2 extermal to that chip. The nmechani sm which is commonly used in t
ctq aeconpllgh thiis interconnection is to bond fine wires from the
seni conductor chip to an internediate lead frame which in turn pr
connections.to external devices such as power supplies, current/v
measuri ng devi ces and other seniconducto chi ps. The
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made is known as a bond pad. Bond pads are usually fornmed in nultiple

guantities on the surface of an integrated circuit device chip th
intricate processes which typically involve the final netallizati

rough
on | ayer

of the devices contained within that chip. Mst commonly, bond pads are

located al ong the periphery ghckcRoUNpoBIUGHE INViENIIITNSd Circuit
chip, thus providing an efficient pathway for.wire bonding to a

devi ce
ead

frame.

Typi cal nethods for for\\mg w re bond connections to

bond pads involve the application of pressure or abrasion to the fine gold
~or al um nygm aflkeyawofe twBi ¢hventtgebgonnects the bond pad

B

The preseht invention relates to a simple design for a
bond pad for a semiconductor integrateg circuit device chip having
multipie interconnected conductor layers. -More particularly, the
present invention relates to a simple design for a bond pad for a
semiconductor integrated circuit device chip, where an
interconnected conducting layer underlying the conducting layer
from which the bond pad is formed serves as a buffering element
which deflects and dissipétes the mechanical stresses formed within
the semiconductor integrated circuit device chip incident to the

bonding process.
2. Description of the Related Art

It is important in the production of semiconductor
integfated circuit device chips, such as Large Scale Integrated
(LSI) circuit device chips and Very Large Scale Integrated {(VLSI)
circuit device chips to provide a reliable and manufacturable
mechanism whereby the electrical cifcqits contained within the

semiconductor chip may be connected to other electrical components



to a lead frane. Specific types of nethods of bonding include

canpr essi on bondi ng, wedge bondi ng and ul trasonic bonding. Coincident with
the wire bonding process is the formati on of- substantial mechanical stress
which is transmtted through the bond pad into the sem conductor
integrated circuit |ayers which underlig the bond pad. The magnitude and
intensity of the . stre may, be . . . .
suffici entexttt?r(%ﬁ}sé:ocigéﬁ %BlPOC-éWez&f%n[]ﬁ@ ggﬁcgoﬁiaug?'g?onllﬁt%%?%tlerg the
circuit deyice structur eneath . RAd- : 165 i AEKIY F T
lead to ft?ﬁcrt_ &@n@qﬁv%&ﬁs?lelﬁgbsrIlhr}%l%g]?'glct S ovr\# t slt;\{:rdtqu\:’é)ris&;mﬁcongﬁlct or

I ntegrat eq i Ieilikd %Yﬂc%%rcgh%g to an intermeéﬁggéaieé‘épfﬁﬁe Afh 904 Padson
i ncl udi ng 1 nprove esi gns, nufacturing nethods and testing protocols

have beendﬁé?ﬂ%g?ﬁﬁéﬂheéé¥5 ttoF%ﬁté?ﬁ@?'&evﬁ@@§1sﬁEhUa§-gB%EQ”%upplies.

5,172,212 tea e - manufacture and testing of a bond pa hi ch has a
barrier cQafrirtht/UdblitlayeSehaueing Qe0ieet Ahe HoHel ' H&mLEGH@SE VST QIETFE S
to which it mght otherw se be exposed during nmanufacturing and use.

More pertinent to the present invention, however, are

The physical structure formed within a semiconductor
integrated circuit device chip surface through which an electrical
connection ekternal_to the chip may be made is known as a bond pad.
Bond pads are usually formed in multiple quantities on the surface
of an integrated circuit device chip through intricate processes
which typically involve the final metallization layer of the
devices contained within that chip. Most commonly, bond pads are
located along the periphery of a semiconductor integrated circuit
device chip, thus providing an efficient pathway for wire bonding

to a lead frame.

Typical methods for forming wire bond connections to
bond pads involve the application of pressure or abrasion to the
fine gold or aluminum alloy wire which interconnects the bogd pad
to a lead frame. Specific types of methods of bonding include
compression bonding, wedge bonding and ultrasonic bonding.
Coincident with the wire bonding process is the formation " of
substantial mechanical stress which is transmitted through the bond
pad into the semiconductor integrated circuit'layers which underlie

the bond pad. The magnitude and intensity of the stress may be



prior art references which describe nethods and materials by which the
machani‘cal stiresses incident to wire bonding onto a bond pad my be

defl ected or dissipated. Mdst nethods are directed towards sem conductor
integrated circuit device structures having only a single |ayer of

~metal lization. These nmethods typically egploy a bond pad bed or equivalent
buffering el enent | ocated beneath the, bond d, The buff elenen
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4 Fig. 1 an shows a cross-sectional diagram of
a typical Metal Cklde Sen1conductor (NCS) integrated circuit transistor
device. The structures of Fig. 1 nay be fabricated through nanufacturing

processes which are gel@Mal Aspeetaréf bohd-ipadsl, iAciedingniinstoved designs,
manufacturing methods and testing protocols have been disclosed in
the art. For example, Baba, in U.S. Patent 5,172,212 teaches the
manufacture and testing of a bond pad which has a ba;rier coating
on its surface to protect the pad from corrosive elements to which

it might otherwise be exposed during manufacturing and use.

More pertinent to the present invention, however, are
prior art references which describe methods and materials by which
the mechanical stresses incident to wire bondihg onto'a.bond pad

- may be deflected or dissipated.. Most methods are directed towards
semiconductor integrated circuit device structures having only a
single layer of metallization. These methods typically employ a
bond pad bed or equivalent buffering element located beneath the
bond pad. The buffering element is constructed of a material of
sufficient toughness and strength to dissipéte the mechanical
stress;énduced by the bonding process, which stress otherwise may
be of sufficient intensity and focus to cause a crack within the
semiconductor device structure underlying the bond pad. Schematic
diagrams of semiconductor integrated circuit devices which

illustrate the positioning of such buffering elements are shown in



| ayer 10 has formed within its surface a multiplicity of transistors 16.

Deposi ted updn the sem conductor layer 10-is an insulating |ayer 12, which
insulating | ayer has forned upon its surface a passivating |layer 14. Al so
formed upon the insulating layer 12 is a bond pad 18 which may be accessed

t hrough a window in the passivating |ayer 14. Upon t he bondi ng
of a bond&MAre 20 %ffphe Qﬂpd pad 18, substantial pressure and nechani cal
stress ar "tgr'ar‘}srﬁrt ed 9 nt% “and t hrough the bond pad 18. In the absence

of a mechanism to dissipate or deflect this pressure and stress, a crack
22 may form fromthe base of the bond pad 18 and extend through both the

insul ating layer 12 gingl 4hgheRs1 & r8EE-Yed tiyaiall @i agragkfvai cYpiéal Metal
this |l ocation of a sem conductor integrated circuit device chip may

provi de a (pailderagehdeordect ot cAMOs¢akiagredredatidigci pcuilbt ériamsdis¢dr device.
functional or reliable performance of the circuits contained within the
sen conduclttey stirypstures of Fig. Tb mafi bet fabadicatednmtthnougndignwiagfuring
i ncident to conventional wre bonding methods, it is known in the art to
processes which are known in the art. In Fig. 1, a semiconductor
layer 10 has formed within its surface a multiplicity of
transistors 16. Deposited upon the semiconductor layer 10 is an
insulating layer 12, which insulating layer has formed upon its
surface a passivating layer 14. Also formed upon the insulating

layer 12 is a bond pad 18 which may be accessed through a window in

the passivating layer 14.

Upon the bonding of a bond wire 20 to the bond pad 18,
substantial pressure and mechanical stress are transmitted into and
through the bond pad 18. In the absence of a mechanism to
dissipate or deflect this pressure and stress, a crack 22 may.form
from the base of the bond pad 18 and extend through both the
insulating layer 12 and the semiconductor layer 10. Cracks which
form in this location of a semiconductor integrated circuit device
chip may provide a pathway for electrical leakage 1leading to
deteriorated functional or reliable performance of the circuits

contained within the semiconductor chip.

