P100522 A NOVEL PROCESS FOR | MPROVED HOT CARRI ER | NJECTI ON
BACKGROUND OF THE I NVENTION 5 (1) FIELD OF THE | NVENTI ON The present
invention relates to nmethods of fabricating bondi ng pads, and nore
particularly, to nmethods of fabricating alum num bonding pads with

i nproved hot carrier injection in the fabrication of an integrated
circuit device. 10 (2) DESCRI PTION OF THE PRIOR ART In the
fabrication of integrated circuits, the interconnection of devices is
of inportance. Bonding pads are typically used for this purpose. piggs522
Oten, alumnumis used as the material for bonding pads. During the
pl asma et chi ng pr acNOYEIoPROGEITEQR INDPRIONED HOB CARRIFRINJECTION
occurs. Plasma charging is accunul ative in nost etching and 15
deposition steps. A high enough plasnma charging will result in hot
carrier injection (HCI) into the gate oxide of underlying devices

causi ng devi GBACRGROENDO@PRIEIE IWVENTSONf t en used to connect to the
al um num bondi ng pads. Many copper netal lines are also often

included in the alum num bonding pad | ayer. Copper processes are
easily affected by charging. Thus, any reduction of chargi ng would

be benefigial{to Elﬂp W}[‘ﬁidl‘w rocesses as well. 20 HCl is
used as o‘rjle r%gasu?g of 1n egrlate ?li(r)guit reliability. For exanple,
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_ particularly, to methods of fabricating aluminum bonding pads with improved hot carrier

injection in the fabrication of an integrated circuit device.

10 (2 DESCRIPTION OF THE PRIOR ART
In the fabrication of integrated circuits, the interconnection of devices is of
importance. Bonding pads are typically used for this purpose. Often, aluminum is used as
the material for bonding pads. During the plasma etching process to form these bonding
pads, plasma charging occurs. Plasma charging is accumulative in most etching and
15  deposition steps. A high enough plasma charging will result in hot carrier injection (HCI)
into the gate oxide of underlying devices causing device failure. Copper wire is often used
to connect to the aluminum bonding pads. Many copper metal lines are also often included
in the aluminum bonding pad layer. Copper processes are easily affected by charging. Thus,
any reduction of charging would be beneficial to aluminum and copper processes as well.
20  HCI is used as one measure of integrated circuit reliability. For example, 0.2 % device HCI

failures per year might be chosen as a goal.



It is desired to provide a nethod of bonding pad fabrication that

will result ina lowring of the HCl failure rate. A nunber of
patents discuss alum num patterning. U S. Patent 6,413,863 to Liu et

5 al discloses the formation of dunmy al um num pads to counteract the
effect of theta phase propagation that occurs during Al Cu etching.

U S. Patent 5,899,706 to Kluwe et al discloses determning the
pattern density of the nost densely packed area and then addi ng

dumy patterns to | ower density areas to equalize the pattern density
across the wafer to reduce etch process sidewall effects. U S. pigos502
Patent 6, 376,388 to Hashinoto teaches 10 enpl oying a dummy al um num

pattern so that tejsRelifedH pRivideth hnSthbdSf SEMneATHIOSichlih tWBHAT resdiDinSa
results in a mcroloading that is essentially the sanme across the

wafer and unbfQieiehicidifreads. U S. Patent 6,462,428 to |wamatsu
shows a dummy al um num pattern that allows CMP polishing w thout

pre-etching. None of these patents address HCI effect. 15 2 P100522
SUMVARY OF THE | NVENTI ON Accordingly, it is a primary object of the

; ti i . : _ | of
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fabricatian qf 4 QL&ILALGETELS Sfjduﬂrﬁny Auminum pads to counteract the effect of theta phase

propagation that occurs during AlCu etching. U.S. Patent 5,899,706 to Kluwe et al
‘ discloses determining the pattern density of the most densely packed area and then adding
dummy patterns to lower density areas to equalize the pattern density across the wafer to
reduce etch process sidewall effects. U.S. Patent 6,376,388 to Hashimoto teaches
10 employing a dummy aluminum pattern so that the pattern pitch is the same across the
wafer. This results in a microloading that is essentially the same across the wafer and
uniform etching speeds. U.S. Patent 6,462,428 to Iwamatsu shows a dummy aluminum
pattern that allows CMP polishing without pre-etching. None of these patents address HCI
effect.
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Anot her object of the present invention is to provide a nethod for
fabricating bonding pads, such as al um num bondi ng pads, wherein

