Bond Pad Schene for Cu Process TECHNI CAL FI ELD [0001] The present
invention relates generally to the fabrication of sem conductor devices,
and nore particularly to a nethod of form ng bond pads and a bond pad
structure for sem conductor devices. BACKGROUND [0002] Sem conductor
devices are used in many el ectronic applications, such as radios,

tel evisions, cell phones and conputers, as exanples. Sem conductor devices
are often fabricated as integrated circuits, with hundreds or thousands of
devi ces often bei ng mnanufBetdxtl SohemesforgCa Rivogess[ 0003] After a

sem conductor device or integrated circuit has been fabricated, electrical
connections nust be nmade to the sem conductor device in order to connect it

to oth (ﬁb@ 'rOﬁEﬁ conmponents. This is usually acconplished by, after
attachﬁﬁb H@ﬂgéVIC£)tO a package substrate or lead frane, naking

el ectrical connection between the bond pads of the device and the inner

| eads @00Mihe pdbkpgeentancntitreredesiorgaalleimdbe fabacaonnd streidotductor devitescat ed
on the exterior of the package. Wre bonding is a common techni que for

maki Ng a60 fdecharadsarbeto watethbd6f foaing 666HIE4de andlg bohEpddututeifolt put s (110" s)
and the package, especially for integrated circuits having up to about 224

1/ O s. sEQR8AducHrdevieanding is typically carried out after the integrated
circuit is attached to a package. Flexible wires are usually attached one

at atime to bond pads on the integrated circuit,

BACKGROUND

[0002] Semiconductor devices are used in many electronic applications, such as radios,
televisions, cell phones and computers, as examples. Semiconductor devices are often fabricated
as integrated circuits, with hundreds or thousands of devices often being manufactured on a

single chip.

[0003] After a semiconductor device or integrated circuit has been fabricated, electrical
connections must be made to the semiconductor device in order to connect it to other electronic
components. This is usually accomplished by, after attaching the device to a package substrate
or lead frame, making electrical connection between the bond pads of the device and the inner
) leads of the package, and the package leads are connected to pins located on the exterior of the
package. ‘Wire bonding is a common technique for making connections between the
'semiconductor device inputs/outputs (I/Q’s) and the package, especially for integrated circuits

having up to about 224 I/O’s.

[0004] Wire bonding is typically carried out after the integrated circuit is attached to a
package. Flexible wires are usually attached one at a time to bond pads on the integrated circuit,

and the other end of the flexible wire is attached to a contact on the package. Three types of wire
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and the other end of the flexible wire is attached to a contact on the
package. Three types of wire 1 bond nethods include thernoconpression

bondi ng, ultrasoni c bondi ng, and thernosonic bonding, as exanples. [0005]
In order facilitate the wire bonding process, typically an integrated
circuit 100 will have bond pads 112 fornmed at a top surface thereof, as
shown in the prior art drawing of Figure 1. 1In the sem conductor device
100 shown, a workpiece 102 having an insulating |ayer 104 formed at a top
r egi on bohémgthbdhimslude dendocnipressioadionding 0ftrasonia bphdingland yheohosooivduct i ve
regions 106 forned wthin the insulating | ayer 104. The conductive regions
106 maypondingras eeargglagucti ve lines, or may alternatively conprise a pad of
conductive material fornmed in a circular or square shape, as exanples. The
conductj regions, 106..may _be electrically coupled to circuits ar. .elenments
(rot sHOME) ' ¢ Rig e, BORR O SyirutpipeprRset B@Haby et et willor
exanple. J0006] To forma bond pad 112, tygica[l a passivation |l ayer 108
i s depders inddpds 11htormediaha tap swdpce srasofiashay “éélﬁﬁ’él@ﬁafbéﬁﬂwl%%f Rigire he
conductive regions 106. The passivation layer 108 typically conprises a
first [ajhescmmepdiciedieyice pP@sheavne amonkuebesiOr hedng i tnswlaing Rieriok)formed
deposited in a thickness of about 0.075 m The passivation |ayer also

i ncl udesa topgegion thekenf bas afondpdive megiem hdthaedplsialityad rontuo kv ehegloRE1 GX)
deposited in a thickness of about 0.4 pmover the first PE-SIN layer. The

“passi vdbined witiethe ifBilaing dayen 004U 0Bt cdndduitik & rdgyne N 0©maPtomphbedpasitived in a

thi ckness of about 0.6 mover the PE-OX | ayer. [0007] The passivation |ayer
10§ | s lipad, bemag dltérfatbBOsepRis® bhd ONcotiudtie nla®Riab Hifes & PEirdul® or square

- shape, as examples. The conductive regions 106 may be electrically coupled to circuits or

elements (not shown) that have been formed in the underlying workpiece 102, for example.

[0006] To form a bond pad 112, typically a passivaﬁon layer 108 is deposited over the

insulating layer 104 and exposed portions of the conductive regions 106. The passivation layer

108 typically comprises a first layer comprised of plasma enhanced silicon nitride (PE-SiN)

deposited in a thickness of about 0.075 pm. The passivation layer also includes a second layer of

plasma enhanced silicon dioxide (PE-OX) deposited in a thickness of about 0.4 um over the first
) PE-SiN layer. '_I‘hc passivation layer 108 also includes a third layer of PE-SiN deposited in a

thickness of about 0.6 pm over the PE-OX layer.