To inhibit crack formation and propagation incident to

conventional wire bonding methods, it is known in the art to



5 incorporate a buffering el ement between the bottom portion of the bond
pad 18'and the upper surface of the sem conductor substrate 10. Such a
buffering element is taught by Satoh et al. in U S. Patent 5,288,661. Fig.
2a, which illustrates the position of the buffering element, shows a
schemati c di agram of a sem conduct or Q%egrated circuit simlar to that

W ehin { helRGRTPaRAte & el coTing  hen ﬁaéﬁ%%%‘%nfé% PabeoR BRREL3E et pue
18 and th fa t he sem conduct o

Addi t i onal ?ﬁgﬂ%ﬂ?oﬁé S ﬁé b&Pnglﬁg%%ggﬁén concep Igonductor gubstrate
shown Fig 2b FLg Ej h f e tail4 i% U.s.
di sposed b]é?meeslﬂgﬂehbgtut%%erlk k#el%b nﬁp aéd {aTéagtr:ldS?hggtthg rsgli:?faalce of - gns

el ectri cal pgodgitics 058886 60N apgd 244 txtﬂhﬂcﬁhﬂmwfateé tR¥epod2tibA &F Othe

2c, the bufferlng el enent™ "~ 24 has been formed from a portion of an

el ectri cal PP QT e 2E6melil ClandA® REescheNSt £6. diagpamaldf of sémivenduvosor
enbodi ments of buffering el ement concepts taught by Satoh, the buffering

‘el enent  2¥ntSgkepéd adircuEt/td i bal 4o adid th@helwectin Fdlg. th.enl[naFlgucaa is
that any cracks which m ght form between the bond pad 18 and the
buf f eri ng shewiena BYfféringotlemsntt 24 ndksposedcuithincthendhsurlading layer
reliability defects within the circuits contained within the Cmé)
12 between the bottom surface of the bond pad 18 and the upper
surface of the semiconductor layer 10.
Additional variations on the buffering element concept of
Satoh et al. are shown Fig. 2b and Fig. 2c. In Fig. 2b, the
buffering element 24 is disposed between the bottom of the bond pad
18 and the top surface of an electrical conductor 26 contained
within the insulator layer 12. In Fig. 2c, the buffering element
24 has been formed from a portion of an electrical conductor 26
which has been severed. For all of the various embodiments of
buffering element concepts taught by Satoh, the buffering element
24 is kept at a neutral and floating electrical potential such that
any cracks which might form between the bond pad 18 and the

buffering element 24 will not result in electrical functionality or

reliability defects within the circuits contained within the chip.

Consistent with the buffering elements taught by Satoh et
al., Ohshima, in U.S. Patent 5,365,112 also teaches the use of a

buffering element beneath a bond pad in a semiconductor integrated



Consistent with the buffering el ements taught by Satoh et al., Oishima, in
U..S. Patient 5, 365,112 al so teaches the use of a buffering el ement beneath
a bond pad in a sem conductor integrated

6 circuit device having a single layer of netallization. In

addi tion, GChshima teaches that enhanced granufacturing efficiencies for

sem conduc&i){_c‘il?%eq{ea‘; &d, C|Haw gw gfﬁ%“ Ca?g% taéﬁeg\e%lfl;ﬁ'a'ﬂ’onat In

| east in par e Sane fat eri Al n of th ering el ement
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circuit devic to sem conductor integrated circuit

device chigs B@MhEQnHHEEbr| ei‘fﬁ:'eg'i%"t@d' I ZHOB S§80TBEs haRalse QSbl?dJ—.ned Nby
U. S. Patent 5,216,280 teaches a Sem conductor integrated circuit chip

havi ng mul 43 phe, ravs s o paads, tercBank watelrialdws for fabmieatddnt oft bhhe
internal circuitry of the sem conductor device through a different |evel
of conductbuf fetihdg UsUyment Aagrapé-ussdcinothe dongaam ocdbnduetopnmacadlurgy
| ayers of the sem conductor integrated circuit device of the Tanaka et al.
di scl osur eof sthéosame | integrated circuit device.

With regard to semiconductor integrated circuit device
chips.having multi-level metallization schemes, Tanaka et al., in
U.S. Patent 5,216,280 teaches a semiconductor integrated circuit
chip having multiple rows of bond pads, each of which rows is
connected to the internal circuitry of the semiconductgr device
through a different 1level of conductor metallurgy. A cross-
sectional diagram of the conductor layers of the.semiconductor
integrated circuit device of the Tanaka eﬁ al. disclosure is shown

in Fig. 3.

Within Fig. 3, bond pads 31la, 31b and 31lc are
electrically connected respectively to conductor layers 32a, 32b
and 32c. The conductor layvers are constructed at varying parallel
levels spaced within the depth of the semiconductor integrated
circuit device through the use of stacked interconnection studs 36
which provide uniform spacing. The conductor layers 32a, 32b and
32c are separated by an interlevel dielectric material 34, and the
surface of the device is covered with a passivation layer 35

through which windows have been etched to access the bond pads 3la,



Wthin Fig. 3, bond pads 3la, 31b and 31lc are electrically connected
respectisvel y ‘to conductor |ayers 32a, 32b and 32c. The conductor | ayers
are constructed at varying parallel levels spaced within the depth of the
sem conductor integrated circuit device through the use of stacked

I nterconnection studs 36 which provide uniform spaci ng. The conduct or

| ayers 32a, 32b and 32c are separated by an interlevel dielectric nmaterial
34, and tAdb apff 4d€-of the device is covered with a passi vation | ayer 35
t hr ough whi ch wi ndows have been etched to access the bond pads 31a,

7 31b and 3lc. - Tanaka et al. also teaches the presence of a

buffering |ayer 37 I I vel | f8EI AY Rrid
provi des a nechanlsﬁﬁ aﬁgd%V| % ﬁ}%%)éﬁh tiple por g%ﬁgafﬁesslgsbbfﬁroagg

the !nterkﬁggk @Tﬂfﬂ“ﬁﬁfkiaﬁéWéP|w§§1n&hb%hembas\Mnﬂéibﬁmfmrmmgelhmee 37
sufficien I gh aspect ratio to nake them difficult to fill with the

Kﬁ ﬁl)lug i ggﬁ;&%ﬁ\ a; P.%cpggg%rgs ForofiivAeingt deked mulitdiplen pecttionss ks vias
through the interlevel dielectric material 34, which vias would
otherwise have a sufficiently high aspect ratio to make them
difficult to fill with the metallurgy used in the formation of the
stacked interconnection studs 36. Although Tanaka et al. teaches
that stresses incident upon a conductor layer may be reduced when
that layer is deeply buried within a semiconductor device
structure, Tanaka does not teach the extension of the buffering
layer 37 to a position beneath the bond pad 31c in order to reduce

gtresses transmitted tb the interlevel dielectric material 34

beneath the bond pad 31c upon bonding of a wire to that bond pad.

In contrast to the prior art which is directed to bond
pad designs for semiconductor integrated circﬁit devices having
either a single conductor -layer or multiple levels of non-
-interconnectéd conductor layers, the problem to which the present
invention is directed relates to bond pad designs for semiconductor
integrated circuit device structures which have multiple levels of
interconnected conductors. A cross—sectional diagram of a prior
art example of such a bond pad design is shown in Fig. 4.

Fig. 4 shows a first metal layer 44, a portion of the



that stresses incident upon a conductor |ayer may be reduced when that

| ayer i's deeply buried within a sem conductor device structure, Tanaka

does not teach the extension of the buffering layer 37 to a position

beneath the bond pad 31c in order to reduce stresses transmtted to the

interlevel dielectric material 34 beneath the bond pad 31c upon bonding of

awre to that bond_pad ILn8contrast to the §$%Oi art ch IS
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pol ysili cartalA1RYelsOrd Ade 1a0idae&d, Odnt Rshiiheingtlaver 45 underlies
the first metal layer, an inter-metallic dielectric layer 43 is
‘disposed between the two metal layers and a passivation layer 41 is
formed upon the top surface of the second metal layer 42. A window
etched through the passivation layer 41 provides access to the

.portion of the surface of the second metal layer 42 which serves as

the bond pad 48.