there is a reduced hot carrier injection failure rate of the

resulting integrated circuit devices. 10 Yet another object of the
present invention is to provide a nethod for fabricating bonding

pads, such as al um num bondi ng pads, wherein a dummy alum num pattern
reduces plasnma chargi ng and thereby inproves hot carrier injection
failure rates. In accordance with the objects of this invention, a100522
met hod for fabricating bondin 15 pads, such as al um num bondi ng

pads, is achi evedSUM QX{HE INYENTION provi ded overlying

sem conduct or device structures in and on a substrate. A bondi ng pad
layer is deposit#coodinglyyit isq privearpabfciaitthoimvemioarto pruidsi dnfdffective and very
openings in the passivation layer to underlying sem conductor device

structures. wWanEsdtirablelpaycess diFatrieatigcboddRiciptis) gudhhe alupafeth BEndAEpads, in the
| ayer wherein the nmasking | ayer has a pattern of bondi ng pads and a

dummy 20 pat taBficatioh@F gitdpraed@Rsisy of the bonding pad pattern and the
dummy pattern together is 2.0%or nore. The bonding pad |ayer is

etched awpy where it is not covered by the masking layer to form
bondi ng pads contacting the sem conductor device structures and 3

P100522 d t .cont i ng the. sem conductor. devic .
structuresuuHng?%&¥ﬂ%'%ﬁ??é&ﬁhﬁ %?qumX?H%BW§OPIHSWQCPeHﬁﬁggiBWQ@Wﬁimg
d b dugi t chi rate of the bonding. pad | ayer_ conpared.
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obj ects of the invention, an integrated circuit device
injection failure rate of the resulting integrated circuit devices.

10 Yet another object of the present invention is to provide a method for fabricating
bonding pads, such as aluminum bonding pads, wherein a dummy aluminum pattern

reduces plasma charging and thereby improves hot carrier injection failure rates.

In accordance with the objects of this invention, a method for fabricating bonding

15  pads, such as aluminum bonding pads, is achieved. A passivation layer is provided

Fan
/ \

overlying semiconductor device structures in and on a substrate. A bonding pad layer is
deposited overlying the passivation layer and within openings in the passivation layer to
underlying semiconductor device structures. A masking layer is formed overlying the
bonding pad layer wherein the masking layer has a pattern of bonding pads and a dummy
20  pattern wherein a density of the bonding pad pattern and the dummy pattern together is
2.0% or more. The bonding pad layer is etched away where it is not covered by the

masking layer to form bonding pads contacting the semiconductor device structures and
3



havi ng i nproved hot carrier injection failure is achieved. The device
conprises a passivation |ayer overlying sem conductor device

structures in and on a substrate and a pattern of bonding pads and a
dumy pattern overlying the passivation |ayer wherein the bonding

pads extend through openings in the passivation |ayer to sonme of the

10 sem conductor device structures and wherein a density of the

bondi ng pad pattern and the dummy pattern together is 20% or nore.

BRI EF DESCRI PTI ON OF THE DRAWNGS In the follow ng draw ngs form n91@0522
material part of this description, there is 15 shown: Fig. 1 is

graphi cal repr eseruatiyondofiotebatatting teaspgtdHdutioMBevac S'@qu:th!ﬂﬁtvﬂﬁfbnofhe pattern
pattern density. 20 Figs. 2 through 6 are schematic cross-sectional

repr esent at i @Bssi§fora0m &fesk efiuc&Ratmiac0b Eéaﬁcﬁg%ﬁ%%ldgf}m%tf'tr%ondmg
4 P100522 DESCRI PTI ON OF THE PREFERRED ENEODY MENTS The process of

the present iy eRL QoMb §tt&ng§ghggffe9§t LBig,cating bonding

pads, such as al um num bondi g pads n suc a way as to inprove hot
carrier injection (HC) failure rate. The inventors have found that
as pattern density increases, alumnumb5 pad etching tinme decreases.