[0007] The passivation layer 108 is patterned to expose a portion of the top surface of the
conductive regions 106 using traditional photolithography and a photoresist (not shown), and a
bond pad material 112 is deposited over the patterned passivation layer 108. Thé bond pad
material 112 may conform to the underlying topography of the underlying pattémed passivation
layer 108, as shown. The bond pad material 112 is then patterned, also using traditional
photolithography techniques and a photoresist (not shown), to form bond pads 112 that are
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conductive regions 106 using traditional photolithography and a phot oresi st
(not shown), and a bond pad material 112 is deposited over the patterned
passivation |ayer 108. The bond pad material 112 may conformto the
under | yi ng topography of the underlying patterned passivation |ayer 108,
as shown. The bond pad material 112 is then patterned, al so using

tradi tional ., photolithography techni ques and a photoresist (not shown), to
f or m bondeEERIY LevPled & thy ppderlying| copdudtivalrbgionsonds] @tirds endyhRenrdakyd fRdthe
conductive regions 106. Wres may then be bonded to the bond pads 112 to
el ect ri ciAndypady hivetorcledicalip momnestdbie samicoedtions dbAEe 10 18 aRAGKEE Br MotRAOt her
sem conductor device or circuit, for exanple. [0008] There i's a trend in

t he seniomehndueser devikesiriciredinfarestampleal i ng or reduci ng the size. of
integrated circuits. As a result, the mninmumfeature size of integrated
circuit bﬁﬂbeQQHEQQEa qphLe@ and. snpl ler. This nmakes the wire bonding
process for 'sem conductor FevF SFucaptuctordpdustny feyyasds scrling ervadnsing thasize hHwn
in Figunetl t.he space "x" between adjacent bond pads 112 nmay be 3 mor

| ess.  AFPSERAISAGICRIt: 195 f Esyp torsminimumtisatyondzquidstegra®d casuisiobecdmingi gur e
2, shorts 116 may be forned between adjacent bond pads 112 due to the

def or matSTBHeLAN sgialien r Thipmakesithe wire bonding priess ar sthidongudthedovides nigadi ng
process. [0009] Therefore, what is needed in the art is a bond pad schene

that pr&hellmging) Fer exeegile, as bhominsin Figuse eNthadhaeert bhaeh RGBS 438 112
sem conductor device is subjected to mechanical stress, 'such as wre
bondi ngmagbIARY oORsT HEfteNdVERET | IaNs bonded to the bond pads 112, as shown in Figure 2,

| shorts 116 may be formed between adjacent bond pads 112 due to the deformation and distortion

of the bond pads 112 during the wire bonding process.

[0009] Therefore, what is needed in the art is a bond pad scheme that prevents electrical

shorts between adjacent bond pads when the semiconductor device is subje(;ted to mechanical

stress, such as wire bonding,

. SUMMARY OF THE INVENTION

[0010] | These and other problems are generally solved or circumvented, and technical
advantages are generally achieved, by preferred embodiments of the present invention, which
provide a novel bond pad scheme wherein two passivation layers are used in the formation of the
bond pads. Portions of the top passivation layer are disposed between adj‘acent bond pads so that
shorts are prevented from forming between adjacent bond pads during the wire bonding process.
{0011] In accordance with one aspect, there is provided a method of forming a bond pad of

a semiconductor device the inethod comprising: providing a workpiece, the workpiece having

at Jeast one conductive region at the top surface thereof, forming a first passivation layer




[ 0010] These and other problens are generally solved or circunvented, and
techni cal advantages are generally achieved, by preferred enbodi nents of
the present invention, which provide a novel bond pad schenme wherein two
passivation |layers are used in the formation of the bond pads. Portions of
the top passivation |ayer are di sposed between adjacent bond pads so that
shorts are prevented fromform ng between adjacent bond pads during the

W re bonehentheptaikgisse and[20 2hd] ot ne.aspegt, there. is
provi ded a net hogﬁof form ng Oggggﬁ{gﬁgg%&ggo%’ %Mdsigrrﬁ%g%ﬁ %Cgpglpas&év\?g%laﬁ{e

ot hod COMPN:aGashidish Wyl PrYBESM SRSyl PLARLECE, NaYNG, ol Least one

conductive region at the top surface ereor,

|l ayer  3me¥&lond BssMat kPl | east one conductive region, and form ng
a second pasgflvgt isbnl%g'?g%%vg{\}g‘rag{ lr?%set\ipfl? £n %tévﬁreﬁf’%&ﬁglﬂé{-‘y’gﬁ“. PapFigatioBc ond
passi vatj : | terned to forn an gpening in the second

passi vat1|Ia ér%l% yenﬁneg\?/%ﬁ) e OgFmP%H%{hegﬁépéﬁﬁﬁ‘GH% layer qvegthsiat leasicbnghe fir st
passi vatdoffuctive ¥&dionh . forman openjng in the first passivation
| ayer over the a‘l%cl) éi’%@%ﬁ?g%‘%hﬁ%ﬂ@{é‘”} %5 Ttpenifg dpg p firstva deh gngithe second
passi vation laﬁi‘%’ ogaeni ng has a first wwdth and the second passivation

| ayer hd@SHYAUGR AYET Rgsd ssconghvaidth, whereen the sondd wiidth lis greatgyr that e firbiamidihn ey
first width. A bond pad material is deposited over the exposed at | east
one condQef padmateglgn depasised gvoes theprxpesedat least ohey@iduatiet fefonshe g
passivation |ayer, and the bond pad material is patterned to form a bond

pad ovepatshtion layerrd thnscanhghssivancn 1pg] 41d-thd BhEZad i@ 58 W SARERAW foin

anot her aspect, there is provided a seni conductor device, conprising: a
wor kpi eadondpad @es theain easiwnd ubhiductivé Rl forned in a top surface of the

[0012] In accordance with another aspect, there is provided a semiconductor device,
comprising: a workpiece, at least one conductive region formed in a top surface of the
workpiece, a first passivation layer disposed over the at'least one conductive region and over
the workpiece top surface, and a second passivation layer disposed over the first passivation

layer, a bond pad disposed over and abutting the

passivation layer. The semiconductor device includes a bond pad disposed over and abutting the
at least one conductive region, wherein the bond pad comprises a greater width within the second
passivation layer than in the first passivation layer, and wherein a portion of the second

. passivation layer resides between adjacent bond pads.

