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WAFER PASSI VATI ON STRUCTURE AND METHOD OF FABRI CATI ON BACKGROUND OF THE

| NVENTI ON 1. FI ELD OF THE | NVENTI ON The present invention relates to the
field of sem conductor integrated circuit manufacturing, and npre
speci fi cal | yYYP3¥3*¥dssivation structure and its nethod of fAGFUSHHHE. -2.
DI SCUSSI ON OF RELATED ART Integrated circuits are nmade up of literally

mllions of .individual devices such as transistors and cagamtors f ormed on

a seni conduCVAFER PASSEY ATIQGNSTRUCIIIRE AND M ETHOROF §

alternating conductive and insulating layers to formfunctional circuits
such as m crorocessors The flnal Ia er deposited is typically a

passivati OB . » : D3t g | ayer which provides protection
agai nst nechani cal and chem cal damage during assenbly and packaging. An
exanpl e of a conventional passivation structure is shown in Figure 1.

Figure 1 shows HELILZOFTHE INVENHOMg formed on its outer surface a netal

| nter connect | ey pAAZnMHvEREbA HEMIS toAB A 1R derhtbritha ThigrARECC! S 106.

circuit manufacturing, and more specifically to a passivation structure and its
method of fabrication.
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Integrated circuits are made up of literally millions of individual devices
such as transistors and capacitors formed on a semiconductor substrate. The
devices are integrated together by alternating conductive and insulating layers
to form functional circuits such as microprocessors. The final layer deposited is
typically a passivation layer which is an insulating layer which provides
protection against mechanical and chemical damage during assembly and
packaging. .

An example of a conventional passivation structure is shown in Figure 1.
Figure 1 shows a substrate 100 having formed on its outer surface a metal
interconnect layer 102 which includes a bond pad 104 and interconnects 106. A
passivation layer 108 which includes a silicon nitride layer 110 and a thick
polyimide layer 112 is formed over metal layer 102 as shown in Figure 1. A
_ contact opening 114 is then formed through the silicon nitride layer 110 and the

polyimide layer 112 to enable an electrical contact, such as a wire bond 116, to be
made to bond pad 104 to enable the inputting and outputting of external signals
to the substrate. Silicon nitride layer 110, which is a hermetic layer, is formed in
direct contact with the lower metal layer 102 to ensure that no moisture path
exists to the underlying substrate, especially in the bond pad openings 114,
Although such a passivation structure provides an excellent hermetic
seal of substrate 100, device performance suffers due to high metal line-to-
metal-line capacitance. That is, because silicon nitride layer 110 has a high
dielectric constant (approximately 7.0) and because it is formed in gaps 118

between adjacent metal features 104 and 106, line-to-line capacitive coupling is



passivation | ayer 108 which includes a silicon nitride |layer 110 and a

thick polyimde layer 112 is forned over netal |ayer 102 as shown in Figure.
1. A contact opening 114 is then formed through the silicon nitride |ayer
110 and the polyim de |ayer 112 to enable an el ectrical cont %ﬁ such as a
wi re bond 1?@995%’/154’6e made to bond pad 104 to enabl e the inglht 'sr?&z‘ﬁ’ﬁﬁ-
outputting of external signals to the substrate. Silicon nitride |ayer 110,
which is a hernetic layer, is forned in direct contact with the | ower netal
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passi vation ructure provides an excellent hernetic seal of substrate 100,
devi ce pesilicommittidedaydranto high aspediiratic gapal1d toe thigkness nggessaryido
capacitange,.. T - e Sklicon nitride layer 110 has a high

di el ectri%?%gfsgrﬁaf%tg%ér}%%?ﬁas?gy 7.0) and because it is formed in gaps
118 between adjacent netal features 104 and 106 line-to-line capacitive
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associated wit
forms a hermetic seal and which provides low interconnect capacitance.

SUMMARY OF THE INVENTION

A wafer passivation structure and its method of fabrication is described.
According to one embodiment of the present invention a metal layer having a
bond pad spaced by a gap from a metal member is formed on a substrate. A first
dielectric layer is then formed over the bond pad and the metal member and
completely fills the gap. Next a second dielectric layer, which is hermetic and
which has a dielectric constant greater than the first dielectric layer, is formed
over the first dielectric layer.

In another embodiment of the present invention a first dielectric layer is
formed on the top surface of a bond pad of a substrate. A second dielectric layer
is then formed on the first dielectric. An opening is then formed through the
first and second dielectric layers so as to expose the top surface of the bond pad.
A barrier layer is then deposited on the sides of the opening and on the top

- surface of the bond pad. A contact is then formed on the barrier layer in the

opening.
BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is an illustration of a conventional passivation structure.