The multi-conductor structure as shown in Fig. 4 presents
several problems in providing a reliable and functional electrical
circuit connection when a wire is bonded to the bond pad 48. A
first problem is the significant step height between the surface of
the bond pad 48 and the upper surface of the passivation layer 41.
Due to the gignificant depth of the bond pad 48 within the multi-
conductor structure, manufacturing problems are often encountered
in removing the passivation layer 41 which resides on the sidewall
surfaces 49 of ghe second metal layer 42 when exposing the bond pad
48. To remove the passivation layer 41 which resides on the
sidewall surfaces 49, significant over-etching of the paésivation
layer 41 is required. This over-etching caﬁ often damage the bond

‘pad 48 of the second metal layer 42.



| ayer 44 is lam nated to the bottomof a second netal |ayer 42. At the
poi nt of- | am‘nation of the netal layers, the top surface of the second
~metal layer 42 fornms a bond pad 48. At points where the netal |ayers are
‘not lam nated, an insulating |layer 45 underlies the first netal |ayer, an
inter-metallic dielectric layer 43 is disposed between the two netal

" layers and a passivation layer 41 is foPnmed upon the top surface of the
second netal l|ayer 42. A w ndow etched t hrough the passivation |ayer 41

provi des access to thggﬁgg Bgzggem p rEi’nLr?E%orfbogae gcgggagg%a;mf\yaﬂ 33

whi ch serves as the
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bet ween the surface of the bond pad 48 and surface of

passi vat | gorcdy &t 4dhe WiPet BohBEng PHoedant dﬁptﬁa@hémabpnﬁoaa@oﬁa pad
within the nulti- conductor structure, manufacturing problens are often
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sidewal | surfaces 49 of the second netal |ayer 42 when exposing the bond

pad 48. meéxalelayert Ha paspromé i oy delywrindteMirolm thei dppebnsthfaceialt\idid

surfaces 49, significant over-etching of the passivation |ayer 41 is

requi r ed. chmdaicdhiore diagteimdléc andftthen areayewifadeoref the insulating layer
45 at the points where those latter two layers nmeet. This
delamination can cause electrical circuit functionality or
reliability defects within the integrated circuit device chip

within which this delamination occurs.

It is thus an ocbject of the present invention to provide
a8 readily manufacturable simplified bond pad desigh for
semiconductor integrated circuit device chips having multiple
interconnected conductor layers, which bond pad design is not
susceptible to delamination or cracking of the materials adjoining
the bond pad upon bonding of -a wire to the bond pad. Although the
prior art discloses bond pad designs with buffering elements for
single conductor layer schemes and multiple non-interconnected
conductor schemes, absent from the prior art is a disclosure of a
robust bond pad design for semiconductor integrated circuit device

chips having multiple interconnected metal'layers.



pad 48 of
9 .

the second netal |ayer 42.
* A second problem pertinent to bond pad designs simlar to

that shown in Fig. 4 is the presence of delam nation within the weaker
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not susceptible to delam nation or cracking of the materials
layers.

A second object qf the present invention is to provide a
bond pad in accord with the first object of this invention, which
bond pad limits the potential for cracking within the layers
underlying the bond pad when a metal wire is bonded to the bond

pad.

A third object of the present invention is to provide a
bond pad in accord with the first and second objects of this
invention, whiéh bond pad is not subject to interfacial
delamination of the layered structure beneath the bond pad when a

metal wire is bonded to the bond pad.

In accord with the objects of the present invention, a
new bond pad design and its method of fabrication are provided.
Fabrication of the new bond pad begins with a semiconductor
substrate upon which is formed a first insulating layer which has
a both a substantially flat region and region through which a
plurality of via openings are formed. A first conductive layer is

then formed over the surface and deposited into the plurality of



the bond pad upon bonding of a wire to the bond pad. Al though the prior
art di Scl oses bond pad designs with buffering elenents for single
conductor | ayer schemes and nultiple non-interconnected conductor schenes,
absent fromthe prior art is a disclosure of a robust bond pad design for
sem conductor integrated circuit device (ghips having nultiple

i nterconnected netal |ayers

SUMVARY OF TBHERGRATIGR the first igppppggngb}gggrof @hgﬁﬁqggﬂﬁns&féting

i nvention. s to pro rea

semi conduchB®F niHy Lﬁ%ﬁ E??cg?% ngggégghgfggh§9P§ §%&$ #)fr°m a Plasma
| nter Conneﬁg{k%&éﬁ]%&%ﬂcai dlt:.odn | (P%@Kﬂ?)on:gcf@é exﬁ‘étéhfléi"els then

present invention is to prov n accord with the first object

of this i nqidd Ofed Wiedh thléo'I‘ir@%dcbhﬁhbhbﬁela?bgnt | ¢dmi DarTyacki t1ge VEidE
the layers underlying the bond pad when a netal wire is bonded to the bond

pad. insulating layer, the second insulating layer also has a

substantially flat region and a region through which a plurality of
via openings are formed to access underlying interconnected
conductor layers. A second conductive layer is then formed over
the surface and deposited into the plurality of via openings of the
second insulating layer. Deposited upon the second conducting
layer is a passivating layer having openings which define a
multiplicity of bond pads on the surface of the second conductive
layer. The bond pads have beneath them a vertical stack of the
substantially flat region of the second insulating layer, the first
metal layer and the substantially flat region of the first

insulating layer.

In a second and third embodiment of the present
inventidn, conductive contact studs and planarized metal layers are
used in 'place of the non-planar metal layers of the first
embodiment, which non-planar metal layers are formed into the via
openings of their respective insulating layers. Thus, in the
second embodiment of the present invention, the first insulating
layer and the second insulating layer have formed, respectively, a
plurality of first conductive contact stuas and a plurality of

second conductive contact studs formed within and through their



A third object of the present invention is to provide a bond pad in accord
wiith the first and second objects of this invention, which bond pad is
not subject to interfacial delam nation of the |ayered structure
beneath the bond pad when a netal wire is bonded to the bond pad.

In accord with the objects of the preseni i nvention, a new bond pad design
and its nethod of, fabricati.on are provid 3. Fabrlcation of the new bond
pad begi n& SARSF H & RIMFRAIRS BuSd AREREP which is forned a first

i nsulating | ayer which has a both a substantially flat region and region
through which a plurality of via openings are formed. A first conductive

| ayer Ts then T or M ovELnl ottt £872:PROLE8P Y | SCLRHO i PLHGAI i do e

11 via openings of the firs nsul a ayer second i nsu
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Chem cal Vapor Deposition (PECVD) oxide material "is then deposited over
the first umanduetivg bayehe SirBe %rddaﬂ&ltmltayeit whiBRUF85188s béwith tHE

second insulating layer also has substantially flat region and a

region thWWﬁﬁidH“dﬂ1ﬁhéﬂdédﬁﬂd)bdﬁauctlve layer from which the bond pad is
formed. The buffering element portion of the first conductive
layer 1limits cracking within those portions of the 1layered
semiconductor integrated circuit structure of the present invention

which reside beneath the bond pad when a wire is bonded to that

bond pad.

The bond pad and buffering element of the present
invention may be formed through simple and direct manufacturing
methods. Since the buffering element and the bond pad of the
present invention are formed from conductive structures within the
semiconductor integrated circuit device which would otherwise be
required as an integral portion of the semiconductor integrated
circuit device, no additional manufacturing steps are required in

fabrication of the bond pad of the present invention.

The bond pad of the present invention also allows for
choice of intef—conductor insulating layers which exhibit enhanced
adhesion to the conductors which they separate. With the choice of
optimal inter-conductor insulating layers,.adhesion of the inter-

conductor insulating regions to conductive layers may be improved,



via openings are formed to access underlying interconnected conductor

| ayers. ‘A second conductive layer is then formed over the surface and
deposited into the plurality of via openings of the second insulating

| ayer. Deposited upon the second conducting |layer is a passivating |ayer
havi ng openi ngs which define a nultipli %ty of bond pads on the surface of
t he second conductive |ayer. _The bond ds_have beneath thema verti cal

stack of tHFOVIAING HAx ah“}ﬂ'??‘%ﬂl?%&td’f{"'oqyt é’e%](?rﬂilqaf&’tﬂ'btqlhg“}%fe’rye’f%

~first netal | ayer and. t he substantlal |on of the, first.
i nsul ati nd% ure underlying % %’écﬁﬂﬁi r‘?}'ee?ﬁfb‘ﬂl ¥gntyon fhen a

present i.hventi.on cQ st ds nd pl anari zed netal |ayers
are usedqoﬁl Ié‘t?eé]tﬁ clrﬁi?q\:%? q}fﬁ'a:b ‘Iayers of the first

enbodi nent, whi ch non-pl anar netal | ayers are formed into the via openings
of their respective insulating |ayers. Thus, in the second enbodi nent of

the present inventi gy, dihg TidiSled Y pdd® éu[édﬁzlb%e%f’fcif}ﬁzen.tion is
i nsul ating | ayer haver#orﬁ%d respectlsg*y, ¥?ﬁr Ity of
conduct i veytonaep1gt UdlscaBdea RbLEmdd t er sﬁ?@@@@ CRdUEHd Vs difiicHductor
studs fornmed within and through their
integrated circuit device chip upon which it is formed, there is
only a 1limited need for over-etching when removing from the surface
of the second metal layer those portions of the passivating
material needed to form the bond pads. Under conditions of limited

over—-etching, only limited damage may occur to the surface of the

bond pad.