[0013] | Embodiments of the present invention achieve technical advantages by providing a
scheme for fabricating bond pads of a semiconductor device that prevents shorts between
adjacent bond pads during the wire bonding process. By the use of a second passivation layer,

the bond pads are formed such that the bond pad material may not reside on the top surface of

the second passivation layer. A portion of the second passivation layer resides between each




wor kpi ece, a first passivation |ayer disposed over the at |east one
conductive region and over the workpiece top surface, and a second

passi vation | ayer disposed over the first passivation |ayer, a bond pad
di sposed over and abutting the passivation |ayer. The sem conductor device
i ncl udes a bond pad di sposed over and abutting the at |east one conductive
regi on, wherein the bond pad conprises a greater width within the second
passiva&}qg(L%%gr %han in tQ@ first passivation |ayer, and wherein a

por t i on“BfePHEnd PadyPaevepRETPHS fiom eosyrme; @ien ipssncanduetar deyioss ating vyl
pads. [OQéF% Emhodi ments of the present invention achieve technical

advant atfB&" $iPePeR% di ng a schene for fabricating bond pads of a

sem conductor device that prevents shorts between adjacent bond pads

during fopeapi r eTiRApRESGe REOGRRSed Hth hyallan d aver,
t he bond pads are f%rgrreé such t hat tewe%%%%igg'eggﬁaﬁgglgcfggl?rﬁ%gé&ﬁagiagge%é de on
the t opeaddiREss 8f ih SShvat i on er.. A.porti of the second
passivation |ayer r%é{%g%@ﬁ@gﬁg\%rg% Ozg%ﬁﬁ%%‘eadfg%lfd 88%?88%%%110&(5? BVEM 9 Btshor t s
from oc ' in.senco t or .devi ces having very snal
i rensi e iy b BERH R g S RER S R AE SR e RS BF GHRRGmERE of Bat ur es
and techni cal aﬂ&agt agﬁs of . e@odi nents of the present invention in order
that tH 1 & GessEPediareinatiar, whish forncthe pubiect pithe clagns efibe invgntien. det t er
unders%gﬁﬁﬁ‘AdditLonal features and advant ages of enbodi nents of the
i nvent i DRvIdibeappeciaied by thosel siibedinthe a that thisicotceptiomandspesifibjembbdiofentshe
claims of the invention. It should be appreciated by those skilled in the
art t hatisalosed man be pratidy ntilined op e basis for emddliffingen tesigrming cthesecilges die readi |y
utilized as a basis for nodifying or designing other structures or
: processes for carrying out the same purposes of the present invention. It should also be realized

by those skilled in the art that such equivalent constructions do not depart from the spirit and

scope of the invention as set forth in the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] For a more complete understanding of the present invention, and the advantages

thereof, reference is now made to the following descriptions taken in conjunction with the

accompanying drawings, in which:
[0016] Figures 1 and 2 show cross-sectional views of a prior art bond pad scheme;

[0017] Figures 3-6 show cross-sectional views of an embodiment of the present bond pad

invention at various stages of manufacturing; and
[0018] Figure 7 shows another embodiment of a bond pad scheme of the present invention.

.[0019} Corresponding numerals and symbols in the different figures generally refer to
corresponding parts unless otherwise indicated. The figures are drawn to clearly illustrate the

relevant aspects of the preferred embodiments and are not necessarily drawn to scale,
T, s -5-




processes for carrying out the sanme purposes of the present invention. It
shoul d al so be realized by those skilled in the art that such equival ent
constructions do not depart fromthe spirit and scope of the invention as
set forth in the appended cl ai ns. BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0015]
For a nore conpl ete understanding of the present invention, and the
advantages thereof, reference is now nade to the follow ng descriptions
taken in conjunction with the acconpanying draw ngs, in which: [0016]

Fi gur esDETARFIPDERORIRTIOSS OFdLLUSTRATIVE BMBRODIMBENIS art bond pad schene;
[0017] Figures 3-6 show cross-sectional views of an enbodi nent of the

pr esent dp i aventi.on. at .yarious. st ages. of nuf act ur.i ng; .and [ 0018]
Fi gure [gﬁis{ﬂows alglﬁo ke aélﬂt%l&gr?éﬁ}e PEpseth RiTTEd AR edREs gfe lﬁéssﬁﬂé"s‘g‘mﬂ

i nventi.on. 01 Correspondi ng nuperal s and synbols in the different
figur esbegf’é‘ﬁelﬁ g‘?ﬁ“&?fl P%?P@FGGE%G({:' gewg‘@gﬁg%dhwew wnxChiiongsavidesiaaniappliqablgi cat ed.
The figures are drawn to clearly illustrate the relevant aspects of the
pr ef er rBEEIENBERNCRRIR thet eanbegmbodisd ina sddsvarietyof gpeific cantextsl Ehe speddfiOETAI LED
DESCRI PTI ON OF | LLUSTRATI VE EMBODI MENTS [ 0020] The nmaki ng and using of the
pr es ent9mbogimsngs digqyssedtarromenshit ifustrativel pSspesifie shaystodnilaiand ukethemvehtiors houl d
be appreciated, however, that the present invention provides nmany

-appl i ceanido npnlimiithessoponitbpirvettimt can be enbodied in a wide variety of
specific contexts. The specific enbodinments discussed are nerely

il lustrgti,ye o Cifl S to make ang use the invention,
[%il\f. fOn%)p &% bon p\{a\ﬁy are shown 1n eac ggure;ehowever, there may be many other
- bond pads formed in the layer of the semiconductor devices shown in the drawings. While
embodiments are described herein for use with manufacturing bond pads that make electrical

contact to copper-containing conductive regions, the novel bond pad scheme described herein is

also beneficial for semiconductor devices having contact regions comprised of other conductors,

for example.

[0022] With reference now to Figure 3, a method of forming a bond pad of the
semiconductor device 200 in accordance with an embodiment of the present invention will next
be described. First, a workpiece 202 is provided. The wotkpiece 202 typically comprises silicon
oxide over a single crystal silicoﬁ wafer. The workpiece 202 may include other conductive layers
or other semiconductor elements, e.g., transistors, diodes, etc. (not shown). Compound

semiconductors such as GaAs, InP, Si/Ge, SiC, for example, may be used in place of silicon.