Fig. 1is a graph ,show n t ching end o] nt?#]lrre as .a function of
pattern dansity. If'lﬁ%’e 1#%?’ ?ﬂﬁﬂ Cﬁ’éec&go BE PGP e RIS ah Fifcyit device
Li ne 13 shovv?] the |inear

aving improved hot carrier injection failure is achieved. The device comprises a
passivation layer overlying semiconductor device structures in and on a substrate and a
pattern of bonding pads and a dummy pattern overlying the passivation layer wherein the
bonding pads extend through openings in the passivation layer to some of the

10 semiconductor device structures and wherein a density of the bonding pad pattern and the

dummy pattern together is 20% or more.

BRIEF DESCRIPTION OF THE DRAWINGS
In the following drawings forming a material part of this description, there is

15 shown:

Fig. 1 is a graphical representation of etching endpoint time as a function of pattern

density.

20 Figs. 2 through 6 are schematic cross-sectional representations of a preferred

embodiment of the present invention.



relati onship found between endpoint tine and pattern density. That

is, as pattern density increases, endpoint time decreases. 10
Referring now nore particularly to Fig. 2, there is shown a partially
conpleted integrated circuit device. The sem conductor substrate 10

is preferably conposed of silicon having a (100) crystall ographic
orientation. Sem conductor substrate 10 may conprise other materials
as is well known in the art. Sem conductor device structures are

formed in and on the sem conductor substrate. For exanple, gate pyggs22
el ectrodes and associ ated source and 15 drain regions, not shown, may
be fabricated. MDESCREPTEHYNIGF THENRREFERRED EMBODIMENES connect i ons
may be formed to conplete the integrated circuit chip. Layer 12
represents all ofhet fres&s EMhe predeit tifventey ipe®iddsr 4 &lethod SfoA Msbricating bonding
i nterconnections. A passivation |layer 16 is fornmed over the

sem conduct Opadelesitck @s Sfumifmid HRAdinY ?h(’l@ il Qtpe Wa% ngko PhRGES g@iglargtg injection

Structures 14 are representative of déevices to be contacte

b I i i hr h .
Sanes wat 1 on (S Fifiye PR PAMRS neRERLAGIAE PR GR Halill Bl Fyminum
3. 5 .P100522  Referring.now

t he bondizn .as.shown in Eig,. . t .
g a3 L RO O Ry e e e SlephAP E R Rgetion ot
assivation |layer, 16 and wi.thin the openings, faor exanple b )
Cput tori ng. dPUSEHSPIOf BpahSPNs Bt ROBSTRs 1F SHBP a3 Fxshowsth lnca
bondi ng pad material, but those skilled in the art will understand
that ot her HERHPRRYTHHNfbeeeR lendnont timmandapatics Hensisir Teas is, 1ps pattern density

function of 5 aluminum|layer 20 nmay al so be used. The normal pattern
density of BerEasaegy epdrpintitane decreases.

10 Referring now more particularly to Fig. 2, there is shown a partially completed
integrated circuit device. The semiconductor substrate 10 is preferably composed of silicon
having a (100) crystallographic orientation. Semiconductor substrate 10 may comprise
other materials as is well known in the art. Semiconductor device structures are formed in
and on the semiconductor substrate. For example, gate electrodes and associated source and

15  drain regions, not shown, may be fabricated. Multiple layers of metallization and
interconnections may be formed to complete the integrated circuit chip. Layer 12 represents
all of these semiconductor device structures and interconnections. A passivation layer 16 is

formed over the semiconductor device structures, using conventional processes.

20 Structures 14 are representative of devices to be contacted by subsequently formed
bonding pads. Openings are etched through the passivation layer 16 to the device structures

14 to be contacted by the bonding pads, as shown in Fig. 3.
5



bet ween about 2 and 15% The inventors have found that increasing the
pattern density to about 20%or nore will significantly reduce

pl asma charging. As illustrated in Fig. 5, for exanple, a photoresist
mask 25 is formed over the 10 alum numlayer 20. The pattern

i ncl udes dummy pattern areas between the functional bonding pad
pattern so that the pattern density is about 20% or nore. Wth the
dummy pattern, the etching tinme is decreased significantly,

resulting is reduced plasma charging and therefore, an inprovenent

in HCl failure. For exanple, an etching tinme of 130 seconds for pgyps522
nor mal bondi ng pattern is reduced to about 46 seconds for a pattern

density of about %}gs no&r Baid ar N1a9&NT ainvhi®im 80 P ex2BPR Y hépo@@e?llgvr‘:r the
in an etching tine of out 100 seconds. Additionally, a higher

