WD 03/ 049178 PCT/ US02/ 36459 SEM CONDUCTOR POWNER DEVI CE AND METHOD OF
FORVMATION Field of the Invention 5 The present invention relates generally
t o sem cowdustoas17s manuf act uring, and nore particul arly toraTNGS2/pOsRr
device and its nethod of fabrication. 10 Background of the Invention One
techni que for fabricating high-power netal oxide sem conductor (M)
devices uses a thick netallization (power netal) forned over the

Cirouttry.  Power SERTI ORIRBEEOR PR A HCE AN R TR O erce ( ron).

el imnating non-uniform sw tching, pORKIL ﬁ?@g thermal capacity, form ng
spiral inductors, and inproving the current carrying capacity and
el ectrom gration reliability of sem conductor devices. 20 FIG 1 is an
illustration of a prior art power netal structure that includes power
metal structures 9A and 9B. The mewesf Hd Holenidn 9A and 9B include a thick
copper film9, a seed layer 8, a&and an adhesion/barrier |ayer 7 fornmed over
a passivgtion |ayer 6. The power netal structures 9A and 9B electrically
connect to the sem conductor 25 device through pad openings 10, 11, and 12
vi a interconnect sTRe pfeseabihventioisrélhtesgenetadly w6 sémiespdwdtot o i nt er connect
2, which has no pad opening, not all interconnects electrically contact the
power netal mahufexturiag, aﬁmmregmﬁbul&rl}oto pMES/ poiver deayes asd otser | yi ng
i nterconnect WO 03/049178 PCT/ US02/ 36459 2

method of fabrication.

10 Background of the Invention

One technique for fabricating high-power metal oxide
semiconductor (MOS) devices uses a thick metallization (power metal)
formed over the semiconductor device to provide current to the

15 semiconductor device circuitry. Power metal has been effective in
reducing on-resistance (Ron), eliminating non-uniform switching,
increasing thermal capacity, forming spiral inductors, and improving the
current carrying capacity and electromigration reliability of
semiconductor devices.

20 FIG. 1 is an illustration of a prior art power metal structure that
includes power metal structures 9A and 9B. The power structures 9A
and 9B include a thick copper film 9, a seed layer 8, and an
adhesion/barrier layer 7 formed over a passivation layer 6. The power
metal structures 9A and 9B electrically connect to the semiconductor

25  device through pad openings 10, 11, and 12 via interconnects 3, 4, and
5. As illustrated with respect to interconnect 2, which has no pad
opening, not all interconnects electrically contact the power metal

structures. Thus, portions of passivation layer 6 overlying interconnect



2 also function to electrically isolate the interconnect 2 fromthe power
metal structure 9A. However, residual filmstress and coefficient of
thermal wopansdieoh (CTE) di fferences between the passivat iren/usaysas+s6 and
the 5 power netal structure 9A can resuylt in shear stress between the
power netal structure 9A and passivation |layer 6. A shear stress that
exceeds fracture strength of the passivation |ayer 6 can produce cracks or

def ect X i Sivat : j ' horti
et ween 1 he PRCSIERREE SeBel APl the [y ERRRETD FORENC 6eF"ori s one

10 condi ti ongetdl REERI9AL ress can al so produce |ateral shear of
underlying 1nterconnect 2. The shear stress results fromcontraction of

power ~ copper strygiyses, redfdudldilart@esPand BeeffeGkar 6f Mernfid, A3 and Ad.
The force of the stress is highest at the edge regions of the power netal

structures YxpundiB(@TE)dEffcear@s Betwaed thepaksilvationi laner 6fandndhepover 15
metal structures 9A and 9B. Sone defects are detectable after reliability

stressi n§g ansbweenpendl stguctard PA caf eedulsirsewairistiess eywben died potranl e at
bumin or final test, in which case yield is inpacted. If a defect goes
undet ect ed, metgletextare 9 Akarakpassivatiath kyfer €. dAf shidansereas thdtemeeds a
reliability issue. One prior art nmethod to reduce the power netal 20

i nduced shedracturestrength of theipassivateon Hyekfeean pfodurs eraeks onstedeCtsi | m
Thi s, however, is undesirable because it can negate the previqusly

di scussed powdn thetnassiy atidndayeyesWhygh oan gausey glastrtcalsimrtipgsmwtweep, i of
Description of the Drawi ngs The features and adva g f the present
i nvention withe IBEETHBFECCIS?éngéﬁQ: POW@§@$§H“PFWﬁ1r§“§eﬁB‘E¢W etail ed
ﬂﬁfg ialog'bon ﬁ:to%liieltrioirlg, the 8 .elejlpg%riegsnc% i sotlpr% Jee latetay élpe%rlzolf%ﬂ%%%y%gr e like
interconnect 2. The shear stress results from contraction of power
copper structures, as indicated by the vectors A1,~ A2, A3 and A4. The
force of the stress is highest at the edge regions of the power metal
structures 9A and 9B and decreases toward central regions of the power
15 metal structures 9A and 9B. Some defects are detectable after reliability
stressing and, depending on the defect’s severity, may be detectable at
burn-in or final test, in which case yield is impacted. If a defect goes
undetected, it poses a risk as an in-the-field failure and becomes a
reliability issue. One prior art method to reduce the power metal
20 induced shear stress is to reduce the thickness of the power metal film.