From the foregoing, the bond pad design of the present
invention provides a simple readily manufacturable design wherein
a single conductor layer within a multiple interconnected conductor
scheme of a semiconductor integrated circuit device structure may
be used to provide a buffering element beneath the bond pad of that
structure. The buffering element so formed provides a mechanism to
deflect or dissipate the mechanical stresses associated with the

bonding of a metal wire to the bond pad.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 shows a schematic cross-sectional diagram of a



12 respective pluralities of via openings. The bond pad
constructed i'n accord with the present invention provides an internal
buffering el ement which consists of the portion of the first conductive
| ayer which resides beneath the portion of the second conductive | ayer
fromwhich the bond pad is forned. 'The1buffering el enent portion of the

st CONUGH Aeaal QUEL. LLELS 50 ELACKI DG AL £0058 POLLL0S B b ohows 2
HEgPERE

Iayered sen con cricuit struc ure O

i nvent i on cmmg waﬁrg%g%y&%g% Lt e 2o V"bbﬁdhﬁ gdsdwipetgato

bond pad. ering e Perent -of resent

i nvention ¢RY BSnd pAE of NEIRY IeviEP! £t AR G-& ect nanufacturlng nethods
Since the buffering elenent and the bond .pad of the present invention are

formed from conductive structures within the sem conductor integrated

circuit device which would otherwi se be required as an integral portion of

t he sem conductor | rgsgratael ter fdgt. deei cshono adRenadnal cPossaséttiogal

steps are required in fabrication of the bond pad of the present

i nventi on.diagrams of sehiicdxadultpaed it éduea ek seit cuiv edéviee as spuattves of

for choice of inter-conductor insulating |ayers which exhibit enhanced
the prlor art similar to the structure of Fig. 1, wherein these
devices have incorporated into their structures various buffering
elements to deflect and dissipate stresses from the bonding of a

wire onto the bond pad of the device structure.

Fig._3 shows a schematic cross-sectional diagram of a
semiconductor integrated circuit device structure of the prior art
having stacked studs, the exposed surfaces of which serve as bond
pads connected to non-interconnected conductor layers within the

device structure.

Fig. 4 shows a schematic cross-sectional diagram of a
semiconductor integrated circuit device structure of the prior art
having a bond pads connected to multiple laminated non-

interconnected conductor layers.

Fig. 5a to Fig. 5c¢ show schematic cross-—-sectional
diagrams of semiconductor integrated circuit device structures
cdrrespdnding to the preferred embodiments of the present

invention.



adhesion to the conductors which they separate. Wth the choice of optinal
i nter-conductor insulating | ayers, adhesion of the inter- conductor

i nsulating regions to conductive |ayers may be inproved,

13 providing for Iimted opportunity for delam nation of the |ayered
structure underlying the bond pad of the present invention when a bond
wre is bonded to that bond pad. 1 Finally, since the bond pad
of the present .invention is not deeply recessed within the surface of the
sem conductor integrated circuit device chip upon which it is formed,
there is only alimted need for over-etching when renoving fromthe

surface of the sesgngd BDESCYEPTINOSSF PHE | BXSFEXRED CENBODINBNTS I
mat eri al needed to formthe bond pads. Under conditions of |imted

over-etching, only limted damage nay occur to the surface of the bond

pad. From the foregoing, the bond pad design of the present

i nvention provides aFsgnplba raiacks y thenuf fics tir pirled edeeidgnembed Emeént a ofi nghe

conductor layer within a nultiple interconnected conductor
semiconductor integrated circuit device bond pad of the present
invention. Practice of the present invention begins with a
semiconductor substrate upon which is formed a region to which the
multi-level conductors of the present invention may be connected.
In Fig. 5a this region is shown as a conductive substrate 56. The
conductive substrate 56 may*be formed from a conductive material

such as a metal or polysilicon.

In practice, the multi-layer conductors of the present
invention may,- rather than being connected to the conductive
substrate 56, alternatively be connected directly to semiconductor
circuit device elements such as transistors, resistors, diodes and
the 1like. Whether the multi-laYer interconnected conductors of the
present invention are connected directly to semiconductor circuit
device elements or to conductive substrate layers is not critical

to the present invention.

Deposited upon the conductive substrate 56 of the present
invention is a first insulating layer 55. The first insulating
layer 55 has é portion of its surface which is substantially flat

and another portion of its surface which has a plurality of via



schenme of a sem conductor integrated circuit device structure may be used
to provirde a‘buffering el enent beneath the bond pad of that structure. The
buffering el ement so formed provides a mechanismto deflect or dissipate
t he nechani cal stresses associated with the bonding of a nmetal wire to the

and pad. BRlEF DESC%lPTlCN OF THE DRAW NGS
Fig. 1 sh S Bdd aﬂqg&agbﬂﬁe% on to the underlying
14 seni con ctor | ntegrat e CIrCUIt eV|ce structure shows a

cracki ng védddukt e dRMSer Std U5d Ur @ndUSikz@ QQ”@hEgv9£ apﬁhﬁgggnfﬂroﬁaﬁ the

bond pad of the device structure. 2c show

schemati C £1056-BRSl1#0Phg LapeF B® D& HEH @ﬁﬂﬂi’@épr h@&@qéﬁ; egh€i vedbtmust
devi ce structures of the prior art simlar to the structure of Fig. 1,

wher ei n t lesecadeguateby haieetdnaw pagaaiicly | 41 Dow €l 13 hgUSfUrdRsposiiisdiSmetal
buffering elenents to deflect and dissipate stresses fromthe bonding of a

into their depths.

Many materials may be used for the first insulating layer
55. Preferred insulating materials include glasses, oxide
mate;ials and nitride materials which may be deposited through
deposition techniques which are known in_ the art. Typical
deposition techniques for semiconduétor thin film insulating
materials include but are not limited to sputtering techniques,
Chemical Vapor Deposition (CVD). techniques, plasma enhanced

techniques and magnetically enhanced plasma techniques.

The most prgferred material for the first insulating
layer 55 of the present invention is Boro Phospho Silicate Glass
(BPSG) which is preferably deposited through a CVD process with
subsequent annealing. The preferred thickness of the BPSG layer is

about 4000 to about 7000 angstroms.

Deposited upon the first insulating layer 55 of the
present invention is a first conductive layer 54 which makes
contact to the conductive substrate 56 through the via openings
provided in the first insulating layer 55. Several metals and

conductive materials may be ﬁsed in the. formation of the first



wire onto the bond pad of the device structure. Fig. 3 shows a
schemati‘c cross-sectional diagramof a sem conductor integrated circuit
device structure of the prior art having stacked studs, the exposed
surfaces of which serve as bond pads connected to non-interconnected
conductor |ayers within the device strugéure. Fig. 4 shows a
schematic cross-sectional diagram of a m.,condyct or it ated circ

devi ce st reAHEtbYe Y &% iq‘i’érggr e RRA IR B YRS S8 cgﬁﬁgi?édm?ga%u'ﬁ#%’{%
| ami nat ed M&'c%A%§EEOQ%£E§P goffj&?cféjé d{l%qﬁ bz? used in tﬁ: g?rals@t]t.@e of

Fig. 5c show sche I'C Cross-sectiona rans of Ssem conduc

i ntegrat edgd ;pfate'hégrfte\ih%n%tiwqt UfiSse AR R tlet it Ragf BE'@6bosited

enbodi nents o present invention.