pover is bengfiGiagbn II%P' F6a|ah(y withiP RS oBOWRS, 96 8RRe % Osput’t@jirfgs of Sther
applied during etching. A higher bias power of about 30

results in | %sntlﬁgh mfet%'ohsu[)f‘efeém}&rls the! B}?&M %{a ﬂleﬂgﬁa? ?thb% gn the

wi t hout the increased pattern ensity 20 oes provi'de enoug

an | nprovenent, i bl hit @her FIRiekd 156 AR50 AALLELMIRDSILL 1pHpdddf of

present 1 nvention provi re 1 nprovenent

P100522 FSI g. ﬁlﬁmﬁum e&% @%ﬁgfﬁ@%ﬁ%gj@ 'I%% r%%al n}?&%tegl &‘é?ilfn of bonding pads is

non-f unction um pa roceSS|ng contl nues a

convent i onal beR;veeK' ?\?oql{ % a&l& 19‘%)0)1(% dﬁven?or} Eacif fgun% tflzg ultcreamﬁg c})&g?m%%nssty to

22. 5 The process o presen I nvent 'on provi

nprovi ng HCl i rat baon ad pattern is provided
g o that etchi ar‘t])at%tllo% of.more, wﬁlss ego{lpflcahjtigﬁqéduce P A5 arg1n£

As illustrated in Fig. 5, for example, a photoresist mask 25 is formed over the

10  aluminum layer 20. The pattern includes dummy pattern areas between the functional
bonding pad pattern so that the pattern density is about 20% or more. With the dummy
pattern, the etching time is decreased significantly, resulting is reduced plasma charging

and therefore, an improvement in HCI failure. For example, an etching time of 130 seconds

for a normal bonding pattern is reduced to about 46 seconds for a pattern density of about

15  50%. A pattern density of about 20% will result in an etching time of about 100 seconds.

PR

Additionally, a higher power is beneficial. Typically, a bias power of about 260

watts is applied during etching. A higher bias power of about 300 watts results in lower

HCT failure. However, simply an increase in power without the increased pattern density

20  does not provide enough of an improvement in HCI failure. The increased pattern density

of the present invention provides the desired HCI failure improvement.



results in a reduction of plasma chargi ng danage and t hereby results
in inproved HCI failure rates. 10 Wile the invention has been
particularly shown and described with reference to the preferred
enbodi ments thereof, it will be understood by those skilled in the

art that various changes in formand details rmay be nmade w t hout
departing fromthe spirit and scope of the invention. 7 CLAIMS What
is clained is: 1. A nethod for fabricating an integrated circuit
device conpri sing: 5 providing a passivation |ayer having openi ngs
overlying sem conductor device structures in or on a substrate; P100522
depositing a bonding pad | ayer overlying said passivation | ayer and
within said openiFilg$ showslithd &iohdihg) gads 2chnd eld QMY @b fund@dtial Buminum pads
structures; formng a masking | ayer overlying said bonding pad | ayer
wher ei n sai d 248Bilocdiging éhtinadsark istdsveatipal in@hdardfo RENEH PndEsSs @Mk Wndin
dummy pattern wherein a density of said bonding pad pattern and saidg
dunmmy patter paioget her is 20% or nore; and etching away said bondi ng
pad | ayer where it is not covered by said nasking layer to form
bondi ng pads contacting said sem conductor device structures and
dummy pads not contacting said sem conductor device structures,

wher ei |n dgr i Ng sairde Biocktk BEthe tpeRent@nRh@Ash prévidRAVBELS fRRAMLVAY Bhikse
is applied.

rates. A dummy bonding pad pattern is provided so that etching time is decreased. This
( results in a reduction of plasma charging damage and thereby results in improved HCI

failure rates.

10 While the invention has been particularly shown and described with reference to the
preferred embodiments thereof, it will be understood by those skilled in the art that various
changes in form and details may be made without departing from the spirit and scope of the

invention.



