in paekages continug

anad,

&
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w5

JBS48T  Alterswtively, other chips: such av flash memory ofdps; SRAM ohigs or logie

73

hips, can he ;mckagecﬁ a3 the process for packagng the BHAM chips 18 @ shown i Figs.

s

IIA-I3M s pordpnmed.

003431 The shove dascription fous on 8 fop postipasdivation teshrology, that is, the
pypepageivation schepwe 102 cabhe Hirmed over thy passivation {aver § at the aotive side of
the silicor substrate 1 Figs, 1810, IR0, SB, 5K, &%, 3U, 8VW5Z, TR, RABE, 10ATOL
128-100, JIRI4E, 1aM, 19K-180, 10L, 188, 17Y, 18Y, 199, 20 aad 23K show that varias

an sehemes 1O formed wver the puseivation Baver st the active side

types o the overpassivat

of the siticon sabstrate 1. The below descripticn fovus on & botiom structure techsinlogy, thetis,
3 hostom schame 103 can be formed @ the backsdsds Ta of the thinsed silicon subsirate 1. The
slermnty having same veferenge rimbers in thiy specification var be referenveto ene sncthen

(0588 Fig 244 shows the silicon substrata 1 and oty clemenity as. degeribed above i

the sermicand

uctor water 10, and the silicon substhate T has u thickness 11 hetweoen 600 and
00 mivvameters, betwesn SD snicrometas aid 1 miflimeter or botween 75 end 250
misrometers, Allernmivedy, the silivon substraie 1 s b replaced with other semivosductar

3

substratz. such s siticon-geemaniuoy (3G} sobsirate or gallinn arsepide {Oada) substrate.

[E51] Refermingio Fig 39 B, the semisondustor walfer 10 (o Sipped over, sodithen the

silicon nubsirste 1 8 thinned Woathicknese 2 botwoon 1 and 10 miigrontaiers, botweaen 3
miciometers ot between 10 and 150 misrometers by mevhanically grin{si’ng or chemicalty

mechanisally polishing {CMPY« Backside Tn of the silicon substrate 10 AN natively; e

b

proviously  deseribed step of flpplog over the  semiconductor wafer 10 pan be
pirforned after the providusly describad step of thinrdng the sificon sebetrae |, W perfoom the

frllowing processes,

{O0582)  Next. referving to Fig. 240, multiple throvghesiliosy vias (TEV) Hia, Hib, e,
Hdand He are formed 18 the thinned silicon substraie 1 and in at feasy one divkecirie Tayer 35,
sxposing regions 80z of the fne-Hine motal layers 60 and 832¢, and an lestiating layer 3 is

<

formisd on the Dackside fxoof the funned silicon substrate | amd on adewalle of the
groughesilivon vies Hla, Hb o Bl and (e The througiesiiioon vise Ma, Hib Heo Lid
and Hspensirate cotpletely theough the thinred stficon substraty 1 and they digheinic faysr(s)
3 The theoughesitivon vias Ha, 11b, e Fidwngd 11¢ may bave a'diammw arwidth Wi
Hetween ¥ and 100 micrometsrs or between 1 and 30 misrcmeatse, and x depth between Tand
g mi;:rmneze;@ betwesn 3 and 80 nilcromisters or betwsen 10 and IS0 microveters. The

NS
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insulating fayer 3, for exavply, may iaclade @ nitide layer, such s silivomniride fayer @
polymer layar such as polvimide layen, benzocycivbutene i&}‘é or pulvbergasamsle ey a
siicopronyniside. yen, a silisrcabon-nitide (SICH) laver, # siipon-axycarblde (S100)

fyer or ¢ siiconsasdde faven

CBMDZEH e obsssestionnl views showing & process of forming the

Groughesilioan vias 11s, 11h, Hn 13 and Heand the tsulating lover 3 soconding fe the

présent distlosurs. Refordog ¢ Fig 240, afier the step Hlustested in Fig 248, 3 photoresiag

laver 28 is spinqon coated or lamingted on the backeids o of the thinaed silicon substrate ¥,
and multiple ring-shaped openingd 28 dre el In the photoreaist fayer 28, exposing the

haoksitde ba of the thineed silioon subsirate 1, nsing w exposure provess and seveloping
18

ropass: Fig J4E iy a schamatic top view showing the -mg~si wped opendngy 28a.in the

u‘ o}

shotoreaist fayer 28 Mext, reforting o Fig. 24F muliple through-silicon ding-shaped opeaings

g vach having & trantvense width Wbetoesn Do 20 micronsoter are Hrmed in the thinved

siist:(m substrate 1 oand iat lesw noe diefestrio faver 30, penetesting completely tuough O
v;hms}s;‘fi silivon substrate1 and the diclecirie laver(sh 30, by dry siching the thinsed silfivan
substrate b and the dislectrie faver(s) 30 under the rivgeshuped opanings 88 i the photoresist
Hosr 28, for-onpinpls, veing anfsotropiv renctive ton etehing. Nekt, the phderesist layer 28 1
remreved, 88 shown in Figo 3400 Nexy, ‘f@fiﬁ;‘?il}g-iﬁ Fig. 244, the insulating fayer 3 & il as
polyier faver, polvimide Javer, &anzﬂs‘gycw&ﬁs:m: {BCH) laeet, polybeazoxazels (FBO} layver

N

siliconenitride layer, silivoneoxide Iaver siliconqoxynitide fayern sifie n*m)xarix de (S

tayer or siiconscarbomenitnide {BICN) layven having o thiskriess € banwses 0.5 and 30
mirometers or between 001 and 5 mictometersds fomed in the shroughesificon ring-shaped
operdngs g and on the backside taof the thinnud silivon substrate L Next, omaliple poetions
of the thinred sibicon substrate | swrognded by the meulating baver T o thy through-sitivan

ingeshaped openbapt g are romoved Ssing 8 dry stching prosess, suchas Tleorkas and carbon

based ardscinepio resciive o siching, snd aceordingly the drough-stiiton vias e U, He,
P £ &

i

1id and

s

N s

Pogre Formad in the thinned sifioon sobetrate 1 and i st least are diglectrie sy 38,
gxposing the regivss 60a of the fiesline metal Byors 60 and 632¢, as shows jn T
the sulating laver 3 i formed oni the backside Ta of the thinned silicon subsirate | and on the

sidewalls of thethroaghesiiioon viss s, T, Pl i ld and e,

{05841 Figs) 24L34K wie crass-sectional views shw'mg another process of furming the

throtgh-siticon vies 1la, b, He, 14 and Ve and the inseluting layer 3 wovonding o the

.

oresent disclogsore, Reforritg o Fig 241, an'eiching stop laver 34, sinh as sibonitrids ot
¥
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sifivon~oxide layeror polyroer faver, Daving o ticknoss i-bavween 8.3 xad 40 srdcrometers is
formed on the backside ta of the thinned sificon substrate | For sxample. the stehing stop
faver 3acur be formed by 8 sultabls process or prosesses, £, by depositing & siliconniwide

silicon-carbonnitride layer having 2 thickuess betwesn 2 asd 13 mdoroveters on the
backside 1 of the thinned sificon substrate | esing & shemical machanieal depusitior {CVR)
prooess. Altornatively, the stehing stop fver 32 can be formed by 3 suitable process or
nroGesses, €8, by depositing a sithooivoside or sibeou-onysarbide Buer haoviog 3 Yuckness

between 8.2.and 1.3 micrometers on the baskside g of the thinned siliosn substrate | aaing a
chentical nechanical deposition (CVD) provsse. and therr depositing a silicon-nitrlde or
sifica-carhoneniteide laysr havisg ¢ thickosse bebwaen (U2 and 1.2 midrometers on the

aifisunoxide o sifibon-osycarbide Jayer osing 8 chendsal meshsnical deposition (VI

process. dlematively, the siching stop laver 3z can be formed by & suitable process o

PrOSESSeR, .. by depositing a siliven-nitride laver having a thicknese berwsen 8.2 wd 1.2
micrometers off e botoms bavkside Ya oF the thioned silicon substoats 1 Gsing a chemioal

mechanical deposiion {CYD) process, and thes conting 8 pulymer fayer baving & thickness

besween 2 and 30 mivromsters on the silicen-nitride or sifisen-carbor-nitride fayer

HBOSSS] Refurring to Fig 244, afier the step Hustrated i Big. 24Y, g photoresist layer 34
_ i apireon oated ot laminated on the stohing stup laver 3, and muiiple openings 34 43 e
formed i the photorsaist layer 84 and exposs the stobing stop layey 3a daing an exponue
process and developing process. Nest, seferring to Fig 24K, the duoughestiicon viay 11a, 1,
Tre, Vid and Tle are formed in the tnned silicon substrate | and io wt least one dislee
fayer 30, penctrating crampistely twough the eiching stop feyer Ja, the thined silicon subsirgte
{and e distectric layer(s) 30 and Sxpoting e feglons S0a el the fneding metl layers 60
and 632¢, by dry stohing the stching siop layer 3a, the thioned siicon substrate 1 and the
diglectric éayes{ $3 30 andsr Gweopeningg SMa dn the gj%a‘m{krssis:i layer 34, fr
exumpls, using fluorine and carhon hased smisotropie  reagtive lpn stching Mot the

photoresist faver 28 b oromoved, as showwn in Fig o 29L. Nesty seforring o Fig 24M,

(""(

vmulating aver I, osuch s podvimer layer, polvimide fayer, beneogyelobuteng (BCEG layer,
polyhereniasnle (PROY fayer, stioonsriteide layery, sifioorcoxide tayer, sificonsoxyniinde Jayen
sificon-oxyearbide (SO taver or sificorvcarhorenitride (SO ayer, having a thickneas 8
batwean 0.1 and 10 nslcromaters b formaed on the sidewatis of the threugheosilivon viws Ty, 1,
Fie, Lidand e, o the siching stop layer 3a and on the regions &0a of the Bne-line metdl
layers 59 dnd €32¢ saposed by the throughosiioon s Ty, T Hle, 110 ad e Nexd

180

]
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referibg 1o Fig 248, the enlating haver 30 formed on the etchiing stop leyer 3z and oo the

rdglongs 6la of the flne-line metal layers 60 sod 6320 dre cenvived paing & dey tching prodesy,
such oy anisutrepie resctive lon otohing. Socordingly: the regiong 60 of the fine<ting matal
layers &0 and 632¢ ars exposed through the throughesitivon vias 11, 11G, e, Had aed Heand
the eihing stop Juver 38 Has a fop curface uncovered by the fsulnting fyer 3 The stohing
sty Javer I and the reulating fayer 3h conposey the fnealating bver 3

{8658561  For sasy destrivtion, the aulating lavee 3abowst iothe follinvhg protess Sup

he referenced by the insulating laver 3 made as Mustrated b Figs. 240244 or the insalating
¥ Y g Ae

layer 3, oom p{;w(i of the dching stop faver 3a and the isulstiog tayer b, made as Wostraied

HSRT] Pigy $8AESL are cross-stciional viows showing & provess for forwing g
Sottorn seheye 103 of & doson Strenturd techiology e o backside of o semiconduvior wafer

§
3

ancording to the prosent disclosurs. Reforring to Fig. 25A. aller foring the insalativg layer 3

and the t?m;}ssg?}«s‘iiic;:re: i Tia, s e, Hdand Pl 8 metad laver 4van be Rt on the

insulatiog Javer 3, on the regdons 92 of Sy Sine-fine metsd Tayers 60 dnd 6320 sxposed Ew thie

Swoughesilicon vigs 1la, b, Hie, 11d and He sad bthe throughsitioon vias 11s, M), iie,
Pid and The The metal fayer 4 can be Gormed by 2 sultable procds or privesses; &g, bY

depositing sn asthesiondarisr laver 45 on the loselating layer 3, i the throughes siticon viay Hia,
Hib, Ve, 1d and 1le, and on the regions 80a of the fine-Hine mastal layers 80 wnd 632¢ \hpﬂséd
by this throuphssitfeon vias 1y 1ih, 1te, Od and Hey and than depostiing & seed ayer 4% on
the adbesivvdarrier laver 35
JODSE8)  The adhesiondharrier Ner 4o at the battom of the netal yer 4 shay be formicd
by & sultable procoss oF DrOCesSEs, SiE., by Spuitering or chemical vapor depositing (CYDY
Gadum-sentining layer,  sith w8 ddooniuneoiide laysn denlet Iaver
Gtanhon-fungstersalioy fayer, Deving a thicknesy smaller than | sderomeior sech as betwesn
£.00% and 0.8 micrometers, and privhrabily bebwess (05 il 93 microneinig, on e insulating
fayer 3. ab-the sidewally of the through-siticon vizs Tla b e 1M and {le, and oa an
alurningm laver an electropiated copper fayver, 2 taitahwn-ritride layer, 2 tanium-nitride Rysn
a okl Jayer or a tiaaim laver of the flowding metad layers 60 and $33¢ exposed by the
throagh-silicon vias Hg 11b Lo, 11d and e Altenatively, the adhesion/barrier layer da &t
the bottbm of the metdl Byer 4 sy be forniad by a soitable procesy or processes, o8 by

sputtering or chemical vapor depositing s chrondunr-comaining layen sush ag chromiom layer,

18§
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having & thicknesy smaller than | microrastes: such ¢ between D008 and G 8 micvommters, and
preferibly beiwaen D05 and 0.8 micrometers, onthe insuluting bover 3,8t the sidewslls of the
thyoughesificon vias g BB e, U1d and He.and oo an slomines layen an slectroplated
copper favern 8 s luneaiivide laver, s Slarduneniiride laver, & anglam faver oF ¥ Baaiam
layer of the Hne-dine metal lavers 60 and 6320 exposed by the throughsilicon viss 1ia, 11h

flog Pldand 1, Altesnaibvely, the sdhesiontbarrior fnver 4a @ the boticm of the metad Byer 4
pay be formed by o osuitable provess or pronesses, o, by sputtening ar chendeal vapor
depositing & intalom-containdng kover, such a¢ tantalum hover or malunyaitride laysr, having
3 thickoess swaller than § micrometer, sech s betwesn 2008 and R micvometers, sngd
proferabiy befwoen 8.08 and 03 m{;wmgter’s, on the trssualatireg Tayer 3, 8t the sidewails of the
throughveilicon viss M 1B 110 Ud and P, and on s slusnimum layen anoslestroplated

lver, @ ttaniemeniiride layer, & tantalom fayer or & Hasies

R,

copper yer, & tanishan-niride
taver of the Hoe-ling metal oyers 60 and 833 exposed by the througiesitioon viss g, 1ih,

tie, Hid and e

[OBS8Y] The sead fuyer 4b at the top of the tedd layer Cinay be Soonad by » subable
Provess oF provessss, R, by spultering o chemicdd vapor depositing  copper vern 8n
aduminny fayer, 2 nickel fayer wr'd sibrer Tapne with 8 thickness’ dmalier dan 1 odorarsste,
saoh gs hetween Q003 and | wedcrameteny, and preferabiy betwen 165 and 0.5 micrometers,

gn the adhosion/barrier ver 42 of any previvugdy described material, Alrernatively, the sced

i

fayer 4b at We top of the metal feyer 4 may b formad by nsultable process or procgssss. &g,
by sputiering o ohemival vapor depositiog i gold isyer with a thickoess smsller than i
misrgnaten, such as bebwsen D003 and 0.3 mivvometers, aud proféndly beatweon §.05 and 92

wrisramaters, o the adhdsin'banier laver da ol any previcushy describad muterial,

00566 Referring to Fig 358, afier forming the metal fayer €, a photorssist layer 29,
such 2 posiiivedyps phutosssist laver o mg{ive«i}fp{s photopesiat fayer, baving ¥ thickeess
lnrger thav 1.5 micrometaes, such as botwesye S and 30 eferometers, snd proferably between 19
srd 35 micromieidrs, B fonned on'the sead layer 4k of the rostallayer 4 by x spin-on conting

&

o,

BYOCess, B 3minahidn process, a sohesrepnathng provess oc s apraying provess. Nexi,
¥ 5 3 & & ¥
i

=
153
l/z

torasit fayer 29 is Petinened with the pp:s-cessas of axposwe and develeprment o form
madtiple openings 2% in the photoresist layer 2% exposing the seed Inyer @l the metal laper
4, a5 shown in Fig 230, & IX stepper or 1X conteet aligner can B used 10 oxpuss the

ghotoresist layer 28 during the provess of exposurs.

182
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{08611 For example, the photeresist ver 2% can be formed by 2 sullsble process of
processes, s, by Spin-on comling 4 positive-ty ;)t? shotosensitive polymer kyer having a

thicknesy betweny § and 30 mdcromanrs, and preforsbly between 10 and 23 micromsters,

&
o

the seed Taver 43 of the metal layer 4, then sxposing the phoicsensttive polymer e atsing 2
PX stepper of @ contast gilgner with ot Ieagt tww of G-ling, H-line and Bine and Goline hag a
wavelength ranging from, &2, sbowl 439 w40 8y H-llne has a wvelengh canging from, g,
aboar 4030 407w, and e has & wavelength ranging from, e.g., about 363 1w 36T, then
developing the exposed polymer lver by spraying and puddiing a developer on he phicoresis

faver 28 or by immersing the photoresist faver 39 ntu a deve?e-;s ar, and thew oleaning the

&

/

Semiconducter wafer vsing delonteed wdler and deving ti semiconductor waltr by spinning
the s fnondustorwatee, After develnpment, a seua removal pracess of repeving the residaat
polymerie material or other contaminams forn the seed } favar 9b of the metal layer 4 may be
conducted ¥y psing an Oy plasma or @ plasma eontaining fuorine of helow J00PPM and
oxygen. By thase provesses, the phmm@zsﬁt taver 29 car be pafterned with the openings 3%
sxposing the seed lyer db of the matal layer 4,

{00562]  Wext, referring 1o Fig. 5D 8 bulk pwal fayer 9 85 formed in the openings 29

5y
#

3 -

and on the seed Morer b of the matad dayer 4 er{.pgsmﬁ by the oposings 398 by 2 prosess

». hoE

inchading an elestropinting procesy: The bul wedal laver % may huve # thickress frper than

3,

miicrernaen stch as bevwsan 1 and 50 wilcromstsrs, betvvern ¥ and 20 mivroraien o between

S and 1SR micrometers, snd lagper than that oF the seed liver 4b, shat of thy adbsston/baceiey
faver da dnd shat of each of the fine-line metal fayess 60, respactively. The bulk mete] fayer
may i imie coppan, godd, miekel Waminuy, siiver plativem, selder or 4 somposiie of e

bt

préviously deseribed miaterials

S8 For oxample, the bulk metad wie vretal fayer

formed b 3 suitably provess or processes, € 10 3 thickesss
beowaes | oand SO micmoneters, hotween 2 and 30 mdcrometees or between § aad 150
nuorconRiees; in the obanings 39z ahd on the seed tayer 40, proforatdy the prwi&u aiy desoribied

sapper layer 85, sxposed by the apenings 28 with gn slectroplating solution containing Colly,
TN}y or CudPy,
08641 Alicraativaly, the bulk nretdd laver % ean be composed of 3 single mstal layer

formed by w suitelds provess or processes, o8, by shtroplating an shovinum fayer 16 8

thickagss betwerrr 3 and SO normwetens, betwgea d s 20 micrometers oy Between 5 und 130

183
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mivrniesters, ity openings 28 and on tie seed laver 4b, peoforably formad by o suidle

PIDCESS OF PTOVESEES: 8. by the previously described alumipum layer ur copper diyer 4,

exposed by the openings 38,

0868 Adwrmatively the bolk metal By 9 oo b compnsed of 3 single metd layer
fosmeed by 3 sultable proonsg or‘pt(s’nesa:es-. e, by clectroplating s gold Ixyey, 1o 3 thickness
hetwaen 08 and 10 ndoremitens, batwesn 1 oand 1D microvweters or between S gnd 180
micrometen, it the openingy 2% and on e seed fayer 4b, preferably the praviously desoribed
guid laver b, eupoved by the aperings 2% with an elearaplating selution sosduirdng gold of
hetween Land 30 grame per litter (g}, and peaferably between 5 and 15 gl and sulfiie jone &
1 m 120 @ik and prefevably between 30 and 90 g/l The slectroplatiog solution may Burthey

ude sodinm fon, fo be tarned inte 2 sohittion of gold sodivm sulfite {\m&ﬁ‘si Shioaroiay
further inchade awwnowiuny fon, 1 by med imte » solution of pold svunonim sulfie
{{NH B AUST Y The operational prraneters of electropinting the guld fayer wre deseribed

delow:

L. The previoushy desceibed slestroplating solution can be st a torsperature of
pepween 30 and TON, and preferably borwsen 43 snd 8570, 1o olentropiate the
zold layer on the seexd layer 90 of the medal lyver 4 exposed by the openings

e

KLY

2. The previotsly desoribed slectroplatiog solution san be used 1 glectroplate the

gold tager on the sead layer 4b of the mnl layer 4 expuaed by the openings 2%
&

through arcelectos oovent with & carrent dereity 8t bobwesn 1 and 14 mAdm

o

ard preferably hetwesn 4 nod 6 mAkom’,

ud

. The previously deseribed electraplating solution may have a pH value of
petwean & and 9, and preferably of between 7 .and 8.3, o sloatropiate the gold

©layeran the sead Rryer db of the wistal Tayer & sxpased by the dpenings 284

{OBSHE]  Aliornatively. the bulk wetal lapse ¥ oun e sooposed of double metal layers

s plectroplating e copperlayer, foa thickness

o S

Reomed by 8 suitable provésy or processes, &g, b

ad 2 micromaters or Between § and 158

o

betwesn 1 and S0 micromsters, hstwesn 2

Ny

syiorometers, iy the openings 3% and puthe seed layer 4b, preferably the previously described

¥
copper taver 4k, exposed by the openiogs 29 using the previously desenibed electroplating
solution for slciroplaing vopper, afid then slettoplating o nivke! layer, 3 top metnl hoaw of
the bk mewat faver 9, o o thickneas between Land 15 micrometers, and prafarably between 2
184

Ex.1002

APPLE INC. / Page 467 of 1071



WO 20T H468T PUT/URGIGAOTTR

st 16 mvicvoineters, o the opetings 2% and on the elrroplated wopper laye 1y the spenings

N

Ta wsing an cleciropiating sohitivn contalning MISOD; or Nisullamate of NHNHSUG: or
glecirniess plating o vickel laver, « top metal layer of the bullo el fayer 9, w o thickaess
betwees J and 15 micromatera, and preforably botwesn 2 and 10 micromueters, it the openings
9% and on the clectroplated copper layer in the ppenings 2% wring an electralsss plating

seigtion containing Wi and NaPUhls (Sodivm Hypophasphiteh

085677 Alternatively the bull metd layer 8 can be compeossd of @ single maid fayer
formad by 4 sultable process or grocesses, o.p. by electropluting @ nickel layer, to 2 thickness

betwsen 1 oand SU pucrorosters, hetwsen ¥ oand 30 micrometers or between & oand 15U

g

micearneters, i the openings 2% snd on the seed aver 4, preforatly frmad by a sultable

pROCEsS OF processes, e, by the previcushy despeibed sopper lprrorniskel tayer 4, exposed
by thy opardngs 292 uting the previousty deseribad slectroplating selution & slectroplating

niskell

IB0S68] Ahernarbvely the budk mstal layer ®ocan be composed of triphe metal Japers
formed byow suitalile process or protemses g, by slecroplating & copper fayss 126, o &
hiskness betweeh | and S0 micromenssy, batwden 2 und 20 micrombtars or bedwaen § ard 130
micrometerss, in the operings 2% and on the seed lnyer 4B, praforably te previowsiy desorited
copper laver 4b, exposed by the chenings 29 using the previcusly described alectroplating
sedution for clecunpliting soppern, text slectropiating ov slestroless phating w nivked fager 125,
to & thickness between | and 15 mivrometers, and preferably between 2 and 10 sxicrometers, in
e openings 3% and on the elestroplated wepper layer fn the openings 393 wsing the

revicualy desoribed electraplating solution for dleciroplating o elevtroless plating nivkel, wd
fnm glectroplating a gold layer 128, # top malal bueer of the bulk revial lyer 9, o a thibkness
Between 0,008 sad | micrometers, and preferably between 0.05 and 011 micrometers, i the
openiags 29z and on the t‘(’i;’(‘g}i.itsiﬁ or sisatroless plated picke! layer in the openings 383

svicugly desaribed slébtroplating sotution fur slectroplating ga)id w slegtroless

wid layer 128, to o thickness bevweon 0068 and | puerometérs, and profiiably

heteser .08 and Q1 micrometeny, 18 the ppenings 38 snd iy the clestroplated or slectvoless

plated mickel layer in the ppenings 28 using so cleotroless phiting solwtioncontginiog gohi sek,

stibh as AENaSCh or AUCH and & reduction ages, stch &y benzole orpleryd,

005691 Alernatively, the bulk metal fuyer 9 can be composed of tiple metal layers

fored by a suitable procesy or procsssés, eg. by slestroplating 8 copper layey 126, 94

185
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thickness between | and 59 wicrometers, between 2 and R wicroraon o batwoen § and 158

sicrometers, i the openings 3%a and on the sed layer dhy proforably the proviousty deseribed

st

copper laver 4, eaposed by the openings 2 using the previowly desceibed eiacsmpiaténg

sclution for clegtoplaling sapper, sextciseroplating or clectrolass plating « nicke! layer 127,
o & thiskness batwesre 1 and 15 micrometers, sd preforably botwaen 2 ard 10 micrarnene,
e opsriags 2% sod on the slestroplated copper ey n the openings 29 weing the
erevisusly deasribed electropisting solution Sy slectrophating or clecirnless plating nickel, and
hen cleenoplating 8 pafladium layer 128, a top metal ke of the bolk metal lawer 8.0 3

3

hipkness boween D005 and 5 micrometers md proferably botween 005 and T suioromstens,

in the spesings 29 and on gie eldctropiated or decurplisy plated nivkel layer In the openings
2% using an clictroplating sohition containing palladivrm and aromardy, or sloctroless plating 8
pelindiom fayer 138, a-top wistal faver of the bulk meted laver 9 1o & thivkneiy betwean G008
and | pricramnstens, and prefovabiy between .05 and 8.7 wieromistass, io the openings 28xan

ot he cheolroplated or efestroless pled pivked layer iy the oponings 2% using 1o slectrolesy

plasing seletion sontaining palladium, ammont

X

ared & seduotion aged, such as hydrogine,

BUSTH  Alcornatively the budk mewad layer 9 caw be pompesed of four meted lgyen

frrroed by & suitable Drocess or processes, e by slestroplaihy x copper laver o 8 tugkuess
tetween | osnd SO micrometers, betwesn 2 and 20 mipmowoweiers or bebwesn § axd 130

micromerors, inihe cponings Ta and on thesead layer 4k profotably the proviopsty deseribed
copper laver 4, exposed by the openings 2% ssing the previously described slectroplating
solution for elestroplating copper, text slestroplating v elkeCiradess plating 8 sickel laver oa
thickness betwesn ¥ and 18 arderometors, and proforably botweon 2 and 10 micrometers, in the
opantngs 299 and on the Slectroplered copper fnver fn the optnings 293 amg the proviougly
Jdeserihed  electroplating solution for clochoplating o electroless plating micked, syt

Sectroplating or Sledistleds plating & palladivm Tavsy, feoa thickovse botwesn U.008 and 5

mricrometers, and prefersbly bevwsen (05 md | ovicrornaters, B the openings 3% and an the

slectroplated o slebtrolesy plawsd sivke! faver o the oporingy 2% weing the previvugdy
described slestrophating solution for clearoplating or slectrolass plating pulladium, ol then
slectropiating & olactroloss plating a gold 3«35 g5, & top metal faver of thebulk metdd beyer 8,
3 thickness between D005 and 1 micromefers, and profonbly between G083 dad O
nicraimttens, in the openings 29 wnd on the deceptated o ghsetrotess plated patfadbeon layer
i the penings 29w using the provicusly desorited clectroplating solugion for aics:tmgsfafing or
slestrodess platioy geld,
185
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[IBSTH]  Refring w Fig. 258, after forming the bl metal izyer % the photors sl laver
39 is revanved using an Donganic solution or wing an organiv solation with amide. Some
cosittuals o the photoresist fover 28 could romadn on thy metal fayer € not under the balk
sretad baver 8. Thereafler, the residuale can be removed froow the matal fayer 4 with a plasawg,

sunh s a0 Cy plasma or a plasma contajaing Hacrine of below 200PPM and oxygen.