15 throud AhhFDOPEH Y 7 10 b kdoddlie SREMEERERr6VMIAIWENT® the art to
- deposit such materials. Such deposition processes include but are
not limited to sputtering techniques, thermal and electron beam

assisted evaporation techniques, and vapor deposition techniques.

The first conductive layer 54 of the present invention is
preferably formed from a multi-layer conductive stack consisting of
a top layer of aluminum alloy deposited at a thickness of about
4000 to about 8000 angstroms. Beneath the aluminum alloy is a
titanium nitride or a titanium~tungsten refractory barrier metal
layer deposited at about 800 to about 2000 angstroms. Finally, the
bottom most layer underlying the barrier metal layef is titanium
metal deposited at about 200 to 600 angstroms. The titanium metal
is preferably deposited through a sputtering process. In total,
the first conductive laver 54 has a thickness of about 5000 to

about 10600 angstroms.

Formed upon the first conductive layer 54 of the present
invention.ls a second insulating layer 53. Similarly to the first
insulating layer 55, the second insulating layer 53 also has a
surface, a portion of which is substantially flat and another

portion of which has a plurality of via openings formed

therethrough to allow access to underlying conductive layers.



Fig. 5a shows the first preferred enbodi nrent of the sem conductor

i nt egrated ci‘rcuit device bond pad of the present invention. Practice of
the present invention begins wth a semnm conductor substrate upon which
is formed a region to which the nulti-level conductors of the present
~invention may be connected. In Fig. 5a this region is shown as a
conductive substrate 56. The conductiveisubstrate 56 nmay be fornmed froma
conductive material such as a nmetal or polysilicon.

I n
Chan bel g connect et ot HEF EERAR: To otnd BeREEFES cor ' GHE DEEPeHE 1nf8heEon

t han bei ng connecte hé ‘conductr ve rvely

connect ed gh5eci{ V1445 6 ohE MPEE Por L1k 1bE ERY1 SEShEERLS Sttty 2Faver 53

transi stors, resistors, diodes an er the nult yer

I Nt er conngsé efbmediust 04 Smatetki@1 RhEERNExhAVARE ghodr AAHYEIRSH ctb i r £6&bNa
to sem conductor circuit device elenments or to conductive substrate |ayers

is not crimewal ldye:r hB2prksent ibnvabbiegiently formed upRAPIHe BwpPkdcd hend

conductive substrate 56 of the present invention is a first insulating

| ayer 55. it the gplurslity iof) viayepernindsmsof (ioe tsemond ihsulatingelayer

which is substantially flat and another portion of its surface which has a

plurality ®¥. vFer the present invention the preferred material for the upper
portion of the second insulating layer 53 is a dense silicon oxide
layer formed through a Plasma Enhanced Chemical Vapor Deposition

{PECVD) process.

Lower portions of the second insulating layer 53 may be
formed of a lightly doped PECVD oxide layer or they may be formed
of the same PECVD oxide layer material which was depogited for the
upper pértion of the second insulating laver 53. The preferred
thickness of the second insulating layer 53 of the present

invention is from about 4000 to about 7000 angstroms.

It is also critical to the present invention that the
substantially flat portion of the second insulating layer 53 be
aligned over the substantially flat portion of the firsf insulating
'layer 55. This disposition of insulating layers provides a multi-
layered structure wherein a flat portion of the first conductive
layer 54 will provide an interconnected buffering element beneath
a flat portion of the second conductive layér 52, a portion of the

top of which second conductive layer 52 forms a bond pad 58 for the



16 openings fornmed therethrough to allow connection to the underlying
conductive substrate 56. The size of the via openings through the first
~insulating layer 55 is not critical, however, the vias nust be adequately
~sized to readily allow filling of dep05|ted rretal into their depths.

Many materials may be used for the first (pnsul ating layer 55. Preferred

I d d
Imr;tsgr ?;: gq"v%llr%fefnxé %&p‘%ésjélj? dg‘%ﬁf%éafr%%posﬁt I on jf%]éﬁn?guegl t\r/vlhl gh

are knomn in the art. Typi cal deposition techniques for sem conduct or
thin filminsulating materials include but are not limted to sputtering

techni ques, Chem cag %@eﬁf’ ;(E}lﬁrﬁoéhé'% SﬁyDin.%ﬁﬁQEiﬂb‘eiakaa%@ai%n@r%;@@ond

-t echni ques and magnet | anced p asma t echni ques

most  pr ef edgRildBid | Ph Pr5hh$ahfl'dh5tmdldé%“<%ritfwct|@&e'th55qurstth9c&’icﬁ§@ﬁve
I nvention is Boro Phospho Silicate Gass (BPSG which is preferably

deposi t ed 1dvenrtiGla 8he¥Rghr 0£8SSpdhifgs stdaRslent tABNSaLbAL. i8Q1 It EhG T HFer
t hi ckness of the BPSG | ayer is
53. Analogously to the first conductive layer 54, the second
conductive layer 52 may be formed from several metals and metal
alloys through processés which are known in the art to deposit
those conductive materials. The second conductive layer 52

preferably comprises an aluminum alloy layver of about 4000 to about

10000 angstroms formed upon the second insulating layer 53.

The 1last layer of the. present invention is the
passivation layver 51, which is deposited upon the surface of the
mﬁlti—layer structure described within this invention after the
second conductive layer 52 has been deposited. A contact window
which is etched through the passivation layer 51 provides access to
the surface of the second conductive layer 52 which will serve as
a bond pad 58. Neithgr the thickness nor the composition of the
passivation layer 51 is c¢ritical to the present invention.
However, the passivation léyer 51 of the present invention is
typically formed from a phospho-silicate glass/silicon nitride

material.

A second preferred embodiment of the present invention is

shown in Fig. 5b. The second preferred embodiment is analogous tq



about 4000 to about 7000 angstrons. Deposited upon the first

i nsul ati'ng |l ayer 55 of the present invention is a first conductive |ayer
54 which makes contact to the conductive substrate 56 through the via
openings provided in the first insulating |ayer 55. Several netals and
conductive naterials nay be used in the &prnation of the first

17 conduct,i | nvent.i

'conductlvéhﬁﬂéii ql?Ef y€5E985598§éd wht Hgkgﬁg%g?BgEtag'?hée%feseﬁ%:
| nvention.g S)S%_O%ondélcggvg knt erfﬁléft EXnHﬁc?f@gsgéggr tgy 0%198 A sr[econd

sever al proce e Whtth own n t such materi

Such depo g,; LS el fide Pyt laﬁSern?Bé'l‘nbﬁi,t?‘Qs%;%c%@."&retl?r.' Thto via

technlques er mal el ectron beam aSsisted evaporation techni ques, and

vapor dep%%édl@ﬂ;st e@*ﬂﬂb Sthe first insulB@ihly’ Stayendest iami | ayer Secdrid
the present invention is preferably formed froma nulti-layer conductive

stack consinghilng iely 1ayeepsBay Rathew) W nue skboyddppeseteed atmbod mehtasts

of about 4000 to about 8000 angstrons. Beneath the alumnumalloy is a
"the present invention contact between the conductive substrate 56
and the first conductive layer 54 is made through a- first
conductive contact stud 60 formed within and through the first
insulating layer 55. Analogously, contact between the first
conductive layer 54 and the second conductive layer 52 is made

through a second conductive contact stud 62 formed within and

through the second insulating layer 53.

The second exception relates to the first exception.
Since the second embodiment provides a first conductive layer 54
which no longer makes direct contact with the conductive substrate
56, the first conductive layer 54 need not preferably be formed of
a multi-layer conductive stack having a barrier metal layer.
Rather, the first conductive layer 54 of the second embodiment
preferably comprises an aluminum alloy layer formed at about 4000

‘to about 10000 angstroms.