This, however, is undesirable because it can negate the previously

discussed power metal’s advantages.



refer to |ike and corresponding parts and in which: FIG 1 is a
cross-sectional viewillustrating a prior power netal structure overlying
a sem cormoaBosdldevi ce. 10 FIGs. 2-9 illustrate an enbodi memtusot/3dsbne
present invention showing a power netal3 structure and its method of
formati on, wherein the power netal structure incorporates stress buffer
features between the power netal structure and the underlying passivation
| ayer; and FIGs. 10-13 illustrate an alternative enbodi nent of the present
15 invention showi ng a power nmetal structure and its nmethod of formation,
wherein the power netal strBgefDRstrigtoRUAheDARFIY-in slits between

adj acent segnents of the power netal structure. SkillTed artisans appreciate
that elenents in the figures are illustrated for sinplicity and clarity
and have not necessarily been drawmn 20 to scale. For exanple, the

di mensi ons of sorEhefedthecehmirdvantapes betli¢ preseat imyertttorewal dey aioeel
relative to other elenents to help to i nprove understandi ng of enbodi nents
of the pbesaleailypwerderstood\itrthe4ollnsvirgtadusided dedadptian Dekeri ired

Descri ption The present invention contenplates a nmethod and structure for 5
reduci ng defcsuyjsneidenovidh éae aceomphrpngskHeUREH dvkere lbke aupwrels net al
structure forned over a sem conductor device. Typically the power netal
structure i geferoelake gndsosegspending prds apd igovRAiChHowever, it may be
formed using a vaigiét%_of conductj ve mat er,'ial s known to one of ordinary
skill in the art Flifp Trivagresesctiongdyiew d1lnseadng AerionppWeRdagtalt r ess
created by metal structures can affect yield and reliability of

ower
seni conduct oﬁ?ruc(ﬁ\éxﬁ euerlxinga 8?%@%&}%0’614@’%0& ment, a polyimide feature

I's formgg FIGs. 2-9 illustrate an embodiment of the present invention

showing a power metal structure and its method of formation, wherein
the power metal structure incorporates stress buffer features between the
power metal structure and the underlying passivation layer; and
FIGs. 10-13 illustrate an alternative embodiment of the present
15 invention showing a power metal structure and its method of formation,
wherein the power metal structure incorporates design-in slits between
adjacent segments of the power metal structure.
Skilled artisans appreciate that elements in the figures are
illustrated for simplicity and clarity and have not necessarily been drawn
20 to scale. For example, the dimensions of some of the elements in the
figures may be exaggerated relative to other elements to help to improve

understanding of embodiments of the present invention.



bet ween the power netal structure and the passivation |layer. The polyimde
feature functions as a buffer to reduce shear stress between 15 the two
films. | nwarn3aldies nati ve enbodi nent, the power netal struecareso2seasdesi gned
with slits. The slits reduce the overallg stress associated with a
relatively large power netal structure by dividing it into smaller

segnents. Power netal structures with slits produce snmaller peak stress in
underlying filns as conpared to conti nuous power netal structures 20
having a simlar thickness. Enbodi ments of the present invention will now
be nore fully discussed in refepgpgRdPet&§pasaonpranying figures. FIG 2
illustrates a cross-sectional view of a partially fabricated sem conduct or
device 200. As illustrated in FIG 2, sem conductor device 200 incl udes
uppernost 25 interconnects 22, 23, 24, and 25 forned overlying a

sem conductor  deVhe présehs inwditiciDcoftiemyslates anidthsd apdaithictatd for an
uppernost interconnect level refers to an interconnect |evel fornmed prior
to fornéti asdatingdefepreasmesiatpd vaily shearsttessahdaced biytepotver mdtabn of WO
03/ 049178 PCT/ US02/ 36459 5 underlying interlevel dielectric (ILD) |ayers,
vias, and i rsteratorenforinged ovér asemaconduatet devicew Typicalydbe poover

sem conductor substrate 20 have been omtted for sinplicity of the

drawi ngs. Hawnetadstrushereos formiedarsyng kppper, mieke]rorzgeld: ilawever, semayonduct or
substrate 20 can include one or re 5 |evels of |LDs, vias, and

i nt er connectbs fagEnebpsingsa H@PW@E@QH%&W@“@@@“&@&WQWI‘Pn§§ft ransi stors,
menory cells, capacitgrs, resistors, and the I|ike. Shown in FIG 3, a
passi vati on qré}‘@)’:?d“ﬁd@ the@kt-f or med over the seniconductor device

substrate. In one.specific.enmbaodi nent, th 0 ssi vation | ayer 30
conpri 40 a 1'ayer T DEFEHF S OUaaPERSoxipL Shcar Stfcss Treal By

power metal structures can affect yield and reliability of semiconductor

device. Accordingly, in one embodiment, a polyimide feature is formed
between the power metal structure and the passivation layer. The
polyimide feature functions as a buffer to reduce shear stress between
15 the two films. In an alternative embodiment, the power metal structure
is designed with slits. The slits reduce the overall stress associated with
a relatively large power metal structure by dividing it into smaller
segments. Power metal structures with slits produce smaller peak stress
in underlying films as compared to continuous power metal structures
20  having a similar thickness.
Embodiments of the present invention will now be more fully
discussed in reference to the accompanying figures. FIG. 2 illustrates a
cross-sectional view of a partially fabricated semiconductor device 200.
As illustrated in FIG. 2, semiconductor device 200 includes uppermost
25 interconnects 22, 23, 24, and 25 formed overlying a semiconductor
device substrate 20. As used in this specification an uppermost
interconnect level refers to an interconnect level formed prior to

formation of the uppermost passivation level and after formation of



(CVD) silicon nitride overlying a | ayer of CVD phosphosilicate glass (PSG
overlying a plasma enhanced CVD silicon dioxide hard mask |ayer. The

conbi ned wptosiogka7and PSG | ayer thickness is in a range of PCafsonsdsnnt el y
300 - 900 nanoneters and the thickness a@f the hardmask 15 layer is in a
range of 100-300 nanoneters. The passivation layer 30 is patterned using
conventional |ithography and etched using conventional plasma or wet

conyent _ ! g conven :
ot ons. o1 RETAEIARRR R gk, PR MELHO IR Yq Ber SRl xPooe
the sem condyelsfhride\detfils WAl feﬂs?gggﬁ SO nidD cdr@ubkitradé DO hARPBSIH | g,

patterni ng, and etching a polyi ayer to formstress buffer structures

40 on the passityat fansih@Iesinef thedronm s MIdeiveRst, orfid\ef Badiviary dkill ayer is
a 3-6 pmthick photo-imageable |ayer of polyimde coated using a