108721 Ment, reforring o Fig 257, hemetal faver 4 not under the balk matellyar § 18
remmved By ctshing 188 sead lnver 4b ot iinder the bull metad lyer 8, and then stohing th

adhesiondbarier layer 4a not under the bulk raetal fayer 8

§ﬁ-85’?3§ I 2 vase, the seed laver 40 sod the sdhesiowbarrder layer 48 not arder the bulk
metd Jayer 8 can be subsegquentiy semwved by 2 dry swching method. As to the dry stohing
method, hoth the sead layer 9b ard the adbesisabarrier laver Ji not usgler the bulth ate! fyer

§ van be subsequently remmoved by an Ar sputiering erehing prosess; alrsatively, both the aged

layer 4b and the adhestovharrier layer da not under the bulk metal layer 8 sanbe subsequently
romovad by # resetive fon stoling (RIR) prostes; aliematively, the sced favee dhonetaader the
butk metal layer ¥ ocan by ronoved byoan Av sputtering etehing provess, and the
adbesionthardiee fer ds not under the bulk metal Iy 8 wan be rgmoved by  reactive fon

stoling {RIB) process,

KOS T another pise, the sovd laver4b and the adhesiva®arior-layer 4 nedunderthe
Suik matal laver D san be subseguently removed by a wet giching mnthed. As o thewa
ciehing minthod, when the sesd layer 4B B x coppst layen Hotan he eiched vl a solution
cortaining NEGOH or with 8 eolation containing MESO, whep the secd lyer 9b B a golitlaysy,
i care be eiched with an Jodine-contalning volation, suel a¥ a sohilion apdrintig potuasshum
indide; when the sdhosion'barrier fayer 42 s & tlantum-tungsien-alioy layer, i con be stehed
with wosdiation containing hydropen poroiide o with o soluticn Containing WHOH and
hedrogen peroxide; when the adhesionbarer kyver du ba g tanboy Jager, it can be ciched with
3 aohiion sentsindng hvdrogen Suorideorawvith - scleton somaining NEOR wd-fodrogen
peraxide; when the sdhesiondbarrier layer 43 b a chromnos layer, # oxn be stohed with a

sohttion conisining potassien ferribyanidg.

IDERTSEE  To another case, the seed laver 4h, swuchies copper, ot uader the bulk metal Jeyer
& can be removed by»-sz solution com@ning NHOH o » soluticre contalning Ha8Qy. and the
adhesion'barrier layver 210 pot wider the balk metsl fayer 9 can be removed by & reactive jos
eiching (RIE} proctss of ar Ar sputering elching provess.

F&Y
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HIGSTSL b anothir case, the sead faver 9b, sich o gobl, notunder the dutk mtal fayer ®
van be riched with gn jodinescontaining sobstion] such 8y 'd solathn comzining potassiunt
indide, and the adhesiowbardier layer 43 not pnder the bk raeat layer @ 2an be wooved By 2

regotive totefohing (RIE) process gran Ar spatideing elehing prdesss.

HRISTH  After stohing he adhenionbianisr laver 48 not onder the bulk mietal layer 9,
auliiple interconmeeting structures 38 provided by the metal Javers 4 and ® van be formed W
the throughesiticon vas Ths Tih Ve Tid sed 1100 on the dnaslating laee 3 aad e
baskeide laof the thivned silicon substrate §, sod sidewalls of the bulk matal fayer ® are s

seoverad By the memtayer 4.

{0878]  Refurring o Fig 250 sfter the siep iostrnted It Fig 287 2 polyoser e 18
can be formed on the wpowst layer of copper goid, aluntinum, sicke! or palladitm of the
privicuely deseribd variois bl metst fyesr ¢ and on the nsulating fyer 3using & provess
incloding 8 spit-on coating provess, £ lomination provess, € scresn-printing proosss &y a
spraving process and ncluding s Suring process, wid an opening V4 incthie pobyiner layer T4l
over % reglen of the topyost laver of copper, gold, sl nickel pr palladive of the
previcusly desorbed varfous bull metad liyer 9 and exposes . The polvmer ayer 14 basoa
thickness, larger than 2 puicrometsry, such @ bebwaen 3 and 23 micepsristers, and preferably

1

hetween 3 and 13 micromsters. The paterial of g polymer layer 14 may ehuds

benzopeyelohutane (BURY, polvimide (P palybenzoxazole (PBO} or epoxy casin,

BOSIB {5 acase) the polyner laver 14 can be formed by s switable provdss or prasiesises,
g by spinon codlipg @ negativestype photosensitive palvimide layer having & thiskyess
botween § and SO microieters.on e andatiig Ea»v 3 ard on the topmod e of copper,
wold, ahumsinum, nicke! or palladivm of the previopsly described warious bulk menl yer ¥
then baking the spin‘on teated polyimide fayer, thinrexposing the baked palyimids Tayec using
81X stepper o 1X contact wligner with at feast b of Goline having 8 veavelength ranging
from, .8, sbout 434 io 438nm, §‘§~f§:ﬁ£ having 8 wavelength g fag frony, e aboutAld w
G077, and T-ine heving 3w vsimgih vanging fromn e, sbout 363 1o 367om, Hluminating

Py s v

he baked polvimide layver tha iy G-line and Heline, Geling and IHling Hedine and Mise, or

Gfing, Hedine and Bine dlominete the balied polyvimtide laver, then developing the onpnsed

iride fayer te formean opening suposing the btk metsd layer 9, theny susing or heating the

¥.,,a

u

developed pobvimide layer 3 a temperature between 180 and JU(°C, bevweeny 180 and 257,

betwaen 230 and 200%0, betwesn 290 and 400PC or betwesn 200 and 3909 for & time

188
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between 20 and 150 mingtes in 3 mittogen ambiong oy i an oxyges-fres wndlent, the cured
polviride taver having o thickaess between § and 23 mis:-mmeters, ard then removing the
residual polymeris matenal or other contaminats from the exposed bull metal fayer ¥ withan
Qy plaama or a plama contiining fuoring of below 200PPM and sxygen. By thesway, the
pohaner fayer 14 cun be formed an the insdating Isyee 3 and on the topmost laver of sopper,
gald, aleminam, mickel or palladium o the previvmsiy desaribed varipus bulk metal aner §

ing 1da Sormed in U polymier laper 14 expuses the region of the topmost fayer of

’J

asud the ppe
SURDET, g{ﬂl{. shintinum, vivkel ot palladiven of the provicualy deseribed various bullh med

faver %

JOOSBR]  In snsther cese, the polyswer layer 14 can be fooned by & suitable process or
progesses, g, bY spineoh Coating a pisitivestype  photostnsithve polybengoxazcle fayer
having a thickness berween 3 and 25 micromsters on the insulating layer Y and on the topoest
taver of copper, goid; ahsndnim, nivked s palladiom of the previvusty de esett hed varkass bulk
metal layer &, then baking the spincon coated polybenenaazals fayen then exposing the baked
pulvhenzexazels oy tsing s IX stoppér or 21X contact aligner with s feast owe of Gi-live
having o wavelengh ranging Fom vy, about 434 38, Helise having & wevelength

ranging from, g, dboul 403 o A0, and ine Baving 8 windength eanging o, €8

3

abogt 363 & ?6 un, Hhaninsting the baked polvbereoxazule fager, thay is, Goling and Hiline,
Coling and Lling, Heling and Kag or Going, Meline sod Mine sHuminate the babed
polyberzoxaznle layer, then develnping the cyposed polybenzexazeke taver W B s opening
sxposing the bulk metal lgeer 8, therr curiag ot beating the developed pelybenzoxazole layse gt
»lemperdiure botwesn Vi aad 2500, and prefirpbly between 180 and 380°C, oo bebwein 300
a0l $00°C] and proforably bobwasn 230 and 35070, for ity between S aod 180 minues, sad
preferabdy between 30 and 128 m‘is\“‘te& i rdtvegen smident or i qo okygendfres smbilem,
the cusad polvbenzoxazoly fayey mww & thickress botwesn ¥ and 28y, and then removing
the residual polyveric material or oiber contrninargs from the exposed bulk menliayer ¢
with ant (i plasma oo s plabima swiaining hiorfs o7 below Z00PPM and taygen. By the way,
af

coppar, gold, aluminum, sicksd or palladium of the pr&viwsiy deseribed varions bulkemedal

hepolvioer laver 14-can be formed oo G insulnding fayer 3 and on the topreost tayer
layer 8, and the opening 14u formed In the polymer laysr 14 exposss the reglon ofthe tupmost
layer of copper, gold, alumivurm, sivckel or palladium of the pravivusly described varfousbulk

metal layer &

188
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(USRI} Nexy referieg fo Fig o I33M, an schestorbaedier Jayer 19 having 3 (hiekness
smaller than { micromeles, sush aa between 0.02 sad U5 micrometers, and preferably between
8.4 and 0.2 suiceconntsrs, san he formed ob Mo polyner layer 14 and on e region of the
topmst laver of copper, gold, slomingm, rdekel oy palladivm of the previoushe deseribed
various bulk metal layer B oxposed by the spening 142 by using a physical vapor deposition
{PVIE process, such as sputering proge 853 4 W evaporaton prooess, and then s osesd fayer 18
fiaving & thivkndve siiadler than oticrdmetey, suck as bebbvesn (105 and 8.3 micromaers, and

5

greferably between §.0% and 81 Y micrcmnters, con be fonned o the adbeskendarsior fvver 16

o

by using a physical vapors deposition {PYD) prosess such a8 sputicriog procoss o gvRporation

progeas, The material of the adhesiondarrier fyer 16 mwy inclede thanhooy g
waniin-haigsten alloy, ritanien nitride, shromium, thatalim, tartabion biride. or & compoNie

of the previvasty deseribed mameriale, and the material of the sead layer 18 may include copper,

sickel, slominam, gold, siiver, platintm oy paliadim.

{08883 Forouample. when the adhesicadharrier Rysr 16 i5-fonud by s nilitable procsss
OF PROCESSSS, &8, bY spoltering & Ramamecontating BBeer, seed a8 x single layer of

titmittm»—tuﬂgs:mn alfoy, tmplum of fHanium aitride, having w thickeess smadler thap 1

mnicromeisy, suok ag betoaesn G008 fnd G.8 mioroinsters, and praferably betwean 808 4
™ i;;s:a:mf&sfrs, on the pelyeer fayer Hhand on the reglon of e topmost laver of copper, gald,

slaminom, melel or pafladivg of the prevdousty deseribed vadousball matal yee % ekposed

wr

by the operitng {4, the sced layer 18 0an be formed by  suliable process or processes, £, by
spittering & vopper lagen @ nickel fayex an a%-&sm'imss‘a fayer, @ gold fayer, a sihver laven 3
ghatmen fayer or @ pelladiuon layer with 8 thickress spwller than 1 micremster, sich as
Betwesnt G008 and 0.3 mioromtérs, and proferably betwesn 008 and 0.2 adicromstens, on iy

Hanmocontaimag kyen

0883 Altsenatively when the adhesiondbarrer Juyer 16 b formed by o suitable pray
BEPrOCENSER, ., BY Sputterivg a pomposite Boer tncluding 3 titeniunt laver having s thickoess

bepwaen 081 a8 1S micromaters on the polymer laver 1€ and on the region of the fopowg

L

faver of sapper, pold, ahovimum, nickslor paifaditoef G proviodaly deseribed various bulk
matal layer 9 exposed by the ppening M2 and & deniwo-tungsisn-alloy layer havidg a

thickrpss Betwesn &1 and 835 mivrometers on the thanium laver, the seed liyer 18 oan be

=

e

fonned by o suitable provess oF processes, g By sputering & copped haver, s nickel fayer, 2

shiroinors layer, 3 gold layer, @ silver aver @ plattown layer or a palladium fayer with a

184
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thickoass smaller than | micrometer, such a8 betecen Q008 and O3 micrometers, and

geferalsly between DO and 0.7 micromsters, on the tHtamiare-tmgstensalioy layern

{0584 Alernatively when the adbesionfbarrier yee 16 to fomad by wsuitable process
aF pradesios, wa., by sputteier w tardaluntoontaining laver such as o single faver of antakia

or tandalom nifride, having 8

o

thickneas amaller thay | odtrarasten, such ne botwesn 0.803 and

4.8 wiicrometers, and proforably between 005 and 803 miceemsters, on the palyroer layer 18

and on the region of the wpmost layer of copper, gold, slominem, aickel v padladan of the

pravivusty described various bulk metal layer % exposed by theopening Ha: the sesd aver 18

can be formed by u suitable process orprooeses, 8¢, by sputiveing & sopper-layers a nickel
layer, an alumiows layer & gold layes, asilver fayen g ;ﬁat man fayer or s paliadinm ey with
a thickwess smaller than | micrmmztes;_ such s between 9005 and 83 microvwiars, and

proforably botwess §.0% ard 0.3 micrometers, on the antaham-adaining ayse

7

(0588 Alernatively whes the adhestondharrier layer 16 i formed by s snitable proces

or provesiss, S, By spuliering 3 shombumeconidoiog byen sueh a0 single layey of

3%

chromium layer, having 2 thickness smaller than § reieromeler, such as between D005 and DR

smicramaters, and proforally between (.05 and D3 inioronwtars, on ihe polyner faver 14 and
on e reglon of the topmost fayer of copper godd, aluminwrs, rioked or palladiven «F the
greviously desoribed vadoos balk metad lager 8 expas&d by the apening 1 the sesd layer 18
can be Rrmed by « swd 1'a§>§:3 PIOCRSS 07 PrOCEssEs, &8, by splittering o copper ayer aonicke!
fayer, sn alomingm layer, & gold layen, a sibver layes, @ platinure layer or s palladioen kover with
@ thickness smatler than ] micromster such ag betwoun DO0S and 0.5 mivvoneters, and
sialerabli betwen .05 sl 8.2 mivroawters, vy the cleomiunconitining kever

{pe38s) Rewmng to Fig 281, after Hooming the veed Qyer 1], 2 photoregist ayer 3

\

aweh a3 positive-iype photorssist layer or oeglive-type phatorssist layer, baving s thicknes

ki

fwper thar & micromeiers, soch s betwesn 1 and 150 misrometers: aod proforsbly between

15 and 50 micrometers, b fonned on e sead fayer 18 of dny proviously desoribed materid by

5 spin~on Coating proness, & lamination Provsss, R ECreen-prhving Provess oy & spraying grocess,

Hext, the photoresint layer 31 i pattemed with the processes of expesure and developraant to
farmn an opening 31 in the photoresial fayer 31 oxposing the seed layer 18 of any previously
deseribesd mateeial A VX stépper or 1¥ contadt aligner ¢an be aséd o txpose thiy photosesiay

layer 31 duriag the proceys ol exposurs
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I0SBT  Ferexample, the photorenst laver 31 s be foroed Dy & subiable process or

]

ropesses, o, by spinegn coaling & positive-type phutosensitive polwmier fayer having
shickrinss largerthan 3 morometers, such s basween 10 and 150 micronweters; and prefralily

between 15 and 30 nucrometers, on the sead layer 18 of any previously desoribed mterial,

e

then sxgosing the photasensitive polynr Jayse osing & 1X glepper or & contast aligasr with at

o~

fowt pwve of Gofing, Heline sod Bline, amd Geling hat o wavelength ranging San, s g0 sbone
434 1o 4350m, Helloe has 2 wavelength ranging oy e, about 403 1o 907, and Hing bas
& wavelength ranping Bony s.g. about 363 1 387am, then developing the expased patymer

et By spraving and puddiing a devedoper @ the photoresiat layer 31 or by mersing the
photoresist fver 31 infe 2 developer, and then oleandng 8@ semiconductor wader using

deionized wafer and drying the semivaentdusior waler by spirsing the senvvonductor wafen

&

After developmen, a soum removal process of removing the residual plymanie rosterial of

other cortaminants from the aeed laver I8 may be condisted by wssing an O plasma or 3

plasma containing fluoring of helow 200PPM sadanyger, By thess proossses, the photosesiv
fay

er 31 van be paterned with the cpendng 312 expasing the seed fayer &

{05881 Refovingto Fig, 254, afler the step Movtratesd in Fig 257, 5 metal bunp or piller
o by formed on the sead lavee 18 of sny previcasly deseribed material sxposed by the
opesing $la and in the openihg 31a The metal bump or piflar 37 may bave o thickeess leger

than § salcrometors, such ag behwaen 8 and {80 mdcronasiers; and preferably bétween 10 and
100 ralorometers, wnd larger than that of the seed Taver 18, that of the adbesioadarrier layer 16

and thar of sach of the finesdine metad fayerd 60, respestive

. The awial bumpor pillar 37 may
ave a width farger than | miCrometes, such sy betwsen 3 and 130 micrometers, snd prafebly
botween $ and 30 micrometsrg, and Tarpd thae that of each of the fve-hine metad layers 80
The material of the metal bump or pilar 27 may include supper, gold, nickel, ahuninumy sty
sodder, platinem or scomposite of the previdosty dw:**b@ti piaterials. The metal humg orpitlae
27 can be used o be bonded with an external olrcud, such as ballegrid-array {(BGA} subsirate
privted dirtait bosed, aemivondestor chip, metal sobsirate, glass substrate or opvamie substeats.

HURSES For axemple, the meted bump or piller 27 can berovmposed of a single mets!

taver formed by & sultable process or processes, =g, by elecwoplating 3 copper Essyar. 8
ghickesss betwenn 10 and 130 micromesrs, 3nd pmiemb*v Betwesn 20 and 10D misroveters,

i e »:;g;.ess;&:;g s and G the sead aver I8, preferably the previvusly deseribadicopper layer

18, axpored by the spening Jis using the provivusly described electroplating solution for

~

slesteaplating copper of e bulk meatal layer &
e
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[00598]  Aleenatively, the metal bump or piflar 27 can by composed of a single metal

fayee forrned By 3 nultabde procesy or provesses, &8, Dy slectroplating v gold-dayer, fo @

thicknesy between & aod 30 micrometers, and prefirably between 10 and 23 swcrometers, in
the opening 3ix and oo the seed layer 18, proforably the pravicudly deseribed pold layer 18,

exposed by the opaning 3la using the previvusly deseribed eheiroplating solution: fur

slestrophuting eld of the budk el layer 8,

USR] Alternatbvely the ovetal Buw or pillae 27 a0 be compossd of 1 single metdd
fayer formed by s suitable process or provesses, o.g., by clectroplating a nickel layeri 0 8
thickness botween 5 and 100 misromaters, and preforably betwesn 10 ared SO miseomsters, a
thy opening 3 mad on the seed Tuver 18, preferably the previcwly deseribed copper layer or

micked faper 1H, exposed by the ppening o wing the previously dessdbed slctroplating

solasion for slectroplating sicke! of the bulk metal ke B,

005921 Almematively, the metad blovp or pillay 27 a0 b composed of double meaal
favers formed by o auitable process pyprocesses, .8, by slectroplating 4 copper fayer, 1o @
thickness hetwesn 10 and 1530 micrometers, and g)mﬁ?rwiv between 20 -angd 100 micrometers,
i the opening 1a and on the seed layer 18, preforably the previcusly described sepper-layey

L8, exposed by the opening 3ia uaairsg the proviously desceibast slectroplating solution for
sleptroplating coppee of the bulk mntal fayer 8 aad then elestropdating or slestroless plating a
gold layer: toa thivkness bebween D.O0F and 10 axigromeiery, and preforsbly butween 8.05 wnd
| omieronteters, o the opening 3ta ard or the elactropiued copper layer Iy the opening 3ta
wging the previdusly desuribed clectroplating or eleciroless plating selution far electroplating

ar sleotraless plating pold of the bolk metal layer 8,

(OD5831  Allernatively, the mptal bump or pillar 27 can be composed of friple metal
fayers tormed by & suitable process or processes. e, by clestroplating 2 copper layer, 1o 4
thickness between 10 and 130 micromsters, and proferahly between 20 and 100 micrmsnsiers,
i The opening 3ia and on the seed layer 18, prafeeably the previvudy deseribad copper fayey
18, exposed by the opening 33 using the previously desoribed electroplutiog solution for
eleciropiating cnpper of the bulk roetal layer 8 new electreplating G oloctroless plating &
aickel layer, & s thickncse between | and 15 nuicromsters, and proforsbhly between 2 avd 10
sricrarastera, I thdpenite s andon the sleotroplated copper vy in the opeeing 38 using
she previcusty desceibed clestropinting or elestroless plating sohyton for electroplating or

sleteoleds platfng oicke! oF the bull niow! layver 9, aad denelecroplntiig o electroleds

L
L)
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plating & gold layer, 10 2 thivkness between 0.00F and 1 micrometers, and preferably hatween
0.0% and 0.1 mivrousters, in the opening 3asad ob the eléctroplaied or slechrokse plated

nivkel layer in the opering e using the previcusly deseribed slectropluting o1 sleetrodess

1

plating solution for clectroplating or electroless plating goid of the bulh metal layer 8.
8 8 i 8§ ¥

r’:}

{RUSB]  Abernatively, the mstal b br pillar 37 cand be compdsed of triple meatad

favers formed by a soitable process or procgsses, wi, by eleetroplatiog g copper fxver, o 2
By W 2 3 P &

thivkness Betwegn 1§ and 150 micrometers; and preferally bevwsen 20 sad 180 migrometers,

in the opening 31a and on the seed Taver §3) preferably the previvusty described copper Tayer

18, exposed by the opening 3# wing the prevdousty desoribad electrophiting scdution for

N

slestrophatiog vopper of the bulk metsd layer B, ne eleutroplating or plestroless plating a

g

@ thickness betwesn' T and 13 micpdosters, and profersdbly ¥ batween 2 and 19

raskel fvver,
rairomens, i the opsaing 3a and on the electroplated sopper layst in the opening 3ausing

the previously described electroplating or slectrolss pisting selutor for slesyoplating o
electrolesy plating micked of the bok mt\isi fayer 8, sad then slectroplating or sleciroless
phuing a pelledium loyen, to @ thivkness betwesn (U008 and | odicromsters, and prefurahly

between 303 and 0.1 micrometeny, v the opening 3ia and un the electroplated or gledrdess

plated nickel layer in the opening 3la using the previopsty desoribed slevoplating o
electraless plating solotion Hor slestroplating or slegtrotess plating palladium of the bulkimend

faver 9,

BOENSY  Alternatively, the mstat g o pillar 27 car be composed of four metdd layers

formed by @ suitable provess pr processes; g, by c%ectmpiﬁmg a Sopper laver, 10§ thickaesg

o

&
betwenr 10 and 150 ndoromaises, and prefeably betweans 30 and 100 micromaters, in the

Gpening 31z and on the Se8d layer IR, profersdbly the previeusty described copper leyer 18,

sxposed by the apw ag Ma ousing the provlowly deseibed dlectroplating sobuton far

fectro pi\ﬂ,mg coppsr of the bulk metal Taver 9, newy elechropinting or eleotraless plating w

Fes

aicked boper, b a dthickoess hetwasn 1 oand 19 micromaters, and preforhly i‘e‘i‘»“‘t‘n 2 and 10

syifvomvsters, In the opehing 3l andon the clectroplated copper Tayer in the openiag 3a tsing

the previongly deseribed electroplating or dectraless plating sohution for clectraplating

clectrohss plating niskel of the bulk metal layer 9, neat eleciroplating or slestroless :;:u,atmg &
eatiadinm fayer, 0 a thickness beteen G003 aad 1 micrometers, and preférably batwean (G5
and (L1 micrdmeters; in'the operming Tla dod of the clectroplated or slectroleas plaved micked
layer n the npening 3a using the previcusly deseribed clectraphuting ot eleoiroless plaing

sehstion for dlectreplating of clectrokes plating palladium of the bulk metal layer 9, and then
FRE
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electroplating or eleenvlvsd plating a gold fayer, w9 thickeess bevwsen Q003 and |
pucrometars, and preferably betwesn .05 apd .1 mdcrormetary, dn the openia anad o ik
slestropiated or slectroless pisted paliadfiem by By the openleg Yla using the provipusty
described eleviroplating or eleatrolese plating solution for slecimplating or electioless plating

gold ofithe bulk mad lay

{8886 Akernatively, the metal bumyp or pillar 27 can be composed of double metsl

fayers forned by & suitable process or provesses, o, by electroplating avopper fayen o a

& b

S

thickness betwesn 10 and 130 micrometers, and proforably between 20 and 100 misrousters,

=

frvthe opening Tis and'on the yead faver T8, preferably the previaddy deseribed Coppsy laysy

3%

1%, wxposed by the opening 31w uwsing the previcwsly desoribed electroplating solution for
slectropiating copper of the bullk metal laver 9, and den ffit‘:{iifisp‘%iiiiﬂj‘g; o eleerroless plating a
solder layerssuchas @ Bismutveonisining layer, an indfumegantaining lyver or & Hocontaining
fayer of & tiiviend alloy, & tiesifver alldy of a tinesiiear-onpper alloy 10 o thickbess between 8

sod 100 mivrometers, and preforubly between 1 and 3¢ micrseter; inth

..s;;

gpening Jlaand on
the slectropiated coppss laver i the opening My

[USET)  Alcrsativsty te aiead bump o pillar 37 can b compossd of double metel
favers-formad By sultable provesy OF progesey, 'ﬁ\g,, by electrophuding a nickel layer, o 3
thivkness batween § and TAY mivrometers, and preferably beoveen 10 and 60 sicrometers, in
the opening 31a md onthe sesd fayde 1E, prefersbly the previpusly described coppae iyt or
sickel fayer 18, exposed by the opening 3g using the previeusly described cleckopiating
solution for clectroplating nickel of e ok metal layer & wnd then eleptroplating v
gloownless plating o soider layer such 8 & bivowh-containing laver an indlunbcontaning
faver or o Ureonntaining ey of a tielead sllay & tinssibver oy or a tinaflversopper allty,
W 3 thickaess between S and 100 mivrometers, and péei‘esmbiy betwoen 10 and 30 misrometer,
i the opevdng 3 ¥s and on the sleciroplated nickel layer fn the opening Ma

5

GOSeE] Ahernatively the wetal ump or pillar 27 cun be compuagd of wiple metd

layers fo rmed by g suitable progcess or processes, £.g, by slectroplating 3 copper fayen oy
thicknesy batwenr 1 and 130 micromerars, and p‘re%’emhiy Between 20 and D minransies,

i theopening Masnd o the seed layer 18, profirally the previoosly diseribed copper fays

18, exposed by the <fr.sa3rsmg; Tia usirigthe provioesly dessribed slestroplating solution for

elsctroplating copper of the bulk metal kuyrer D rext electroplating or slectroless plating &

sickal Baver, o2 thickness Btwesn T oasd 13 mivrometers, anl praforably betwesn 2 and 19

Yors

188
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sivrmeters, in the opentng 3a and o the slectroplmsd Copper ke o the opiniog 31a usiog
the previcugdy desribed elentroplating or slectreless plating sohalon for eleatropinting or

elecmnlesy pliting eicked of the bolk mewnl layer §, and then slectroplating or elestroless
plating & solder fayer, such @y & Bismuthecontaimag fuyer, an ndhun-containing leveror 3
wrtonteining faver of o tindend alley # timsilver alloy or 8 tinssilvercopper allow 30 8
thickness between 3 and 100 miseometers, spd prefavably betwesn 10 and 30 micrometers, in

the opening ¥4 and ou the elevtroplied o elecirolesy plated nivked layer in theapening 3
[00599]  Ahernatively e metal bump or piile 27 san be o po\m of wiple meal
favers Bormed by 2 suldble process or processes, 2.2, by slechroplating a copper layer, ta @

thivkness betwesn T oand [0 viitrometers, and preferably batwesa % e 8 micromsters, by the

Y‘J

opsiing Yia

7
;ﬁ
Q

ke seed laved 18, praforsbly the prévioushy deseribed copperlayer 14,
sxposed By the opening Mz using the previcagly destribed electroplating solation for
slestropiating copper of e bulk metal laver §, o slectroplating ot ehkeotroless plating @
nike! layer to 1 thickpess between T and 1S rofcrometsrs, and proforably between 2 and 18
Hrameters, 1 thn vpening 31z and onthe sledirepiaed copper layer i the opening 31a using
the previpy &csmi"nd slestroplating or clestroless plating solutipn for slentroplating o

elactroless ‘piatixsg wickel of the bal metal fayer ¥ and then g °c:im;3§;siing or sleciraless

gz%a!:.)g 8 solder layer, such as & Blanuthecomtaining laver, an indivmecontataing layer or &

Hr-chntaining laver of g tndead alloy, a tnestbver alfloy o« thesibversopper slloy, W0 &

thivknese Betiesen 38 snd 250 micrometers, and proforably batween 30 and T8 avorameters,

in the opéning 31a aod ob the elesteopluted o elediroltss plaed mickel fayer in the opening
{0601 Wewt, reftring to Figo Z5KL the photoresist fayer 31 & momoved uging an

inorganie Csolution o sing an Grganin solutea with amide. Some residusls from de
photoresist Tayer 31 sculd remaln oo the ssed fayer 18 rot under the metab binyp o pillar 27,
Thereatter, the vesiduals cun be remtved fony the seed layer 18 with 3 plasing, sush as an (4
plasma or 8 piasma contnining fuoring of belose 200PPM ard oxygen: Next referdng to Fig,
234, the séed fayer 18 not under the wmetal Bswp or pillar 27 & removed, and thew the

adhesiowbarsier layer 16 not under the mstad hamp or pillar 37 fs removed.