The use of conductive contact studs formed within and
through insulating layers to connect conductive layers which are
separated by those insulating layers is well known in the art. The

multi-layered semiconductor structure that results from using such



titaniymnitride or a titaniumtungsten refractory barrier netal |ayer

deposited at “about 800 to about 2000 angstrons. Finally, the bottom nost

~layer underlying the barrier netal layer is titanium mnetal deposited at
about 200 to 600 angstrons. The titaniumnetal is preferably deposited

t hrough a sputtering process. In total, the fi'rst conductive |ayer 54 has

hi ck b
Soon che- Pl MRS iR S BRI P s, tayamed, S
|nsulat|n 4fﬁé %?tﬁglgﬁgg (¥tJ¥ﬁdQ rst |nsulat|ng Iayer 55, the '
u I ng

second ins ayer Had surface, a portion of which is
substantially flat and another portion of which has a plurality of
via openings fornmed therethrough to allow access to underlying

conductive layers. sgeveral metals, metal alloys and conducti¥8 materials mdy
is critical to the practice of the present invention that at |east the

upper por tbeorusdd t fer s €eemdnghadmiuotg veayesn it bettds metirough natssliatiing

whi ch exhi bits good adhesion to a second netal |ayer 52 which is

subsequentiat érdraiedwhjpch sepasatéaadjeiming conductor layers. Commonly used
in the art are tungsten contact studs, aluminum contact studs and
polysilicon contact studs. Conductive contact studs may be formed
from other conductive materials provided that: (1) methods may be
developed for efficiently depositing the conductive material from
which the stud is formed into the via epening formed through the
insulating material, and (2) methods may be developed for remeving
any excess conductive material from the surface of the insulating

material after the stud material has been deposited into the via

opening.

For the present invention, both the first conductive
contact stud 60 and-the second conductive contact stud 62 are
preferably formed from tungsten metal. Tungsten metal may be
deposited through several methods which are known in the art.
These methods include, but are not limited to, thermal evaporation
methods, electron beam assisted evaporation methods and Chemical

Vapor Deposition (CVD) methods.

The tungsten metal for the first conductive contact stud

60 and the second conductive contact stud 62 of the present



into the plurality of via openings of the second insulating |ayer 53. For
t he present trnvention the preferred material for the upper portion of the
second insulating layer 53 is a dense silicon oxide I|ayer forned through a
Pl asma Enhanced Chemi cal Vapor Deposition (PECVD) process.

Lower portions of the second |nsulat|ng fyer 53 may be fornmed of a

[ighty doped PECYD pxi de | gy |
:o;?dé Yayﬁgsﬂﬁfé??alféklgﬁe ngo $?éﬂs}g?gth£ rﬂb%%roﬁor€ﬁ8ﬂ18PltEgvpor

hsl at r%“%%%z‘e??%%aﬁé?%ﬁims%s@n eﬁ‘er FR ohebEs T PR Spghte o v ro b
7000 angsgLofBitea. in t eCTAHdSA! shadshecor pespbnasyvaly i elle
ﬁgé ?i e{'lnl l??at por% l'on o? S

that the t he second i nsulating |ayer 53 be

al i gned Oﬂﬁiciﬂéséab%%ntmé' Y nkhak tRAG! I My dHs t IRt rﬂhdmwhat id¥hdd auee
55. This disposition of insulating |layers provides a multi- |ayered

structuresyppegin a flat portion of the first conductive Ilayer 54 will
provi de an interconnected buffering el enment beneath a flat portion of the
second conductive | ayer 52, a portion of the top of which second
conductive layer 52 forns a bond pad 58 for the

A third preferred embodiment of the present invention is

shown in Fig. b5c. Fig. 5c shows a cross-sectional schematic
diagram of a semiconductor integrated circuit device structure
similar to the second preferred embodiment of the present
invention, which is shown in Fig. 5b. The only difference between
the second preferred embodiment of the present invention and the
third preferred embodiment of the present invention is the stacking
of the first conductive contact stud 60 beneath the second.
conductive contact stud 62 in the third preferred embodiment of the
present invention. Within the second ﬁreferred embodiment of the
present invention, the first conductive contact stud 60 and the

second conductive contact stud 62 are staggered.

Conductive contact studs of the third preferred
embodiment of this invention provide a semiconductor structure
which uses more efficiently the available surface area of the

semiconductor wafer upon which the studs are formed.

What is c¢laimed is:



19 mul ti-layer conductors of the present invention. For med
upon the second insulating layer 53 is a second conductive |ayer 52 which
~makes contact to the first conductive Iayer 54 through via openings forned
in the second insulating layer 53. Analogously to the first conductive
| ayer 54, the second conductive |ayer,,52 may be fornmed from several netals

and netal a oni %gbg%ggpgggggiﬁggigﬁﬁg mgggsgggwn in the art to deposit

t hose conducti*ve € SEécon con tive layer 52

preferably conpriaegﬁa?ﬁghggkggglghngr guer of about 4000 to about 10000
p i

angstrons fornmed secon nsul-ating |ayer 53. The | ast

| ayer of the present;LayentiHn vy WRAS St Y3d®NupSY CEnB] seicondug tor
deposi ted upon the s&r?aoe of fhed%;J%i-layer stru%ture described within
this inventi gppaiti@ie;Ne second conductive |ayer 52 has been deposited. A
contact window which is etched through the passivation |ayer 51 provides

access to the sughaceishttiesSEeoinly Qoivlic havdngayef i 52t wegdominhi cerise
as a bond pad 58. Neither the thickness nor the conposition of the

passi vati on kapetantiiadler iflliatalantioat becpndsergionybaviog. a EIWERIA LYt o€
passi vation | ayer 51 of the present inventionis typically formed froma
phospho-siIi&daeogbadngsiEbcmndnthereghrough;

a first conductive layer formed over the first insulating
layer and deposited into the plurality of vi; openings formed
through the first insulating layer: |

a second insulating layer formed over the first
conductive layer, at least the top portion of the second
insulating'layer being formed from a Plasma Enhanced Chemical
Vapor Deposited silicon oxide;

, the second insulating layer having a first region which
is substantially flat and a second region having a plurality
of via openings formed therethrough;

a second conductive layer formed over the second

_insulating layer and depésited into the pluraiity of via
openings fgrmed through the second insulating layer, the
second conductive layef making electrical contact with the
first conductive layer; and

a passivation layer, the passivation layer having
openings formed therethrough which define a plurality of bond

pads on the surface of the second conductive layer, the bond

pads having beneath them a vertical stack of the first region

* c L L S *



materi al . A second preferred enbodi mrent of the present
inventian is® shown in Fig. 5b. The second preferred enbodi nent is

anal ogous to 20 the first preferred
enbodi ment, with two exceptions. The first exception is that the first
conductive layer 54 and the second copductive |layer 52 are no | onger

formed, respeptiNel YochRhO iksR1aRRRG 1yl Gh AfiGed | éShauseulal Lagekayer

55 and t he sécon insulating Iayer 53. "Rather, in the second preferred

enbodi ment of,qt fgop t LBYSAL PN £ONE 8L behugentbe1ggaduct i ve
Substrate 56£n%ngﬁ?héf?§?sfé§%§gu%?ive | ayer 54 i s made th?ough a first
conductive contact stud 60 fornmed within and through the first insulating
| ayer 55. Anal ogously, contact between the first conductive |ayer 54

and the secopd canduciéwEcomdestdr Hdeviede oft Caigh 2 sdheoedrcovieicfivet
contact stud 62 fornmed within and through the second insulating | ayer 53.
The second ekgenladingelayes tie tfvrmed sfremcepmateriadi miwadre Secwniihe
enbodi ment provides a first conductive |ayer 54

group of materials consisting of glasses, oxide materials and

nitride materials.

3. The semiconductor device of Claim 2 wherein the first

insulating layer is formed from Boro Phospho Silicate Glass.

4. The semiconductor device of Claim 1 wherein the thickness

of the first insulating layer is from about 4000 to about 7000

angstroms.

5. The semiconductor device of Claim 1 wherein the first
conductive layer is formed from a multi-layer conductive stack
consisting of a top aluminum alloy layer, a middle refractory

barrier metal layer and a bottom titanium metal layer.

6. The semiconductor device of Claim 5 wherein the thickness

of the first conductive layer is from about 5000 to about

10600 angstroms.