convent i onalregpinizen thaohessemitbadup@rsubsdetd 20 eanliasiueeonsler etcaped or

et ched using conventional 25 processing to define polyimde stress buffer

f eat ur es 5( stleeek dfullflds,syiadOand irftercommests; us wlk astactiyvs andf passsvelO0 can be
oven cured above 350 degrees Celsius to release volatile organic

conponent s alavioes, suches transistows, tthemory cpllaseapasitorpy wsegerssandbbeut i | i zed
to renpbve organic residue WO 03/049178 PCT/ US02/ 36459 6 fromthe exposed
surface of tlglée-i nterconnects 23, 24, and 25 after formng the stress
buffers 40. The stress buffers 40 can be sized such that they do not
physical |y cont athowntiadd§nnba Rasssvatyon laygs 3@5‘}&&%%@9#%%%@%
materials 5 i nt.eraations Al ternativelﬁi the stress buffers é% can be sized

such that t3&HCap uFWr@&Yl%SW&?tﬁtSﬂ S¥¢; SRest %ﬁﬁ%‘& ment and 25 so as
o O SRR S SO BRI it 5
(CVD) silicon nitride overlying a layer of CVD phosphosilicate glass
(PSG) overlying a plasma enhanced CVD silicon dioxide hard mask
layer. The combined nitride and PSG layer thickness is in a range of
approximately 300 — 900 nanometers and the thickness of the hardmask
15 layeris in a range of 100-300 nanometers. The passivation layer 30 is
patterned using conventional lithography and etched using conventional
plasma or wet dielectric etch processes to define passivation openings
32 that expose portions of the interconnects 23, 24, and 25.
FIG. 4 further illustrates the semiconductor device substrate
20 shown in FIG. 3, after depositing, patterning, and etching a polyimide
layer to form stress buffer structures 40 on the passivation layer 30. In
one embodiment, the polyimide layer is a 3-6 wm thick photo-imageable
layer of polyimide coated using a conventional spin-on process. The
polyimide layer has been developed or etched using conventional
25 processing to define polyimide stress buffer features (stress buffers) 40.
If necessary, the stress buffers 40 can be oven cured above 350 degrees
Celsius to release volatile organic components and moisture. In

addition, a plasma ash process can be utilized to remove organic residue



alternative enbodi nents, the stress buffers 40 are fornmed only on 10
specific regions of the passivation |ayer or as discrete patterns, such as
"i sl ands"woros/olars” or any variety of shapes that may red®eca/s0r/aEs9 or
correspondingly insure reliable contact gpetween the power netal structure
and interconnects. Additionally, the stress buffers 40 can be formed from
a nunber of different materials instead of polyimde. For 15 exanple, using

OLes oroan SRR EAlowdEES PAITARKEDARUTS, JBGRN 25 yfel ybenzoxazal e

(PBO . The present entors have recogni ze maX| mum)  shear

stress in th@rﬁﬁﬁgltﬁéfstﬁgs bayRrs gocurs at the edge regions of a power
nmetal structure, and nmaterial failure and correspondi ng 20 sem conduct or

device failure geTigs atreys baffers40 canew siped ohcliebatnd dﬂ‘ﬁ@fph%ﬁl@@lfly The
magni tude of the stress is inpacted by the size (length wi dth and

t hi ckness) dforithet ipeeonnetsl 23x1244endr2s, theraby minanizage enstetials f orm stress
buffer structures 40 such that the edges of the power netal structure are
on the stresintératfions 4Alsamnntiatly, ke prrass bifars 40ads e €228 sachithat on t he
pol yi m de and not the passivation. Passivation is relatively brittle and
more |ikely theyaradkrmademn portays efsintencpanectst2s, 24 and 20 soayiari de. WO
03/ 049178 PCT/ US02/36459 7 Shown in FIG 5 is cross-sectional view of the
sem conduct dPrOVﬂéﬂllrweéiﬁﬁisﬁI@%SeprﬂﬁQﬁMDH nlrrpe embodimants radtaessan

50, and seed | ayer 52 on the exposed substrate

§SP$ 222.”’ barlm.f%er eélwuwaét@wwﬁrf@r@eﬂson thepassiviatien layealad
convent | onalAlITBRLYE EARPAiBISp« 6ot ieE RUGIETE A0S ORSH SRBON o
? ﬂlhgilng /Qbar a er B@é’l@%s% the pass1v3c/1{310ncifayé1rI (t)raarl]sl. Skt Sae erf'ng1 asYu'c G
1slands or “bars” or any variety of shapes that may reduce stress or
correspondingly insure reliable contact between the power metal
structure and interconnects. Additionally, the stress buffers 40 can be
formed from a number of different materials instead of polyimide. For
15 example, using other organic materials, such as benzocyclobutene
(BCB) or polybenzoxazole (PBO).
The present inventors have recognized that the peak (maximum)
shear stress in the passivation layer occurs at the edge regions of a
power metal structure, and material failure and corresponding
20 semiconductor device failure generally occurs in regions of maximum
shear stress. The magnitude of the stress is impacted by the size (length,
width and thickness) of the power metal structure. It is advantageous to
form stress buffer structures 40 such that the edges of the power metal
structure are on the stress buffer 40 so that the peak shear loads are
25 acfing on the polyimide and not the passivation. Passivation is
relatively brittle and more likely to crack under stress as compared to

plastic polyimide.



approximately 150-300 nm In alternative enbodi nents, the adhesion barrier
| ayer 50 can include titanium titaniumnitride, nickel vanadium 10
chromi umworo3meeizs nati ons thereof. After depositing the adloagisornsdsasri er

| ayer 50, a seed layer 52 is deposited gver the exposed substrate surface.
I n one enbodi nent, the seed |layer 52 is a |layer of sputter deposited
copper having a thickness in a range of 450-600 nm In alternative

embodi ments, ot h$h§\9ﬂ‘i‘#‘¥‘l@% ﬁ%@k%@&&%@«%%ﬂg@&@%&ﬂd&@p to form

the seed layer. Typi cal the sputter preclean esion/barrier
| ayer 50 deppsjitd iibstpdte shbwrﬁﬁﬁFIGaneafté?f&m 4 8@hedbA/Wirties ¢apgnti al Iy

deposited inside the sane processing tool, althSugh this is not

necessarily 50 aRddbé@ 1@ ¥ oh ke PXpESHY sutsEITEisaPtaceDdpess ng on t he
period of tinme between the polyimde cure and 20 adhesi on/barrier |ayer and

seed | ayer danbsdimhens ties subbstrete és $astyspraterddeypdafolbowbd ey ticep can be

I ncorporated to renove absorbed noisture fromthe stress buffers 40.