(DS} In o case, the seed layer T8 and the adhesicivharring Tayse 16 not snder the roated
burmp oe piflar 27 can be subssqusatly remmed by & dry etching method. & tothe dry stohing

wisthid, both the sead laver 18 and the slbesion/barnier Tayer 18 oot under the metsd bump oy

196
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piflar 37 can be subsequentdy remioved by an Av sputtering efching pracess: abrnatively, bath

th sead tayer 18 and e sdbacion/barrier Javer 16 not uader the mesal burnp or pillar 27 can by

<

v

subsequardiy reraoved by 8 reactive g eiching {RIE) process; altiernatively the sced fayer

rot pder the metal bung or pitler 37 can be romovad f:ﬂ{ ar Ar sputlering stehing procsss, and
the adhestonfbardier Jeyer 16 not under the metal bum g o pillar 7 cap be removed by 8
reactive ion slohing (RIE) process.

¥

FEBSO2]  Inoancther case, the seed layer 18 awt the adbiesion’barder lawer 16 not undey
the metal bump o piflir 27 can be subseguently removed by a wet stching method, &s 1o the
wat etching methed, when the sesd laver 18 i 8 copper Jayer, § san be oiched sithox selution
containing NHCH or with a solution contalning HiS€Ch; when the sead layer 18 fva gold layer,
it can be etched with an lodine-cogaining solution, such se 3 solstion containiog potassivm
indide; when the adheniorvbarrier faver 16 s 3 Hardwv-ngsteralloy layey, ¥ can be eiched
with & solotion containing hydrogen geroide @ with a sohnion comabbing NHOH and
hydrogen poroxide; when the adhesionbarrier laver 16 i 2 thaniom layern, it can be siched with
& sofetion containing hydrogen fluoride oy with a sobution comtaining MHOH and hydrogen

perexide; when the sdhesiondbarier layer 16 &8 & chromiuny fayss, & ovan e efched with a

anlution senisinmg polassium frticyanids.

BEs83]  In another oase. the'sead layer Y, suchoas SOEpEr, 1O pader the matal bump or
pitlar 237 con b femmed by o sedution sontatntng WHGOH o 2 solution containing HeB0y, and
the adhesiontharrier fayer 18 rot under the metal bump or pillar 27 can be removed by 3

sepviive Jon stehing (RIE) ;m 5% 00 an Ar spultering stohing prowess,

{86081 In another case, the seed lawer 18, \uch a8 gukd, not under the wetad emp ov
pilar 27 can be etched with au iodins-swaining s;s:}i;msm, such as @ solution comamung
potasshan odide, wnd the adhesion/bartior layer 18 ot under the mstal busap or pillar 27 can
be remnved by rsactive jon stolng {RIE) pmesssor an Ar sputiering stobing proesss.

[B08BS]  In case the adbesiondwrrier lyer 18 not under the rogal bump or pillr 27 s
removed bshig a wet etoling process, an underout is Remed vader the metal buap oy pillse 27
overianging the adhesiontharrier laver 16, The adhesionSarrier laver 16 wnder the wetal bunwp
orpitigr 37 has v fepsidewall recegeed Tont x satond sidewall of the rastal bumyp or pillar 27,
and & disgtance d1 betwsen the ot sidowal] wd the scoond sidewall & batwesn 00 and 2

mioronwiers,

197
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i

[ue0al  Acvordingly, ag showrin Fig 254, a bostom scheme 103 av the backside Ta of

the thinned sdicoh subsirate | i forowd with the lnsulaling Ivsr 3, the intercunaaiing
strictares BR provided by the metal layers 4 and 5, e polyer laper 14, the metal layers 18
and 18, and e metal bump or pillar 27, and' the opening 198 b the palyper fayer 14 s over
the intercontiecting struotars 88, Adter the gep Blustrated in Figs 231, the seivenductor weafer
{@ican be ot into o pharality of individant seoivdaductor Chip by & diesawing provess

[ROSHT]  Alesatively  after  the step  dlustsied e Fige 3L wih  de
folowing steps being ostraied with reverse figems for stnple explenation: moliiple openiogs
S0 are formed it the passivation Joyer § woespnse the metal races o pads 800, sad then sach
af the over-pussivation schemes 102 iostrated in Figs, 15K, 1SK-15M, 181, NN R & 8
PO and 20 can be sitdrnatively formed over the passivation faver § b the sotive side of the
thinned sificon sulutrate 1 Thersafler, the semivondustor wafer 10 can be ot injo 8 plurality

of individudl senucondustor Chip by o dle-sawing proasess

[H0R08]  Alwrnatively ¢ provess of Torrsing soy dae of the overpassivation schenies 132

usirated in Fige, 15H, 13K-1804, 161, YoM VAL F8E 18H and 20 avey the passivation fayer

5 on beperforived before the steps Hhstrated in Figs. 248, 34C and 258250, ABer the step
ilustrated o Figs, 248 24U and 2&:%«2151.-, the semiponductor wafer HE oo beiswt infe w

sheratiy of individuad serdconduciorchip by a disssawing proesss

[O0508]  SRer the diesawing provess, the semdconduci ohip cut from the
siiiconductor walyy 10 cad be pickeged & i ohip packaje. It the ohip package, the
semiconductor ohip can be comestad to ay externs! clioudt, such as balligridegroay (BGAY
cobatrate, peintsd cleoutt baand, sominunducior ehip, maial subairate; glavs subsirte or cevgmic
substraty; through the metal bump o pitfar 37« e bottons scheme 103, The se nitconductor
chipincludss the bottom schemd 103, ambthe botton schéme 13 Instudes the losulating Iayer
3 on the dackside Ta o the e sitfonn subtratec! and i the duowgbestifcon vias Ty §tb,
Pre, i and Yo, the intercomnicting stustures 8% 2t the backsids 1a of the thismed silicen

subsirate [, inthe threughvsilicon vias Ha, 11b, e id and e sod on the insalating layer §

S

¥

the polymst Baver 14 &t the backside 13 of the thivned silicon sebsrate {1, on the

interconnesting Sruchsres $3 aned oo the dnsulsting Tryer 3, the metal bumgor piller 37 st the
backeide 1o of the thineed silicon subsirate 1, on the intereonnecting strusture 88 and an the
polyraer fyer T4, the adhesion/baerier Taver 16 befween the btk wtal laver & and the mesd

busng or pillar 27, sngd the seed laver 18 betwest the adhesfonvbarrier Ryper 16 and the-mewd

i

Ny
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Samp of Rillee 270 The interovnecting srnctirss B8 oovinects the aiff-chip buffer 43 witke
&

P

internal vircuis 2 3 and 24, connects the offechip buffer 42 tu the mintal bump oe pillyr

37, and conmeets the interpal cirouite 31, 22, 23 and 24 10 the mstal bumps or psk% 27, The
offvehip ESD (elentro slatie discharga! cimoit 43 15 connestad 1 the ofohip buffer 4 Srough

the fise-line metal ivkoe £39, and w the interconnseting straciure 8% through the fine-linemetal

trace 639,

HIBEI®]  Fig I5M iy o vrosesentionad view showing 3 semiconductar wafer, which can

be fomed by @ suitable proceas or processes, g, by the Gellowing steps. Fhra, the

&

L8

seyticonducior wafer W ilustried in Fig, 244 includes muliiple ppenings 331, 333,834, 330
e the passivation laver 3 o agpose multiple regions 68 of the metal waces or pads

3
AU0. The openings 331,532, 534, 319 and 539" are over the vegions $Ua of the metad twices or

pids SO0, and the regions 600& of the nwtal traees or pads 800 are ot bottoms of the openings
31, 532, 334, 539 and 339, Mk, a flur 33 caw be formed iy the openings 331 533\ 534, 538

&

and 339 and on'the rogions $00a of the mutaf traoes or pake 6 6G expossd by the openiags 331,
32, 334 539 and 3390, Mew, Ok step Hhotrmted in Fi 298 can be parfonned, Mexy, the
hwough sifieon vias Hac i, Theo (idasd leose be formed in thethinned silicen subsirate 1,

afed the insolating laver 3 oo be formsd on the busRalde Ta of the thinned siliven subsivate

and on the sidewalls of tie thraugh siticon ina Tlw 118, Oe 1 and s which oaw be
seferred fo @ the seps Hlogrsed B Figs. JC24H or Figa J9L24M, Nexy the sioustire
inchuding the inferconnesting structees 8§, the polymer laver 14 aned the metal bump o pitlar
37 parc by orad in Gt ;;Js seiiicm_; wias Tlac s W Hiand Tle and et the backside 1y
of the thinned silinan substrate 1) which can Be referred & as the tepy Hlustrated In Figs:

143 shows o Fig

s

I3A-5L Accordingly 3 bettom stheme 103 same as the botiom schem

5L can be formed atthe hackside Vaof the thinned silicon substrate

BEsEl] ARer forming the stracture shown iy Fig, 250, the flun.32 s romoved. Nexy

I
et

with the fellowing steps belng Hlustrated with rovers
the pvee-passivation schames 102 Hlustrated do Pigs, IS, U3K-ESM, L1, 160, 174, 18, 19H
r &

and 20 can be alternatively formed over the passivation layer § at the wotive side ofthe thinesd

sificon webstrate |, Thersaflern the sendeonducior wafer 18 can be ant eiea plusiity of

wmefividual sembbondietor olip by w diessawing provess. After thy die-sawing prodess, the
seminenducine c.i“z'é';:« ot from ti\‘s: semivondustor wader 1 dan bepackaged for s thip package.
brthe oldp packags, the semibarducror ohip can be sonnecied fo 2 st oueraad olroult, sech as

ball-gridearray (BOA) substrate, printed ciread boned, seraioonductor chip, metal sabstrate,
198

Fgares for sivgrde explanation, sach of
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gless substrate or oeravie subsinte, through the metal bump or piltar 37 of the bottom scheme

P

(43, andier w0 s sesond axvernal chisui, such w ballgridearmay {BOA} substrate, printed ¢ireut

baged, sesvicorstoenor ohip, metal sobvirate; gless substrate oy geramic Substrate; trongh angof

the aver-passive zusm schames 103 Wlustrated Iy Figa: TEH, SKGISML T6L, 1M, 17 I8, 19K

and 2

BOSIE]  Fig 25 s aooross-soctiongl view showing a senvsonducior waler, which.can
te formied by 2 sultable procest or processes, o, by e fellbwing sieps. Flst

serpivorcleciar waler 10 dhstrated b Fig 244 inchules osaltiple ppenings 331, 533, 334, 538

and 397 i the passivation fayer 3 1o oxpuve muliple regions 8008 of the metalraess ov pads

- o

SO0, The openings 531, 932, 533, $30 and 3% are dver the regivns §00a of the metal traves or

pads 800, and e regions $00x of the mash waces o pads U5 wre al bottoras of the openings

53

32, 534, 539 and 8397 Next, mushtipls metad pads, bumps o traces 3 sompovad of two

i
.57
_m

-y
3

metal favers 32 angd 3¢ can be formed on the passhaion Bavee § and on the regions 800z of the

i,

mstal traces or pady 600 expresd by the apenings 331,532, 3 "w A3% and 53R, The metd layer

32

32 s formed o the passhvation tayer 3 ‘md on the vegitng 600 of thy rastal races o pads 60D
exposed by the openingy 531, 537, 534, 538 and §38, and the metad layer 34 is formad on the
netal layer 32, and the msdal ia}’m‘ 34 is not sovered by the metal fayer 32,

ORI Themetal pad, bump or teacs 390 has & thivkress larger thare b migromaien such
g5 betereer §oand 20 aticrometers <o between & s6d 80 micromigiors, and & width harger thea
thitt of the metad aoe oo pad 500 and farger than 3 nicramnsters; such o betogen § wid 68
;reic-;‘amass{;rs,,- and the metal wace & pad 00 my have a width smatiee thaw 1 migromster, such
38 bateden FO% and 0.99 miorometers The metal pade, bowips or traces 34 can by used s be

sonoseted o 8 At oxerngd ciroudt, such o badbpeidearray (BGA) substrste, printed olrcull
hoawd, senticonducior ohip, metal subsirate, glass subsitats or ceneniv substeate, by bowding

-

the wmetal pads, bumps or aess 3da o the st exterral siroult or by sirebonding gohd wires of

o
e

.

apper wives i the metal pads, bumps or iraces 3 and o the rst extornal sireuis.

D619 Por exmmply, the metal pads, bumps or races M ean be formed by 3 suitable
DIOCSSS OF Procesies, v, by & pracess nclading sputtering an sdheston'barrisr Tavee 38, suck
a5 tHaum layer,  thanhostungstensadloy fever, titwiumenitngds lager wetalow layse or
wntahoo-ndicide faver, having & thickness amaller than U thinroorester, such 3 betwesn $.008

N o

and 0.8 micronesters wnd proforsbly betwesn 803 ard Q.8 mipmansters, o the passivation

7%

aver & and oi the reglons $00s o the metid tavey o pads 600 exposed by the Openings 331

2D
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£
%7t

S34, 539 and 53, pmext apatiering an alumbnumecomaining laper 34, such as aluniaem
layer o slinvinumisopperatioy laver kaving o thivkoess betweer .8 and 10 reicromeaters, wnd
profosshiy bevwesn | oand § wmicronmters, on the adbestondharsier Tewee 32, ott forming @
patterned photorssigt lysy on o shmimenecontaining lver 39, rewt siching the
ghagmgn-containing laver 34 not under the patterned photceesist vy, nexd stehing the
adhestonsbarrier feyer 32 oot under the patternnd photoresiat layer asd then revwoving the
paiternsd photorenist laver Accosdingly, the oetd pads, bumps oy traces 34a provided by the
adhesiontharvier layver 32 and the alwinneveontaining lwver 34 cap be formed on the

gestvation layer S-and on the ragions 800 of the wetal taces or pads 880 oy osed by the
) 4 ¥ :

e

Y
2

fucd

' The shminpmecontaining Iver 33 of the metal pad,
8 18 E

o

openings 33, 332, 334, S3%
bisng or trace e can be wsed o b cormeoted W the frst sxternad ciroult by wirebending
seold wire or a copper wirg i the sfuminame-containing laver 34 and © e Bost exteynsd
cirouit or by bonding alumiram-conataing layer 34 with a gold fayer or a ti-alloy fayer of the
Hrat external clrouit,

068 Adernatively the metal pads, bumps or traces 34a can by fovmed by & saltable
PRODESK OF PrOCesses, 5., by & prooess including spsttering ao adbesiovbartier layer 32, such
8 ttmutn layer iBsslnntimpiten-alioy laver, Huoiumesitride layer: Grdalin fayer of

3

tatalum-riiride vern having o thickoen smaller than 1 mivrometer, guch as between D008

5,

and 0.8 microptesters, and prefirably betwesn 808 and G5 micrometers, it e passivation

faver & and on the regions 600 of the metal treves or pads 600 wposed by the opeaings 331,
8 : B g 3 P €3

S37, 334, 339 and 33V, next sputteeing wosond fayer of gold (ot showa) having s thickness
smygdler Han 1 relcomeler, such as botwesn G005 and 08 micrometerss, ad preferably
betwion 4.5 and 0.8 micremeters on the adbesionbarrier layer 32, next frming & patteoned
photoresiat Tayer oo the sced layer of gold, and suliiple npenings 1o the pattseriesd photoresist
laver sxpse vadtiphe regions of the seed faver of gol, nextglrcroplating & pold Byer 34
having 8 Hickness largey than 1 omiccometer, such sy Detweere | oand 25 reltrometery, wad
praferably betwesn 2and 10 minomaters, oa tha reglons of he seed layer of gold sxposed by
e amning& in the pativenad photoresist layes, neat remaving the photoresid laysr, next
stehing the seed Syer of guld notunderthe gold layer 34, snd thoyetching the adhesivbanier
faver 32 hot un der the gold faver 34, Scoordingly, the mefed pads, bursps or traces g
provided by the adhesjonbarder laper 37, the seed Tayer of gold and the gold fayer 39 wantbe
fonned sn the passivation layer §oand on thedegions H00x of the metel traces or pads 608
exposed by the openings 331, 532, 834, 339 and 539", The gold luyer 34 of the metal pad,
301
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himp o traes 343 San be used o by eonnented to. the firs! exteral oraiit by wircbonding
& gold wire or 3 copper wire o the gold Tver 34 wd o the Tast extornal oircult or by bonding

Rl

the goid daver 34 with 2 gold faver or e tin-alloy lager of the fiest external efecudt

[RB16]  Alisenatively the revtal puds, bumps o trstes 3da can be Tormad by 2 sultsble
DINCESY OF provesses, S.g., by 1 provess inchiding slestroless plating 8 nickel Ryer 32 with 'z
thickness between | and 10 micrometers, and preferably betwass 2 and § micrometers, on the
passieation Taver § aod on the regions S008 of thye meta! tates or puds 600 exposed by the
15 33
gold layer or palladion Taver, with o thiskness between 200 angstroms and 2 pdcrometers, sad

H
3

f:3
uz
ol

opent 5§32, $34, 839 and 5397, and theroeleotroloss plating the matal layer 34, such as

preferahdy betwesn 500 angstronsy wnd 5,000 snpstroms, on the nicke! layer 33, &ccocdingly,

theimetal pads, bumps r Faces 34 provided by the nivked laver T2 and the metal tayer 34 can

e Torraed on thy passivation laver § and on the regions 800z of the pwtal vaces oy pads UG

S

suposed by the opedings 331, 838, 834, 539 dnd 539 The mend Inver 34 of the metal pad,

bump or friee Ma can be used K be connscied tothe first external clrauil hy wircborating

& gold wirg Bt & copper wirg to the matal layer 34 and to the flrstoxtersal ool ar by bosding

< the mead tayer 34 with s gold layer or a fin-allny tayer of the Hostecrernal el

P61 Adloowively, the motal pads, bumps o teas 3dw gan be formed by & sufable

I ¥

EIOGESS OF PIDCISISR, £.8., by & procesy nluding sputiering an adbesinbarsied Iover 32, suph

% UGlambune laver, tanhewnsgscnealioy layen Sterdumenitvide layer, chrombum layen

¥
3

taneahan layer or tantahuv-niteide eyver, having 8 thickness smadler than 1 misronwter, such @
between 005 and .8 ‘mmmm&ter& and proforably hetween .05 and 0.5 migromieteys, onthe
passivation fayer 3 and wn the rogions 500a of the metel trages or pads 8§08 eyposed by the
openings 531, 832, 534, 539 and 5397, wewt sputtering a sved dayec of cogper (pot shioveyg
hareing = thickness smatler thay 1 reforometer, such ay betwaen D005 and (.8 nuivrometers, and
preferably between 8,08 and 0.3 mitrometers, on the adbesionbarrier laver 32, next fosming a
paiterned photordsist layer onthe sead laver of copper, wnd multiple sperings in they patipoied
photoresist layse expnss mulliple regions of the sted Jayer-of vopper, sext sleciroplating 8

copper o 34 having 7 thiskness larger than 1 micrometer, such @ between 1 sl 108

&

mia;rs,;ms::mrs:, and proforably Dedween 3 and 60 micrometers, on st e reginns of the seed layer of

) pe

copper exposed by thy opunings in the pattemned pholorssdsl. layery dew servovhyg Uw
phatoresist layes wext etohing theaeed kyerof popper nat under the copper layer 34, and then
ciching the adhestionfarrier fayer 32 not onder e copper laver 340 Ascordingly, the metal

2
pads, bumps or franes g provided by the adhesiondauior layer 32, the seed faver of sdpper
2
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angd the copper layer 34 can be formed on the passivation layer $ and on the regions 600 of the
roetal praces o pads 600 sxposed o the opeetegs 331, 532, 534, §39 and 538 The vopper
fayer 34 o7 the metsl pad, bump oF thige 34atan boused 1o be-odonecied o the Gt externat
civenit by wirshanding xpold wire o aen opper wite 1o the copper fayer 34 andd o the Sirst
sxteennl ghrenty ov by bonding the cupper fayer 34 with a goid fayer o tinealloy Byseof the

first external cirouity

[08i8]  Alernatively, the metal patls, bumps of traves 334 can be Remind by g duitable
PYGEESY OF PROCUREes, €., by § provgsy including sputtering an sdhgeravharrier hayer a2, such
ay tiaglem lover, # emsgsa&»mngmnxﬂ‘my fayer, tanius-nitiie Iaver  olvombunt layer,
tantalte laver or taialumsnitride feyver, Baving e thickness smalleor than 1 mivronieten such as
betwesn BODS and 8.8 micromaiery, dnd proforably betveen U108 and 0.5 mictometers, on the

passtvation Bayer 5 and on the regions $00a of the metal traces or pads §0U exposed by the

=i

openings 531, 832, 334, E3% arut 839, nowt sputiering @ seed layer of copper (not showni
faving a thiskness sovaller than braiorometer, such as befween 0008 ad 8.8 ovicrometers, sud
greferably beowesn G058 and &5 micrometors, o the adbagionvbarrine Iyer 32, naxd Rorming 8
patterned photoresist fayer on the sesd layer of coppen and multiple openings in the panerped
photoresial aber exprss twlliple wgions of the seed ia}-‘es' o copger, tiext slectroplating &

copper Taver 39 having o thickress larger than 1 'mivrometer, such as beovrdn 1 sl 106

minfonieters, and proférshiy botween 3 and 80 milcromedars, on' the regioay
copper esposed by the openings i the patternad photoresiat lager, next eleptropdating of
slectroless plsting g nickel laver {nov shows) havisp & thickosss betweerr £33 aud §
micramnetes, and preferably betweent | and § micrometers. on the copper layes 34 8 the
openinge o the patdemed photoresisl layen next eleetroplating or slectrolesy pleting 2 gold
T (it showst) Baving & teickiess Detween 8.1 and 10 duidromutery, and praferably bonwsen

3 ¥

0.5.and 3 mmicrometers, an the slestroplated or electroless plated nivke! layer in the (’r;;mim.

the pafierred photorssist Taver, rext removing the photoresist Toyer, nexi ptohing the seed Jape
of coppernot under the copper Myer 34, and ther etching the sdhesiontbarder yer 37 st
ander the copper ayer 34, Ascordinghy, themais! pads, buraps or traees 34s provided by the
dhesiondbartier laver 32, the seed layer of copper, the vopper fayer 34, the slectroplated or

dlecirnless phated mickel laver and the slectroplated o elcotroless plaed pold laver caw be

S

formad o6 the passivation layer 5 and on the regims 8a of the el foaces of pads 600

S5

sxcosed by the npeaings 831, 833, 834, 839 and 339 The eectroplted or slestroless plated

gold tayer of the metsl pad, bomp or trade Jda cun be vssd o be eonnscted 1o the firld external

20
Wa‘
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sireuit by wis‘etsaswimg wgold wire or @ copper wird fo the elestrophird & elvetteless plated

sold faver and to the Tt external oircoit o by bording the electropluted or slectroless plated
& 3 ¥ 8 8 P

cold laver with & gold fover or 3 Bo-atkey layeeof the first exicraab ciroun,

o888 Aherratively the mootsl pids, Bunips or traess Ma van be formad by ¢ sattabls

DEDORSS OF progesses, €., by a provess inchuding sputtering abdhesionftasrier layer 32, quch

¥

as ltanium laysr teniumelungstesealioy  layer  dsoiomesiteide fayer, ohromdum layer

tantalum layer of antalume-nitride lnyer, having & thiskness smaller than | micrometer suwloas

2

herwaen 8008 and 0.8 mivrometers, and prefesably between 0.03 and 8.5 micromgiers, on the
sestvation fayer 8 ared on the replons 8008 of the matal traces or pads 600 exposid by the

I¥, next sputieriny

ez

ppemags 531, 833, 534, E3% and ! s sced laver of copper {not showny

;*:,

e

fraving o' thiokineas siafler than'l sricrometer, steh s botwieert GODS and 0.8 suidroteiers, sad
preferably between 8.05 wnd 8.3 puicrometers, on e sdbesionbarrier faver 32, noxy Tonming 4
pantarried phctoresiat faver o the sead Rayer of copger, and mudtipde opendngy fnthe pattered
photorasist layey exposs muliiple regiomns of the seed layer of coppst, toxt slectropiating @

3

copper taver 34 having o thickness larger than 1 micromeisr sueh as betweesn | oand 190
miseometers, and preferably between 5 and 60 micrometers, on fhe regions of the seed e of
coppel exposed by the openings b the paatersad photoresi hayen next clectroplating or
elevtredess plating & niched dayer (oot shown) baving 3 thickness between 0.5 and &

Sominronieters, on o the copper laver 34 in the

o

mrcrometars, and preferahly betwess 1 oaxg
nperngy i e pattermed phowrssiy layen soit slectroplating 8 tinecontaining dayer {vol
shown), et as a telead-atloy layer & tn-sibees-slloy layer or a tin-aibver-vopperaliov iayes,
having 3 thivkriess between U oand 150 micromistesy, snd “proferably betwesn § and &
rgreneers, on the slestropisted pr elevtroless plated niskel laver In the openings in the

patterned photoresiag fuper, nextd senidving the photdaeist Tayer et slohing the seed laper of
sopper nat undsr the copper lver 34, and then stehing the adhesionsbarder layer 33 ot under
the copper tayer 34 Af:.&wdi‘ﬁgi}; the metal pads, buraps or thages 3da provided by the
adtesionbamier layer 320 the sced fower of copper the copper fayer 34, the slectaplited or

el fnver and the slentropland Un-comaining fayer can be formed on the
passbhegtion fver § snd on e reglons §00s of the hielad traves or pads 600 exposed byihe
operings 531, 332,534, 539 and 33¥, The electroplated tecontaining fuyer of the metal pad,
hump o trsee 34a can be used 19 be connected o the first external direuit by bonding
the slectroplated thv-chniaining Javer with 2 gold layer or g tinealloy laver of the first vxternal
K‘(S“C{SEE

4
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(0628l After forming the metdl pady, buns or rages 3y, the step Hlusratad in Fig
248 can Be performad. Neéxy, the sheough silison vias Ha, 18, g 1d and e san'be Hromed
in the thinned silicon substrate 1, ang the insniating Tovér 3 car be formed iy the backside Ty

o~

sf the Yinsed sifioon sabgirate | and on e sidewalls of the throngh siticonviay g, Uk, He,
Pid snd Mo, wideh can be rbferred 1608 the steps Hosirdted i Figs. 24C-24H or Figs.