[0023] An insulating layer 204 is deposited over the workpiece 202. The insulating layer
204 may comprise an interlevel dielectric such as silicon dioxide, as an example. Alternatively,

the insulating layer 204 may comprise low-k dielectric materials or high-k dielectric materials, for

example.




and do not limt the scope of the invention. [0021] Only two bond pads are
shown in each figure; however, there may be many other bond pads forned in
the | ayer of the sem conductor devices shown in the drawi ngs. Wile

enbodi nents are described herein for use with manufacturing bond pads that
make el ectrical contact to copper-containing conductive regions, the novel
bond pad schene described herein is also beneficial for sem conductor

devi ces havi ng contact regions conprised of other conductors, for exanple.
[0022] [M024] r efGonduntize negiviis@OFiagrfoemd] withimelidiashlafngfloyaro4g a8 siond Thed of
the sem conductor device 200 in accordance wth an enbodi nent of the

pr esentconduoting regions206 preforibly bempiesecdobped tandmhdySliternativealy QPSR ARdining,

provi ded. The workpi ece 202 typically conprises silicon oxide over a

si ngl e copyetatlbyssor dthe@Inabilh, o exiSleVOTHoBEE:1¢0 A giBRY 208 flaydfc1ie Blner
conductive layers or other sem conductor elenents, e.g., transistors,

di odes,digloSed dvePihc SRAMINg LSRIRAU RS gééﬁﬂg,gﬁglgsg&g@: 21; %%%Hd@c%iv?g@?f bg§ ,

Si/Ge, SIC, for exanple, may be us _ i con. _ _
i nsul atrhi%gco 8 crdctive HBP R 'aftt?rﬂat?y rtg%:)g T%%%\A?%(;g{sgé%ag apg;r%%]el nsulating

| ayer 2 y conprise an i hterleve 8%H? di oxi de,
as an exappl ey Al ternativel t he ;i nsul ati ng. | ayer 204 may conprise | ow k
di el ectir e %E{hé’ﬁ%%%“%‘? OWF&%@%&‘% BAf A SR rEP I e %Pé‘,lct’fv& FeBIsZNBMaY 6 [ 0024]
Conduc%%ye {%%%ons 206 ar forq&%ﬁyﬁthin the insulating | ayer 204, as
shown. *THEAUY ﬂﬁ@?ﬁ%@ﬂP§§P8ﬁ§ oBfuntiys Eaglops demay be cewpertio cirgvith may
alternatiyvely conPrise_aLuninun1 . )

and/or elements that reside in the underlying workpiece 202. These circuits and elements may

comprise memory devices, logic circuits, or elements such as capacitors, resistors, or diodes, as

examples.

- [0025] The conductive regions 206 may be formed in a subtractive process, €.g., a
cqnductive material may be deposited, and the conductive material is patterned using
photolithography to remove portions of the conductive material and form the conductive regions
206. Insulating layer 204 is then deposited between the conductive regions 206. Alternatively,
particularly if the qonductive regions 206 comprise copper, the conductive regions 206 may be
formed in a damascene process, e.g., the insulating layer 204 is patterned using photolithography,
and a conductive material is deposited over the patterned insulating layer 204. Excess

conductive material is removed by planarizing the insulating layer 204, e.g., using a chemical-

mechanical polish (CMP) process.

--[0026] Next, in accordance with an embodiment of the invention, a first passivation layer
220 is deposited_over the exposed top portion of the conductive region 206 and the insulating

layer 204. The first passivation layer 220 is preferably relatively thin. For example, the first




copper alloys, or other netals, as exanples. The conductive regions 206 may
include a liner disposed over the insulating |ayer 204, for exanple, (not
shown). The conductive regions 206 nay conprise conductive |lines, or
alternatively they may conprise a pad shape, such as a circular,
elliptical square or rectangul ar pad, as exanples. The conductive regions
206 may alternatively conprise other shapes. The conductive regions 206
may be coupled to circuits and/or elenents that reside in the underlying
wor kpi epassiggivn layes 220 tsiprefeiably (hpmedr doyenA Eermmtyvelys cgfirsigssiedion Yaydeyices,
logic circuits, or elenents such as capacitors, resistors, or diodes, as
~exanpl emay {@OREE a Thiekmeontinging ient @YioNS pd) Gorerimplef oOrmed in a subtractive
process, e.g., a conductive nmaterial nay be deposited, and the conductive
mat er i LS patterned, usin tolithography to renpve portions of the
~ conduc ﬂo\') %ﬁ mat ef'i°8f e‘&h@%ﬁ?ﬁ@ﬂﬁ“é’@%‘@@?? \Aver 28 onwriserdhrep faygrsatTha frst ay er
- 204 is then deqosited,betmeen the conductive regions 206. Alternatively,
par t i cuPasPranonsayer d2Q ingides ¢ fest siliganoniaide deyer denositeskoven i dnsulating layoriddct i ve
regions 206 may be fornmed in a damascene process, e.g., the insulating
| ayer 20w cosdystive egipag 206 inaythidkoesslof epworiapteyy 0.03Npma The fidwt padsivetiont er i al
is deposited over the patterned insulating | ayer 204. Excess conductive
mat er i aleydr32¢ alspinstideya fryanafiHE Diglephsited s ol tdtkinegs dfapproxidiidely 0,26 um oh&kNg a
chem cal - nechani cal polish (CWP) process. [0026] Next, in accordance with

an enbatile fesnsiliodn hitvidel laweenThefisst paskiivitidn IRpE 30 alsh RRIIGRY 8econd Slibsh tlgRRsi t ed
over the exposed top portion of the conductive region 206 and the

i nsul atlayg depoaiied in20ftickil®ts of pRéxiR@RH /679 @R oVaUBE PRAIK P! Sl&haRkY,
relatively thin. For exanple, 'the first
the first passivation layer may comprise a single layer, a bi-layer and may comprise other

insulating materials, for example.