Fai l ure Ho atbppsitien pf theradkesandmsriemayer hleusingra corvidionali de may
subsequently result in delam nation of the power metal structure, 25 Shown
in FIG 6 i sputtessigsdepasitian metbadofIntone embodomentttbe adhesiandbartast r at e
shown in FIG 5 further illustrating the patterning of a  resist |ayer 60
on the seni dapeudd s adayen ehtitandiwmiamgstenahavipgm Hyckness myerangg et " | ayer

60 is thicker than a subsequently sited po et al 049178

PCT/ US02/ 3645Progimately d ﬁf)qw@am( I}’Bﬁ@ﬁlﬂtwe QI%OQ t%&%?‘ggﬁlﬁpt hi ckness

|S|naraneof 440@ atIernln rocess t @kfthe.o eni ng 62
convent i rl@fﬁrﬁ LG ?§lt?1illliu@R ua nde.pickel yanad resi st
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adhesion/barrier layer 50, a seed layer 52 is deposited over the exposed
substrate surface. In one embodiment, the seed layer 52 is a layer of
sputter deposited copper having a thickness in a range of 450-600 nm.
In alternative embodiments, other conductive metals, such as gold can

15 be used to form the seed layer. Typically, the sputter preclean, the
adhesion/barrier layer 50 deposition, and the seed layer 52 deposition
are all sequentially deposited inside the same processing tool, although
this is not necessarily a requirement of the present invention.
Depending on the period of time between the polyimide cure and

20 adhesion/barrier layer and seed layer depositions or if necessary, a
dehydration bake step can be incorporated to remove absorbed moisture
from the stress buffers 40. Failure to adequately remove excess
moisture from the polyimide may subsequently result in delamination of
the power metal structure.

25 Shown in FIG. 6 is cross-sectional view of the semiconductor
device substrate shown in FIG. 5 further illustrating the patterning of a
resist layer 60 on the semiconductor substrate to define an opening 62.

The resist layer 60 is thicker than a subsequently deposited power metal



Shown in FIG 7 is a cross-sectional view of the sem conductor device
substrate shown in FIG 6 after formng a conductive (power netal) film?70
wi t hi n t woopemiing 62. | n one enbodi nent, the power netalpCriusn/3@As¢s a
copper filmdeposited using a conventioral 10 el ectroplating process.
Alternatively, electroless plating may be used to deposit the power netal
film70. The power netal film70 may alternatively be formed using gold,

or may COnprifg tl@fg&(@é%‘&gﬁﬁﬁ?t&lﬁn@ po¥H T8 TRAPARLIARsS At arldeb um

chromium zinc, adium trtanium iron,

TRgnesi um_of.40Ynd! Hhe Atsitind PragRYIBUATROTRning R Rover metal film

may i nclude nult onductive mater uch as copper,

ni ckel, gol dccgfve?ﬁ%ﬂﬁf.’ FBt &easin tglhﬁg;klllg}ret‘%roﬁ%'gﬁit,”ﬂfuilﬁﬁ% ﬁérgr]?:{g%fat In one

speci fi c enbodi ment, the power 70 1's a copper aving a
thickness immg bﬂ&gﬁegfs mAPBEANESRIGthied?- RS iMisttedIAVIG o Fhe 8 is a

cross-sectional view of tHe sem conductor device substrate shown in FIG

7, after 5r ergpenifig Reexiises pogtons of she sé&bldyee$200. The patterned resi st
features 60 can bé renpbved using conventional resist stripping processes.

For exanpl e, usi rRhewnan¥JEh-7 sonteossisegtiohak nievasi the seatdsonductonet
chem cal process. 25 Showmn in FIG 9 is a cross-sectional view of the
seni conduct atevidesubstratetshomat en Fhowd afterfoGnisg af caarductivevipogvexposed
remai ning portions of seed |ayer 52 and adhesion/barrier |ayer 50 and
form ng the mpelpfilmeiGwithinube wpendog 62n lornecemmbodmment, the poseer | ayer 52
s WO 03/049178 PCT/ US02/ 36459 9 renpoved with a chlorite or persulfate
copper et chanetaldilay74 is gregppseifdm depesited usinger ganyerignali n” an agi t at ed
bat h. Exposed portjons of adhﬁi on/ barri e{ | ayer 50 can then be dst ri pped
usi ng héB hyedeefgeplating process. Alternatively, electroless plating may be used to
deposit the power metal film 70. The power metal film 70 may
alternatively be formed using gold, or may comprise alloying elements,
such as magnesium, indium, tin, chromium, zinc, carbon, zirconium,
palladium, titanium, iron, niobium, magnesium, or the like. In yet
15 another embodiment, the power metal film may include multiple layers
of conductive materials, such as copper, nickel, gold or copper, nickel,
palladium, or combinations thereof. In one specific embodiment, the
power metal film 70 is a copper film having a thickness in a range of
approximately 4-25 pm.
20 Shown in FIG. 8 is a cross-sectional view of the semiconductor
device substrate shown in FIG. 7, after removing the patterned resist
features 60. The patterned resist features 60 can be removed using
conventional resist stripping processes. For example, using an oxygen-
containing plasma ash process or a wet chemical process.
25 Shown in FIG. 9 is a cross-sectional view of the semiconductor
device substrate shown in FIG. 8 after removing exposed remaining
portions of seed layer 52 and adhesion/barrier layer 50 and forming the