424N, Newt, the interconuecting structores X8 van be formed in the through silicon vias 1la,

i backside s of the thiveed silicon

116, P, 1 and s, on the insaliaing faver 3 and gt R

substoate 1, which can be referred 10 2> the sieps flusteated in Pigs. 25A-38F Nexiy the

pobymer fayer 14, the adhesion/barcier layer 16, the sesd Ea,s: 18 and the mesdd bomyp or pitlar
27 van be formed at the baskside taof the thinned stficon mubstrate 1, which can be eiereed to

gs the stepy Hostrmted In Figs. 28G-38L0 Avcordingly, & hottom schems 103 saeg as the

battony acheme 103 shown in Fig 250 can be formed: st e backside 1o of the thisned silicen

subsirate 1. Aliernatively, the step of formdng the metal pads, bumps of traces s on the

prssivation leyer § and on the regions §00a of the twtal traces o pads S08 exposed by the

opeatngs 531, $32, 834, 538 and 539 oan be porformed after fordug the metal bump or pithe

FEBEE] &fter fornting the stracture shown i Fig BN, the semiconducey wafer 10 can
by ot inte g pherality of indbvidual somiconductor chip by a de-sawing procsss After the

digvsawing process, the semivonduce ohip oul from the semiconduster wafer 18 can be

packaged for aohip package. frothe clip package, semivondacior ohip can be connevted fo

e Brst-oxernad clroudt theough the metal pads, buaps or trages 343, and @ a second sxterndd
sircuit, such as printed cirauit board, balbgrid-areay (BGAY subsirate, semicorductyr ohig,
motal substrate, plass substesis or coramic gubstrate, trough the mnsial thanp or pillar 27 of the

bottont scheme 103,

IE86IR1  Fig 330 e orosssectiongl viaw @Emsra a semconductor waler, which can
he formed by 8 stitable process or protesses, e, by the Bollewiag steps Flest, the
34, 838

LA
m

seaticanductor waler 10 Westrmed n Pl 24A focludes muliple opsnings 534, 332,

and 5397 in the passivation laver § 10 exposs miultipde rogieo 650a of the fnetal tranes oF pads
&80, The ppenings 331, 837, 834,538 amd 539 are over the regions G004 of the metal fraves ov
pads S06, and the raglons $00xof the metal trsess or pads 600 are at bottoms of the spenings
531, §32, 334, 538 and S350 Nest, the paterngd ciceR fayer 881 composed of the
scditesiovbarritrisend fayer SO and the moolal Yeover 3012 oy by Torrmed sithe pastivatin

faver S and on the regions 8008 of the metal traces or pads SOt expoasd by the operings 331,
-~ ]
2683
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332, 334, 539 and 538, which can be referred to 58 the sweps Hlustrated e Fige. 18D-15H.
Next, the polyner fayer 98 is Tovnsd on the mtal fayer 3013 of the patterned sircuit Iyer 8GE
snd on the passivation fayer § sl the operdng 980 i the pehmer fayer 3 v over & contant
point §0 a0l the metal layer SGLL of the passoed cirnult layer B0 and exposss 1, which can
be refrvad o ab the procesy iHusteated i Tl 186 Aceordingly s over-pasitvation Sohevae
102 can be formod with the patterned cireuit fayer 8G1 and the polvmer | 9%, -4t the sctive
sids-of the thinned silivon substrate L Nexy, 3 fux 32 & Romadidnibe tswrzirzg 980 snd on e
costact point 301 of the maal lgyer 8013 exposed by the opeaing 80 Next, the swep
itostrated i Fly, 248 can by pérfrmed. My, the through siflooroviss Tia B, Tie, Hdand
e canchs formed io the thinasd silivor substrate 1, snd the insulating fayey 3 cante foomned
oy the baskside Ta of the thinned: sificen auhstive | and on the sidewalls of the theough stlicon
sias dla, 1YH Tie, 13 snd 1le, whish cap be refbrred (o as (e steps lhesinted o Fige
2HC-24H or Figs, 24824, Next, the intorconnesting strochires 88 san be Rormad in the
Swongh silivop vias e, Uik Hee 13d amd He, o0 the insulating Iyver 3 and « S backsids 1a
of the thinsed silicon substrate 1, which oan be wivrrsd 1o as the steps nstrated io Figs,

.

ISA-ASE &

Meny, (e polymaer Ryer 4, the adheskovbarrier kaper 18, the seed & S 18 sl the
restal bump o pillar 27 can i}e formed a the baokglde ot the thinned z‘ssh{:m substrate 1,
whith san he deforred o ws the Neps Hhotated in Fige I3GESL. Axcordingly, -2 hottom
scheme 103 same g the botiom scheme 103 shower s Fig, 250 van be formed at the backsids
taref the disned silicon subatraie ¥, ARswmathely, the steps of Torming the patterned vircait
fever $U1, the polymer Tover 95 and the flox 12 carcbe pavforraed afer the sieps Hlostragd o

Figs, 248, € and TS4-ASLL

623 ABer fif,\,mzi;ség the strusture shown fo Rig 25QY, e flox 32 % rerevved
Thereafler, using & dis-sawing process, the senvicondueior water 18 san be ot inte 3 phurality
of sodividial seoiconductar ohip, The semivonductor chip o from the sereicondustor walky
H) onn beconbecied o a Tt oxternad ircaR, such a8 balbgrid-soray {BGAY substvate, printad

cleoult Doard, semivonductor ohip, metal subsirate, glass swbstrate or oraiv substeate, by
wirchonding @ gold wire of asdpper wite 8 thecariagt point 801 of guld, copper or
ahsmsimum of the pattered cirouit layer 801 of the aver-passivation scheme 162 and o the fiel
external oireuit or by seider botding Uie contact point 881 a of the patterned olveull nyer 8¢ of
the over-passivition scheme 1% with @ gold layver or o trealioy fayer of the exterrai

piesuit, and 16 8 sccond suternal Shreal, such as printed circuit boand, balbgrid-array {BGAY

06
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sishstrate, semivonductor chip, metal substrate, glass substrate or coramic substrate, through the

wetal bwap or pillar 27 of the buttom scheme 103,

(BB6R4]  Fip 5P & a orose-sestivnal view showbng 3 semiconduetor wadke, which can be

formed by 2 sultable process or prosessss, eg. by the following steps. After the steps

R
Hustrated in Figs. 248, 240 and 254-25V wre per?‘c&rmmﬁs the polymer layer 14 & formad on

the bulk metad layver $and on theinsuluting layer 3, and sultiple openings 142 in the polymer
layer 14 @t over wailtiple vegioms of the bull metal lved ¥ and exposg themy, whishism be
reforred to wt the step WNustrated n Fig 283G New, e adlesiontharder laper 18 s Somed on
the polymer laver 14 and an the regivns of the buik metal layer @ exposad by the opesiags 14,
and {hew the seed fover 18-is formad g the adbesion/bamrier layer 16, which can be refivad o
e sty Rlastrated e Pl 25H Wext, e photoresist faver 31 i formed op the sead fayer 18

and roultipde operdngs 3la in the photorssist layer 31 expose the sted layer 18, which can be
refervet B & the step BHustrated e Fig 230 Mest, multiple metal uspy of pillars 27 are
formed in the openings 31a and o the seod lver 18 exposed by the opantags e, wiick dae
e raferred 10 av the wep Huswated iIn Fig 255, New, the phatoresist keyer 3143 romoved,
which oan be referred to av thy step Hlustrated in Fig. 28K, Next, the seed a}e, 18 not under
the meatsl busipa or pillers 27 & removed, and then the adbesionBarrior Tayer 16 not wder the
merat bumps or pillars 27 is romoverd, which can be refereed to s the siep Hlostrated i Pig

28%., Ascardinghy, the erconnecting siructares 88 provided by the metal fagers 4 and ® aan

be formed in the trough-silioon vias Ha Tib, Hle, Pid and e snd 8t the backstde Taofthe
hipned silivon sebsteats 1, md the metal baegs or piflars 37 can be fumed over e
jatereonimeting struciures 88 and & the baokeids Ta of the hioned siticon sabsirate L. The

jnterconnecting structures 88 can ponncet the oifship Suffer 42 1o the internal plreuits 218X

A3 and 24 and o commet the metdl Bumps of pillxes 27 1o the offchip batler 42 and w the
nterost gireufts 21, 28,23 and 24 & botom scheme 103, shown fa Fig 258 at ihe backside fa
of the thinned siticon subsrate 1 iy forned with the nsuluting layer 3, the Interconascing
stroctures 88 provided by the metal fayers 4 and ¥ the golymier laver 14, e metal layers 16
g 18, dnd the ractal bumps or plilars 37, and the openings T8& i the polymer fayer 14 are
over the interconnecting structires §3. After Rorming thy eouoture showr in Fig 258 the
serdeonductor walkr O ean e ot intd 3 plurality of Indbvidusd semivonduetor chip by a

dig-sawing proceas

it

=

IBH628Y  Alterautively, aBer forralng the stednture. shown fn Figo 358 el
3 3 ] &

et

folowing steps being {Husirated with reverse figures for siraple sxplanatinn, multiphe opentigs

33
5e
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S0 are forimad in the passivation Byer § w0 oxpose the mvial thices 'or pads A0G, sod thep each
of the gver-passivation schemes 107 Mastratad o Pigs, 18H, IRRA18NE, Y61, 160, 171, 181,

SO anid 20 care be giternatively formed over the passivation fryet $'at ths sctbe sile of the

(hinned siticnn substate 1, Theresfler, fhe semiconductor waler 1 can beont ima o plurality

of individual semidonductor chip by a dinSawing prodess

{OB6R8]  Alerratively w procsss of fonming sy one ol the over-paggivation scherpes 1
Hiustrated o Figs, 1IH, 15K-1884, 180, 160, T3, 181, 19H and 20 wvet the passivation aysy
§ can b perfomed bofore the eps thrstrated 3o Figs, 248, 240 and 284230 After the steps
Hhustrates fo Flgs, 248, MO and 338831, the steps Hlusvated fo Plg 288 iy pesformed.
Thereatier, the somiconductor walte 10 can be i g ;\iwama of individual sensicondasin
chipy by § die-sawing proges

RS2 ARer the dissawing process, the semiconducior ohip st from the
senicondoctor wafer 1D can be packaged for s ohip packuge. In the olip packsge, e
seicondnar ohip can be comdoted fo an exteenal ciroit, sueh # ball-gridearey {BGA)
subsizate, priveed clroult board, semiconductor g cohip, sl subsateate, glses subsirate or peramic

subsirate, Hwough the metd Gunps or pillars 27 of the bottom scheme 103, and the nietal
huwgps o7 pillars 37 of the bettony scheme 103 of the semicondieior ohip cambe conpesied ©

the ternal eirenits 31,22, 23 and 24 and the-offohip buller 43 through the usrconnenting

struotures 88 of the bottom seheme WA

[RS8 Fig 230 Is o cress-sectioral vigw showing 2 semiconduetor waler, whish-gan
be Remed by a suitable provess o processes, 2@, by the following steps. Flmt, the
14, 338

ot
od

%

&

whiotor wafer 18 illustrated fn Fig 344 dnchudes multiple openings 331,838, ¢

v o o

Yin the passivation Mo § 1o oxphse roultiphe régions GU0a of the matal traces pe pads

%
uz

-\,

frovd

4, 539 mad 5397 are over the reglons 6003 of the metal traces o

o

. The dpenings 331, 332, 5

o

sds $00, angd the reglons §00s of the mtad toaces of pads 600 ars at bottoms of the openings

s

531, 532, 834,939 and 3397, Nexy, 2 fhey 32 can be formed i the apenings 3‘35&, 332, 334, 539

and 539" and onthe reglons 800a of the metal trices o peils 8O0 expossd by the ppenings §31,
$34, 539 and §397 Nexi, the siep Hestraied in Fig 388 can be performed, Next de
through silicon vise T, 1k, Hie, Hid and Hleoan beformed in the thipned sifloon substrate §
and fhe insulating layer 3 can be formed oo the baskside 1 of the thinnsd siiitzm substrate 1
gnd on e sidewalls of gw théough stlicon vias Tla 116, 1o 11d and 1e, which can be

eeferrad ey He sieps itheirated inFigs. 230241 or Figs, 245-24N Mant; the interconneeting

pe

288
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structures B8 can be rmed o the through silicon vigs Ha, THS, T Hhd and e snd st the

ta:of the thinned sificon sebstrate {, wideh oan be refervad 1o as the steps Dhastraled
i Figa: 33A-REF Nesq, the structore insloding the polyoed layer 14 snd the vetal Bumps oy
pitlars 27 can be formed atthe backside Tz of thy thineed sificon sehstae 1) which can b

referved ‘o Ay the stepy Hhetrated in Fig, I8P Accordingly, v bottom schome 103 suma & the
botiony schepre 103 shown dn Fig 259 gant be formued ot the backside 1aof the thinned silicen

sihsrated.

986281 Adler fermdng the strusture shvwn in Fig,

Calg

250, the Hux 32 & removed, Next,
with the following steps belny Hhitirated with roverse figures for shmple explusation, each of
the overpassivation schemes 107 Hustesied in Figs. 16, ISKA18M, 164, 10M, 173, 181, 19H

and 20 dan be alternatively formisd over the passivation layer 3 4t the sctive side of the thinned
siticor substeate 1. Thereafter, the semicondactor watee 10 can b out o 2 pleadity of
individual semizondustor chip by a dic-swwving provess. After te dicgawing provess, the

semiondacton eidp cut fron the sendcondoator wafer 18 can be pad«ag‘cd for = chip package.

o the ohippackage, the semicorductvn sk can b G'i‘)u.i&f’i 10 & first externat oiroudt, sach s
batb-gridearmy (BOAY sulsteate; printed coouit bowrd, se m feandoctay oidp, svetal sabsteay
glass substiate o coramis subsirae, deough fhy memt nnps or pillars 27 of the boBiom

sehome 103, andior fo 8 second sxicrnal chwuly steh sy Ballgridaeray

privted sirouls board, semivonductor ehip, metal substrate, glass subsirste or noramic subsirate;

rough one of the over-passivation schemes 162 Mustrated in Pigs. 134, TEK-18M, 160, 160,

P74, IRL 19 and 3G Th interennasciing structures 88 coment the offiehi i buster 43 t0 the

)~,4
f
4
ot
et
P
e
po
l‘ J

7

wternal girculs 4, aind ponned the mast bumps or fillaey 27 W e offchip

tusifer 42, to the a?’.}iwip B0 airoyuit 93 and 1 the btvoal cirouita 31, 32, 23 and 24,

HIBS38]  Tig 25K fv-a oross-seations] view showing a semiconductor water, which ¢an
be formed by a stitable process o prodesses, €. by the ollewing steps Fiest, the
semiconducior walsr 19 ilusirded in Fig 344 nchudes mulliple oponings 531, 532, 334, 338
and 339 b the passivation layer 3 expose reultiple rogions 6003 of the metad trages or pads

$09. The openings 331, 831, 534, 53% aad 538 are over the fegions 600w of the metal traseg or

"

pads S0U, and the regions §00a of the metal frsees or pads 600 are &t bofoms of the openings

L 5A2, 534, 3% and $39°, Wexy, the metsd pady] bunips oF trases Jda can be foobed v the
3

o the reginny 800z of the meal traces @ pads 600 exposed by the

g

S3% atil 3397, which gan be referved to as the provess Hhusirated in Fig

I3M. The specification of the melgl pads; bumps or iraces 343 shown in Fig 3SR can be
el
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referred fo s the speniflnation of the msial pads, bunpyor frates 3da s ;%;u;;im{ iy P 26M.

Aty forming the metal pads, bupps or races 3y, the siep Hustrated in Figo M8 <an be

performipd. Mo, e theoagh stlicon vias Vhe 1 3o Tid dnd 11¢ oan b formed dnthe

sinned silicon substrate 1, and the ingulating fayver Y can be formed on the badaide Taof the
fhioned siicon sibirate 1 dnd au the sidewalls of the thralph stlicon vigy W 1th, e, 11
and 1Yo, which can be referred o ae the sieps Hlustrated 1o Figs, 290048 ot F a5 241434
Nest, the. Inferconnectiog SUuehirss 88 can bs Rmed i e zkmu‘ stHioon x‘ixs Tha, fih, 11g,
Fig snd 3T and ot the backside laaf the thinned sificon substrate 1, which ean be referred 3o
as the eps lhsirated i Figs, 28A-28F Naxt, the structurs inchuding the peiymar faver T4 and
the rostal bumps ov piflars 27 can be Roroed o the backside Taof the thinsed silivon subdinte
b, whitich can be reforred 10.as the steps Hlusrated in Fig, 359 Ascordingly, 2 .ﬁs}i( yin scheme

103 same as the botton scheme 18 shown in Fig, 230 can be formed at the mc&qmi Iaof the
thirmed sificon substrate 1. Aleonatively, the step of feming the mem! pads, bureps of traees
342 on the passhvation laver $and on the regions $00a of thy metal traoes or pads 600 exposed
by the openings 531, 333, 334,539 and 539 can be perforvmd after forming the metal humps

o piflary 27,

1BH631] A Rer Rening the struciure shown iy Fig 38R, the sumiicondacior walee 1§ oan
be out e s phirality of individusd semjconductor chip by & dissawing prosgss. Afler the
diersawing process, the semibondactor ehip ot from the sericonductor waler 10 van be
packaged Ror g chip msf\agﬁ i the chip packuge, the semicondustor chip can be swmeerad to
g firsvexternal o, sach @8 printed clreuit bosed, sendeondueiy chip, balbgrid-aray (BOA)
substoate, sieal substrate, g&aﬁs substrate or cerarnio substrate, Biouph the Ml pads, Bumps
oF tegoes. 3%a, and 10 2 sscond sxtersal chvdl, such o ws priveed chreult bowrd, ballvgrid-atray
(BGAY wbarate, stmivoridncior chip, metal subatrate; glasy substrate or ceramic substods,
thraugh the motsl bumps o pillars 37 of the bottom scheme 103, The buerconnesting
strusiures $8 conncet fhe offvchin bulfer 42 w e el clreuis 21, 32,23 and 34, and
connect the metal bumps or pitlars 27 1o the offchip buflr 42, 1o the off-chip BSD circait 43
and 10 the foteraal eirpuiny 3, 32,23 and 29,

{88833 Rig 28 in 2 croas-sectional view shawing 3 senticondustor wafer, wiichcan be

furmisd by'a suttshle process or processes, e, by the fb%i@wing steps. Flesy; the semiconduomy
waler 1) Hustrated in Fig 244 incladve moltiple opendngs 531, 832, 538, 53% and 539 bethe
passlvarion laver ¥ do oxpioge nuliible coglons B00a of the mdal wades or pads 500, The

ppenings 531, 532, 534, 530 and 539° are gver the regions 800z of the metal traces or pads 600,
' e
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TR

2o the regions 00 of the metil races or pads $0D are at Bottoms of the opertingsy 331, 533,

534, 539 and $39°, Newt, 3 patterned circuit laver 801 composed of an adhesion/barien/ssed

fayer B0IT and & mvtal layer 8012 o B formed on the passivaiivn layer 3 and on the reglons
3% and 539

e

500a of the metal tranes or pads 600 oxposed by the openings S31, 33,834, §

'»/J

7

witeh can be veferred 0 as the wieps Hostraied o Figh 13D-18H Next, o polyiner layer 98

formed on the metal ayer 8013 of the patterngd slronit iy 801 aoif onthe passivation Saysr &

%

and @ opesing 98¢ tn the polytner layer 88 i3 -wvar s contact pobnt B0 s of de metal e

8013 of the patteraed slreuit Tayer 881 and sxposes B, which o be referred 16 88 the prisge

o

fhasiratest i Flg 150 Accordingly n over-psssivation schente Y02 van be formed with th
& & H
patterned oireuit fayer 801 and the polymer laver 98, st the avtive side of thie thipneil sl

subrstrate o bext a flux 123 formed in shespening 988 wnd onithe comact point 88 1auf the

o3

metal fayer 012 exposed %}}f the apening 980, Next, the atep ihustrated n Figo 398 can be

performed. West, the deough $illconviag Tia b, Ll 110 and Mo can be fomed b the

i'*mnen:i siligon substrate 1, and the msulating lever 3 oan be formed onthe backside Taofthe

vigs Tla, i, e Hd

thinned silicon subsirate 1
avd Tl which gt be raferad 1o as the steps Hhastrated Iy Figs, 230248 o Figs, 240240

P

Next, the bierconnesting sirastures 38 oan by foreed In the through silioos vias Vg, {1 Tg,

Pid sod 11e snd 8 the backaide Ta of fhe thinned silicon subgrate 1, which can b referved o

as the steps Hiustrated fo Fige 358258 Noxt, the sruotirs insluding thy polser layer T4 and

e

the metal bumpy pr pitlies 27 can by forrnad ot the baskaide {a ol the thinned silicon substrate

b, which can be roferred to-as the sleps Hlustrated in Fige 28R Avcordingly 2 botiony spheme
10T garae as the bottotn scheme 103 shown i Fig. 359 gan be formed @t the baskside {a¢fthe

thinnad sitivon substrate 1 Altsmmatively, the steps of forming the patterned cirenlt tayer 83

and the polymer yer 98 van be porfooned after forming the metal s or pilley 27,

I633]  ABw fonning the slructure shown v Fig. 238, the flux 32 oxa be removed.

Thersafley, the senticonducior walky $8 can becut indo g plusality of ndividual semiconduster

chip by a dic-ssving progess, After the die-sewing procesy, the semicendustor chip cw frow

oroa ohip package b the ohip package. the

semicondoctor chip san be conpecied o & st external pircai, such ag printad sirgodl board,

3

semiconducioe oldp, balgridenrray (REGAY sobstrate, matal subsirate, glass subsirate or

ceramic subsirate, by wirchonding 2 gofd wire pr g ooppss Wit 16 the sontact point 8033 of

sold, copier o aluminusn of the patterned ehraitiayer 881 of the ever-passivation seheme 102
and o the firsp externad chrouit or by solder bondiog the contact point By of the paiterned

2t
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gironit laver 801 of the over-passivation sohome 102 with 2 gold laver oy 3 vn-alloy fayer of the
first acaernal olrcoll; and can be connected © a sevond external cirgudl, such ae privded ciropit
bourd, bathgrid-atray (BUAY substate, semicanductor ¢ip, metd substvate, glasy subsirate o

peranvic substrate, throngh the metal bumps gr pillars 27 of the boturm schemp 103, The

i~
Lokt

interconmeeting sractives §8 consest (e offchip bulflee 93 & the Internal cirouite 31, 23,

5
L]

sad 24, and msm‘.eet the nistal bumps-oe piflas T7 to the ofohip buffer 42, to the of-chip B

civeult 43 and & the internal oircuita 21,32, 33 and 24,

86381 Fig 28T a erbsysectional vigw showing o senvognductor water, which can be

formad by a suifable procsss o prosesses, g, bythe Dlfowdng steps, First, the ssmiconducior
waler 1 iHusioded in Fig 240U inchides multiple gpeningy 331, 532, 834, 339 50d 5397 in the

passivation laver 5 1o Skpbse waultiple reions 800z of the melxd tracey or pady 600 The
apenings $31, §32, §39, 538 and 3397 are wver the regions 5002 of the melal traces or pads 64,

332,

i

vl the pegions 800a of the metal traces or pads 600 are at bottoms of tie ppenings 331
$34, 539 and 338°. Mewt, a putterned civoudt faver 301 compased «of an adhesiondarrierfvend

layet B011 and o mietal Bavee 8812 can Be formed o the passivativs layer § and o e regiang

§00a of the metal ages o pads ﬁi}i} suposed by the aperdaes §31, 332, 534, 539 and 338

whith pan bereford o 85 the seps ittusieated i Figa. 1SR 18R, Koty & polymsy ixysr 88 i
formed on the metal nver 8012 of the patteraed clreait layer 803 aud on the passivation loyer §,
and puiliiple opovings G50 in Uk pelvoer laver ¥R see vver mnliple sonset points 80w o the
metal fayer 5012 of the paticened ciroalt layer 881 and expoge they, which san be referrad 1o
as the process Thustrated i Sl YSML Next, nodtipls metal bomps 8% provided by Se metat
favers B8, 80b arel 9% can b Tormed i the polirasr Tyer 98 and o the contact points 8ta
of 1he el layer 8010 waposed by the apenings 988, which can be referred 0 a5 the provess
Htastrated B Fig T5M -'{,,cmdmeiv an ove-passivation schenie 102 can be femetd with the

1, the polvmer Taver 98 and the metal bumps §9, at the scrive side of

pattaered cirouit layer 8(
the thinned sificon substrate L-ARey Torniing thel metsd bormps 89 e step Blstrated InFig
348 can Peperiormed. Mext, the theoughesihionn vias e, 1D Pid and lie can be formed
in the thinned sificdn sabstrate 1, avad the nnlatog laver 3 o be forsed on the backside 3

3

of the thinned sifioon substrate ] and oo e sidewalls of the throogh sihioon vias Ha P e

thd ang Hie) which can be reforred (978 the steps hutraed in Figs, 3C28H wr Fi‘gs,
245-23N, Wea, the intersonecting structures 88 cap be fornsed @ the through silicon vias Ha,
£y e, 13 and o sod at the bavksifle 1a of the thinngd sillcan subsirate 1, which can be

seferred o as the steps Hhetrated in Pige. S52-258, Nexi, the structare irchading the polymer

213
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fayer t4oand the mstal bumps or pillars 87 can be formed st the backside 13 of the thinned
aificeu subgrate 1, witioh cax be sefirred o as the steps iHustrated fn Fig 258 Acoordingly, »

3 ok

botton scheme 103 same as the botiont scheme 103 shows In Fig. 258 oxn be Tormed at'the

brekside (s of the thinned sificow substeate 1. ARernmtively, the steps of Torming thepatternsd
cirehit fuyer 881, the polymer layer 88, the metal tayer 8% and the metal bunips 8% dan be
performed after frming the metal bunps or gl 37

[9638]  After forming the sruchwe shown in Fig 25T, the semnicondustor waler 10 can
be o dote & pluvality of individuad semdconductr ghip by 'y diessawlng provess s After the
die-sawing process, the seimicondutior chip ot from the semiconduotor waler 18 can be
puckaged for a ohip package. buihe ohip package, the sereivonductor chip can be eonsected to

first external oircnit, such as printed ciroeltl boord, balbgrideensy. (BGA) substrate,
semticonduetor chip, wetal sobatrate, plosy subsirate or ceramie sobosteate, throuph he raatal
burnps 59 of the over-pusaivation scheme 102, and 10 3 second sxteraal clrouly; such as printed
cirenit bosrd, batbgridearray (BOAY substrate, sevvcomdodor ohip, metel substrate, glaw

st or seramic substrate, theough the rastal bumps or pillars 37 of the bostom schame 13,

£
g
el
el
Yo
bed

]
’3’

W irerconneuting stnictnees 38 conmeet the offiehip butler 43 fo the interaal cirouite 21, 38,
23 and 24, and vonnect the thetad bampior pilters 37 wethe <3ﬁ”~a:§zi§) bufter 42, o the off-chip
ERD cirouit 43 and fo the internal cirouits 21 32, 23 and 24, The patiorned circusit layer RO3

conmiests the DFchip buffee 42 10 the Intornal ¢lvoulis 21, 23, 253 and 34, and conneols the metsl

bumnps 38w the ofchip hofer 42, to the offiohip ESD e s‘cmi 43 and w the nal clesaits 3,
22,33 amd 240

[BO638]  Fig 25U s gogrossisecitonal viow showing o prckage, which can be formed By
s suitable process or processes, 28, isv the following sepe. Fiest, the sermigondugor wader {0

fustrated I Fig 244 inclndes multiple openings 831, 333 S04, 539 and S3%" i the

food
5
w3
oo
%%

passhadion fayer 5w expose multiple vegions 800 of the metal traces or pads &
opewings 331, 337, 539, 539 and 539 we over the regions §0D& oF the metal fraces or pads 600,

anid the reiingy 6003 of the suelal traneior pads SO0 see wt buttonw of te openings 334, 3

ks
poit
g

$34, 3% and 3397 Nent, s patterned clroulf layer 801 conposed of sy adhesiondbarriorfseed

fayer 8011 and a matad lnyer ROIZ can be formed on the passivation b 3 dad on e regiong

H00a of the maial iraces o pads 660 suposed by the operings 811, 532, 834, §38 and 539
which gan Be referred 1o ax the steps Whastrated in Flgs VA0 1HL Woxs, s polymer laver 98 §s

formed on the mietal yer 8012 of thie patterand chrenlt lavey 801 and on the passivation layer §,

and miple openings 980 jorthe pelvner layer §8 ary over pusdiple coutact points B0la of the