[0028] A second passivation layer 222 is deposited over the first passivation layer 220, as
shown in Figure 3. Preferably, the second passivation layer comprises a thickness that is greater
than the thickness of the first passivation layer. For examplé, the second passivation layer 222 is
preferably approximately at least 2 times greater than the thickness of the first passivation layer

220, and more preferably is approximately 3 to 6 times greater than the thickness of the first

. passivation layer.

[.0029] The second passivation layer 222 i)referably comprises two or more layers, and in
one embodiment, the second passivation layer 222 preferably comprises an oxide layer such as
PE-OX deposited in a thickness of 0.4 pm, and a silicon nitride layer deposited over the oxide
layer in a thickness of 0.6 pm, for example. Alternatively, the second passivation layer 222 may

comprise a single layer, a tri-layer, and may comprise other insulating materials, for example.

. [0030] The second passivation layer 222 is patterned to remove the second passivation layer

222 material from over the conductive regions 206, as shown in Figure 3. The second
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-7 passivation layer 220 is preferably 0.3 pmor less. Alternatively, the
first passivation |layer 220 nay conprise a thickness ranging fromO0.1 to
0.8 m for exanple. [0027] In one enbodi nent, the first passivation |ayer
220 conprises three layers. The first passivation |ayer 220 includes a
first silicon nitride |layer deposited over the insulating | ayer 204 and
conductive regions 206 in a thickness of approximately 0.075 m The first
passi vation |ayer 220 also includes a |ayer of PE-OX deposited in a

t hi ckneB¥sisatioadpen 3 Fremag by paiteeedp for exanple tbyalepbsitig SphdteredistThdtishelen) ayer .
The first passivation |ayer 220 al so includes a second silicon nitride

| ayer deysodictsebni passivabibn kayes2220bateepiii@©hic FRbBFkish) ad TefueM heghBtobkisPX

| ayer. Alternatively, the first passivation |layer may conprise a single

| ayer, fta pafterh dyamdail@ingBatot® PisivaBorPlalkgn22 | Tﬁé’fﬂ?&t&gﬁsﬁ?,ﬁh%ﬁ éﬂg@ed éror

exanpl e. [0028] A second passivation Tayer 222 1s deposite er the first

passi vafeinodted, B eing a%)s,méﬁlre %Wn %uﬁal kY, uﬁﬁ%rﬁati\};é[yg ]:)ﬁl';eamhyygﬁaﬁlgﬁte ecq%g%i ckness

. . 1
passi vati on | ayer conprises a t hi ckhess t | reaf er

of the ﬁih}r@éusg@ﬁﬁ;a\l@ﬁ{tﬂgSéC%X&E?Sﬁ%{ioqel;ag%PE; tthe second passivation |ayer

222 is preferably approxi mat I mes greater than the
t hi ckness of the first passivation |ayer 220, and nore preferably is

appr oxi #3881 y Refayrivg nownts Figneat, ére firligassivigion MyeKPEES feh dahSmbd. S first
passivation |ayer. [0029] The second passivation | ayer 222 preferably

conpr i gessivation tayerfiembplyepateradfor BxanPle b ABRBIIRN photdiesid
passi vation | ayer 222 preferably conprises?an ox?%éIfgyerlsﬁgﬁgggwﬂPE-CM

deposi teer tha patenitdekartpasdiviliof 1B Zﬁ%d%xﬁé)éeh ﬁgﬁioﬂi\; bf {hg %rgt% Shvafi&POs ited
over the oxide
layer 220. The photoresist is then patterned, and the photoresist is used as a mask, while the first

passivation layer 220 is etched. The photoresist is then removed, leaving the structure as shown

in Figure 4. Alternatively, other litho graphy techniques may be used to pattern the first

passivation layer 220,

[0032]  Inaccordance with embodiments of the present invention, preferably, the opening in
the second passivation layer 222 has a greater width than the width of the opening formed in the
furst passivation layer 220. The second passivation layer 222 opening may be 0.4 pm wider than
the first passivation layer 220 opening, although the difference in the first and second passivation
- layer opening widths may alternatively range from about 0.1 to 0.8 um, as examples. Note that

the top surface 224 of the conductive regions 206 is exposed after the first passivation layer 220

is patterned.

[0033] A bond pad material 212 is then deposited over the exposed conductive regions 206,
and the first and second passivation layers 220 and 222, as shown in Figure 5. The bond pad
material 212 abuts the top surface of the conductive regions 206 and makes electrical contact
therewith. The bond pad material 212 may comprise an alloy such as aluminum-copper, for
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| ayer in a thickness of 0.6 m for exanple. Alternatively, the second

passi vation |ayer 222 nmay conprise a single layer, a tri-layer, and may
conprise other insulating materials, for exanple. [0030] The second
passivation |ayer 222 i's patterned to renpbve the second passivation |ayer
222 material fromover the conductive regions 206, as shown in Figure 3.
The second 8 passivation |ayer 222 nay be patterned, for exanple, by
depositing a photoresist (not shown) over the second passivation |ayer

222, patxampli sthouplealpdodtoebs tretbondpal mhitenial 230 ReryicbapAROSBERSh@Ictivé O pattern
t he underlying second passivation |ayer 222. The photoresist is then

st ri ppeatorials, fermvegle. [18aué agbidiges] theBbl Shdshadal iphefEbBly cEmprises an alloy
Al ternatively, other |ithography techniques nay be used’'to pattern the

second qassiive®3 LYYy alundren 2hPO3 L siReh Jﬁi e BOA S At 212 mal e first
e

passivation | ayer 220 is then patterned. I rst ~ passivation fayer 220
over Tt o AR oy PR T b T BRI R I8 PR b (e
phot or erey P> By soRtte EmIGRRL bRETRD v Birkah B ediny Rpbmiasy | <

Fi gur e 42 e RORbEE HiPlne St Repbdiogs aing e Ao docaamele. dbeseadpeb
pattern %?gléiiﬁﬁgbgassiyqiéon | ayer 220. [0032] In accordance with

embodi B BRAsHed Prsputeingator srarpleabl y, the opening in the
second passivation |ayer 222 has a greater wwdth than the wdth of the

openi ngob3) med AsRhéWRin Fighitls, R Bid ARLAYAR 124t CaS RPN Passivation
| ayer 222 openi ng nay beggr.%4 gm w dgér tﬁgn ! temm’ also ES%&

photolithography, for example, to form bond pads 212 that are electrically coupled to the

underlying conductive regions 206. Note that because a portion of the second passivation layer

222 is disposed between adjacent bond pads 212, shorting of the bond pads 212 is prevented

during subsequent wire bonding processes or flip-chip packaging processes, as examples.