power metal structure 90. In one embodiment, Cu seed layer 52 is



peroxide. In alternative enbodinents, a dilute sulfuric acid dip can be 5

I ncorporated to renove residual surface copper oxide and an oxygen-

cont ai ni ngoash4qarocessi ng step can be incorporated to cl e2CTASPZI@H9
pol yi m de surfaces to reduce electrical gl eakage. Power netal structure 90
used in conjunction with the stress buffers 40 are advant ageous over prior
art power netal structures for a 10 nunber of reasons. First, the stress

buffers 40 mi| I r : :
under 1 yi ng_ g8e e g or e O et SN 4 Ry 35t o
substrate 2QoolTHe JIRGHSHEA . i anW}fied baARSERBOS&P BRGbMELY ' educes

stress-induced defects, such assli vation yer cracking, as indicated

by defect Xddmekidh/Barrie#daér Sﬁ%aﬂxfthéh'fbfa@tﬁpﬁ@diu@ﬁig)hgt W?Hﬁ’ﬁgéﬂ eld and
device reliability by preventing electrical shorting between power netal

structures gedoxiteer Invaltenativt @mboodiesdits, Adiliute sndhtiy, acidelipehuiba de
stress buffers 40 allow the |ayout design of active devices (not shown) to

i ncl ude Hocahtororutedeto remoebresidpadsurégieoreppeaxiddiandtatokygenw+ ebond 92

on Fig. 9. The stress 20 buffers 40 protect brittle underlying ILD | ayers

f rom damagi npnedingeg ash procgssmmpstepi canvbe amnppraged o wlean dxpgsesl cushi on

bet ween the power netal structures and passivation. An ability to design

bond pads ovelyimide swrfaessitoaednapctacsscableakages fi ci ency, reduces die

cost, and further_ |owers device on-resistance. 25 The stress buffers .40

al so planarize tRower mesdl stopdyreadhysedan conjengiioniitethostiess on of seed
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barrier met asltructure shear stress effects on underlying passivation layer 30,
interconnects 22-25, and semiconductor substrate 20. The reduction in
shear stress correspondingly reduces stress-induced defects, such as
passivation layer cracking, as indicated by defect X in Fig 1. The stress

15 buffers 40 improve wafer yield and device reliability by preventing
electrical shorting between power metal structures and underlying
interconnects. Additionally, the polyimide stress buffers 40 allow the
layout design of active devices (not shown) to include locations under
wirebond pad regions, as indicated by wirebond 92 on Fig. 9. The stress

20  buffers 40 protect brittle underlying ILD layers from damaging effects
of thermosonic wirebonding by providing a cushion between the power
metal structures and passivation. An ability to design bond pads over
active devices improves layout efficiency, reduces die cost, and further
lowers device on-resistance.

25 The stress buffers 40 also planarize the surface topography, which
can reduce formation of seed layer 50 metal stringer defects (shown as
defect Y in Fig. 1). The stringer defects Y are the result of residual

barrier metal layer 50 wedged in crevices of passivation layer 30. If the



| ayer etch, they can produce el ectrical shorts between adjacent power
metal structures. The stress buffers 40 cover and thereby prevent

f or mat i onwofoska7barrier nmetal |layer 50 within the passi vacdrarsod/asey 5
crevices. FIGs. 10-13 illustrate an alteggnative enbodi nent of the present
I nvention. The power netal structure's stress is reduced by partitioning
power nmetal structure into segnents wherein electrical continuity between

each Seg”E”ts‘t’g‘bﬁFPHQf’éc?se‘? 2% sl tﬁf‘e\‘;ﬁelg/\‘l)vfe '§¥r@d Sﬁ{i&gggéfﬂs%ggépn?&gl bar ri er

| ayers. FIG S a Cross-sectiona I nc strate 100,

I nt er connect chl SdA\sk ' KWK eIdi
adhesi on/ barlrﬁ?%lggﬁcgi/g%yl%%gpgnd seé%?pfrgiazr%h?gﬂgz@m?cﬁ“rdé?ée&gg’nc%vf?fr to

those descrifehl RE@ches! THY dthedsasipels 4@ covdsSindtiferdBy pravefconnect s
22-25, passivation |layer 30, adhesion/barrier |ayer 50, and seed | ayer 52

15 and of Flfgematiod ofthestawer mietal fayet®0 withindhepassivhtdonilayed ayer 1050

I s deposited overlying the passivation |ayer 1030 and interconnects
102- 105 &nd drbeiceseed | ayer is deposited overlying the adhesion/barrier
| ayer 1050. Then, after depositing seed |ayer 1052, the substrate is
patterned to for FiGsild-12G0llastaateras alteatitiveosnbodindenDebtheTpresenti st
features are formed using materials and processes simlar to those used to
form resi st ihwanteasTho porerronetad ¢tpcsyieds siressiis tedueed bt pagitionang 6. The
resist features 1064 w | partition a subsequently. deposited power netal
structure i Mavehmesal Srqtnes Infe searenty srharem electncal GOMNY 1061. The
resist featyre 1066 25 wll separate t subsequent | é de os*t ed segnent ed
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substrate 100, interconnects 102, 103, 104, and 105, passivation layer
1030, adhesion/barrier layer 1050 and seed layer 1052, which are similar
to those described previously with respect to substrate 20, interconnects
22-25, passivation layer 30, adhesion/barrier layer 50, and seed layer 52
15 and of FIGs. 2-9.
As shown in FIG. 10, the adhesion/barrier layer 1050 is deposited
overlying the passivation layer 1030 and interconnects 102-105 and the
seed layer is deposited overlying the adhesion/barrier layer 1050. Then,
after depositing seed layer 1052, the substrate is patterned to form resist
20 features 1060, 1064, and 1066. The resist features are formed using
materials and processes similar to those used to form resist features 60
described previously with respect to FIG. 6. The resist features 1064
will partition a subsequently deposited power metal structure into three
smaller segments defined by the openings 1061. The resist feature 1066
25  will separate the subsequently deposited segmented power metal
structure from an adjacent power metal structure.
Referring now to FIG. 11, a conductive film is deposited within