213

L
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metal fyer 3012 of the patterned cirowit fayer 881 snd expoie them, whith can be reforred
as the proeess dlasrated o Fig 130 Accordingly an oveepasshvadion schems 102 can be
Somraed with e patisoed dirvuit loyer 80T wnid the volymer layer 88, 3t the autive side ofithe
hinmed siffoon substrate 1. Naxt, o fox can by formed i the operings 880 and o the contact

poinis #3115 of the rostal loyer- 8012 exposed by the openings B8

IG9837]  After founing the Thix, the Kup Hheemated iy FBig. 298 w0 be perfeemad, Next,
the through sieon vias Hla. Vb thee Tl amd Te can be formad in the thinned siicon
subsrate 1, and the insulating laver 3 can be formed on the backside daof the thinped silivon
subairsts |oond oo the sidewalls of the theough silicon vigs Tla, 11, g, 11d and e, which
gan be referrad o @ the steps Hlostrand 8 Figel C-24H or Figs, 20024N0 Nag, the
inferconmesting strucrures 38 oan be formed in the throagh siticon vias 1 A TEDy e 2 id and
f1n and at the backside 1o of the thinnsd silicon mmtrvzftz 1. which gan be reforred to a5 the
sitpy Hidstratdd by Figs. 23A-28F, Newt, the pobimer Iver 14 san be fyrmed o the bullc metal
fayer® of the intersonnecting strustures 88 and oo the tnsulating ler 3, and muhiple openings

fda e the polyiney lnyver B4 are over narltiphy teglons of the bulk yoctal fayer 9 und sapose
them, whith can be referred woas the step Hlpstosted v Pig 23G0 &se \rﬁingi); a batiaen
scheme 103 8t the bickside iaof the thinsed sillcos substrate | can by formed with the
sulating Taver 3, the interconnovting structures §8 provdiled by the matad fayers 4 and 9 and
the polvmer ey 14, and the opemiags 1da B the polymer layer 14 aes over ihe
intercarinesting structires $8 Moo, the et is removed f sxpose the sontact points B8a of

the metal laver 8012 exposed by the openings 980,

86381 Alernsiively

he step THusimted in Fig 248 can be poclormad bafore the s

oL

of Torming the paterasd olrasi fayer ¥D1 and the polymer layer B8, Mext, the through silicon
s

vigs la, Hib, Tio Thd and (Ye can be fved in the thinned sificon substrate 1, aad dhe

{

insalating layer 3 ban e forfod o the Sackside a of the thmed ilicor substeate 1 and oy

& RE

fle
thestdewatls of the through sfivon vias s, Tib, 1He Hid and e, which can be referred to as

the steps Wusteated B Figs, 38C-24H or Figs I4124N. Hexs, te swucters Inploding the
dsroomecting sirtehires 88, the polymer fayer 14 and the openings Ha in the polymer kyer
14 car e formed gt the brekside faef the thinned sieon substrate 1, which can be refersed o
as the siepy hustmted T Figs, 238-23Q Mext, the fux can be formed in the openingy 144 and

8 the regions of the bulk metal loyer ¥ exposed by the openings I4a Naxt, the paterned
rieeudt-layer 801, the polymier Javer 88 and the openinigs 930 4o the palymer layer 88 can be

&

formed atthe active side of the thivaad silicon substrate 1, which can be refer
g

reed woas the steps
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iflusteated Io Pige, TSU-TSE Mt the fux i removed to sxpose the contact pols 88is ofthe

metad dever RG12 exposed by the apﬁniags‘ 8%

(@068 After removing the flux, the semisondustor waler 18 can be cut into a plusadity
sf individusl semicondasior chip by 3 dis-sawing process, Thereafier, Wsing arwiresbonding
process, multiple wirshbonded wives 138, suoh zs witebonded gold wires o wirskonded cogper
wirgs, pan be boadod onte the schemies 102 and 103 of the serniesnductor chip out fom the

semiconduckey waler 1. For sxample, the wirshonded wirss 129 can be wirsbonded gold
wirey ball bonded with the regions of gold, copper, slombium or palladium of the bulk metal
layer # sxpoved by the operdngy Tda and with the regions 80w of gold, copper, slunsimm or
pabindium of the matal layer 8012 exposed by the openings 9840, Ahemaﬁ?ﬁi:@ the wirsbonded
wives 1B can by wirchionded copper wirey ball bonded with e megions of gold, eoppen
slominew or palladivm of the balh metad layver $axposed by the opesings {9a and with the
repions B0 Ta of gold, copper, sluminem or pattadivm of the metal e 8012 exposed by the

ppenings 98,

86E8]  Fig AW s aorms sevsectional view showing a package, which ¢an be formed by
a suftable processor prosesses, .8, by the following sieps. First, the semicondudor water 190
Histeated dn Fig 234 dnchides merltiply openings $31, 332 334, 535 and S b the
pasgivation faver § 1o expuss muliiple reglons 800a of the mutgd taces or pade 608 The

pponings 531, 332, 334, 3% sad 53597 ars aver the regions S00zxof the metal traces or pade 830,

vq—c

and the regiong 800z of the metal races or puds 58§ are at botoms of the opendngs 331, 833

F2

erseed

L

L

34, §39 sad 3397, Wewy, the patternsd civenit layer 831 comiposed. of the adhesion/barsd
Iover 8011 and the metal forer 8012 can be furmed on ‘e passivation lager Sand op the
regions 5002 of the metal aces or pads B00 exposed by the opsaings $31, $33, $34, 539 and
39, which oan b referrgd o a the stepy Hhusfrated in Pigs, 180-18H Mext, the polwmar
faver 9% i formed on the mital koer 8012 of dhe patternad cleonit Bayer 301 wod on the
passtvation layey §; and huddtiply opestage 380 by the polymer layer 38 ave over wailtiple
comtact points 291 x of the metal fayer 5012 of the pafterned clrouit layer 801 and exposs tham,
whinh can b reforved 1o a8 the procéss HHustegted in Flg 1310 Accordingly, an over-passivation
schome 102, oun be formed with the patterned circuit fayer 801 and the pohymer Jayer 98, st the
segive Side of the thinaed sffivon substrate 1 Nexe & fiwy pan b foringd in the: openings SR8

and o thy sxas podny 801y of the metal laver SG12 exposed by the openings 984
R § : SHRER § 3 B

vk
3
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[aaadl  After forming the fluk, the sivp Hivaraed in Pig. 248 cun be performied. Nexy,
the dwough siiivers viag Hla, 1D, il 11 and e can b formed i the thinned sitloon
substrate 1, and the dnswlating fayer 3 can be formied on the backside fo of this thiseed sillson
substrate 1oand oo the sidewalls of the theough silicon sdus Tla, 1i1h, He, Hid and Hie which
can be referred 1oy thy steps tlustrated v Fige. 8024 or Figs. 242410 Nexy, the

ntercsnresting stractures 88 oxny be formed in the theoagh silicen vax Ha, Tib, T, Uid and

te and at the backside 12 of e tinned sHicon subgirate 1, which can be referred 0 s the

stepy Hlustrated i Frgs, 25ARIR Nexy, the structire ncinding the pelymes layer 1and the

£

ractal bumps or pillars 27 Cae be Rermed at e backside a of the Udnned silicon sabatrate 1,
whigh can be referred 1o as the sleps Hustrated i Fig. 25P Accordingly, 3 bottor seheme 103
srrge as the Bonony soherde 183 showin in Fig. 25P can Beformed at the baokside 1a o the
thinned sificon sehstraie 1 Mexy, the flug i smoved o wupose the coutact points B0ig of the

metal fayer 8DL2 vaposad tw the openings 980,

1368421 ABer semoving the fux, the sewiconductor waler 18 cany besut inte @ phirdlRy
of bidividual seraioondiuotor ship by 5 diesawing process. After the die-sgwing process, the
semineductar ofip sut from the senvieondueier wafr 10 van be packaged for a ohlp package.
I the g packagd, the semicondugior chip can b connected 16 a firss xtornial cirouit, such as
printed olrcult boand, falb-gridearvay {BUAY subsrate, semiconducior oltip, rastal subsirate,

glass sulrsteaty or demnic subsirate, by wirebonding suliple wireg 128, sachas goid wives of

N

copper wives, 1o the repipns ¥01xof the metal laver 012 of the over-pasaivation scheme 102
and fo e fisst oxernal cirowit snd gan be donnscied g oseonnd external oircuit, sush as
printedd clrondt hoard, ball-gridearray (BGAY substraty, seiicondnern ohip, motal sulstrate

pisss subsivats or ceransie substrate, by bonding the matdd bumps or piltars 27 of the botom

schieme 103 with the second oxiernal cirsuit

(D643 For cxample, ading & wirdhonding process, the wirebonded wires 129 s Be
wirgbonded gold wires ball bonded with the regions 30Tx of gold, coppen alumingrm or
salfadium of the metal laver 3013 exposed by the openings 8D, Alernstively, using @
wire-bonding proeess, the wirghonded wires 128 canbe \s,-‘ifequ-}e:{i sdppaewines ball bonded
with e regions 30 of gold, vopper, slumimen o petladiver of the metal Ixyer BRI eaposed

by the openings #80.

[08644]  Alernatively thie viep iutrated i Fig 241 can by performed balre the wgps

of forming the pattersed clrnuit layer 801 and the polymer Jayer 98 Next, the Hrough silicon

218
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¢ Hid sed e can by fooped i the thinned silioos swhatsite 1, and the
nsulating iagar can be formed o the backside ta of the thinned ailicon substrate | and on
ihe sldewails of the through siliconvias Ha, 1l He, Uidand e, wivich car e referred 3o a¢
tHe steps Hinsirated in Figs, 2405248 or Figs. 341241, Next, the inlerconresting sirugtures 38
sin be forored in the through silicon viay 1ig, Hb, Ty Tid ard Tle and'at the backside taof
the thipned sificon substrate 1, which can be referred fo ay the steps Hiustrated in Figs.
2ER28F Nigy, the gnicture eludiog the polyinet Javer 14, B oponthgs T4a and the yoetsl
s or pillars 27 can by formed w the backside Taof the tiimmed silicon substeate 1, which
can be reforred to as the sleps iHustrated i Fig 23R the patterned chronit layer S8 the

pobymer laver 98 and the agms:%n 5 S8 in the polymer Tyer 98 can be formed st the setive side

of the thinned silicon substeate 1, which can be referved 1 &y the steps Hlustrated i Figs.

JARNISE Newy, the semiconduetor waler 18 can be ant o a plaslity of ndividudd

Ee2

semiconductor chip By & div-sawing predess, Theveatter, wsing & wire-bonding grocess; th
wirehondad wirss 129, sueh as wirchonded gold wives or wirebonded copper wirss, san e
bondéad orad the regions R0T8 of e mstal layer 01T exposad by the openings 980 of the

soymicondustor chip.

[UR648]  Fig 23W isa crosseseotional view showing s p ankage, which can be formed by
a suitable provess or processss, e, by ihe Tollowing steps. Firs, the senvconductor salee 10
Hhastrated i Flg 384 focludes minltiple operdngs §35 532, 334, 339 and N3 iy the
passivation laver & to expree muliiple cegions. 800a of the metal tacey or pads 600 The
ppertngs 53T, 52, $34, 539 and 3397 are over the regiors §00x of the meted traces or pads §00,
v the regions 600a of the masd fravey or pady 800 are #t botoers of the openings 33 332,

S34, E3% and 3397 Mewy, the patiorned circuit layer 801 compused of the adhasionfbarrigsiseed

fayer 8011 and the metal fsyer RO12 can be formed on the passivation laysr § and on the
regions 00 of the rectal taces or pads 806 expussd by the opeatogs 831, 532, 534, 539 and

530, wiich san be referred o @ he sieps 53} vated i Figa 1IR-18H. Next, fw paiymey

faver O% iy formed on the mewl layer B01E of the patterned ¢leouit layer 801 and on the
passivation fayer S, aad reultple opendags 980 in the polymer ey 98 are over multiple
eontast pobns 8012 of the metal fayer 3012 of the patternnd elrenll Inyer 881 and oxpose theny
which dun be reforrad o i the process Musiated tn Fig T8ML Nesy, multiple metal burips 89
provided By the metal fayers 892, 890 aed 8¢ con B Hrrmad o the polymer s ¥ and an
the somtact polntd 5078 of the wictal layer §D12 exposed by the spenings 98Y, which can be

veferred 1o a6 the step Hhsuaind o Fig, 15M. Accordingly, an over-passivation scheme 182 ¢

E 2%

37

Ex.1002
APPLE INC. / Page 500 of 1071



SO NI 14087 POTARMISOTTAN

e formad with-the patterned cirbuit laysr 801, the polyase laver 98 and the metsd bumps 53, at

theactive aide of the thinned silicen subsivate L

048] Afler forming the mewml bumps 39, the step Husitated i Fige 348 gar be
performed. Mext, the fhwough silicon wias Ty Hb, Do 13 and e can be formad inothe
thinned siticon substrate 1, and the &s‘ssuiating fier 3 van be formed on the tsescksidit Pt the
thinned si?ic@;n stharate  and onthe sidewalls of the thropgh silicon vies 1ha, Hb, 3 ¥
sead 1he, which can be referved (o w the stdps Hlastrated b Figs, 28024H be Figs, 28524,
Nexy; the intereomiseting strucnires 88 cax be frmed i the through siivan ving 1 1th, He,
i aad e and at the backside 1o of the thinped silicon substrate 1, which can be rehred do
as the steps. iBustrated in Figs, 354258 Nexy, the prdymer Inyar 14 can be forssd g twe bulk
metad taver ¢ of the inforconnecting stuciures 88 and on the osudating faver 3, ged owk qxie
gpenings Hain the polvmer layer 19 areover multiple regions of e bulk metal yper & an
expise them, which can bersferrad o s the sta;; lustrated in ?*";'gg.v A0 Acm.dmgi}a A botisn

scheme 183 gt the backside 1o

2]

fayer 3, the Intordonecting shuotures 88 provided by the tietal iay&rs 4 and 9, avd the ;\wiwner

layer 14, and the opaningy 142 in the polymer layer 14 dre over the iterconngeting srusturgs

83, After forming the bottom scheme 163, e semivenductor waler 16 can be Gl imtae a
pherality of fadividoal semicenductor chip by o dis-sawing provas,

%

HRSSTE  Afker the dicsawing procesy. the semicondiiotor chip out from the
sendeondnee wafer {0 oan e paskaged for-g chip packages By the ohip package, ihe
sanveonditeier ehip can be eonnecied 1o a first extornal sircuil, sueh as privied oircult bowrd,

balf~gridegreay (BGAY substrate, semicontuctor chipy memd subsirate, glasy substrte @
seramis substrate, by bonding the metal bumps 8% of the pver-passivation seheme 102 with the
first exterfial clrogil, and van be conneitad o 3 sccond extornal oiraull, such as pringed cirouit
board, balbgridvarray (BUAY substrate, somivonductor chip, molad subsirsts, glass subsirate or

ceranne Sebetaty, by wirdbonding muhiple wires 12 IR, such a8 pold wirey of coppar wives,

the bul metal laver 8 of e bottorn soheme 183 and fo the spcond axternal elrouit

{08481 Pur example, using sowire-bonding process, the wivebonded wivres 129 gan by
wirebonded gold wives ball borided with the regiony of gobl, coppey, alwoivwe.or palisdium of
the bulk metal faver § exposed by the openings 1da. ARerratively using a wirs-bionding

process, the wirchonded wirgs 129 can e wirchonded gopper wirgs half bonded with the
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regions of gold, copper, aluminam or palladir of the bolk metal dayer § exposad by

ppeaings 82,

(DUESHT  Altornatively, the step Hlustrated by Fig, 348 van be performed before the steps
of forming e patisrned chroatt layer $D1, the polyrser layer 08 and the mena] Bumpe 38, Ny
the through silicon vias g, 1ih, T Hid and 1le gan be formed o the thirovd silicon
subsate 1,ouod the buelating laver 3 can by formed o the backside Taof the thinned silicon
subairate | and i the sidewalls of the theough sillons visy Hhy, 1B, Tie Hid and He wdigh
can be reforred to as the steps Hhsstrated b Fige 38024 or Figs, 24134 NMew, the
Interconmecting stnscturss 88 can he formed inthe teough éiiiccm vigs fla, Tib, He, Hid and

{1e and 2t the bucksids 1a of the thinned silicon substrate 1, which can be referred © a5 the
sfeps Bhustated e Figs 25A-CSE Nk, the polymer fver 13 ared the openbigy 14w By the
polvines laver 14 can be forred st e backdde aof the thinaed siliner substrate 1, which oan
e rofvrrad o as B step Hustrated i Pl 2800 Meas, arfhonrpan be Hrmved in theopentings 148
s on the seplions of te ball metal fyer 8 sxposed by the opdnlogs 14a. New, the strustire
inchading the patterned Sfrcult ey 301, thy polymer iayar B% sod the metal bumps 8% can be
farmed @t the sotive side of the thioned siicon aubstrate 1, which can berefmad o a8 the Stegs
Hlustrated n Figs. 18D S38H and 13N Nesxt, the flux by oremoved. Thereaficr, e
senviconducior waler 10 can be got infe a plurality of individual semicondusir ohip by a
dlessawing process, Aler the die-sawing precsws, asing & wire-booding process,. the
wirchonided wires 128, such @ wirchondad goll wires or wirshonded copper wires, can be
hoaded vty the regions of te butk metad fayer © 2xposed by the openings 143 inthe polymer

tayer 14 of the serdedoductor ohig:

jasssg; ¥

bottor seheme 103 of & bottom strugiure technsdogy at 3 backside of & samicnnductor wafir

ga 2082600 are cross-dectional views showing @ process Ry fontiag 8

searding fo the present discluaure. Referning o Pig. 264, aftpe thy sweps Hustrated i Eigs
AR, MO and 23A-330, & photorasg Wyer 3, sich s pasithveyps photusssist ayer a

segativi-iype photorssiet, fyer, baving & thickngss between T oand 2’9{} wigrometers, and

ey

proforably hetestn & and 150 nddeorneiers, cancte fonned on the photwet *sés{ fayer 29 ard iy
the topmost layee of sopper, gold, shiiram, pivke! or palisdBaon of the previpusly deseribed

various butk metat Isyer 9 by spin-on coating prooss a.sgm{:-namimjing proesss, 8 fxhtination

iy patierned with the processes of

Wrocess v & spraying process. Next, the photoresiat lay

by 3

cxposure aid dovelopment to fornt oitiiple opeainge $ 18 by phiotoresistU laper 31 sxposing
muitipie regions Ya of the topirost layer of copper, gold. aluminum, siched or paliafhne of the

218
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previously discribed varions Bulle mead faver § For example, & IX stepger of TX sontaat

aligrer can be used 1o expose the photorasis Taver 81 duriog the process of exposure. Bach of

the spenings $ia has s desired widit W3  larger S misrometers, sush as Betwsgn 10
and 30 pricromsters, between 20 and SO microwmetees or botween §and 130 micromatern

{08651 For sample, the photoresist ke 51 cwn be formad by & sultadble process o
processes, 2.9, by solivon corting @ pasitivestype photosensitive polyme layer having @
thickaess Betwebn 1 and 206 nvicramieters, and preferahly bevwesn 2 and 150 reicrometers, an
the toprost lager of coppey, gold, sduotinum, ninke! or palisdiuny of the pravisusly doseribed
varipe bulk metal Taver ¥ and o he photorasist. faver 28, then expusing the photosensitive
polviner faver using a X stepper ora contact afigner with at least e of Geling, Heline and
tling, snd GRine b ¥ woavshngh ranging ooy g, abowt 434 0438w, Meline has g
wavelength ranging from, o.g., shout 403 16 4070, snt Lline has a wavelength vanging Sy
g about 383 1o MTam, then develnpiag the sxposed pulymer layer by spraving and puddiing
a developey o the semiocasductor Safer 10 or by bmgrsing the semviconduoir wafee Hointo »
devstoper, and then clearing the semiconductor wafer 10 using delonized waly and drying the
serdeondueior wafer 10 by spinming the semiepaducior wider 0. After development, & soam
removal process of removing the residual polymeric material or other contaminarnts frowm e
btk metal Jayer 9 raay be conducted by tsing an O plasrsiz v 3 phasma containing fuorine of
below IDOPEM and oxygen, By these processes, the photorssdst layer 31 san be pa&tem&d with
she opesings $lx axposing the regioes Sa of the topmost tager of copper, gobd, shuminum,
wicke! or pattadivm of the previosly described arious bulk rectal lyer 8.

{65 Refoving o Fig 268, afterthe sivp Slostrated i Fig 364, muliiple metal
biraps wr pilises 27 baving o thickresy targer than 1 malarometer oan be formed in the openings
3in and oo the reglons 93 of the wpmost layer of soppey o, sluminay, siokel or paitadivn
of the provieusly described variows hulk metad isver 2 exposed by the opsaings Sta The
wateriad of the matal busps or pitfare 37 may indhade gold, mickel, o, solder, palladban,

copper, slominurn ot & compugite of the previoesty deseribed materiate.

H86831  Por exanpie, the niets! Bumps or pillaes 27 cun be composed of & single metal
HIGS : 1Y ¢ P

Bysr formed by 8 sufiadle provess G processss, 2@, by clecrroplatiog a copper-fayer, o &
thickniesy betveen (¢ and 130 micromgiers, and profoenably betvesn 28 and 100 wucrometers,
fn the opemings Sl and on the regions Sa of the wopmost fayer of coppey gold, sy

sickal gr palbativer of e prcviousiy desoribed various bulk metad fayer & cxposed by the
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npengs STa waing the préviousty deseribed slectrapluting solution for slectrophating copipey of

the bolk mowd layer &,

0634l Akermutively the metal bumps or pillaey 27 san be composed of 3 singly metal

faver furmed by & suitsble procsss of proccsses, o, by shoreplating 8 gold eyer o2

[

thickness bevwesn | and 20 nicromeiers, and preferably betwesn 1 and 2§ nucrometers, svthe
opariings Sl and oo the regions Saof the fpmost laver of coppern gold, alumingm, wickel o
palindium of the proviously deseribest varicus bulk metal dayer $exposed by the openings s
using the previowsly desoribed electraplating solusion for lectropdating gold of the bulk meadl
fayer 8.

(0B63S]  Altersatively, the metal bumps or pillaey 27 vao be composed of 3 single metal

layer formsd by a sulteble process or processes, 2.8 by ehottoplting o paifadhsn layer, to 2

> bebwesn 1 and 30 micrometers, and preforabdy tetween b oand TS odcremsters, in the
operings Sl and on the regions Saof he fepmost kayver of copper, gold, alumingm, sicked of
paltadim of the provisusly deseribed various bulk matal layer 9 exposed by the openings $ia
using the previvusly described slsctroplating solution for slestroplating paltadiu of the balk

metal bayer B

HE0E5ST  Alterngtively the metal Busnps or pillacy 27 can be compesed of 3 singls metal
ayer formed by 8 sullabis prooess of processs, &g, by P levtroplating & nickyd layer, 10 2
thinkness between | and 180 micrometers, and pm&:fahiy’ batwesn 3 and 60 micromelers, i
the apenings 31 and o the regivrs $a of the tepmost fayer ofcoppern goid, slumivam, nickel
or palfadium of the previously deseribed vartous bulk weted layer ® expossd by the openings
31a using the previousty desceibed eloctropluting solution for sletiropiating micked ot the bulk

neetal bayer B,

{867 Alternatively, the mistal bumdps o pilfars 27 can be composed of double rauat
fayers formed by w suilabls process or prosesses; g, by chatroplativy 8 copper iy, ©© 3
thivkneas between W and 150 micramsters, and preforabdy between 20 and 100 micrometers,
e openings Sia and on the reglons 8z of thy wpmost byer of copper, golds shumimay,

nickel or paladiom of dw proviously desoribed various bulk metal layer 3 exposed by the

opouings 5 la using the previvusly deseribed shactroplating solution for slestvoplating copperof

{‘f;

she batk matad lyer 2, aod then slectroplating or slectroless plating & gold laver 1o s thivkasss
betwveen D005 and 10 micromstens, and prefirably bitwsen (05 dnd | mivvometer, i the

apenings 1w and on the electroplated copper Yayer in the openings Sla uying the previcusly

323
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deseribad slcotroplating or eloctroless plating solutivs Hie plestropiating of dlestrolesy plating

2

poid of thy bulk metd laver 8.

(DUES8  Alersmatively the moat bwnps or piilars 27 cad Be composed of double wel
fayers formed By 2 saiable process o processes, o.g., by cleciroplating 3 copper layer, ke 3

thickness bebween 10 and 130 micrometers, 2id proforably between 20 und YO0 mivromsters;
o the openingd 3la and ow the roglons %a of the topwost layer of copper, gold, alaminum,

kel or palladive of the previousty deseribed varions bulkometsd layer 9 expused by the

apeningy ¥13 using the proviously desoribed elestroplating schation for cleetraplating sopper of
the bulk metal faver 9, and then elictroplating v elcotridess plating ‘s palladhuny Ty, 02
thickness botwsen 0005 and 10 micrometers, and preforably Wtween B0% snd 1 micrometer,

i the Spenings Sta dad on the cledvoplated Sopper fer o the opdhings $la using the

%

provioisly deseribed eleetrophaiog < lectroless plating solution Ror dlectropliting o

<

elertroless plating patiadivey ol the bulk metst ager &

(OBE5%]  Alternatively, the shetal bispps or pillaes 27 can bo compesed of double matal
layers formed by & sultabie provess of provesses, 8:8., by sicowopldting orelectrotess plating a
nicke! fayer, to aihickness between 1 ang 18 mioronmsiers, and preforshly botween 2 and 1D
microveters, 0 the openings 315 pid on the rogions Pa of thefopurost layer «f coppsy, gold,

slominum, sickal or patiadiust of the proviousty deseribed varkaus bulk mete boyer & eyposad

N

by the openings §la using the previcusly desoribed slectroglating @ slectroless plating
solation for elestropining or clegtroless. plating nickel of the budk soatad layer 3, and hen
slostroplatiog of dlectrofesy plating s gold by, o @ thickoess Detvens 3005 aszrj 8
mipvemaeters, and preforably between £.05 and | mivrumeter, in the opewings Staand vn tw
slecroplaied or sleutroless platsd nickel layer in the opepiogs Jid using the previowsly
doscribed electroplating or clectroless plating solutlon for slectropinting or electendess plating

gold of the bulkomen! lgyer 9.

[00686  Alwroatively the metal bumps or pilfare 27 can be composert-of double reuial
fayers formed By @ suitabie prosess oF provesses, 8.8, by dlectrapiatiog w elsdirudess plating a
sivkel hever, 10w thickness betwegn 1 and 15 micrometery, and preforably between 2 aad W
micromeiers, in the openings Slm and on the vegions $a ol topimost fayer of copper, guid
sluntirasm, nivkel or palladiom «f e previously destribed various bulk mictal lyer 8 ;::s(g:t):s{:d
by the openings Sta asing the provionsly deseribed electroplntiog or eleowroless plating

&}

solution for clecplating of sleswolons plating wicked of the bulh matal fayer & wad twen
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¥,

Emimg‘iamm ar slectroless plating & puliadium fayer, © & thickeess betweey C.00& and 1D

meinrometers, and preferably betveer 045 and { ovicromeier, tn b operdngs Sta and ob the

clectroplated o slostrolsy plated nivkel layer fo the opesdngs Sta using the provicusly

fo

deseribed slectroplating or ledtroless plating sobation for slectroplatiog or slectroless plating

palladinm of the bulk metal fayer 9.

00861 Adwraatively s‘m metal bumgs o piflars etal

2
~a
‘,'1"‘(
g
g
Lu
=
%

b
&
oy
&
=
.’J
::;

"E’.,

ayvers Formed by a seitable process or processes, 2.8, by slectroplating -« coppsr eyer, 1o &
thickness betweern § and 150 mucrometers, and preforably between 10 and 100 mivrometers, in
the ppenings 513 and ou the regions Ba of the lopmost layer of SORPEL, gold, aluminum, meke
o patladinny of e proviosly described varlous bullc metal fayer § sxposed by the openingy
Sia using the pravicusty described slectropiating solutkan B slavtroplating copperof the bulk
savial laver 8, riext sleotropiating or electaolesy plating & uickel ren. to o thiskness befween 1
snd TH micrometers, and preferaldy betwesn 2 and 10 moiorometers, Inthe operings Sta aad on

senings $1a eying the previously deseribed elestrophaing

the sleciroploted copper layer hvthen
or tleotroless plating sifution Tor slectropiiting 9r electroless plating nicked of e bulk vast
nper 8, aod then electroplating or electraless ploting 8 gold layey o thickooss betwesys B.U05
and | Amiémmmers, and prafierably betwess DS and 0.1 smitromelses, in the openings Staand
an the slectropleied or slestroless plated nicke! lxyor in the openings §1a ming the previdusly
described slectroplating or slectroless phiting sointion for elseiroplating or elestroless plating

goid of the bulk thetal laver 3.