[0035) An alternative embodiment 300 of the present invention is shown in Figure 7. In

Figure 7, a wire 314 is shown bonded to the underlying bond pads 312. Again, because a portion
of the second passivation layer 322 resides between adjacent bond pads 312, shorting of adjacent
bond pads 312 is prevented, in accordance with embodiments of the present invention. Note also

that there exists a height differential “y” between the height of the second passivation layer 322

and the top surface of the bond pads 312.

[0036] Also note that in this embodiment, a stop layer 328 is disposed between the
conductive regions 306 and the bond pads 312. The stop layer 328 may comprise TaN deposited
in a thickness of about 0.06 pm, as an example, although alternatively, the stop.layer 328 may
comprise other thicknesses and materials. The stop layer 328 may be deposited over the
conductive regions 306 prior to the deposition of the bond pad material 312, for example.
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the first passivation |layer 220 opening, although the difference in the
first and second passivation |ayer opening widths may alternatively range
fromabout 0.1 to 0.8 m as exanples. Note that the top surface 224 of the
conductive regions 206 is exposed after the first passivation |ayer 220 is
patterned. [0033] A bond pad material 212 is then deposited over the
exposed conductive regions 206, and the first and second passivati.on

| ayers 220 and 222, as shown in Figure 5. The bond pad material 212 abuts
t he t opl083f ac Adykntapes fenmbodinents of dgi ioneniidf Enchrid pi@K&isg e keriieifetormapt act
therewith. The bond pad material 212 may conprise an alloy such as

al uni nurond ppgreof serion@uotoratepice thagpcheitgthodt LPAdRehMRInd padd) eTHR®RHd pad

material 212 may conprise other conductive naterials, for exanple. In one

enbodi nehéme ishavinepgopadliig sebseqlenPit 8bAhY 6 OMRES 5 86y 8 ?L‘ékg ingCoNt ai ni ng
95 to 99.5% al um numand 0.5 to 5% copper. e bond pad mater| 212 may be

deposi tiedcesses,ant Aise @& htsPhd Bﬁl@élﬁ%gvﬁgﬁ e ¥erhicOnduRtot td%él% {s];? C]ﬁ&é(f%p e,

al t hough the bond pad naterial 2 may conprise o r I cKnesses.

Pr ef er addctrical R8s WhGKRESS terial 12 jS less than the
t hi ckness of the secgﬁd pgggﬁ%ggﬁgﬁqﬁgggﬁhggﬁfIF%?Zgiﬂﬁgh : The bond pad
material 212 may be deposited by sputtering, for exanple. [0034] As shown

in Fi guP@38, t ddthongivempbeilimette of te pRiéhtinsvepadd ffd el addagRptiiaR@been
phot ol i t hography, for exanple, to formbond pads 212 that are electrically

coupl edleswibeden damitidrshyaldde aadasiodd hat vRBUOERNZA0 subdQlufiohAd NEGANES 2R

portion of the second passivation |ayer 222 is disposed between adj acent

bond padsnadé Rerefheithidud detirting o MbpRadad Sdope of tHRTVEBREE s defined by the
appended claims. For example, many of the features, functions, materials and processes
described herein may be varied while remaining within the scope of the present invention.
Moreover, the scope of the present application is not intended to be limited to the particular

- embodiments of the process, machine, manufacture, composition of matter, means, methods and

steps described in the specification. As one of ordinary skill in the art will readily appreciate
from the disclosure of the present invention, processes, machines, manufacture, compositions of
matter, means, methods, or steps, presently existing or later to be developed, that perform
substantially the same function or achieve substantially the same result as the corresponding
embodiments described herein may be utilized according to the present invention. Accordingly,

the appended claims are intended to include within their scope such processes, machines,

manufacture, compositions of matter, means, methods, or steps.
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during subsequent w re bonding processes or flip-chip packagi ng processes,
as exanples. [0035] An alternative enbodi nent 300 of the present invention
is showmn in Figure 7. In Figure 7, a wire 314 is shown bonded to the
underlyi ng bond pads 312. Again, because a portion of the second
passivation | ayer 322 resides between adjacent bond pads 312, shorting of
adj acent bond pads 312 is prevented, in accordance wth enbodi nents of the
present invention. Note also that there exists a height differential "y"
bet weenwWHEThe iCyVAD fd2e second passivation |ayer 322 and the top surface
of the bond pads 312. [0036] Also note that in this enbodinent, a stop

| ayer 328 is disposed between the conductive regions 306 and the bond pads
312. Thé StBpthedighionsing abepd puheid smidaucepdsideptic niefhod bRipsikpgss of about
0.06 m as an exanple, although alternatively, the stop |ayer 328 may

conprise ot M nd terials. Tge stop | ayer 328 may be
deposi t ed OCEIE) v{dﬂlg congﬁg ’i?l'\l/eew?r e&%ﬁavg%at Faslpnetcgnductiveieagiosiat thsromf t he

bond pag, BBl glidk 312, for exanple. -10 [0037] Advantages of enbodinents of
t he invention 1nClude providing a schene for form ng bond pads of

sem conductor device that prevents shorts in adjacent bond pads. The bond
pad 5 schene fosmiagudiritagemusion i k{’ﬂﬁ@&%ﬁfé " i rOcesses, or
flip-chip packagi ng ggrgocesses,ybg%éal sop e%%arﬁdsa?%)%gh%?igg%@ﬁnggﬁnt he
seniconduct%r devi ce ia subjected to electrical tests, when probes may be
used to cont 4o PERSCIBA AaFRAG o Inyergygr Bedirsipaodaitionldyanugh enbodi nent s of
the present invention and their advantages have been described in detail,

it should bq)au%ﬁfgstﬁco%oﬁchﬁéssi\fﬁ{(jnqgfer?@?or}glea%’opcsal%gg }r{ TﬁigtSEi:C(())Pla and Al Lprations

can passivation layer

over the at least one conductive Tegion;

patterning the first passivation layer to form an opening in the first passivation layer over