the openings 1061 and 1062, thereby forming conductive structures



11 1091 and 1092. The structures 1091 and 1092 can be forned using
processes and materials simlar to those used to formthe power netal film
70 di scusweds3pravs ously with respect to FIG 7. In FIG 12CTIU892/3646%i St

| ayers 1060, 1064 and 1066 are renoved §p expose portions of the 5 seed

| ayer 1052. Renoval is acconplished using processes simlar to those
described to renove resist |layer 60 discussed previously wwth respect to
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llayer 1052 ardisaddyeat A060a1064randa}@66 a8btermoved WQxe\?S&\@eﬁldﬁs oftisct i ve
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di st anceSW iszeddbiyeeti053. Removaltisrceohyilivhed wsing peatessessiindar we
structures, wherein an etchant is capable of renoving seed |ayer 1052 and
adhesi on/ barthoee deagmbed a5 eeIpove iresist tayeel6odistassedyprevsausdy svitho power
nmetal structures. In_the present enbodinent, only 20 seed netal |ayer 1052
and adhesi ortﬁbpwtlt@rFﬂ(&y%r 1050 portions bet ween t he adj acent conductive
structures 1092 and 1091 are rempved. As shown jn FIG 13, reppval of the
portions of seed Réfeéiﬂnga[w ta §363. dy seleeted remapung iexposed seed d&XEThet ween

th dj t duct t 91 def th t al
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where the

seed layer 52 portions and adhesion/barrier layer 50 portions in FIG. 9.

However, unlike the prior art, the present embodiment advantageously

uses the etchant’s wetting properties or macroloading effects to remove

only seed layer 1052 and adhesion/barrier layer 1050 portions between

15 conductive members spaced apart by at least a minimum distance W.
The minimum distance W is defined as the distance between adjacent
conductive structures, wherein an etchant is capable of removing seed
layer 1052 and adhesion/barrier layer 1050 portions to electrically
isolate two power metal structures. In the present embodiment, only

20 seed metal layer 1052 and adhesion/barrier layer 1050 portions between
the adjacent conductive structures 1092 and 1091 are removed. As
shown in FIG. 13, removal of the portions of seed metal layer 1052 and
adhesion/barrier layer 1050 between the adjacent conductive structures
1092 and 1091 defines the power metal structures 130A and 130B.

25 The power metal structure 130A, however, is further segmented

into conductive structures 1091 that are separated by a distance S that is

less than the minimum distance W. In those regions where the

conductive structures are separated by the distance S, the etchant is



conductive structures are separated by the distance S, the etchant is WO
03/ 049178 PCT/ US02/ 36459 12 incapable of substantially renoving the
correspormiprig/osesl | ayer 1052 and adhesi on/ barrier | ayer PCOBGOpaHEI ons.
Consequently, electrical continuity betaeen the conductive structures 1091
I's maintained. In one enbodi nent, the selective etching of one region and
not 5 another occurs as a result of using a wet etch process. \Were the

di st ance bet; ' ' ' en 1091
Cha 1005, etEEpatIBR bk RARHEHE e the (e ORBIRL seld fayer IS
structures, MefadHi&iGxRABEEr I/sag/gﬁl 1030850r1idn3. CvhkegeentBNEletgital he exposed

seed | ayer 1052 and adhesi on rrier 1ayer 1050 to define 10 separate power

metal st ructdggiul8PBednstnlidFondusee stnagufdiol@) I v makkiaiided.where the
di st ance between conductive structures is a distance less than W for

exanpl e the di st dacenéSchbodaeensdhacehictiverstohingvef one regionr asd #1601, the

et chant does not sufficiently flowinto the cavity to wet the exposed seed
| ayer 1052 anmdthethesiurs/asar rasait dfaysng Howet etthuscoceSs.i Where thegi ons 1065
the seed | ayer 1052 and barrier |layer 1050 remain substantially intact.
These remai rdisgnseddtwagr condagtizadtigturicens W pergred@sol.pobetwaen
electrically interconnect the conductive structures 1091. The copnbi nation

of the renaiiHganéd@9Ragwhanpsan sl antecicoravistr betaveen tecgondiBiSor t i ons
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FIG 13, where the distance between conductive structures is a distance
less than W, for example the distance S between adjacent conductive
structures 1091, the etchant does not sufficiently flow into the cavity to
wet the exposed seed layer 1052 and adhesion/barrier layer 1050. Thus,
15 inthe regions 1065 the seed layer 1052 and barrier layer 1050 remain
substantially intact. These remaining seed layer 1052 and barrier layer
1050 portions electrically interconnect the conductive structures 1091.
The combination of the remaining seed layer 1052 and adhesion/barrier
layer 1050 portions (interconnecting conductive members) in regions
20 1065 and conductive structures 1091 define the segmented power metal
structure 130A (conductive feature) that comprises power metal
segments 134.
The power metal structure 130A is advantageous over the prior
art power metal structure 9A of FIG. 1, because the magnitude of the
25 peak shear stress in underlying films and interconnects is reduced by the
design of slits between the power metal segments 134. Therefore,

unlike the prior art power metal structure 9A, which is one physically

continuous power bus, the present embodiment contemplates a structure



design of slits between the power netal segnents 134. Therefore, unlike
the prior art power netal structure 9A, which is one physically continuous
power buswotobe4qaresent enbodi nent contenpl ates a struct ur @CWDS0B34349178
PCT/ US02/ 36459 13 and nethod of formatipn by which an electrically