{88683] Alerngtively, thy setal Buaps or p?l?axs 27 van be coniposed of friplentetul
fayers formed by g suitalie proosss er pronesses, S, kw ﬁé:ﬁkiﬁ)piéii*\ﬁ, & gopper kv weoa
thigkness between § sod 180 micrometors, and proferably betveso 10 and 100 micrometers, b

eold, alumiram, nivkel

2

the opeonings S1a and on the reglons Ba ofy the toproost laver of sapper

ar patadine of the previewsty desoribed varions boll reetal e ¥ asposed by the opeain

g%

P

2

fa using the previously deseribed slestroplating solution for sletroplating copper of e btk

metal fayer 4, me eleciropinting or vlectroloss plating 2 rigked layer o @ thickness bedwean

and {5 micrometees, and preforably botweere 2 and 10 micrometers, B the opetings Saabd on

¥

this sleptropladd coppey fayey T8 the openings Sl wsing the previoosly desoribed electropisting
&G

arelecirpless plating solution S eleotroplating or electroless plating nickel of the bulle metal

/

faver O and then slecwropiating or eleotroless plaving » palladiims layes, o s thivkness bebesen

30035 and | micrometers, and §r§&r,ﬁs ¥ between Q.05 and 0.3 micrometers, i e OPEnings

Sta and onthe clsctroplated or dlseroless plasd nicked fayer in the operings $1a vsing the

%
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previcusly described  clocroplating o clecvoliss plating solution for slecwoplating - or
slecteoless phating palladion of the bulk metad layer ™

QEeEYT Alternmtively, the mstal bumps o pillass 37 can be composed of fowr matal
¥ i

fayvers Tared By o colodle grocess or prodesses, €3, by clectroplating & vopper Buver, © 2
thickness bevween § and 150 micrometens, ard profossbly bebween 10 and 100 ndcrometerns, i
the apenings F1a and on the regions 9a of the epwmost fayer ul oppes, gold, slumvinum, nicked
ar patiadinm of the provicush deseribed various bulk metad fayer ¥ oxposed by dw epenings
Sta using the proviouste describad clectriplating solution for slectroplating copper of the bulk
metal laver 8, next sloctroplating or slesiveless plating w nickel lwvern, o a thickness batwesn |

and 15 micrameters, and proferably betwota 2 and 18 misronieters, bt the apenings Sz and on
he ehverraplited cogper layer iy the apenings §1a uging the pravicusly desoribad dlveiuplating
sesletroless platingsalution fr cloctroplating or slestroless plating sickel of the bulk owtal
favie -8, gext slestroplating o clectrolesy plating @ palladiom R e 3 thickness betweon
005 and 1 mvivromsters, and preforably benwenn DS sl G} anicrometers, i the operdngs
Fin and on the eleciroplated or electroloss plated sickel layer in the apenings Sta asing the
groviously dexccbed slecwoplating »r slectroless plating sobativs R tﬁi‘e-a:wﬂp!’aﬁng ar

ciroloss platlng pafladium of the dk mated dayer 9, and then slectroplating or slectroless

5

plating ¥ gold ey, o thickness between 9005 wnd § miorpnseters, arsd prefrabily betwees

BO% aed 01 micrometds, in the openings Ste and w tislediroplared or slecniesy plated
palisdium leyer o the opemings Sla usiog the proviously desoribed sleciroplating &r dlecirnioss

plating solution forelectropdtivg o slestrolary phuting gold of the bulle metdd aver 8.

[OUEe4]  Alternatively, the el bumps o plifary 27 cen b compoant of Jouble wetal
fayers Tormed by a suitable prodess of processes, €g., by dlectroplating a vopper Tayer, W a
thivkness batweesn Sand 150 micrometers, and proferably between 10 and 1B microreters, i
the :sgaenings 1w and on the reglons ¥ of e wpmest layer of copper, g ol alsmivam, alcked

r puiladinm of the proviously desgribed vartous bulk mwetal layer 9 exposnd by the oponings

$1a using the proviowsty desoribed elestrdplating solution for sleciroplating copoer of the bulk ’

.,,
%
3
ke

gl daver ¥ asnd then shcroplating. or slectroless plating & selder layer, such a8 3
bisnwivcontaining Jeyer, & bidia-contdining layer or & tivcongiiing layer of 8 deelvad
afloy, 2 toasther fﬁikﬁ};‘ or @ Ho-siver-copper alley 1 3 thickness betwesn 5 sod 23€
mitrovndtts, and proforaly bevween 1D and 100 wmicromerer, o thy penings $1a and on the

clectropiated copper faver in the opebings $1a,
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(B9865] Alternatively the mer! humps o piilars 2T can be somposed of double metal
fayers formed oo suitable process of fwovesses;, e.gn, B glectroplating aonickel layer W @
thiokaess hxtweeﬂ Soand 150 micromelers, and prefershly botween {10 and &) micrometerd, m
the openings $ha and o the regions Bz of the wpmest fayer of copper, gold, aliuntmin, reksl
oy palladion of the provicusly desoribed vartous Bulk metel Byer 8 wposad by the amaing&
35

$ ba usiag the praviensly doseribed eleetroplating soivtion for slectroplating sickel of the bull

plating & eolder fwyur, sucl a5 @

P

meted fayer %, snd then eleotroplating or relectroless

hismuth-contatning laver, an indhimecontaining laver «r 2 ioscwdaining yer of & tin-lead
alloy, a tnestbver aloy or a2 teesilveccopper alloy, w0 o thickoess betweep § and 350
meieromaters, and proforably between 10 and 100 micromster, in the dpenings Staand on the

slestropdated sickel faver inthe openings Sa
A8666T  Alternatively, the metad buwps or pillars 37 gan be composed of iriple metad
i i £ ¥ £

fayers Tormed by & soitable process o processes, &8, by electroplating @ sopper fayer W @

(?-4

thizkness betwvesn 3 and 150 micrometers, and pmi’ﬁ:rah:ﬁy hetween 10 and 106 sxlorasters dn

e openings 3 and on the regions 92’0y the pmeost layer of copper, gold, aluminum, nicksl

we patfedion of e provivosly descetbed vactous btk nrstal laver © exposad by the npenings

Sta nsing the previousty deseribed elvetroplating solution for electroplating copper of the bulk

€

estal faver 9, nent electroplating or slecivainss platiog » nicked layey to-a thickness between |

ahed 13 ouicremsters, and proforahly betoveen 2 and 1Y micromeieryy i the cponingy Slaapd on

5

3

the e?eﬂimpimed copper fayer in the opemngs Siaoing the proviously deseribed eleviroplating
ar lctroless plating solotior v ebamplating or dectroless plating nicke! of the butk meat
yer ¢ and then slectoplating o clechroless piating o  solder layey such as 3
bismuth-coraaining Wyer, an indin-containing layer or a tinvconaining Bayerof 2 thvlead
dioy, a tesibver alfoy orla tesiVecopper wiley o & thickness betwean & and 100

&

migsomsters, and preforably between 10 wnd 80 micrometers, incthe opealogs S1a sod on the

¥

slectroplted ov slentealess plated nicke! fayer i the openings 31a

37

IBESET]  Allernatively, the metad anps or piliae 27 can becompoasd of friple meaiat
tayers formed by & sultable provess or processes, e by electraplating a copper layer, o 8
hickooss botween Land 10 micronsters, srad prefirably hetweon 3 and ¥ micvonmterg, in the
openings 3o and on the regions Ra of the §':§m ast fayer of nopper. gold, slominwg, kel ot

g}‘a?iaa}.éam g thy prwiausiy sdesoribed various bulk wotad nyer ¥ exposed by the openings 31z

foed cleviroplating solution R cleswoplating ¢opper of the ik

ating oralectroless plating 2 nickel layer - thivkiess berwges
228
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angd 15 mivroweters, and prefecably bebween 2 and 10 micsometen, in the openings S1aand an

the slectropiated copper layer in the operdngs ¥ using the previcusly deseribed sleotroplating
o chciroless plating solution o desroplating or clectroless plating pickel of the bulk metal
fver 9, and then clectropliting or olectroless plating & solder layer, such w8 s
Memuth-oontaining layer, @ indibme-contiiniog lyer of & thvcontaining fayer of @ tn-lead
alloy, & Hnestiver @lloy @ g siresiver-copper alloy 0w thiskness between 30 and 250

micrometers, and praferably horovear SO and 138 awicrometers, in the openings 512 and on the

slearoplated or cleetreless plated nicke! laver inthe openings S s
f 3 §

(USR] Alsrostively, the mety] banps o pilflary 37 tan be conposed of double nietad

fxvees formed by a saitable process or progemses, 8.8 by slactroplating o copper layey, fo 8
shickness betwieen S and E89 wicrometers, and profirably botwesn 10 and 100 misrometers, i

the openings 31 and on the regidns Ra of the opracst laver of copper. gold, ahimay, nicked

o

o palladium of the previoesty desoribed various bulk mend ayer § axposad by the openiagy

$ta st the previoasly deseeibed slectropluting selution for sleotroplating vopper of the budk
matal dayer % and then clectoplating o electrofess plating w solder layer, sach as a
Brsmuth-cordalning laver, an indignncontaining layer o & dowcontaining layer of 8 tin-~{ead
Qloy a dsesibver alloy or g tnesibvetcopper afloy W a thickness betwesy § and 109
micrgmatinrs, sod preferably between 10 and 30 mibronveters, in e npdnings Slaand on the

&

slectropiatad copper faver in the operdngs $ia
3 &) Ry

BUN6Y]  Refwring 1 Fig 360, oty frming the metal humps or pillass 27, the
ghotoresist Tayses 29 and 871 are removed using an fhorganic solation & peing an srganic
saluting wim amide. Some residealy Trom the photoresist layers 39 and S} could remain on the

2

ad Raverdb of the metal laver 4, on the bulksuncial layer 9 and oo the sistal bumps or pitlars

27, ThereaBier, the residurby can be removed from the secd Tayee 4b, from the bulk metal layer

% and from thy el Tomps o pillars 27 with ¢ plaviea, sueh as an Oy plasmy or s plasws
srntaimng focring of below Z00PPM and oxygen.

BUSTE]  Acborlingly, the metal Dlirmps of pitldrs 27 can be formed on the! bulk roetal
fayer & after the photorasist fayers 30 wnd §1 arevewnend, Bachrof the metal buwps-or pillars

2V has @ widih W3 larger Guw 5 mivromisters, suchoay betwear 10 sod 38 saicrometers,

bevween 20 and 80 muitrometers o betwaeo 30 sed 130 misrometers, sod frger than that of

zach of the fliie-ling metal lavers 60, and has & height HU firger than |omiicrometer, such as

harween | and 300 wicromsders, botween ¥ and 250 midrometers, bovwsen 18 and 100

238
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smicromelers vr between 3 and $0 micromeisrs A pitch P betwesn neighboring ten aietal

bumps ot piilare 27 can be between 10 snd 30 mivromsters or between 30 and 200 micrometers.

The metal burngs or pillars 27 ssn Be used to be bonded with an externgd ‘drouly, such a3

semicoaducike dap, g;ﬂisiifd cirouRt bomed, balbgndearray (BUAY substrate, flaxible sobstraig,

mctal subatests, plasy substratd or commic subaivate
BE6TY Akernatively, snuther provess for forming e mstel buraps or pillses 27 on the

bl metal lyet @ oin be performed by the folivwing stepy. Referring 10 Fig 260, afler the

&3

stegy iustrared I Fige: 248, 240 and 2522513, the phutoresist layer 29 can be remaved vy

an Worganic solotion or uding ay erganic soluthey with amidss ABer remaving the photaresis

foper 3%, the photorsddst fuyer 3 Mlastrated in Fig. 284 can be Tormed on the topmost fayer of

copper, pold, domintr, sickel or palladium of e provicushy destribad varioag bulk raetal
fayer ¢ and on the seed Tover 3b of the meld layer 4 by o spinqon coating prosess, ¢ lanination
orReRss, a b;.fi?{‘tk‘-m‘imit}g pEbeess oF B spraving process. Next, the phoforesist laver 81 &

patie med wath the proessses of expestre and devefopment 16 form the penings Fis i the

A/'

phistoreaist laver 51 Saposing thy regions % of e topmodt Bivee of copper, gold, shuminug,
sicke! or palladinm of the previously deseribad vadous bulk metal laypee 8. Esch of the
optaings St b & width WY Suger than § wdcrorness, such ag betwesn 10 and 30

o . gom Ty P
elgrometers, botiveen 30 and 50 mvkrometess o betweern 30 and 1530 micromsters, The provess

of foeming the photoresist Jayer 31 and the openingy SEa in the photovesist layer 31 asiahown

orpriog the photoresiat Iaver &1 wnd the

18

in Fig. 80 can by referred 1o @ the prosess
apenings $1a.10 the photoresist Iager§1 35 Hinsrated i Fig 284,

87 Reflorring i Fig 26F, after the step flugraied In Fig 260, the metd bmp
{

273

pidtars 27

%

hustrated i Fig. 268 are formed b the opsnings Sta and on the reglonx ¥ of the
toprost fayer of copper, gold, aluminuny, nicked or palladium of dwe previcusly deseribed
various bk metal layer § exposed by the opesings §1a, which can be referted 10 as the step
MHusttated tn Pl 268, The specification of the metd bumps or pillaes 27 shows o Fig, 388
can be veferved to as the specification of the matal buerps or pillaes 27 Hustesied in Fig 268,
:

f removad bsing an lorpenic solotion or usdng a8 drgars selution with amide. Aceardingly,

e

After formting the metel busyps of p«%ﬁiim 7 as Hostated 0 Fig 26E, the photoresisy fayer

the wietal bumm or pillies 27 van b forsted of the hull mstal laver ¥ after rooving the
x4

chotpresist faver
photpresist ¥
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8873 Refering to Fii{ 26F, alter fonting the metal bumps o pillars 27 oo the bulk
metal faver ¥, the metal tayer 4 pot oader the bullmetal layer § iy removed by etehing the seed
fayer 4h ot under the bulk woetal laver 8, and then eiching the adhestondarrier Taver $a not

under the bulk metal lver % The provess of removing the sesd layer b not under the balk

voetal daover ¥ s the adhesitrdarrier lnyer de not wnder the bull metal tayer 9 ae shown in Fig

&

268 san be reftrred 1o s O progess of removiag e seed hever $hoopt under the tulk metal

fayer ¥ and the adbesiowbartrier fayer 42 rot under the bulle metal layer 8 as (Hustrsted o Fig
et of

13

WesTd.  Accordingly, the interconnesting structurss 88 provided by the wetal layerd and
£ & ¥ ¥ 3

the bulk metad yer 9 oan be formed i the through-silicon vigs Hla, iy L, Hidand T op

3

the fosniating layer 3 and at the backside 1a of the thivmed silivon subsirate 4, wod sidewalls of

3

the bul metdl lyse ¥ e not covered by the sdhevion/barrier tover da and thy seed faver ¢b of

~

<

the metal layer 40 The brdsreonnesting stractires 88 copnests the offechip e 42 10 the

internsl oiecuits 21, 22, 23 and 34, connents the offchip bulfer 42 o e motal bump or pillar

23, and connects the internal clrcuits 23, 22, 33 and 24 wr the nistal humps or plifars 27, The

offvchip BED eirg\sit 43 {s ponvecred 1 the offchip bulfer 42 through the fins<ling mstal trage
638, and to the meiat bimp o piflar 27 through (8 inarconnesting Gructre 88

REETS]  Meny refouing to Fig 2600y polymet lyee 14 s formed oncthe lopmostavey

of copper, gold, sluminam, nicket or palladiven of the wrevivusly described varfous bak metal

layer ¥ of the interconnesting structares 88, on the insulating lyver 3 and at the backside Taof

the thinned silicon subsiraie 1, and multiph openings M are formed o the polymes layer 19

78

i the metal bumps or pitlars 27, Accondingly, »

=

o

for unoover the top sorfaces and the sidews

hottomy: scheme 103 ab the backside ta of the thinned siflcon substrate | b formed with the

Wsulating laver 3, the interconresting sin sohives 8§ provided by the roetad teyers 4 2ed 9, the

g ti‘ saraps o pillars 37, and the polymer Jayer 14, and the opeaings 148 buthe polymer jayer
14 are over the intercormenting wructures 8§ After the step Hlustrated in Fig 260G um
somiconducter wale 10 van be cut i a phuality of indboidudl semicondugior chip by a
die-33WiNE provess,

[E6TR]  Alteratively  sfRer  the siep  iluairated  fn Fig 260 with the
following steps being ilhusteatad with reverse figures for simple explanstion, muliiple opeaings
50 are forinad in the passivation fayer 3 1 expose the meal taces or pads 686, snd thes swph

of the overspassivation schemas 102 fostrated o Figs. 15 TSRLI5M, T8, 160, 171,384,

218
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19H and 3¢ can be gltornatively Tormad over the passbeation yer § at fheactive'side of the
thinned silicon substrae | Thereaften, the semicondusior waler 18 can by cut inte g plaraiity

of udividual sormconductor ohip by 8 dis~sawing procsss.

w

8677 Alomatively & process of forming any onsof the ever-passivaiion sehepes 12
Hustrated i Figs, (3H, 'ﬁw%&i 160, 18M, T 181 19 and 30 over the passivaion fayy
$ can be perfrmed Befing the steps Hlusrated I Figa, 248, 240, 3348350 and 288280
A

1 cani b cut ioto a plurality of individual semicsbdoctor ohipy by & die-sawing provess.

fer the steps Hosirated in Figs 248, 240, 254250 anid 26A-260 the vomdconduaior walty

P

BBET8] AR the dic-suwing procsss, the semposducke. cbip bt Bom e
serisonducor wafer 10 can be packeged for 2 ohip paohage. In the ship paskage. the
semiconducior oflp can be connesied o an exteesal sivouit, sweh se balbgridamay {BOGAY
subsirate, printed-cirouil board, seniconducier ship, metal substiate, wiasy subsirate Or covamis
substrate, theough the metal bumpser pillars 370 the botgey sthemse 103, The seinivanducior
chip includes the bottor solieme 103, and the bottom schente 103 inchules the Insulating baver
3 oa.the backside 1nof the thinned silicon subsirate 1 dnd in ths ahrngh«siiiacm vigy g, Y,
Hig, P and fie, the intercodnecting siructures 8% at 8w backside 1o of the thdnoed silioon

subatrate 1, Gythe twoughssilicon viaa Tia Uib, !a;\\ Yidad Pieand on'the insulating layer 3,
the polymer fawer 14 at the bavkside Ia of the, thinoed silicon subsirate 1, ow, the
interconnecting strachires 88 and wrihe naulating lrver 3, and the metad burps or pillara 27 st

the hackside {wof the thinned silicon subsitate 1 and on the {ferconnecting structorss 88

[RET9] Flg 28H b a wrosysectional view showing a semicorducior waly which san
be formed by » sultable prooess or provesses, g, by the follwwing steps. Fist, the
semisodunior waler 19 Hhestrated in Fig 244 inclodes rouitiple apardngs 831, 532, 334, 53¢
ard S39%0n the passhvating fayer § 1 eipoge muldple reglons 680 of the sl tswes or pads
£0¢, The openings 331 §33, 334, 338 and S38% arg over the regions 600 0F the wetal fraces or

pade 600, snd the rogions 5003 of the metal traves or puds 500 are at botoms of the vpenings

S33E32 5”‘ 4, 539 and 8397, Blead, & fux 32 o he formedd in the openings 831, 532 834,.53%

sy A0 of the metdd traces or pads 608 cxposed by the openings 331,

%
P
Lo
$733
127
L
=
7
E+
@
b3
.
ool
7
b
73

534, 839 and 8397, Mewt, the siep Hlustrated in Fig. M8 cap be porforned, Mext, th
through silicon vias e, 11h, 1ie, 114 and §ie an be formed in the thinned aflivon substete L

&

sside (a2 of the thinned siticow substraie

and the losulating Bover 3 can be formed oxthe by

and arvibie sidewalls of the thwough sificon viay Tig b, e, Vg and e, which can be

A
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referred S0 @ the steps ilustrated In Figs. 290348 or Fige: 291-26N Mext, the interconnscting
struptures, B8 can bes i smed in the through siliven vias Ha, 11, e, 1td and Hle on the
Iating layer 3 and at the backside 12 of the thinned Sloon substrate 1, and the wetat bamps
1 ;)éiiema 27 can be formed on the intercennscting structures 88, which ean be referred 1o a5 the
steps iastrated in Pigs. 35A-250 and 264-28F Wexs, the pobymer layer 14 s formied on the
intercnnnecting structures RE, on the insulating lever 3 and at the backside Ta of the thinned
stiicon substraie. 1, and the openings 14é ave formdd In the polyier layer 14w untover thy wp
surfanes and the sidewalls of the metal bumps or pitlars 27, svcordingly, & botiony seheme 12
sumie as the Bottes scheme 103 shown in Fig 260 can be formed at the hackside ta of the
thinned sificon suhstrate 1.
BUSRET  Afler Broming Me sirpcnwre showr in Fig 28H, the fux 33 s renpved. Mot

with the follnwing stips baing Mustred with roverse figures for simple sxplanation, sach of

the gvergassivation sehiemey 107 Mliatrated in Figs. [3H, TSR0, 160, 168, 17, VBL I9H
and 38 van be slierostively formad over the pa&ssiwﬁm fayer 3 nt the wetive side of the thinned
sificon subhstrate 1. Theresfier, the semisondistor wafer 10 cun be out it o pluralty of

canductor. chip by 3 diesswing process. - Aller. the die-sawing prdagsy, the
3 & ¥ ;

ur
€%
2

individus

mduster waler 10 can e packaged for o chip pachags.

«. .

semiconductor chip ont fronihe sém
In the chip packags, the semic&:sdu cinr ohig can be cormeoted to a fest oxternal oiroult, such @
bafi-grideatray {RGAY subsiratg, printed giroult bowrd, semicundusior ofdp, metal substratg,
giass substrate ov seramic subsirate, through the metal bumps or pillars 27 of the bottem
scheme 103, andfor 1 seoond external oheult, such as balbogridearsay (BGAT subsivate,
printed sircuit boned, semicondustor chip, sietal substrate, Qass substrate or caramic subsitate,

through wne of the pver-passivation sehemey 102 Slostrated in Figs. 15H, 15K 150, 1L, 16M

174, 181 19 and 3D The inietoonnecting svuchus 38 sontel thy ofifehip bulfer 42 o the

sonnest the metal bumps o piflars 27 o 8w offvchip

e

nverral ciots 21, 22, 23 and 24, an

buffer 43, o the offclip ESD circnit 43 and o the internal leaniis R1,32,23 and 24,

0681 Fin 260 a grossasctivast viow showing s sumicanductor waler, which ean b

formed by & suitably proceas or pracesses, e, by the following steps, First, the semivonducior

&

3

water (0 Uhstrated in Fig 334 imslodeg multiple openings 331,832, 534, 33% and 39" inthe

passivation laver § foocaposs shsltiple regions Al of the meal aces or pads o0& The

pperings 531, $32, 534, T3 and $39° are over the reglons 600w of the wmetal traves or pads 600,

and the repions 6003 of the metal traves tr pads GO0 are 2t buttoms of the openings 531, 334

534, $39 and 830, Wont, the mete] pads, bunips of traces 344 tan be formsdon the passivation
230
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e

aver $oand on the regions 6004 of the wetal traces o pads 800 sxposed by the penings 831,

132, 534, 539 and 53, which can be refered 1o as the procesy Hustrated i Big 23K The

hde
’uJ

speeification of the tnetal pads, bumps or iraces Mo shows o Fig 261 conbe referred toaxthe

speeification of the wetdl pada, bumps < fraves 342 ay fHustesded o Fig, BN, Adter forming
r s

the metal pads, Bumps ney $4a, the wey THustresd in Fig. 248 can he performed. Nexy,
the theough silion wiag iib, ¢, 1id and 1le can be formed i the thinnad silios

sobysavate 1, snd the fasalating lver 3 can be formed oo the backeide Taof thy thinned sifioon
substrate | and on the sidewails of the through silicon vias Pia, 1Y, 1e 118 and Yie, which

can be referred to ag the steps Hlustrated v Pigs 29C-24H or Figs., 34BN, Neat, the

intereonnecting sitores 88 san be formad in the througho silioon vias Ty Ty 1, Fidd and

e, o the inselating iagm 3 and at the Hackside 1o of the thinned stlicon sehstrate 1, axd the

soetal bumps or pilars 37 can he formed on the Inforconnedting structurss 88, which can be
referend Ty 3 fhe stops Hlustrated o Flgs, 234350 and 284-28F. Naxt, the polymer fayer 1y

formed i the ierconrecting struciares 8, urthe insdlating aver 3 ard ot the backside Iaof

the thinred sificon mibstrate 1, and the openings 19 are fomed o the polymer layer M @

vroever the top aurfices aad the sidewails of the metal bumps or pillars 37, Acoordingly, »

Tottons schems 193 same a3 the botiern scheme 103 shown T Fig 26G spp be Rumed at the
backside T of the thinred 4loon subsuate T Ahernatively, the step of eming the metal pads,
bumps or traces 3y on the passivation fayer 3 and on the reglons 600 of the metal waces or
pads 600 exposed by the Menm g8 331, 532, 534, 339 srd 5397 cun be performed aller forming

the pobmer inver 14

008821 ANer forming the dructure shown fn Fig. I61, the sepivonductor wafer 10 can

foral

Be cut ime 2 plorality of Indhaduest semicondusior chip by g digsawing proosss. After the

do-sawity provess, the Sendeosduonr chip sut from thy, swicondutir walee 1 oun be

packaged Rz ohip prekage: Inthe ohip preksge, the semivondustor (;hip can b aonascied o
& first exarreal wivoult, suohss privted clrcult board, semiconducie ohip, ballgrid-asray {&{J

subeirate, motal substrate, glase sabstrate-or cerande substiate, ﬁ.\;«mg}s the metal pads, bumps
or tfaces 34a and 0 8 second el oircud,, sech ag printed St board, balbgrideareay
{BOGAY subsiate, seminonducior chipy memd subsirate, glasy substraie or cermwic Substeste

o -

theough the metal bumgs or pitlers 27 of the botom schemse 103, The intercomesting

structives 88 conmpds the off-chip bufferd 42 to the lernnd dirchita 21, 22,23 sad 34, and
conmect the metal bumps of pillars 27 1w the offvchip bulfer 42, 1o te offchip ESD conuit 43

snd o the internad cirouita 31, 23, 23 and 34
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JOBGE3Y g 268 is porosescctional view showing a sesivondusior walvr, which canvbe
formed Ty a sutinble procesy or processes; 2., by the Slfowing steps. Fivet, the semivorductor
wader 10 Hhusteated in Plg. 248 includes mudtiple opordngs 531,332, 534, 339 and 3397 dn the
passivation Ryes 3 woopese mwliple reglons 680z of the metal taees or pads 600, The
openings 511, 32, 534, 3% and 5397 are over the reglony 800 of the metal ey v pads 884,

rid e regions 600x of the muisl traves or pads 580 are at botloms of the openings 331, 538,
34, 839 and 339 Next, o pasterned circoh loysr 301 compnged of an adhesiordbarrier/ssed
lsyer 8011 aod 2 el foyer 8012 can be formed on the passivation layer § and oo the reglons
530 of the metnd rades or pads 608 expiond by e openings 533, §33, 834, 53¢ and 5397,

which can be referred o as the steps Hlustrated in Figs, I5DV15H Next, a polymer Tayer 98 &

formed on the metal Jayer B2 of the palterned siroud layer 881 and on the passivation fayer 5,

ard an opening ¥30 i the polymer layer 98 s over 3 contact point 81a of the medad fayer
B2 o the patternad olroult Taver 501 and sxposes i, which van he refursed o ay the progess
Plustrmed fo Fig 155 Acvordingby s over-presivation scheme 12 care be Tormsd with the
vatterned sivcult laver 801 and the pobwmer layes 88, @ the sotive side of the thinned allicen
substrate §oMexry @ Hux 32 1 formed in the opendng BR¢ and oo the vontavt point 80ta of the
et dayer BOIZ oxposad by the opening 980 Next, the step Hustrated in Fig 248 pan be