1o

the at least one conductive region, wherein the first passivation layer opening has a first width
and the second passivation layer has a second width, wherein the second width is greater than the
first width;
depositing a bond pad material over the exposed at least one conductive region, the first
passivation layer and the second passivation layer; and
5

patterning the.bond pad material to form a bond pad over the at least one conductive

-region,

2. The method according to Claim 1, wherein the at least one conductive region comprises

copper, and wherein depositing the bond pad material comprises depositing aluminum-copper.




be made herein w thout departing fromthe spirit and scope of the invention
as defined by the appended clains. For exanple, many of the features,
functions, materials and processes described herein may be varied while
remai ning within the scope of the present invention. Mreover, the scope
of the present application is not intended to be I[imted to the particular
enbodi nents of the process, nmachi ne, manufacture, conposition of matter,
means, t ep scr.ibed in the specification. As one of
or di nar 3‘3 g%?%?eﬂ?dr?dicﬁ%hglrgt(’&fﬂl@ 2, ggaﬁe}‘ﬂfi@ﬁﬁ‘fﬂ@&ﬂ]&tb@nd Padanateried cdinpubssur e of
the pre t.lnventi.o ocesses, machi nes, manufacture, conpositions of
matter, 3 gﬁlsng aﬁ%?thlo(gg’, 105) Fmgy ébéf,lolb?%ﬁéﬂlﬁlgy%é()(?%ﬁ%ra@anané 0.5to SBe
devel oped, that perform substantially the sane function or achieve
subst anf?Efy the sanme result as the corresponding embodi ments descri bed
herein may be utilized according to the present invention. Accordingly,
t he appended clains are intended to include within their scope such
processes, nachi nes, mnmanufacture, conpositions of matter, means, nethods,
or steps. T IS CLAIMED IS: 1. A nethod of formng a bond pad of a
sem tontud PoPeiediaeeordipgio Glainh3dfuctbemronsiristig deposiitigh s 13yMAkPihe GElcadk Ne
wor kpi ece having at |east one conductive region at the top surface
t her eof OneFongdidtivagegior, befte depesiingihic®ond pYEmatRMer the wor kpi ece and at
| east one conductive region; form ng a second passivation |ayer over the
first passivation |layer; patterning the second passivation |layer to form an
opening in the second passivation |ayer over the at |east one conductive
regi on;

5. The method according to Claim 4, wherein depositing the stop layer comprises depositing

TaN.

- 6. The method according to Claim 1, wherein forming the first passivation layer comprises
| depositing a first layer of silicon nitride, depositing a layer of silicon dioxide, and a depositing a

- second layer of silicon nitride.

7. The method according to Claim 6, wherein depositing the first and second layers of silicon
nitride comprise depositing approximately 0.075 pm of silicon nitride, and wherein depositing

the layer of silicon dioxide comprises depositing approximately 0.25 pm of silicon dioxide.

8. The method according to Claim 1, wherein forming the second passivation layer comprises

depositing a layer of silicon dioxide and depositing a layer of silicon nitride.
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patterning the first passivation layer to forman opening in the first
passi vation | ayer over 10 the at |east one conductive region, wherein the
first passivation |ayer opening has a first width and the second
passivation | ayer has a second width, wherein the second width is greater
than the first wdth; depositing a bond pad material over the exposed at

| east one conductive region, the first passivation |ayer and the second
passivabiﬁﬂ | ayer; and 5 patterning the bond pad nmaterial to forma bond
pad over- tAgmathof according to Claiva 8cvherein depuyiiting, th@laydrio siiebh dibxaleGonghiag to
Caim1l, wherein the at | east one conductive region conprises copper, and
wher ei ndEROSHES EPIEXimAtelHOA dnpefiilianaticxide, amhérsﬁﬁeg@mgg' the Mrer of silicon

al um numcopper. -12 3. The nethod according to Caim?Z2, whérein

deposi t Riffde qemppisesaleperitingedppraxithate NG e silRePA%idd Ng about 1.0 to 1.5 m
of an alloy containing 95 to 99.5% al um numand 0.5 to 5% copper. 5 4. The
nmet hod according to Caim2, further conprising depositing a stop | ayer
over the at | east one conductive region, before depositing the bond pad
material. 5. The method according to Claim4, wherein depositing the stop

| ayér. cHhpFlicsasthatbmosidirigng CIARN, wikrdn AGREiE bR GEPEAR {8l ™ 1

wherein formng the first passivation | npris
depositing the bond pad material in a thickness less than thickness of the second passivation

layer.

11. The method according to Claim 1, wherein forming the second passivation layer comprises

10 forming a layer having a thickness greater than the thickness of the first passivation layer.

12. The method according to Claim 1, wherein providing the workpiece comprises providing .ﬁ

‘workpiece having two or more conductive regions at the top surface thereof, wherein patterning

the second passivating layer and patterning the bond pad material comprises leaving a portion of
5 the second passivation layer disposed between two adjacent bond pads, wherein the portion of

second passivation layer prevents shorting of the adjacent bond pads.
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depositing a first layer of silicon nitride, depositing a |layer of silicon
di oxi de, and a depositing a second |layer of silicon nitride. 5 7. The

met hod according to Claim®6, wherein depositing the first and second | ayers
of silicon nitride conprise depositing approximately 0.075 mof silicon
nitride, and wherein depositing the layer of silicon dioxide conprises
depositing approximately 0.25 mof silicon dioxide. 8 The nethod according
to Claiqkl, wherein form ng the second passivation |ayer conprises O
deposi t it igBLeTIKPaAuGer device.Gompaisiegl de and depositing a | ayer of silicon
nitride. -13 9. The nethod according to Caim8, wherein depositing the
layer of silheefkpidcexi de conprises depositing approxinmately 0.4 m of
silicon dioxide, and wherein depositing the |layer of silicon nitride
conprises depqgsiting approximately 0.6 pmof silicon nitride. 5 10. The