conti nuous power netal bus is partitioned into smaller interconnected
segnents. Accordingly, the nmagnitude of peak shear stress inparted to

underl ying fid ARy F WRAkEG BYARhiIPAA bR Chty LBARnbIORY JERAG tude of

peak 5 shear stress associ ated one conti1 nuous power netal structure,

parti oul arl ymbeusid it Bargdsfed eodiRalér ARERANRLICAImSGUCt ur e The

magni t ude of peak shear stress can be reduced such th defect X as shown

on FIG 1 dO&éC(ﬁlQl‘ingl%lﬂlﬁe Hilgniedelsf Pk bigdis sersRo dinfaibte Ao Gideriyingat es t he
ec

shear stress 10 ef ts of the power nmetal structures by providing an

i nterveni ng Bmebs segnie‘med betwezaneta dugds $é¢ssahanimagni tpdeverf prakal
structure, this enbodi nent advantageously reduces the peak shear stress
associ at 8d shieahstrbss assoeiated tvaith snewccnimaods goweli metdlnggrudtuiayt o smal |
electrically connected segnents 130A. In addition, the present enbodi nent

i s 15 advantpaytioukarlyntawand the edge tegions of P powdr metabstrucayeai rihey t he use
of additional or elaborate processing steps. And, using segnented power
net al st r uctioaggityde odipeak sbaar stressoearche regucedwiddy thaswWefeck Xasn be
encount ered when increasjng the thickness of power netal structure. Shown
in FlGs. 14 ewvnondil&inldees Baf 068WLI ati on graphs 20 illustrating the

retal Structur s UBUKRAN Rrevinbs Sebastnia ehicRambigatsh the shERaesso
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buffer between the passivation and power metal structure, this
embodiment advantageously reduces the peak shear stress associated
with the power metal structure 9A by dividing it into small electrically
connected segments 130A. In addition, the present embodiment is
15 advantageous in that it can be incorporated without requiring the use of
additional or elaborate processing steps. And, using segmented power
metal structures can also reduce problems with wafer bow that can be
encountered when increasing the thickness of power metal structure.
Shown in FIGs. 14 and 15 are numerical simulation graphs
20 illustrating the relationship between shear strain and length (or width) of
copper power metal structures having thicknesses of approximately 13,
25, and 50 microns. As shown in FIGs. 14 and 15, the shear strain
imparted by the 13 micron thick power metal structure is relatively
insensitive to length, and the shear strain imparted by the 25 and 50
25 micron thick power metal structures increases until the length of the
power metal structure reaches approximately 250 microns, after which it
stabilizes. As illustrated in FIG. 15, a 25 micron thick copper power

metal structure (corresponding to a segment portion 134 shown in FIG.



insensitive to length, and the shear strain inparted by the 25 and 50 25
m cron thick power netal structures increases until the length of the
power metwio istonalcs ure reaches approxi mately 250 m crons, ®ICrarsonbédsh it
stabilizes. As illustrated in FIG 15, #&25 mcron thick copper power
metal structure (corresponding to a segnment portion 134 shown in FIG WO
03/ 049178 PCT/ US02/ 36459 14 13) having a length of approximtely 70

m crons i npags %ﬁg%ﬁ&gt@%agpﬂﬁiﬁﬁfs{}gﬂg@m&@ﬁﬁ% gpgaﬁg%?g%éﬁrﬁétefy 13

m cron thick copper~powe t struct Sim m crons’ t hi ck

copper povertheBhtle afiouiné bfilsReACEE RSRONAB i dron dhREIESHHe®sWELN 134 shown
in FIG 13) 5 having a length of approxinmately 50 m crons inparts

appr oxi mat elpietdi §truddiie. Bidwitir] 9f a SOanicrohs @Bi%k&fofpiﬁw &6 gieedl t hi ck
copper power netal structure. Accordingly, one of ordinary skill in the

art recogni Zstﬁlctﬁ@(’ﬁﬂﬁﬁ;%)bndir[@w heepnwmint goitoni N3 Sloywnand1 Gret 3|
t hs

structures having |eng , Wwdths, and thicknesses that fall within a
speci fi c5r arlgedangfa leagth of approranmtel yt 5 michen sagpans apppoxienatety tie
structure can be designed to achieve optimumresults. In the foregoing
speci fi cat i came amaumiedtshear S\rassmﬂnedgﬁ smichen thigk taepper posveremetalspeci fi ¢
enbodi nents. However, one of ordinary skill _in the art appreciates that
various nodiStiusibreandcantlinghhgue ehprdisansskitlda thetarbtece@paes i ng from t he
scope of the present. invention as set. forth in the clains be|] ow

Accor di ngl y,Segreendaiennay pedrosietiectivs & power metakstragarethaymean

ar e nt endedeP et b 308 (HRSE DL dapavidhin o Seecifie TRedROlon.
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advantages, Rl Md PR abifieDE priillim ARGLENY el ement(s) that may
In the foregoing specification, the invention has been described
with reference to specific embodiments. However, one of ordinary skill
in the art appreciates that various modifications and changes can be
15 made without departing from the scope of the present invention as set
forth in the claims below. Accordingly, the specification and figures are
to be regarded in an illustrative rather than a restrictive sense, and all
such modifications are intended to be included within the scope of
present invention. Benefits, other advantages, and solutions to problems
20 have been described with regard to specific embodiments. However, the
benefits, advantages, solutions to problems, and any element(s) that may
cause any benefit, advantage, or solution to occur or become more
pronounced are not to be construed as a critical, required, or essential
feature or element of any or all the claims.