3&:‘!’}}rme§. Nexy, the teoagh silicon ving Ha, Hib, g, Hd and e cbn be formed in the
3

ey

N

hinned siticon sobstrate 1, and the sulating laver 3 can be formed oo the backside 1o of the
ihirmed siticon substrate 1 and ont the sidewalls of the through silivon vias g, Hi’;k Heo Hig
and He, which o be referred to as the steps Hivstoated by Fige, 240245 or Figa. 241-24D
Nexy, i inforconneating stractures §3 cun be fored o the dhrough sificon vias 11y 1, ile
bid and Ye, on the inselating Taver 3 and ot the backside 1a of the thinned sificon seateats
ard the metd bamps oy pillaes 27 can b furbed o the intlereonnscting structareg 88, whish
can be referred fooas the steps Hustrated iy Figs, 34250 and 26A-36F, Mewt, ihe polyaer
fyer 34 s formed on the bvorconmeiting structires 88, oo the meudxting layer 3 and at the
backside Taof the thirned sflivon subsirate 1, and the openinge Ta are foymad in the polywer

-~

fayer 14 o wneover the fop serfaces and the sidowslls of the metal bun wps or mﬁaf 27

Accordingly, a hotiom soheme 103 s3ie a8 te bbltom schewre 103 shovwn In Fig. 286G ¢an be

e patisrned clroult fuyer 80V and the polyreer layer S8 can be performed afier fermm& the

polymer fayer 14,

fornyed st the backaide 1o of the thioned silicon substrate 1. Alernatively, the steps-of frming
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FEOBR4Y  After forning the structure shown In Figo 284 te fux 32 §5 rewmoved.
Thereattor the senviconductor walkr 18§ can be ot bac o plusatity of odividue! semicandustor
ohip by & dic-srwding provess, After the dicsawing process, the seraiconducter ohdp ot from

0

the senviconductor waler MY gan by packaged for 2 ohip package, In the chip g»j{‘}xds.. the

{,'L,

uptor-ohiprvan be connected fo a firel external circuit, such s printed ciroult buard,

5.\“»

emivon
semivondiustor chip, boll-grideasrsy (BGAY substrale, meml substoais, glass substodde or
cerpmic sabstrate, by wischonding apold wie Gr a copper wire 1o the contaal point 801a of
gold, copper o ahasiouneof the paiterned clveult layer 801 aad tu the fivst external vircuit oy
by solder boading the contact point 8012 of te patterned oircuft Iayer 801 with 2 gold v er
2 tin-slioy 233;@3‘ of tha: firat sxternal clrouit, and can be connested o 8 second external chroaly,

ol 38 printed obronit bosed, ballpridewrsy {(BGA) sobsteate, semiconductor chip, metal
substrate, plass substraie or covamiv substrste, through the metal bumpsoor pillars 27 of the
boatory schame 103, The interconnesting sruchures. BR courest the offehdp buffr 42 1o the
intoenad cirowits 23, 23, I3 avd 24, and sonosct the moeisl burosgs of pillses 27 0 e offchip

baftor 42, 1o the ofchip BSD chrouit 43 and 1o the hdernal civouits 21,23, 33 and 24,

FIO6RSE  Fig 36K i g orosssectional view shewing ¢ semiconduster watkr, whisk san
b formed byoa stitsble progess of grovesses, og, by e follbwing steps. F

sernivondugtor water 16 Bhustrated In Fig, 2A inchudes vuultiple oponings 531,332, 834, 839

pe

At 338

in the paesivatian 3&3}"&’3‘ § re oipose haltiple regions 8003 of the wetal faces o pads

4

&S00, The epenings 83 A3 and 53‘9‘ are pver the regions §00s of the metal traseg o

pads 800, and the regioty S883 oF the iatal thages wr fadi 6030 are & bottoiis of the operiags

. S3Z N34, 330 andl 33W. Nest s putwrned cireait lager 801 compossd of aw

eston'harrionissed faver 8811 and » el layer S013 cardhe Tormed onthe passivation ea\,es
$ared on the reglons SO0 of the metal tstey or pads 608 exposed by (e openings $31, 832,
S34, 33% and 3397, and eaitiphe metal bumps o pillars T4 can be Tormad on multiph r;:gkms_
of gold, coppey, nivkel, abiodmin or pafladiom of the toetal layer 8012 of the paftermad clduit
hagper 8GE, The adh&se‘iqm‘ba’n'égrfs&e{i laver 8011 s formgd oo the passivation 353};‘?2‘3' % and on the
reglons 600a of the metal wavesor pads 500 cxpesed by the openings 334, 332, 334, 53%.and
339, and the owtal layer RUI2 is formed oo the adhesion/bartiersse r Q0. After
Forming (e makd bum;&s or piflacs 141, 3 polymer Jayer 98 <an b formed on theyoetsl By
013 of the patierned ciroudt Iaper BOE and na the passtvigiion layer S, and sultiple openings
QR0 are formied In the polyimer laver 98 to wrmover o sarfaces and sidewslls eof the nwtad
bomps o pifiars 1410 Avcordingly, ai ovespussivation scheme 103 can b formad with the
33

B ¥
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pattarnesd oircuit layer 801, the metal bumps or piflars 147 and the polymer hoyer 98, a the
sorive side of the thinned silicey substrate 1. Mext, the siwp Hlustrated in Fig 248 can be
performed. Mext, the ihmugh silivon vias s, T1h, Mo Hid and 1o can be formed 8 the

thincad sifio subsrate 1, and the inmdating laves 3 pan be formed onthe Bavkside Yo of the

o
fo

thinned silicon substrate | and op the sidewalls of the throogh silicon viay e Hb, His 8
and Tie which can be referead foo @ the steps fHusrated da Figs, 23C-24H we Figs 24524N
Hext, the injereohnecting steustores 38 can be formpd In th thtough eilican vise Ha, b, B
1id and His, on the inedating lever 1 angd at the backside La of the thinoed sHivon substrate 1,
nd the metal bumps or pillaes 27 car e formed oo the interconnegting stiractures 88, which
cant b rederred 1o s the steps Hlusteated b Figs, 35A-250 and Z5A-8E. Bext, 1he polyprer
Bayver 14 i formed on the interbonnecting srectures 88, o the tmdating Byes 3 and xt the
hacksiderin of the thinned sifioun substrate |, and the-openings Tdaam ifb,rmif{% i the polymeer

\

aver 14 to umpover U top swikces zad the sideverdiy of thy netal bumps or piftaes 37,
Accordingly @ boflom scheme 183 same s the botiem scheme 13 showa n Fig, 260 can be
formed & the backsids o of the thinosd silincoy subsirate §. Alterostively, the stepaof forpuing
the paiterned sircuid Jayer B01, the metal bumps or pitlavs 141 snd the polyoy layer 9% van be
performad after forming the palvmer layer 14

GE8861  The motal bumpsior pitlars 1471 have o width larger then 3 wivrometers, such as
# = :

oeny S aned. 100 micromigters, and a helght goater than { micrometer; such a8 betwoen § and

oF
ﬁ
%
I

159 puicromaiers-or betwesn 10 and 100 micrometers. The material of the metal busps or

pilars B4 may belude gold coppern oicheds ahuninwe, paliadivm, solder or a2 somposive o
the previousty dessribed materiale, The meta! buspy or pillars 147 can be uged 1o be boaded
with anexterng ofroult, such as printed Clroult bosnd, fexible sobisirate, bullgridarray (BG4

substrate, sentieonducior chip, mttal nubstvate, gless subsiraly or cerarmio substnte.

JORSETE The metal bups of piled 141, R exsveple, san be samposed of 4 single mtal
iaver formed by 8 sultsble process or processes, 8.8 by clecroplating @ copper fayer, 10 8
thickness between § snd 10 miveometers, batwepn 10 angd 150 micrometers or botwegn 20 and
F30 smicrometers, on the regions of gold, copper, nickel, dluminuy o palladium of the metal

fayey BQLX

[ODESR] Alenatively, themetal bumps o pillaes 141 can he compossd of @ single metal

haye

“4

formed by aooulable prodess o pricesses, e by electroplating & pold dayer o

thickness betwesn 1 and 30 micromciers, botvveern 10 and 23 pdcromeines or between Fand 58

234
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miornmeterg, on the reglons of gold, copper, sickel, abumimen or palladiun of the noetal ayer
St g

(U88Y] Alterrativel w, the mend bumps o pillars 141 can beconposed of g single metal
yer formed by o woitable provess of processes, &g by dlectraplating s pallsdhum layen o g
trchkuess berween 1 and 30 nucremsters, between W and 25 micromstors oy botween 3 and 5¢
miicrometers, oo the reglons of gold, copper, sekel aluminum o paliadivm of the natad layer
8012,

{00600 Alernaively, the viotal bumps or piifars 1471 pan by compoged of o single metad
ayer farmed by a2 suliable provess or prosesses, g by slestroplating 2 nekel fayer, fon
thickness betwaen 3 and HE micrometers, and preferabldy between 18 and 68 nuicrametsrs, W

the regions of gald, copper, sickel, slumirmpn or palladieeuod the vetal Inver 8612

JEERTY Alernatively the metal bumps or pillass 1471 can be composed of doubl metal
3 43 N 8

Iayers Tormed by a sultelde provess or prosesses, a8, by slestroplating 8 copper Jayer 0 2
thickoess between § and 1) micromeaiers, betweers 1 and 150 mioronsetacs or between 28 and
HOU puierormeters, on the rogions of gold, topper, nickel, sluminum or patiadiam of the metal

fayer 8013, sl thor dlecirpplating o slestraless plating 3 gold e ov g palladiuny laven w0x

hiokness between G008 and 10 micrometers, and prefirably between 8.03 and | micrometers
annthe electeopisied copper laver

iﬁi’%ﬁ%} Alisraativedy the metal bumps or piflars 147 can be composed of double metad
nyers formed by a sultable process o processes, &, by slettoplating ov electrolesy plating a

siokel laver, to s thickness between | and 18 micrometers, and prefersbly betwesn 2 and 10

8012, and then slectropiating or eleciroless plating 2 pold laver or & palladion fayer, © 2

*

shivkness detveen 0005 and 1§ micromaetery, and preforably bebwena (U8 and b iiorcrasters,

an the elestrophated oo elestroless plated kel laver

:;iii)é?}.‘.%} Adterratively, the maal burnps o pillaes 191 can be compased of triple fawal
Iyers formed byoa sultable process or preoesses; ¢ by clestroplating a copper fver v @
thickness bedween §and 130 micrometery, aad preferably between 1 and W0 micrometsns, on

the regions. of gold, copper, oickel, shuminum o p&ﬂ'&ﬁ%t}m of the metdd yer 8013, next

sleptropiating or plectrotess plating @ nicke! laver, o'a thivkness hetwiesn T and 15 soerarneters,
and preferably bepwren 2 and 10 misvometers, on the electropdaied copper layer, snd then
slectropiating oy clectroless plating & gold fae? of 8 palisdiann layer, 1o x thickaess butwaen

235

(253
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DOG

e
)

nd 1 omicrengisrs, sod prefersbly betwesn 085 aed (1 micromeiers, ow the

slectroplaisd or clectroless plated nicked layee

[0694]  Alernstively the metal burops or pilley 141 can be somposed of fow metd
favers formed by 8 sultable process or progesses, e, by chetropliting 3 Sopper fayer, 0 3
thigkreens bebween 5 and 150 minommeters, aod preferably between 10 and 100 nicromsiens, on
the segiots of gold, copper niokel, slunvmm or palladium of the metad Byee 8012, wexd

slentrapinting or slectroless plating & nickel fayer, 10 & thicknesy betoerer §and 15 micromesers,
ard profesably botween 2 and 10 wmicrometers; on the slectroplated coppee layer, oext

slectrapinting or slestroless plating a palladium lyen 1o @ thickoess botwesn G805 and 1

By

pucrorneters, and preferably betweess 008 aad (01 nucrometens, on thy electropisted or
slentrofess plated nivke! lavee, and therdeleciroplating or clottrolesy plating 8 gold layer, g
thickness heteeeen 0,005 and  ndcromstens, and prefombiy betwern 8.03 and 8.1 micrometers,

ot the elsctroplated or slectroless plated patladivey fayer

HAS8Y Aleraatively the el bumps or piflars 141 varn be compasedd of double metat
fayers formed by & suitalde process oF provesses, o, by sleotroplating a copper laver, W
shickness between S and 130 micrometers, and proforgbly bebwesn 10 3nd 1O micrometers, on
the regions of gaid coppé{: afvkel alumimen or pailadivecof the mend ayer 8013, and then
sleciroplating of electroless plating & solder fyer sish as v bismuth-contsiniog fayey wn
indhov-pontaining layer @ & tin-convsining layer of & din-lead alloy, 3 Hnestiver alloy or &

tirsstiverscopper alloy, to o thickness berween 8 and 100 micromeiers, and preferably hotorgen

1 and 30 microinater, ui the dlestropisted vopper fajer

586 Altornatively, the metad bumps or pillaey F41 can be voraposed of double metal
fayers formed by a suiteble prossssor procssses, €3, by slestroplating s rdikel fayer, w0 &
thickness betwsen & and 180 miorometers, and prefevably between 1 and 100 micromeies, on
e regiony of gold, copper, nivkel, slaminen or paliadive of the el layer éf}im and thep

slectropiating o ¢lectroless plating 8 soldw iaycs; sunh av R bismutix«»ommmng» fayer, an

indhareconiaiging fayer ar 2 tivcomaindag Iayer of ®-din-lead alloy, & He~stiver alloy or &
trsifveroopper alloy, s tickness between § and 250 pivrometers, and preferably botoeen

1Y and 100 micvomeien, on the dlectroplatad migkel lyen

FRGETT Alernativeb the peetal bumps or pillars 148 can be eomposed o tripde 'metal
fevers formed by a suitable process or processes, €4, by elestroplating & copper layer, 1o &
Hickness betweon & and 158 mswm ers, and preforably betwaen 10 spd 100 micvomeiers, on

236
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the regiom of pold, copper, nickel, ahidnum o palladiom of the metal ey 8813, aext
slestroplating or elestrolesy platheg a nicke! Jayer, toa thivkness babween 1 and 15 raitrmeaiirs,
snd preferadly bawsen 7 and 16 micsomelers, on the slectroplsted coppar layer, wnd ten
sleptroplating o eleciraless plating & selder yver, such @ 2 bismuth-contaiping ayer, an
indhveooataialng fyer oF a ti-containing laver of & tBrlead wlloy & dn-sibver dlloy @ 8
tine s:iwzmwg v alloy, g thicksess between 3 and 100 migrometers and preferably betwee
Wrand S8 micrometery, on the cheatropinied or slocienioss plated cicket layer
JONRR8]  Alternatively the metad bumps o pillass 141 can e compossd of wipls ot
lavers formed by g sulleble provesy or peosssses; eg, by slestropiatiog 8 copper fayer, © 3

thickriess between' § and 16 mivronnstse, ard preferably betwesn §and ¥ misrometers, on the

m

reginns of pold; oopper, oickel, alumisum or pai@adium of the metsd layey 8032 nex

slestrogdatiog or slestroloss plating @ nigke) laver, To a thickness between 1 and 15 micrometers,
and peefrably betwern 2 and 1 misronelers, o the elestroplaied copper ke and then

slestrogiating o ¢loctroless phiting & solder layer, sueh g5 & Bigmutheconining tayer, an

induvecontaining layer ora Uh-comalning lager of a tinsdead oy & toesilver glloy or 2
tresheer-sopper alioy o a ddckness bevwaen 310 and 350 microrosters, ared proforably hetween
S0 and 188 oigromesers, wivhs slectroplitgd or slpstroless plated rieka! fayer

80699 Alervatively the wetal busaps or piflars 147 can be composed of double metal
fuyers fovired by & stitable process or processel, o, by slciraplating a copper layey, fo 8
{hur ass between X and 150 minrometers, and preferably betwaen 18 and 103 micromeiess, o
the regions of teld, copper; aickel, shumiman oy paliadnon of the menad yer 8012, and then

slpctropiating or electrdless plating @ solder layey, such 8 2 bismuth-containing fager, 8n

indiumesoniaining laver o 3 Ho-cGuuaindng Wysr of v thedead slloy 8 tloesiiver alloy or ¢

bl

trestiverscopper alioy, kg thiskness betwean 5 and 108 micmmexers, and proferably batween

&

1 and 30 misroneiers, an the slestroplsied copper lgyer

W

JOUTes Adler forming Hhe struciurs showan in Fig, 26K, the semivendustor waltr 10 tan
be oot it & ploraliny of individeal semivondustor ¢hip by a dipsawing process, ARer the
$ie-sawing process, the sendepnduter chip 2wt from the sembborducior water 10 can be

package. In the ohifs packags, the svﬁmicend‘uc;a:s‘ chip can be tonnected o

¥

packaged for achip
a first exermal cioult, such as balk a\a"sf»a{mv (BOAY sehyate, printed circel boand,
semictrducior hip, mmotal subsivate, glevs substrate o carasin sobsteate, throeph thy matsl

bumps or pillars 141 of the pver-pissivition schewe 182, and s by connested toa seepnd
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extersal ciroait, such as ballogrid-grray (BOA) substrate, prived vircuit board, senticonducior

chip, metal substrate, glass substrate ov ceranie subgirate, theough the metal hz_smps‘ ar pilfars
27 of the botwe schame 103 The paterned eireuit layer 30} corsposed of the masd fayors

2011 and RBOI2 at the astivs aide of'th

<‘7

thinned silieorusubstoate | oonmects the offchip buffer

Sery %

42 1o the beons! clrouiw 21, 28,

Lw..

PR

awd 24, and sennedtsithe off-chip belfer 43 and ihs bugrnal

pleeuis 24, 3% 27 snd 24 1o fhe fst oterpal oireuit through the metel bumps e opillars 144
Thi intorconneoting stniciurss 8% provided by the rasind lavers $ snd 3 st 0 backside Jaoldw
thinred siticon substrate | connpat the offechip buffior 42 o the internsd civouils 31, 32, 23 and
34, and conveot the off-chip baller 42 and the inrral ciroults 33, 22, 23 sod 24 wthe sevond
sxzernal givowit through the metal bumps or pillses 27 The offtelip BRIY choait 43 oun be

commested b e patierred cHoul taver RO through e fan-live motal trace 63% pod o the

interponascting strachure 8% through the Rog-line metal raee 6390

OO Fige 27ASTQ e srdsescctiondl views showing g proossy for Toroing 8
botiony schiems 107 oF » boltom structure tochnolopy 88 & buckeids of 1 semicondugtor wafer
acenrding B the present disclosure. Beferring to Fig 274, after the stepa iBustrated iy Figs.
248, 290 and 25250, & phetoresist laver, 51, xuch as positive-type phetorssist Ryer o
regative-type photoresist kivéer, having sohickness Targes thase | midrometer, such 45 batwsen |
snd 120 micrometers, sod proferably between 5 and 30 miveomsters, con be formed on the
photoresist kyver 29 and wn the topmost layer of copper, gold, sluminwe, nicke! or patladivm
of the previously desceibed warious Btk metat fyver @ by 3 spineon cosling process, 8
e inaion proveess, & screampriniing procss oF 2 spraying progess. Nest, thy photoresiat laver
%1 ia patterned with the provesses of sxposare and devslopment to form muliple openings Stk
I the photoresist layer 8 oposing wuliple rwgions Pa of the ‘;{?mmst fayer-of copper, geld,
afwmingny, micks! or palladiom of the provivesly described Ywrions bulk metal fayper 5. & 1K
stepper o X contaet aligner can be used 1o expose the photoresist layer $1 during the prosess
of exposure, Rach of the operdngs 31b has 'z widih W4 botwenny 3 and 18 sderomdtoes or
between 10 and W mivravstera, The procesy of forming the photoresist ayer 31 and g

apenings $1b in the photoreaistlayer 51 & shown i Fig 374 san be rweforred o the provess

of forming the photoresst fayver 51 and the opepings Mo s the photoreshbt fayer 31 sx
Hlsrated b Fig. 284,
BE8Y Mo, reforring ke Flg. 278, mwii‘ipi: vig pings S¥can be fomed s the openings

o

31b and on the ragions §a of the topmost layer of copper, gold; slumbwm, nickel or patisdivm

U

of thy previcusly deseribed various bk m@tssi faver 9 exposed by the openings $1b

. The
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material ofthe via plugs 38 ey inchude gold, oickel tin paliadiunt silver, shamimay, sopper

or § compasite-of the previoushy deseribed materials

ORI For cuampls, the via plugs S¥ van by composed of s slagle mvtal Teyer formed

N

g., by clectroplating a copper layer, 1o & thivkness hetween

bew suitabie provesyny pradesses, &
1and 100 ovcroraetrs, wd pm‘* rably between 2 aud 30 ndcrometers, in the operdngs STk and
o the fogions Y2 of e opmod fayer of soppen gold, alersiowy, ricked or paliadivm of e
proviousty desoribed various btk metal layer B upms& by the openjaps STH asing o

previousty desoribed electroplating solatipn fwr slectroplating copper of the bulk nietal ia_}fe? &,

1087841 Alornatheely the viaplugs 38 can be corsposed of » singie metal Javer formed
by @ suitable process or provisses, g, by slectropdating or elscroless plating s gold layen to 8
thivkness benwsen 1 and 10D misrometerg, and peeferably betwsen 2 and 30 micrometers, i

penings §1hand on the seglons 93 of the toprecs ey of copper, gold, shaminsm, nloked

w

o pail:ati; an af the previousty described vartons bulk metal Jayer 8 e:.:w;m»sa‘il by the openings

ih using the previcwsly deseribed clecvoplating o chotrolegs plating soludon Ry

A

.

electroplating or electrofess pluting gold of the badk st layer 8.

TO5]  Alcrnatively the via plugs 58 can be composid of 3 single metal Toee formed
by omiiiable provess or processes, .. by cinciroplating or clectrokess plating 2 paliadium
faver, o & thiskness %mtw::en Poand 100 misrometers, amd proforsbly betwean 3 and 30

&

micrometers, in the u;zems g5 31 and on the reglons $a of the topmost fayer of copper, gold,
alisminnen, oiche? or palladitre of thy previeusly deseribed varjous bolk metal Tayerd oxposad
by the openiogs 31h uaing the provicusty ‘described electraplating or slestroless plating

sofution for dlectroplating or slestrolens plating palladivre of the bullonstal layer &

HEGR Aimmauvm\* the via plugs 58 con be composed of 3 sloghe matal e formed
by ssuitable provess oy provesass, 2.4, by ¢ s:‘:rts;:\iaaing or electraless plating 2 nivkel laye, o
athickness beteen | oand 100 micromaters, and preferably betweeon 3 and 30 micvometers, in
the openinga §1h and o the regions 9a of the opmost Byer of ceppor, gold, shamimem, nivkal
or palladiom of the previously described varivus bull rostal lyver § sxpased by the openings
S using the previously desoried sletirdplating oy olectraless plating solotien &y
sleciroplating o electraloss plating nickel of the bulk metal lawer 3.

7O alernatively, the vie plogs §§ con b sdimposed of doubie metsl ayery formed

Hya suitable groveny o provesses, 8.8, by elsciroplating g copper layer, o g ﬁ%nrmm TorgeTt

3

and 100 micrometers, B profivably between 2and 30 micrometers, i the cpenings 31k and
238
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of the reginay ¥a of the topmost layer of coppey, gold, aluminum, nickel or palladian of the
previoushy deseribed wwrlows Bulk metad Javer 8 sxposed by the openingy 31h nging the
proviousty desoribed clectroplating sohation for chearoplating copper of the bullo meat layse 8,
and then eleotrophuting or slovtroless plsting a gold layer or 2 palladhany laver toa thickness
hetwaen G008 and 18 microbwters, and preferably tetwesr 805 and 1 micrometar by the

Y

opeaingy M aad on the efectroplated copper layer iy the openings S M

IDETHY ANeroatively, the via phigs 58 can he composed of double matal Kyers formed
by a sultable provess oy processes, gg. by electroplatiog or slestraless plating wonicked huyer, 1o
> i ¥ fuaiing ¥,

g thickuess beprasn 1 and 135 microrasters, and p;'a'&\ ably between 2 and 1 micromaters, &

the openings Sk and on the mgimss 9a of the topowost layer of copper, gold, aluminum, aicked

or pathuiinn of g previously described vartoos bulh wmeta! aver B enposnd by e ppendngs

U}

Gib usioy the peevionsly desoribed elscproplating or cleotrofess plating solution foy

electeopisting or sketroless plating sivke! of the bulld mstal layer §, and then electraplating oe
afvetradess plating a gold layer or @ pafladiom fayer, v 3 fdckeess beoween §505 and 1D

&

sticrometers, and proferably Batwwesn 0.8% and 1 micrometen fn e opdngy SIH and o the

o

slectrogiamed or slectroless phated sicked laver v the opeaings 818

£

FOB7ENE Heferring to Fig 270, after Raing e viv pluge 88, the photoresist layers 28
and 51 ave revneved ueing ax inorpaide solution or using an arganis sobition sdtbeamide. Some
vesiduals fronh the photardsist tayers 39 and 51 could retwaln dn e boliomsts! ayer 9 snd on
e vis plugs 88 ThereaBer, the residuals ean b removed from the boll meetal layer ¥ and from

2 IR

he vig plugs 3§

o

§with a'plases, suchasan O plosma or & plasma cordaining fuoring of below
QUOPPM and cxygen. Accordingly, the via plugs S8 can be Hrmed on the bulk metal layer §
after the ghotoresist layers 29 and ¥ dreretmvved, Eaeh of the vin ploge 88 has & width- W4
hetween 3 and T8 aviceometers o between 10 and 30 microvwters, and & height bevween { and

M mloromeiers, and preferably between 3 and 38 micromeivrs.