met hod accor #ilfagt s condiative regivmeoaned ineop skrrig of 1 wRleqad materi al
conprises depositing the bond pad material in a thickness’ |ess than

t hi ckness of g L vati.on ayer. 11. The nethod according to
daim1i, wher gﬁﬁp%%?%glgﬁglsg e iRyer e af {?éﬁt‘: PBhCIndyeiivedesipn ibever #@ f or ni ng
a |l ayer I i ckness greater than the thickness of the first
pasgyvé??gﬁkﬁgg)ﬁ. % The net hod according to Caim1l, wherein providing

t he wor kpi ece conprises providing a workpiece having two or nore

conduct i ve regcankpasdivition 14RPdE wherein patterning the
second ,passi vating | ayer agg pa#?%?%?ﬁgﬁfﬁgfﬁgﬁggﬁg‘mﬁﬁterial conpri ses

| eaving a partiqgn gf.S the second passivation |ayer disposed between two
adj acent bo i Oﬂa&@, digpesed oreriangd apueting the abfeast one conductive region, wherein the

bond pad comprises a greater width within the second passivation layer than in the first

passivation layer, wherein a portion of the second passivation layer resides between adjacent

10 bond pads.

14. The semiconductor device according to Claim 13, wherein the at least one conductive region

comprises copper, and wherein the bond pad material comprises aluminum-copper.

5> 13. The semiconductor device according to Claim 13, wherein the bond pad material comprises
about 1.0 to 1.5 um of an alloy containing 95 to 99.5% aluminum and 0.5 to 5% copper.
16. The semiconductor device according to Claim 15, further comprising a stop layer disposed
over the at least one conductive region.

J

17. The semiconductor device according to Claim 16, wherein the stop layer comprises TaN.
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second passivation | ayer prevents shorting of the adjacent bond pads. -14
13. A sem conductor device, conprising: a workpiece; at |east one
conductive region forned in a top surface of the workpiece; a first

passi vation | ayer disposed over the at |east one conductive region and over
the 5 workpiece top surface; a second passivation |layer disposed over the
first passivation |ayer; a bond pad di sposed over and abutting the at |east

one CoNGC kY 8erhiB Gl el n the nd pad conprises a greater width
within the second 6§@§?va %%%mP%WE?D?ﬁ%ﬁ‘ﬁ%“@ﬁ@“ﬂh@ﬁﬁtPﬁﬁ@@ﬁmﬁbﬂnn | ayer,
wher ei N @ RAL he .second. passivation | ayer resides between adjacent
10 bond pg'gs .Jsfﬁﬂ“%?’ée} SEsiD et Tt o Loy of sicor dioxide dipposed Gver the it silibwar ei n
t he at ln%ﬁ%la ne %ionducljt&{ ve region conprises copper, and wherein the bond
pad mat &rial “confit &¥Eongd axsriod liserpmitide disposed oMeethssilicondiduileor devi ce
according to Claim 13, wherein the bond pad nmaterial conprises about 1.0

to 1.5 pmof an alloy containing 95 to 99.5% al um num and 0.5 to 5% copper.

16. The sem conductor device according to Caim15, further conprising a
~over the at | east one conductive region. 17. The

stop Iaéngglsggsed . _
sem tondutct Bt SgusAndrotar-deyiasi aseording @ Glaim 18, wireinehd fitshhddesihd 18968 of
conprises TaN. -15

stlicon nifride comprise approximately 0.075 um of silicon nitride, and wherein the layer of

silicon dioxide comprises approximately 0.25 pm of silicon dioxide.

20. The semiconductor device according to Claim 13, wherein the second passivation layer

10 comprises a layer of silicon dioxide and a layer of silicon nitride.

21. The semiconductor device according to Claim 20, wherein the layer of silicon dioxide

- comprises approximately 0.4 pm of silicon dioxide, and wherein the layer of silicon nitride

comprises approximately 0.6 pm of silicon nitride.

22. The semiconductor device according to Claim 13, wherein the bond pad material comprises

a thickness less than thickness of the second passivation layer.

23. The semiconductor device according to Claim 13, wherein the thickness of the second

0 passivation layer is greater than the thickness of the first passivation layer.
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18. The sem conductor device according to Caim 13, wherein the first
passivation | ayer conprises a first layer of silicon nitride, a |ayer of
silicon dioxide disposed over the first silicon nitride |layer, and a
second | ayer of silicon nitride disposed over the silicon dioxide. 5 19.
The sem conduct or device according to Caim 18, wherein the first and
second |l ayers of silicon nitride conprise approximately 0.075 mof silicon
nitride24aqge¥pq&ghnttq§ l.ayer of silicon dioxide conprises approximately
0.25 pm of "SI T con droxfHece aseerdingdo Slaimddnebertiorthelpartion ofscatdpasgvitiond ai m
13, whehpip Lge econd %assivation | ayer 10 conprises a layer of silicon
di oxi de HAid °H 1“53’8‘?"38?3 PEanE Bendpads prrwente shortifiger fabemdjavetltisdrdrpadevi ce
according to Claim 20, wherein the layer of silicon dioxide conprises
approximately 0.4 pmof silicon dioxide, and wherein the |ayer of silicon
nitride conprises approximately 0.6 pmof silicon nitride. 5 22. The

sem conduct or device according to Claim 13, wherein the bond pad materi al
conprises a thickness |ess than thickness of the second passivation | ayer.
23. The sem conductor device according to Claim 13, wherein the thickness
of the second O passivatiion layer is greater than the thickness of the
first passivation layer. -16 24. The sem conductor device according to

Cl aim 13, wherein the portion of second passivation |ayer residing between
adj acent bond pads prevents shorting of the adjacent bond pads. -17
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