7. The semiconductor device of Claim 1 wherein the thickness

of the second insulating layer is from about 4000 to about

T



whi ch no | onger makes direct contact with the conductive substrate 56, the
first conducfive | ayer 54 need not preferably be forned of a nmulti-Iayer
conductive stack having a barrier netal |layer. Rather{amhe.ipir st
conductive |layer 54 of the second enbodi ment prefer ofpF-ses.-an

al uminum al l oy | ayer forned at about 4000 to about BL %Eﬂ#\Sn&EEN
The use of C9BQ%C55§% ggact studs foffed within an thrﬁﬂ@ﬁCEmsulatﬁng
| ayers to connect C 5 rve | ayers which are separated by Those—
insulating layers is well known in the art. The nulti-Ilayered

sem conductor structure that results from using such

21 studs hasga hlfﬂﬁersaﬁﬂé&%mt& adeviéy bt idis |Ry@iese Sk I Uhé U@ cond
formed in the absence of studs. Several netals, netal alloys
and conduct i vendaictivel 3ayey cbapriedsfi an hammungmcandoytquemontact st uds
through insulating nmaterials which separate adjoining conductor |ayers.
Commonly used in the art are tungsten contact studs, al um num contact
studs and polysilicon contact studs. Conductive contact studs may be

f or med 9. The semiconductor device of Claim 8 wherein the thickness

of the aluminum alloy léyer is from about 4000 to about 10000

angstroms.

10. A method for forming a semiconductor device comprising:

providing a semiconductor substrate;

forming'a first insulating layer upon the semiconductor
substrate;

the first insulating layer having a first region which is
substantially flat and a second region having a plurality of
via openings formed therethrough;

forming a first conductive 1layer over the first

- insulating layer and depositing the first conductive layer

into the plurality of via openings formed through the first
insulating layer;

forming a second insulating_ layer over the first
conductive layer, .at least the top portion of the second
insulating layer being formed from a Plasma Enhanced Chemical
Vapor Deposited silicon oxide;

the second insulating layer haviné a first region which

is substantially flat and a second region having a plurality

* c L M S * :



froniother conductive materials provided that: (1) nethoggwmyobe
devel oped for efficiently depositing the conductive terial from which
the stud is formed into the via opening formed throughTHISSSHEETS WAt BFRY

material, and (2) nmethods nay be devel oped for renovihg a S
conductive material fromthe surface of, the insulatin HEFERPED t he
stud material__has been Si 1N ' aQpeni ng. For
t he present Pﬁvgﬁ@igﬁfn%o % th%fprgﬁecoﬁﬁ%%$$%g contact stud 60 and the

second conductive f?r’e(}?'tal?l%t St Udef4nar GCO’E%'?{:ﬁ{a@l Y14 Fe b dOMeHENdHeRidbnd

nmet al . Tungst en may be eposit rough several nethods which are

known in thejart, | QEhauiee i k't t Ré €sBebnli Eonddicitdvel Neiye
1is?ﬁg&§?52ﬁggﬁﬁgﬁﬂg%éﬁﬁgss|g?gg evapgrat?on nethodsvénd-ygﬂ

;
evaporation e

Chem cal  Vapgf JPR@Sig1@A16eYPb R ROSpenings formed tHiRUgMEHee Rl
for the first conductive contact stud 60 and the second conductive contact

stud 62 of tHesRNatdMg layer, the second conductive 1lay22 i medirion
is preferably deposited through a Chem cal Vapor
electrical contact with the first conductive layer; and
forming a passivation layer over the second conductive
layer, the passivation layer having openings formed
therethrough which define a plurality of bond pad regions on
the surface of the second conductive layer, the bond pad
regions having beneath them a vertical stack of the first

region of the second insulating layer, the first conductive

layer, and the first region of the first insulator layer.

11. A semiconductor device comprising:

a semiconductor substrate;

a first insulating layer upon the semiconductor
substrate;

the first insulating iayer having a first region which is
substantially flat and a second region having a plurality of
via openings formed therethrough;

a plurality of first conductive contact studs formed into
and through the plurality of via openings formed through the
second region of the first inéulating layer, the plurality of

first conductive contact studs so formed having a plurality of

" exposed ends;

I
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Deposi tion (CVD) method. The thickness of tungsten netal ' [
in"the fornation of these studs corresponds togthe thickn;gsgg o?ePgZItEd
insulating |ayers into which the studs are forned. A third
preferred enbodi nent of the present inventionis shown in Fig. 5c. Fig
5c shows a cross-sectional schematic giagramof a sem conductor integratéd

circuit device structure simlar t i
of the present-aiﬁﬁéﬁﬁigﬁpg%ﬁ?éﬁeiga %%aﬁ°?§%§PgYGEL?B%L%ggﬁfsﬁgﬁﬁ}g??ice

between the _second preferred | JPRpt NLEI QN
third preferréd® n‘&é’giu‘;g%tm F b e(}gresen?pél né%ﬁ??%ﬁ%sétfhgxg?gg% ﬁga@oyffhe

first conductnee 130ty 14 stcnspidudiies coptdots aubdst;i ve cont act

stud 62 in the thrr enbodi ment of the present invention. Wthin

the second prefered &ardi iRsh1 2t ihdelapees Gormed everonthehfifstsmetal
conducti ve contact stud 60 and the second conductive contact stud 62 are

staggered. jayer, at 16R8€UEKé o pRiradiors bidshefsedend Hinahinteing rlayer
enbodi ment of this invention provide a sem conductor structure which uses

more ef fici enddind Formet |fkde = Pl Endmmied ((hemismlc diaran denrpided
upon which the studs are forned.
~ silicon oxide material;

the second insulating layer having a first region which
is substantially flat and a second region which has a
plurality of via opeﬁings formed therethrough;

a plurality of second conductive contact studs formed
‘Wwithin and through the plurality of via openings formed
through the second region of the second insulating layer, the
plurality of second conductive contact studs so formed having
a plurality of exposed ends;

a second conductive layer formed over the surface of the
second insulating layer and the plurality of exposed ends of
the plurality of second conductive contact studs; and

a passivation layer, the passivation layer having
openings formed therethrough which define a plurality of bond
pads on the surface of the second conductive layer, the bond
pads having beneath them a vertical stack of the first region
of the second insulator layer, the first metal layer, and the

first region of the first insulator lavyer.

12. The semiconductor device of Claim 11 wherein the first

| O I A



What is clainmed is: 23 1. A sem conductor

devi ce conpri'si ng: a sem conductor substrate; a first insulating
| ayer fornmed upon the sem conductor substrate; the first insulating
| ayer having a first region which is substantially flat and a second

. region having a plurality of via openE gs forned therethrough; a

first conducghgg%ég%ﬁg &ﬁ&g@dﬁ%ﬂ%rgﬂﬁa dySl4466Ut8t hBGut! 8¥00 AHgstroms

deposited intot drality of via openings forned through the first

insulating | @ngkk and is ESYHENErciS Fod Bima B¥Lial CENGSe R VEFoih thd igrPup
conductive layer, at least the top portion of the second insulating |ayer

bei ng f or nedofr ofgatefiasse dHEBiEEthd hefi cgllasy¥epor depdsi tmeakextialeson and

oxi de; the second insulating |layer having a first region which is

substanti al | nitrdtieamdtariadend regi on having a plurality of via openings

formed therethrough; a second conductive | ayer formed over the second
13. The semiconductor device of Claim 11 wherein the

plurality of first conductive contact studs is formed from a
material chosen from the group of materials consisting of

tungsten, aluminum and polysilicon.

14. The semiconductor device of Claim 13 wherein the
plurality of first conductive contact studs is formed from

tungsten.

15. The semiconductor device of Claim 11 wherein the first
conductive layer comprises an aluminum alloy layer having a

thickness of about 4000 to about 10000 angstroms.

16. The semiconductor device of Claim 11 wherein the
plurality of second conductive contact studs is formed from a
material chosen from the group of materials consisting of

tungsten, aluminum and polysilicon.

17. The semiconductor device of Claim 11 wherein the second

insulating layer is about 4000 to about 7000 angstroms thick.

e
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insulating | ayer and deposited into the plurality of via openings fornmed
t hrough the second insulating |ayer, the second conductive |ayer naking
el ectrical contact with the first conductive |layer; and a
passivation | ayer, the passivation |ayer having openings forned
_therethrough which define a plurality g; bond pads on the surface of the
Second condughlverh®) LonitiRaRell: BAUTCAEEN2100°31" WHIREIY, WG silona

stack of the™fi'rsft

second i nsul %bhagcltaw%r 11aSzQ?:‘ (dolutly 1R | YR BGH 21099 LB9eET b ihiggia0n

of the first insulator |ayer. sem conductor device of Claiml

wherein the thigknesasultaabdait! axaeo lt& E@bmtdrbocm angateomal. chosen from
the group of materials consisting of glasses, oxide materials and nitride

mat eri al s. 3. The sem conductor device of Caim?2 wherein the first
insulating layer is fornmed from Boro Phospho Silicate @ ass.
19. The semiconductor device of Claim 11 wherein the

plurality of first conductive contact studs and the plurality

of second conductive contact studs are vertically aligned.