MBI ABernatively ansther provess forfhrming the wia ploge 58w the bulk metal

3

aver $ cab be performed by the following seps. Réferring to Fig 270, afler the steps
Hustrated fo Figs. 348, 34C and 352-051) the photoresist laver 29 can be voregved aaing an
nargasdd solation or using an orgenic solution with amide, After the photorasist fayer 28 s
remeved, the previnusdy deseribad phokeesist layer 31 bavidg a thivknesy between Eand {30
migrowmerers, wnd preforably biotween Fand 36 micromuters, can be Somed on the seed layey

4b of the restal layer ¢ and on the topwiost laver of coppor gold, slumdnam, nickel or

248
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slbadines of the previousty deetribed various bufk metaf fayer @ by « spinenn oivating process,
ﬁ:mmaasa{ P PrOCSSs, B ACroEn-Brinting proctss OF @ spraving provess. Mg, the photoresist
layer 51 i pattorned with the prosesses of exposute ard developoent 1o forny the apenings 51b
i the photorestsy laver 81 exposing the regions ¥3 of the wpmost fayer of copper, gokd,
sluminum, sickel or patfadiom of the previcusly deseribed varions bulk meted fayer 8 The
process of orming the photoreaist layer ST aond the openings S1h s the photbresst layer 51 8
showst i3 Fig, 278 cenbe reforred to as the provess of forming the photoresist layer 31 and the

openings $1a inthe photoresist fayer 81 g iHustrated a Fig 264,

{8711} Reforring o Fige 278, a8er the step Hlosrated i Fig: 270, the via plugs §8
Hhastrated B Fig. 278 ave fonmed in the openingy 3V and oy the regiony 93 of de topogt
laver of soppet, gold, dhumimun, niokel of palindius of the praviously deseribed ¥arinay balk
metal layer 9 exposed by the openings $1h. The procesy of Forming the viw phags 38 i the
openings Siband oy the regions %a of the topmoat hayee of Coppey, goid, aluminum, nickel or

T

pulfadhen of the previmsly deseribad various bulk metal layer 9 as shown in Fig. 2¥8 can ke

referved foras the protess of Booning e via pheps S8 inthe Sperings 31 od an g regiona 93

of the opmest layer of copper gold, alamingm, nivkel or palladiun of the previously

describeit varine ik mdial yer © exposed by the openings 310 s Hhuerated in FBig. 27
The specification of the via phigs 58 shows in Fig 27E can b referred o s the spetification

of the win plugy 58 Hnsested BT 278 After forming the vie plogs 3§, the photoresist layey

sorganic sblation or uwsihg @u organic solutien with amtide

ST removved awsing an

P23

Accordingly, the via pligs 5% can be formed on the bulk metad {ayer ¥ after the phutoresis

faver 51 s removed,

{OTIE  Referring to Pig A7F after forming the via plugs 58 on the bulk metal layer 3,
the matal fayer 4 not under the balk metal layer 8w e *m\fui with ‘an etching method, The
proceas oY refnoving e miste! ordr 4 ot uader (e bl mals fnyer ¥ shown i Fig 278 oan
b reforred to 8y the process of removing the matal laver 4 notunder the bull mstal layer & a8
Hostrased fw Fig 288 Acesndingly, padiiple intervenneciing stractures 88 provided by the
metal myer € and rhe bulk metal layver % can be Tormed fn the thianed silicon Sabstate 1 and
the backside Ta of the thinned sificon sobatrate 1, and sidewalls of the bulk menyd fnver $are
pot coverad by the metad layer 4. The ersermzeting stuctures 88 can gobnect the offchip

~ "

haffer 47 1o the internad pireuiis 21, 32, 33 and 24 and cornest the offohip buffer 42 10 the via

plug 38,

e
A
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T Wedt, refertiog o Fig 270 2 polyraer hayer 142 can be formed on the msulating
nver 3, on the via plugs 58 and on the betk metal layer B, enclosing the via plugs 38 snd the
butk metal layer 9, by 8 spinson couting process, & lamination process dra sorsenpriing
process: The polymer fayer 142 has o thickness 16 benween 1) and 300 nticrometers, sl
sreferably betesen 15 and 50 micromaens. The material of the pofiamer Byer 12 vy lochude

hempasyciohntans { BCR), polvimide (P11 polybengoxazole {FBO) or epoxy resin,

HTESE Por example, the polymer feyor B3 can be formed by 2 sultable process or
provesses, 8.8, by spivon coating b nepativesiype photosensitive pobvindde layey, containing
ester-type precursor, baving a thickusss between 20 and 400 micromaers, and preferably
betwaen Hand 180 micrometars onthe midating layer 3, 00 the vig ploge 58 sod on the bulk

mstal fayer &, then boking the spincononatud polylmide |

&

cer, and then cusiag o heating the
baked poivimide favsr &b g wmpesaiure betveeen (80 and 4(3{3%’5, betwaen 180 and 230°¢
Retweay 250 and 280°C, betwsen 200 and $00°C or between 200 and 395%0C for @ tme
bevwesn 20 amd 150 misadey i @ witroger ambient or in aw oxygerefree ambierss e cursd
solvinvide fuver having a thickness betwesn 10 and 200 micrometersand prefiesbly between
15 and 50 mivrometers, By the way, the polymer layer 142 can be formed on the dnsalating

fayer 3, onthe via plisgs 38 and o8 the bulk thotal baver 9, a8 socloses the via pluge 35 sudthe

&

¥

bulk metal layer 9,

IUTISY  Reforring o Figl 27H, after forining the polymer fyer 142, 2 polishing of
migchanical polishing provess, and preferably & chemivabmeehanical polishing {OMP) protess,
iv used to plawwize the snface of the polymer layer H2, exposing the via plugs 38 The
pobvimner haver 142, after helng plossrized, may have g thickpess 7 berween 7 and 80
wyiorometers, and preferably betwesn 10 md 30 micrenetens, The top surfaves 38 of thevis

plugs 58 can be subarantially coplanarwith the fop Swiaes 142 of the polymer layer 142,

100TI6]  Dew, refarring to Fig 271 an adhesiondbarrier lyer 84 having a thickees
svisfler thaw | uscrometer, suech as between $.02 and 0.5 micrometers, and preferabldy betwesn
8.1 snd 00 avicrometers, can be formed onthe 10p strfalie 19201 the polyarey layee 142 and

Gy the top sucfaesy $8a of the via phugs 8 b ;}%mm:il vapor deposition (PVIRY process, such
% Sphiering Hrovess o wa;:mr\she v procesy, aed-theo wosetd Jayer 838 having @ Udcknesg
smatler than 1 rsicrometey, such as betwaen 0.05 asd .§ ovcrameters, and prafevably bepween
.08 and 813 Micrometers, cun be formed on the adhesion'barier layer 84 by s gsi:}:simi VRPKE

deposition (PVD process. such sy spuioring procuss o avaporaiion provese. THe renterial o8
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the sdhesionbartier lver 64 may include tanhom, 2 £§§;‘.nimn»sz,mg:{&n abhoy, tierdun oirids,
chrontium, - famalunn, tantalun nidride or 2 sompesite of the provicusly described materials, and

H

the material of the sead Taver 85 Siay inctode coppey, stokel ahuniows, gold, sthay, platinem
o patladivm,

BETIT] For sxample, when the adhesivbirriee laver 84 §s formed by @ sottable procesy

oy

OF PIOURSSEs, .8, by spudd mgk A ttaniseonsining Byver, such ss 8 single layer of
ttnium-tangsien alloy, thanhew o dionium mitide, baving » thivkness smaller then |
micrometer, such 3 between 002 and 8.5 micromesters, and prefevably betwsen 8.1 and @

micrometers, oft the top suribes 1420 of te palvner fayer 142 and on the top surfaces $8a0f
she vig plogs 38, the seed layer 6% an be fowwd by o sultable provess or progesses, o.8., BY
sguitering 8 soppur kuer @ nicke! layer, s abumisum fayer; & gold lager, wosthver layern &
platioany laver or a palladbem layer with g thickoess smatler than 1 micrometar, such

betwesa $.05 sud 0.8 ndorometors, betwaen GOR ad 15 milcromaery, betvesn (3 and |

micromaters or hefween 8.2 and 83 nderometsrs, on the thaniisgontainitg laven

(BOTIR)  Alterantively, when the adbesion/barrier fayer §4 is formad by a sultable provess
OF PRODEEEES, ©.8., DY sputtering 8 composiie luyer inchiding ailanham layer having 3 thickaesg
betwesn G.00 and 0.3 5 micrometors on the top strfsce s of the polyser layer 142 and on
the top surfases S8 of the iz plugs 58 snd @ tuniumciungsiensalloy Tasr faviag ¢ thickoess
hei‘.“&’mn .1 wod 9.35 micromeatérs on the Baviiure ey, the ssed layer 65 can be formed by s
suitable progesy or provessey, ¢, By spullering » copper layer, & ndpkel Ixver an slundmn
fayer, a galddeyer; a sther layen 8 *’ahmm‘n layer g paiadiuet layer with a thickness smalier
than 1 micrometer, s g between 005 and 83 microweiss, Setvess D8 and D3
micrmneters, between 8.1 and 1 micvometsrs or botween 83 and 8.3 micromenrs, o the

ntariwe-furgsen-ailoy layer

TS Aleraaiively when the adhesida'bardier layer 64 Ix formed by 3 suifably provess
ST PROCIASSS, £.8. By spulisring & tantahan-containiog fayver, such oy a single dayer of tandalum
or tantalwy pitride, baviog & thickress swaller than 1 micromeier, such as between 02 and
5.5 micrometess, and prefirably between 1 and 62 micromatery, on the top surlsce 142g6f
the padvoisy lavey 192 and onthe top surthoss Stael the via plogs ¥ dhe sead layer 85 cancbe
forsed by & suiable provess or procovses, B, B sputtering 3 eapper layen, wonicked Bver, an

alurniowy layer, 8 gold foyer, a sibver layes 8 platirans fayer ot 8 pallsdlun Jayer with a

ihickness smalier thag § suicromeisr susloas between 805 and 0.5 micrometers, hetween 008
243
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ansd §.15 micrometars, between 0.1 and § micromsiars or betwesn &2 ard 0.8 mivromsters, on
the rastelvm-comaiing laves

N

0738 Alernetively when the adhesiontharrier fuver 84 s formad bya seiable process
OF pravesses, s, by sputiening a chibbdunecordaining layey, sichoas g stogly lyse of
cheomium layer, bving o thickness smualler tan 1 micrometer, sush as between (U2 and 0.3
pricremetars, and proferably between 0.3 and 0.2 micrornstars; on the top surface 1433 of the
pofvmer faver 143 and op the top surfices 38aaf the s plugs 38, the seed Tayer 65 van be
formied by @ seilable provess or progesses, &g, by sputtering e copper layer, 8 nivke! fyyes, an
aluminem lnver, § gold layer, a silver layer, o platipum laver or & patladiom layer wiﬁz #
thickness smatler than 1 mioronsten, such as he_z\, sesr 05 and 0.8 micrometers, betwees 0.0¥
sl (018 refcrometers, botwesn 4.1 and | micrometers or between 8.2 aod {15 migromters, on

the shrominmecontaining layer

(607231 Reforring ro Bl 270 afer forming the serd fayer 63, # photresist fayer 87,
quch s posBive-type phatorasiat laver o negthve-type photoresist layer, having o thiskness
Iarger than 1 selerometer, such.2s bebwesn 8 and 50 wicrpmeters, and preforably betwesn 10

~ w

ard 25 micrompeters, i formed on the seed laver 63 of any provivusly described material by 2

sg:imm- coming provess, # laminglion prusess, #'scre s::nvwimimz PYOURAR OF Ryprajing proo

Naxt, the photoresist layer 87 i3 patternad with the provesses of exposure and dovdupowrg 1o
forvy sudiisle gpenings 67g i the pholtrenint fayey &7 puposing the seed Jayer 68 of an
grovisusty described mateddall A DX stepper ¢ X contact aligner can be ased o expose tﬁe
ghotoresist laver 67 dwing the proosssof expasure,

BETIZY For cismple, 2 fe photor: st faver 87 van be formed by g sullable prosess o
frocesses, €, by sphivon coating 4 positiveitype photwsengitive polumer layer baving a

thickness between & and 3@ smcmmet rs, and proforably between 10 sad 25 micrometers, on

W ih@ photosensitive polyrier layer usis

&

the sead layer 63, then exposin oa X stepper o &
cortnet aligner with at feast twooof Guling, Hling and Dline, aod Geline bag oo swavelengih
nging from, 2.8, showl 43410 4380m, H-line has & wavelength rangiog oy, o, abowt 403
0 4070, and Bline bae  wavelength ranging fom, €8, about 363 10 3670rm, then developing

the exposed polviisr layer by spraving and piddling wdoveloper on the semiconducior wale
1 or by immersing the semiconduster wadlr 10 o a developer, and then ghaning the
semigoaductdy water 10 using defonived waler wnd drying thy semiconductor waler 10 by

spineing the semisonductor waler 10, ABer developimeal, 8 sown removal process of remaving

249
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3

the residual polvoweric mutenial or ather contaminants o the sesd lawer 65 diay be conducied
by gaing an { plasmia ot pglasons conteining Huorine of below 00PEM and ornygen, By these
processes, the photorcalst layer 87 can b patiormed with the vpenings 674 axposing the seed
iaver 63,

(807237 Noxt, reforring to Fig 37K, a rocal layer 68 baving 8 thicknesy fwrgerthan 1
mictomater, such a between 1 oand 30 micrometers, and proforshly between 3 amd 30
mivrometers, van be slectroplated i the operings 672 and on the sead laver 88 of any
pravicushy deseribed natoriad oxposat by the openings 87 The mctal fayer 68 msy biva single
laver of gold, sopper, sitver, palladiv, platinam, hudham, rathenlum; dindom v nivkel grs

oompasite laver ade of the provioushy deseribed mptals

BET23)  For example, the metal faver 88 oan b composed of aslagle roctal layer formed

by @ suilable process or processes, 8.8, by sleptroplating a gold i‘asym; 1o 3 thickdesy batwiesn

and 30 micrometers, aod proforably batwess 2 aod 20 micrometars, In the oponings 675 und on

the desd laper 68, prefirabdy the provicusly deseribed gold Tayer 85, expised hy the vpenings

&7 nsing the previously deseribed discroplating aolution Tor clediroplating gold of the bulk
metal laver 8

BET250  Abernstively, the ptal koer 88 can be swaposed of 3 single swtal layer
formed by & sultable prodess or oTesses, &8, by elechoplaing w Sopper layey, tww thivknoss
between 1 and: 50 mricromennny, xad preferably betwecen 2 and 20 suisromsters, io the openingy
674 wnd on the sead daver 63, preferabiy the previvasly described coppet layer &3 axpossd by
the: openings §%a using the previvusty deserbed slestroplating sohuion for slentroplating
copper &F the bl et layer 8.

BET28]  Alcrnstively the menyd fyer 88 can be composed of a single metad layer

formed by « solable g;ms;es.-s of processes, g, by slectropdatidg w palladivm faver, W 2

£5ie]
%

thickness betvean 1 and 38 micromeen, and preferably between 2 and 33 micrometers, i the

spenings 67a-and on the sead faver 65, prefonably the provdousty deseribad palindhy faver 83,
exposed by the openiags 6«3 zssis}g the provieusly dosoribed clooiroplating solution for

elecraplating palfadivey of e bullimetal layer &

BEEN aheenatively the mend lyver S8 can by sonposed ofa single metdd layer
formed by a suitable pms:ess OF profeises, . Iy slecioplating o nicked Tayer, w0 s thickpese
Botween | and 38 micrometens, sad preferably botween ¥ and 20 micromsiors, in e aponings

§7a sivd ot the send Tayer 83, prefarably the previpusiy destribed coppér fayer o icked Jayer
245
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6%, exposed by the openings 672 using the provioushy described slectrapisting solution for
3 i & &

glectroplating sickst of the bidk metal aype 8.

BT Adwrnatively the metad ey 8% ca e srnposed of doolile mutal lavers

¢ slectroplating a copper liver o a thickness

formed by 8 suitable process or provesses, 880 b
beteecen | and SO mivrometers, and preferably botwenr & and 18 micromitions, o the opeaings
&7z and on e sved Tayer €3, praforshly the previously described copper layer 63, exposed by

the openings 878 using fhe provieusty deseribed ¢lvdimoplating soltion R electroplating

copper of e bulk rovisd and then electropiating or dociroless plating 3 gold Ty, e 3
§ & AN ¥

yer 3,
thickness botwesn §.00% and 10 micrometers, and profordly botween 008 and 't nicrometaes,
iy the openings 673 and o9 'zha% slectropiated sopper Iy I the cpenings 678 asing the
previcusly dosceibed clacroplatpig ov dlectroless plating solution for cloctroplating o

electrakiss plating gold of e bulkmaal layvar 8.

BETRE Adwrnativsly the omtal laver 58 s beopomposed o dnolde wwlal layers
formed by « suitable pro S progeases, g, b alectroplning a Copper layeén to g thickness
Sntweers | and S0 micromes ara, and proferably betwesn ¥ and 15 microragtses, in the openings
674 and on the sead layes 85, preforably the previousty deseried copper layer 65, axposed by
the operingy 8§7a vaing the previeusly described electroplating solation for cleairoplating
copper of the bulk metd layer 9, aod then eleciroplatiog ar slectroless plating « patindhun lager,

we 3 thickoess botween D003 and 10 migromagrs, and woferably dDetween .03 ad 1

micranisters, # the openings 674 and owthy clegtroptated wopper fayer i the openings 878
nsing the prey v dosoribiad slectroplating or electroless plating sedution for elaoroplating

{07301 Alornatively, the meial ayer 68 can be composed of double metal Hyerd

formed by asuliable p or procasses, o.8., by slsotroplating a copper layer, to o Hackaess
botween 1 oand 50 micrometers, and preferably Bebveen 2 and 18 micromctsey, 0o the seid
layier 83, prefurably the previvusly described copper layer 65, exposed by the opesings 67a

using the previowsly desoribed dlecteopisting solutipn for claciroplating copper of the bk

n

nistal faver 9§, and thei electropinting o olectrolesy glating # aichel Byer, w0 8 '{higkness
berwsen | and 15 sricrometers, and prefershly botwess Zand Sndevoraeters, Iy the openings
675 and on the electroplated topper laver in the openings 67 using the provicusly dessribed
slectroplating or clcirndess plating selation for clscyoplating or slectrotess plating nivkel of

the hatk metal layer 9

248
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073 Alernstively the vautal layer 88 cait be composed of double metdd layers
fermed by o suitabile procass of protesses, s, by slestroplating « nickel layern tow thickeess
betwseen | and 30 micromerers, snd preferably between 3 oand 13 icrometdns, i the openings
572 sad o e seed layer 83, preferably the pravicualy deseribed copper tayver or nigked fager
53, esposed By e openings 872 using the previgushe deseribind dloviroplating snlution for

slectropiating nickel of the bulk metal tayer 8, sod then siseroplating or vlectroless plating 8
gold faver or @ paledium fayer, to 3 thickness between G005 and 10 ‘micrometers, and
preferabdy between 005 and | nucromsters, in the openings §78 and on the electroplated nicke!

layor in e openiags §7a.

0732 Almoatively the piotal Jayer 8% can be compossd of iple metal layars formed
by & suitable process or provenies, «.g.y by slecvroplating @ copper layer, o a thickess between

- o

t g {3 migroneers, md proforably betwesn T and 13 selpromelors, on the soed layer 8%

prci‘cf‘a‘z)iy the previousty deseribed Sopper layer 85, syposed by the openings §%a usihg e
previpusty desoribed slevtroplating solution for slesvoplating copper of the budk metl layse 8,

next eleotroplatng or dleotrdloss phafog e nivkel fayey o & thivkness buawsen 1 sed 13

I

micrometers, aad preferably boiween 2 and § pdoromsters, o the ppeoings 7 and ab the
siediroplated copetr fayer S openings §74 addng the provioushy deseribed slestropinting o
Seviroless plating sohetion & clectropiating or dleciroless plating ricked of the bulld metdd
faver 8 and then eldciraplation trclostroless latiog @ gold layey & a thivknegs bitwenn SU68
and 1 micromewgrs, and profersbly between 8,05 snd U0 micrometers, in ¥ ppeaings §a and

s e elebtroplasd orslestroeleas plated micke! faver b the opanings 878 using the provipusty

o

esoribied elostraplsting or clecirpless plating solotion for elsetraplating oy slestroless platiog

gold of the bl metal kser 9.

RT3 Alternasively the metdl lver 68 can be compused of triple metad lagers formed
by 2 suliable propess or processss, 8.8, ‘tsy alentropiatiog & copper fayer, th @ tickness Bewween
{ and 30 misromsters, a0 preforably hetwesn 3 and 1S micrometers, on the seed layar 85,
prefarably the previously dssaribed ropper kivgr 63, waposad by the openings 875 using the
previpusiv deseribad clectroplating sohdion for sloctroplating coppar of the bulk metd layer 2,
nest cleciropiating or elepiroless plating o nicke! layer, 1o thickeess botween U oand 13
raicrometers, and preforably bebwsen Tand S sdarameters, in the openings 8T and oa the
sloewagiated copper kayer n the openings ¢7a using te previvusly desevibed slectropling o

geciraless plating solution B cleatrtplating of elsciroless plating nickel of the bulk el

laver 8, and then elestroplating or slestroless plating a paliadium layer, 1w thickness batwesn
247
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$.005 and T misrometers, and preferably botwess D.0F snd Q.1 micromsters, v the openings
H7x and an the glectropisted or eleairsless plated pioke! layer fn the openings 8 7a nging the
provioushy destribad  electroplating or eleotvoless plating soluton for dlectrapiitiog o

sfestrofess plating palladivnr of the batk metd layerd,

{0734)  Beforring to Big 270, after forming the mstal Jayer 68, the phoforssiet layer 87
can b romicbed uNing s inorgani sclution v using an organmic schafion with awide. Same
residngls Booy the photoresist byer &7 could romain on the metal Jayer 68 and oo the seed
lager 5 not aader the metwd e 680 Thereafter, te residudls san be remuvnd freon the pwtal
ayer 88 and from the scod layer 65 with a plesry, sucl &8 an Oy plasma or 2 plaans

contalniog Huorine of below 200PFPM and oxyges

BAT3S]  Negt, refbrring o Fig 378 theaged fayer 63 and the sdbesiondbarrier layer 84
ot under the metal layer 88 are subsequently semoved with an owhing method. Bva case the
seed Taver 65 and the adlicsiondbumrier faver 6% oot wnder the motd layer &8 s be
substquently removed by 4 dey otehing rpethod. As 'ty e dry eiching method, both the seed

ver &% wnd the adbesiondareier fayer 84 pof ander the metal fayer 68 can be subscequently

3

removed By an &Y sputicring elehing procesyy aliernarively; both the seed ayer 65 and the
adbesikavbarder layer &4 nof ander the gl laver 68 can be subsiduerdly rensved by g
reactive ke giching {BIEY process, alicrnstively: the sead layer 65 not under the metal lagsr 68

can be removied by an Ar spetioring ciching prosess, dnd then the adtesionfbarrier layer 64 ool

whder thy meal laver 88 can be removed by 2 reactive lon stohing (RYE) provess. Inanother

cassy the seod Tnwr 65 and the sdhesion'barsier taver &4 not svder the matal layer 68 san b

-subﬁmguen‘:%y mmoved hyg web otehing mothod, At o the wet eiebing method, whes the ssed
layer 68 isa ar fayer, 1 can e stohod with a selution eontaining NHOH or with o solution
containing HaS0y sa.ha\:rg the adhesionvharvise aysy 64 15 & Bloniyre-tungston-alioy ayer, It can
by slched with 2 solutio contalning bydropen peraxids or witl s sulation wonfaining BHOH
and hydrogen peroside; when the adbesion/barrier laver 64 1a & Blandum lyer, it conbe etched
with & sohution comabiing bydregen flognde or with 3 solubion wmainiﬂg NHH and
hydrager prroaide; when the sdheston'hgrder laver 64 {v « slworsiom fayer, 3t oun be stched
with 3 solution contalning potasshen ferdoyaide. B another cuse, the sesd huyer 65, sushy ax
sapper, not wider the matal laver &8 can be romoved by o sulution comaining NHEH or 3
solutinn santaining HaBCy, sast theo the adbesion'barvier layer 64 not woder the metal bayer 88

can e remoend By redetive Ton ctohing TRIT) procesy. In another case, the seed dayer 85,

sech 28 coppen net under e metal Tayer 68 cyn be remaoved by mosadu anitgining MEOH
243
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ov @& sohufon containing HS0k, and they theadhesiondamicr layer 64 ot under the meial

iayer 68 can by removed by an Ay S;mi{s:a‘iag iching progess

736 Next, referring to Fig 2N, sopofymer laver 14 van be fornnd on the top swries
1420 of the polvirer Iaget 147 and on the toprod layer of gold, sopper, pickel orpelisdivm of
the previously deseribed various metal layer 88 by a process iwluding #ospioeon coating
process, & larninstion process, 3 soroen-printing provess ar # sprayiog process and incloding 2
curing prosesy, and muliiple openings 193 in the polymer fayer B4 ave over vusdtiple reglons of
the toprhost laver of pold, copper, nickel or palladivm of the proviously described various
metal layer 88 and oxpose them. The polytier ayer §4 fas a2 thdckness larger than 2
wicromengrs, sech sy bebwess 3 and 50 wmicroroerers, and preferably between ¥ wul I8
migrometers: The deaterial of e polymer fayer ¥4 may inblodes banvooyclobutane {(BUB),

polyinide (PO, pelyberzoxazoi (PBE) or opoxy resin

EB7ETY Inacase, the pobymer Jyer 14 can e formed by & sudtable prodess oy procdases,

by spin-on cvating 8 negttiveetype phofosemsittve polybuide fayer having & thickness

harwsen & dnd 100 micromsiers on the top sorlee 143 of the polymer laver 142 and on the
mpm ost laver of gold, copper, nivkel oy palladium of the provivusly describest various masl

aver §8, then baking the spine-o conted polyimide Jeyer ten exposingy the bakéd polvimide

< \

*siag a 1X stepper or @ X contact aligner with at least two of Giline haviag @

o
=3
o7
o
gy
£

wavelengh ranging from, g8, sbout: 43410 4380, Meling having 2 wavelength ranging Fom,

cqn, shaut M3 to 407nm, and Blne having a wave }mgﬁs ranging from, o, abott 363
357, Hluminging the babed polvinide hyer, et s, G-ling and M-l G-line and Bline,
Heline and Bline, or G-ling, Heline and Fline Hlunlodiy the baked polyimide layer, then

devetopiog the sxposéd polviodds Ixyerio rm paltiple openings exposing the metal hayer 88,
then saring v hesting the developed polvintide Tover at g jomperature betseen 180 and 405°C,
berwesn, 180 and 28070, beteeen 230 and 200°C, beoween 290 and 4000 or hetwesn 208 and
2BO70 for a tme between 2 and 130 mimuies br 8 oirogen ambiant o Ivan oxygen-fee

ambient, the cured polyimids layer having a thickness between 3 gad 58 micremstens, and then
removing. the resihusl polymsric materidd or oty contamisants frony the nwlal layer 68
expused by the openinge Ha with an-Qy playms oe-a ;3% a comaining Huotine of below
2BEPPM and exygen. By the way the pohaner laver B8 san be ©ormed on e tnd surthee 1433

of the polymser- layer 142 and on the opmess Tayer of gold, soppey ickel or patladium of the

previcusty described varicus mad layer 88, and e oponings T rmed in the polymer fayer
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t4 sxpose the regions of ‘the moprcst fayer of gold, coppey, nivkel or palladium of the
proviously described various mgtal layer SR

IB0738]  In another vase, the polymer layer 14 can be formed by a suilable protess oy
PIDASSSES, €., by spin-on comting @ positiveiype photosensitivepolybeozonazele layver baving

8 thickness bevwesn 3 and 50 nucrometers on the dop swfane 1423 of the polymer fayer 142
and o the fopmon lyer of gold, cogper, niskel o pafiadiom of the previdugly desceibed
varions mesd layer 88, there babiing the spincon coated polyberaoxeole fayer, then sxposing
the baked polybenvoxszole Tayer using # IX stvpper ar o 1X contact aligner with at inast bvp of
Goline haviag o watsleapth ranging fom, g, sbout 434 o 38mm, Hele baving =
wavelength ranging fram, o, abont 303 @ 407, and ine having & wavelangth saging
from, e about 363 W M7am, Hlominating the baked pols ivbenzoxazole fayer, that i, G-line
and Heling, Geling and Bling, Heding aad I«%Z\n@, or {ding, Heding and Bine dhawinate the
baked polvhenzoxavots Tayer, then developing the sxposed polybenzoxarole layer o moliple
spenings saposing the metal faver 83, then ouelng ov hesting the develuped pobybendoxarcle
faver 8t a tempemiive betitoen TS0 and 23070, and profirably botwesn 1D and T30°C, o
between 200 and S00°0, and proforably nem‘am 230 and 33PC, Ry 3 time bebween § zod 188

minutes, and preferably between 30 and 120 minutes, By & sitrogen amblent o jn an

oxygen-ftee ambilent, the sursd polybeniuxassdy layer having a thivkness betodeen 3 and 58
micrometers, and then removing the residual polynwric material or other sontaminas from

e metal laver 68 exposed by the openings Tda with an Op plasma or ¢ plisma cowtaining
fhaorime ol below 00PN sad oyygers By the way, the polvmer laver 14 carv b Tormed on the

topsarfzoe 142a of the polymer Wver HE andon the fopaogd §a§f¢r of gold, copper, nickalf or
paftadiom of the previousty deacribed varkouy metal fayer 68, snd the openings 14a formed
the polymer fayer 14 oxpose the fegions of the toproust fayer of gold, copper, nickel or

paladivn of the previously deseribed rarious meatad layer &8

0TS Wexnt refvreing o Fig. 270, an adbesiondarrier faver 18 having 8 thickeess
soafier then | micrauster) such ay bekveen §.82 and 8.3 micrometers and praforably between
F and 02 micromaiens, can be formed o the polymer fyer 14 and on the reglons of the
fopmost laver of gold, copper, wekel or palfadhen of the previously desseibed varous revtal
fayer 6% sxpased bY i openings 142 by osing s phystost wipor deposition PV process,
such @& sputtering process or evaporation procesy; sad then s secd kiyer 18 having o thicknesy
smaltier than | micrometer, sunh ss betwesn .03 and 0.5 micrometers, and preferahly Selwess

08 amd 018 mioromeiers, aan b formed o the adbesionBarrier layér 16 by axing & phosieyl
58
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