25



cause any benefit, advantage, or solution to occur or becone nore
pronounced are not to be construed as a critical, required, or essential
feature owoaBemans of any or all the clains. 25 WO 03/ 049PC8/URGTA44S02/ 36459
15 Cains 1. A nethod for form ng a sep§ conductor device conprising:
formng a first interconnect (24) and a second interconnect (25) 5 over a
sem conduct or device substrate (20); form ng a passivation |ayer (30) over
the first and second interconnect (2¢|gpg 25); form ng openings (32)

t hrough the passivation |layer, whereima Ttirst opening (32) exposes a
portion of the first interconnect 10 (24) and a second opening (32)
exposes a portion of the second interconnect (25); formng a stress buffer

feature (40)1.o4emepiesd f@nforatinghesemissiduetondeviey @onigfidingand form ng a
conductive structure (70) over a portion of the stress 15 buffer feature

(40), wherein thdoemingatfinse iistercminece (24Pand a seebrdtinterabhyecta@d)ed to the
first interconnect (24%I through the first opening §32) and the second

i nterconfiect (25) thooegh senieonductod deyecs supstees (208 2. The met hod of
claim1, wherein the stress buffer feature (40) conprises polyimnmde. 3.
The met hod of cl domning aipassivation layge (3@uover bk firsé andrr¢gondve structure

(70) overlies and contacts a stress buffer feature (40). 25
interconnect (24 and 25);

forming openings (32) through the passivation layer, wherein a
first opening (32) exposes a portion of the first interconnect
10 (24) and a second opening (32) exposes a portion of the
second interconnect (25);
forming a stress buffer feature (40) over portions of the
passivation layer (30); and
forming a conductive structure (70) over a portion of the stress
15 buffer feature (40), wherein the conductive structure (70) is
electrically coupled to the first interconnect (24) through the
first opening (32) and the second interconnect (25) through

the second opening (32).

20 2. The method of claim 1, wherein the stress buffer feature (40)

comprises polyimide.

3. The method of claim 1, wherein an edge region of the conductive
structure (70) overlies and contacts a stress buffer feature (40).
25
4. The method of claim 1, wherein the conductive structure (70) is

further characterized as a power metal structure.



4. The nmethod of claim1l, wherein the conductive structure (70) is further
characterized as a power netal structure. WO 03/049178 PCT/ US02/ 36459 16
5. The nmewbod/oefi7el ai m 4, wherein the power netal structurPeTiUsO/BEes a
material selected fromthe group consisigng of copper, nickel, and gold. 5
6. A nethod for form ng a sem conductor device conprising: formng a first

i nterconnect (103) and a second interconnect (104) overlying a

semi conduct oy gguier ERYRi4 [Whetd tﬁe@%%v%r\iﬁ&ta%tﬂu%ﬁre inbARRs pver the

first interconnect 103 t he second terconnect (104); 10 patterning

the passivati on phapgial @él@@f@d frond efd %ﬁ)u’:p Ebﬁﬁ&tlﬂg‘%f knickBRtangixposes
portions of the first interconnect (10 and a Secon pad openi ng that

exposes porti ongoqmd the second interconnect (104); form ng a conductive
menber (1050, 1052) over the passivation 15 layer; and formng a first
conductive structure (1091) and a second conductive structure (1091) on

t he conductive nenber, wherein the first conductive structure (1091) is
physi cal by GpAcerthedfor {@mihgersemeconrhmor devidectimprisinguct ure (1091) 20
and, wherein the first conductive structure (1091) is electrically coupled
to the second corfouminga férst inteneennact §903) ayd wesgcondtintereonnect: (104) nenber
(1050, 1052), wherein a conbination _of the first conductive structure
(1091), the second céYguyinge ssmigendpetor deyige sebfdrats; conduct i ve nenber

1050, 1052) defines.a conductiyve
( ) fn orming a passfvatmn layer (1030) over the flrst interconnect

(103) and the second interconnect (104);

10 patterning the passivation layer (1030) to define a first pad
opening that exposes portions of the first interconnect (103)
and a second pad opening that exposes portions of the second
interconnect (104);

forming a conductive member (1050, 1052) over the passivation
15 layer; and
forming a first conductive structure (1091) and a second
conductive structure (1091) on the conductive member,
wherein the first conductive structure (1091) is physically
spaced apart (S) from the second conductive structure (1091)

20 and, wherein the first conductive structure (1091) is
electrically coupled to the second conductive structure
(1091) by way of the conductive member (1050, 1052),
wherein a combination of the first conductive structure
(1091), the second conductive structure (1091), and

25 conductive member (1050, 1052) defines a conductive
feature (134) that electrically couples the first interconnect

(103) and the second interconnect (104).



feature (134) that electrically couples the first interconnect (103) and
the second interconnect (104). WO 03/049178 PCT/ US02/ 36459 17 7. The

met hod ofwolmiome18g further conprising: sputter depositingPOrasoosaiact i ve
menber (1050, 1052); and electroplatingithe first conductive structure
(1091) and the second conductive structure (1091). 5 8. The net hod of
claim?7, wherein the conductive nenber (1050, 1052) is further

characteriz [ | 50cTa886 Futthe? @0Yisingf an adhesion/ barrier |ayer
and the fi r?g gglr? ugﬁg\;ie&g%rauct ure (1091) IZIEd gt he second conductive

structure ( 1091)5&?%& Heg%ﬂﬁhgqher&ﬂd%meqneﬁlbe%@oqurosrz?,t ghdsegnents. 9.

The net hod of cl 0, erein the conductive feature is further

characterized agléctbgslaEnpeHe Prvecomdicvesstructuye €109b) 4fd thdsedtridod of
claim9 wherein the first conductive structure (1091) and the second

conductive structureofd@&iye strattude (h09E).al selected froma group
consi sting of copper, nickel, and gold. 20
8. The method of claim 7, wherein the conductive member (1050, 1052)
is further characterized as including remaining portions of an
adhesion/barrier layer and the first conductive structure (1091) and
the second conductive structure (1091) are further characterized as

10 power metal segments.

9. The method of claim 6, wherein the conductive feature is further

characterized as a segmented power metal structure.
15 10. The method of claim 9 wherein the first conductive structure (1091)

and the second conductive structure (1091) include a metal selected

from a group consisting of copper, nickel, and gold.

20