20. The semiconductor device of Claim 11 wherein the
plurality of first conductive contact studs and the plurality

of second conductive contact studs are vertically staggered.

) O R



4. The sem conductor device of Claim1 wherein the thickness of the first -
insulati'ng |ayer is from about 4000 to about 7000 angstrons. 5. The

sem conductor device of Claim1l wherein the first conductive layer is
formed froma multi-layer conductive stack consisting of a top al um num
ralloy layer, a mddle refractory barrier netal |layer and a bottomtitani um
~metal |ayer. 6. The sem conductor deviée of Claim5 wherein the

t hi ckness of the first conductive layer is fromabout 5000 to about 10600
angstrons. 7. The sem conductor device of Claim1l wherein the thickness
of the second insulating |ayer is from about 4000 to about 7000

angstrons. 25 8. Thgsggntgooﬂuggprﬁ;kwn@sumt Claim1l wherein

the second conductive |ayer conprises an aluninun1allqé | ayer
BOND PAD FOR MULTI-CONDUCTOR LAYER SEMICONDUCTOR I/C CHIP

A semiconductor integrated c¢ircuit device chip has
multiple interconnected conductive layers separated by insulating
layers.a The chip 1is fabriéated by successive layering of
conductive layers onto the surfaces of insulating layers. Upon the
surface of the uppermost conductive layer of the chip is formed a
passivation layer. Windows are etched through the passivation
layer to form bond pads on the exposed surfaces of the uppermost
conductive layer. Beneath the bohd pads reside flat portions of
underlying insulating and conduccive'layers. The flat portion of
an underlying conductive  layer serves as a buffering element to

- dissipate and defleét meéhanical stresses which might otherwise
cause cracking and delamination within the chip when a bond yire is

bonded onto the bond pad.

(Fig. 5A)



9. The sem conductor device of Claim8 wherein the thickness of the

al umi nuti al | 0y | ayer is from about 4000 to about 10000 angstroms. 10. A
met hod for form ng a sem conductor device conprising: provi ding a

sem conduct or substrate; formng a first insulating | ayer upon the

' sem conductor substrate; the first insulating |ayer having a first

region which is substantially flat and a second region having a-plurality

~of via openings forned therethrough; formng a first conductive |ayer .

over the first insulating |ayer and dﬁégsiting the first conductive |ayer
into the plurality of via openings for through the first insulating.-
| ayer; forming a second insulating | ayer over the first conductive

| ayer, at |least the top portion of the second insulating |ayer being
formed froma Plasma Enhanced Chemi cal Vapor Depgst silicon oxide;

the second insulating |layer having a first rggi 'cqzois substantial ly
flat and a second region having a pIuraIity!j
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26 of via openings fornmed therethrough;

| ayer oVer the second
' conductive | ayer

- second insulating layer, the -second conductive |layer making

el ectrical contact wwth the first conductive |ayer; and formng a
“passivation | ayer over the second conductive |ayer, the passivation
‘layer having openings formed therethrough which define a plurality of
bond pad regions on the surface of the, second conductive |ayer, the bond
pad regions having beneath them a verti’Cal stack of the first regi on of
the second insulating |ayer, the first conductive |ayer, and the first

region of the first
~conprising:
upon the sem conduct or
a first
plurality of

i nsul at or
a seni conduct or substrate;

region which is

form ng a second conductive

i nsul ating |ayer and depositing the second

| ayer.
a first

subst rate; the first

i nsul ating | ayer
substantially flat and a second regi on having a
vi a openi ngs formed therethrough;

into the plurality of via openings forned through the

11. A seni conductor device
i nsul ating | ayer
havi ng
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a plurality of first conductive contact studs fornmed into and through the
~plurality of via openings formed through the second region of the first
“insulating layer, the plurality of first conductive contact studs so
formed having a plurality of exposed ends;

27 a first conductive |layer formed over the surface of the first

i nsulating |ayer and the plurality of exposed ends of the plurality of
first conductive contact studs; a second insulating | ayer forned over
the first netal |ayer, at |east the tgg portion of the second insulating
| ayer being formed froma Plasma Enha 2d Cheni cal Vapor Deposited
silicon oxide material; the second insulating |ayer having a first
region which is substantially flat and a second regi on which has a
plurality of via openings fornmed therethrough; a plurality of second
conductive contact studs formed wthin and through the plurality of via
openings fornmed through the second region of the second insulating | ayer,
the plurality of second conductive contact studs so forned having
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a plurality of exposed ends;

‘ends of the plurality of second conductive contact studs; and

passivation | ayer, the passivation |ayer having

a second conductive |ayer fornmed over
the surface of the second insulating |ayer and the plurality of exposed

a

openi ngs forned

t her et hrough which define a plurality of bond pads on the surface of the
second conductive | ayer, the bond pads having beneath them a verti cal

stack of the first region of the second insulator |ayer,

| ayer, and the first region of the first insulator |ayer.
sem conduct or device of Caim 11 whereff the first
28 insulating layer is fromabout 4000 to about 7000 angstrons

is formed fromforma material chosen fromthe group

consi sting of glasses, oxide materials and
sem conductor device of daim1ll wherein
conducti ve contact studs is forned froma

s1—F

|

nitride materi al

12. The

S.

the first netal

t hi ck and

of materials

13.

the plurality of first
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mat eri.al_ chosen fromthe group of materials consisting of tungsten,

al um num and pol ysi li con. 14. The sem conductor device of Caim13
wherein the plurality of first conductive contact studs is fornmed from
tungsten. 15. The sem conductor device of Claim 11l wherein the first
conductive | ayer conprises an alumnumalloy |ayer having a thickness of
about 4000 to about 10000 angstromns. 16. The sem conductor device of
Claim 11 wherein the plurality of second conductive contact studs is
formed froma material chosen fromthe group of materials consisting of

tungsten, alum num and pol ysilicon. 3/ The seni conductor device of
Claim 1l wherein the second insulating |ayer is about 4000 to about 7000
angstrons thick. _ 29 18. The

sem conductor device of Claim11l wherein the second
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conductive layer conprises an alunmnum alloy layer having a thi ehgsss of
about 4000-to about 10000 angstroms. - 19. The sem conductor degkce of
Caim 11 wherein the plurality of first conductive contact studs and
-the plurality of second conductive contact studs are vertically aligned.

. 207 The ,,sem c uct device of Caim 11 wherein the plurality of
~first con M@%ﬁfléﬁ studs and the plurality of second conductive

contact studs are vertically staggered.

10. A method for forming a semiconductor device comprising:

providing a semiconductor substrate;

forming a first insulating layer upon the semiconductor substrate, the first insulating
layer having a first region which is substantially flat and a second region having a plurality of
via openings formed therethrough;

forming a first conductive layer over the first insulating layer and depositing the first
conductive layer into the plurality of via openings formed through the first insulating layer;

forming a second insulating layer over the first conductive layer, at least the top portion
| of the second insulating layer being formed from a Plasma Enhanced Chemical Vapor

 Deposited silicon oxide, the second insulating layer having a first region which is substantially -

flat and a second region having a plurality of via openings formed therethrough;

forming a second conductive layer over the second insulating layer and depositing the
second conductive layer into the plurality of via openings formed through the second insulating .
layer, the second conductive layer making electrical contact with the first conductive layer; and

forming a passivation layer over the second conductive layer, the passivation layer
having openings formed therethrough which define a plurality of bond pad regions on the
surface of the second conductive layer, the bond pad regions having beneath them a vertical
stack of the first region of the second insulating layer, the first conductive layer, and the first
region of the first insulating layer;

bonding a bond wire to a bond pad region within the plurality of bond pad regions,
wherein there is inhibited cracking of integrated circuit layers formed beneath the bond pad

region.
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