2. The nmethod according to Claim1l wherein said sem conductor device
structures conprise gate electrodes and one or nore |ayers of netal

i nterconnections. 20 3. The nethod according to Claim1l wherein said
bondi ng pad | ayer conprises alumnum 4. The method according to
Claim1l wherein said bonding pad |ayer conprises Al Cu. 25 5. The

met hod accor ding to Caim1l wherein said masking |ayer conprises a

phot or esi sttL 4@8@ 6. The nethod according to Claim1l wherein said
density is nore than 50% 30 7. A nethod for fabricating an

integrated circuit device conprising: 8 providing a passivation

| ayer havi N@%Eﬁ@i@lﬁgé isver|yi ng sem conductor device structures in

or on a sufstrate i ongdi pa over| |ng sai d
passivati oﬁ I ayeAr gﬁ i %B&gtl%%lﬂgépdged 0 u{tgg‘ﬂﬁ%ceo pf}sné sai d

sem confluct or devi premdinlgua: tpagsbamtion liyer rhamyg aopeaisks Rgelldye rsemicenductdtgdevice
sai d bondin ad | ayer wherein said masking |ayer has a pattern of

bondi ng pad%“‘gﬁﬂsﬁl% E%{fafeern wherein a density of said bonding

pad pattern and sajefodthiETy H@)ﬁﬂﬁl@rﬁadtl&%mgﬂymé & %aQ4ivAIRh Qaytd w1th1n said
et ching away sai d bonding pad |ayer where it 1s not coveredyby sai d

maski ng | apaeningsgo ﬂ@@%%@ﬁﬁidﬁ%ﬂu@@ﬁde&@ﬁsﬁgﬁmﬁd seni conduct or

e conduct or deviioang AUBKIRRE Ry B hverkle R A e uthy phsrejp s gpasking

or nor &0 layer has a pattern of bonding pads and a dummy pattern wherein a den31ty of said bonding
pad pattern and said dummy pattern together is 20% or more; and

etching away said bonding pad layer where it is not covered by said masking layer

to form bonding pads contacting said semiconductor device structures and dummy pads not

contacting said semiconductor device structures, wherein during said etching step, a bias

15  power of about 300 watts is applied.

2. The method according to Claim 1 wherein said semiconductor device structures

comprise gate electrodes and one or more layers of metal interconnections.

20 3. The method according to Claim 1 wherein said bonding pad layer comprises
aluminum.
4, The method according to Claim 1 wherein said bonding pad layer comprises AlCu.

25 5. The method according to Claim 1 wherein said masking layer comprises a photoresist
layer.
6. The method according to Claim 1 wherein said density is more than 50%.

30
7. A method for fabricating an integrated circuit device comprising:

8



reduces plasma damage by reducing an etching rate of said bonding pad
| ayer conpared to a pattern density of |ess than 20% and during
said etching step, a bias power of about 300 watts 1is applied. 15 8.
The net hod according to Caim7 wherein said sem conductor device
structures conprise gate el ectrodes and one or nore |ayer of netal

I nterconnections. 9. .The net hod .acrc]ordi ng. to Caim7 l}jgerei n. saﬁild :
bondi ng pad | ayer REBHAMPEsEPISSHATRN (NFT BSFingOPeRINgS PNEHIRS SEisPRTEPr: dpvice
d ai m 7 whefredtires 8 ¢t ddn@baeitgad | ayer conprises Al Cu. 11. The net hod
according to Claim?7 wherein said nasking | ayer conprises a o
phot or esi st | ayerdepositing a bprdingdiad Jayes el ing gaid pasyixation Aays eand; within said

sai d densi to}feﬂiﬁgsrfg ﬁﬁdérm 2 8emidnductor device structures;

5 forming a masking layer overlying said bonding pad layer wherein said masking
layer has a pattern of bonding pads and a dummy pattern wherein a density of said bonding
pad pattern and said dummy pattern together is 20% or more; and

etching away said bonding pad layer where it is not covered by said masking layer
to form bonding pads contacting said semiconductor device structures and dummy pads not
10 contacting said semiconductor device structures wherein said pattern density of 20% or more
reduces plasma damage by reducing an etching rate of said bonding pad layer compared to a
pattern density of less than 20%, and during said etching step, a bias power of about 300 watts

is applied.

15 8. The method according to Claim 7 wherein said semiconductor device structures

comprise gate electrodes and one or more layer of metal interconnections.

9. The method according to Claim 7 wherein said bonding pad layer comprises
aluminum.

20
10. The method according to Claim 7 wherein said bonding pad layer comprises AlCu.
11.  The method according to Claim 7 wherein said masking layer comprises a photoresist
layer.

25
12. The method according to Claim 7 wherein said density is more than 50%.