Figure 2 is an illustration of a cross-sectional view of a hermetic low

capacitance passivation structure of the present invention.



t he passivation structure shown in Figure 1 is that it is difficult to
deposit a silicon nitride layer into high aspect ratio gaps 118 to a
t hi ckness necessary to obtain a sufficient hernetic seal. Thus what is

desired is ahggsiNation structure and nethodol ogy which for hernetic
seal and which provzla’des | ow i nt er connect capacit ance. SUI\/I\/IA\FQ’\?‘E"CﬁS9‘?’311%58 -

| NVENTI ON A waf er passivation structure and its nethod of fabrication is
descri bed. Accogding.to one epbadi nent of the present _invention a netal

| ayer havi ng a%‘&ﬂﬁgﬁﬁﬁf %’bﬁh’éggg?“g’? Gaﬁ5°?5r'56ﬁ?%fpﬂ1¥t‘%{’f’ %ﬁﬁ&lﬁtr?ge hayingd on a
subst r at e. al\oluterahosti mbntizition la@!ﬁincﬂﬁdﬁx@%drﬂfﬁgdi over the bond pad and
the netal nenber and conpletely fills the gap. xt a second dielectric

| ayer, which is hernmetic and which has a dielectric constant greater than

the first diel eFigre 3bay ah illustrdtiOn GBI @684-sdchendli visv sﬂo%ﬁgtméc layer. In
anot her enbodi nent of .the present invention a first dielecTric layer is
fornmed on {9fERatoR %ﬂfrﬁ?&é“’g?d‘ac kryien oyathersubstzateof Figure 3a. second diel ectric
| ayer is then formed on the first dielectric. An opening is then forned
through the first and second dielectric |layers so as to expose the top
surface of the Piguge ais amillusimation of ayerpss-sectienal viewsbhowdng éhe t he si des of

the openi Ngorafiflion ofld1ealiflf dielectric layer over the substrate of Figure 3b.

Figure 3d is an illustration of a cross-sectional view showing the

formation of a capping dielectric over the substrate of Figure 3c.

Figure 3e is an illustration of a cross-sectional view showing the

formation of a bond pad opening in the substrate of Figure 3d.

Figure 3f is an illustration of a cross-sectional view showing the

formation of a conductive barrier layer on the substrate of Figure 3e.

Figure 3g is an illustration of a cross-sectional view showing the

formation of a bump on the substrate of Figure 3f.

Figure 3h is an illustration of a cross-sectional view showing the removal

of a portion of the barrier layer from the substrate of Figure 3g.

I NTI

The present invention is a hermetic, low interconnect capacitance
passivation structure and its method of fabrication. In the following description
numerous specific details such as materials, thicknesses and processes are set
forth in order to provide a thorough understanding of the present invention. It

will be obvious however to one skilled in the art that the present invention

may be practiced without these specific details. In other instances well known



surface of the bond pad. A contact is then fornmed on the barrier layer in
t he openi ng. BRI EF DESCRI PTION OF THE DRAWNGS Figure 1 is an illustration -

of a conventional passivation structure. Figure 2 is an illustration of a
cross-secti Qugtho4iew of @ hernetic | ow capacitance passi valpicssdasgt ure of
the present invention. 2 Figure 3a is an illustration of a

cross-sectional view of a subst rate having an outer nost netalization | ayer
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accordance with the present invention is shown in Figure 2. Formed on a
substrate 200 is an outer level of metalization which includes metal features
such as bond pads 204 and interconnects 206 which are separated by gaps 208. A
first dielectric layer 210 is formed over bond pads 204 and metal features 206 and
to a thickness to completely fill gaps 208. The first dielectric layer 210 is
preferably formed of a material which has a relatively low dielectric constant
(less than 4.0) such as silicon dioxide. A sealing dielectric layer 212 formed of a
moisture resistance material (i.e., a hérmetic material), such as silicon nitride, is
formed over the first dielectric layer 210. A capping dielectric layer 214, such as a
polyimide, can be formed on sealing dielectric layer 212 to provide for scratch
resistance and package stress interfacing. An electrical contact 215, such as a
controlled chip collapse contact (C-4) which includes a conductive barrier layer
216 and a bump 218 is formed through dielectric 210, sealing dielectric 212, and
capping dielectric 214 and makes electrical contact with bond pad 204.

Sealing dielectric layer 212 and barrier layer 216 combine to form a
hermetic seal of substrate 200. Because barrier layer 216 and sealing layer 212
provide the hermetic seal for substrate 200 first dielectric layer 210 can be formed
of a material which has a low dielectric constant but which is not resistant to
moisture penetration. By completely filling gaps 208 with a low dielectric
constant material 210, there is low interconnect capacitance (low capacitive
coupling) between adjacent metal features, which results in improved (faster)
device performance. In this way the present invention provides a passivation
structure which is both hermetic (resistance to moisture penetration) and which
exhibits extremely low capacitance.

Figures 3a-3g illustrate a method of fabricating a passivation structure in
accordance with the present invention. According to the present invention, a
substrate 300 such as shown in Figure 3a, is provided. Substrate 300 includes on
its outer surface a metalization layer 302 which includes at least one bond pad

304 (and typically several hundred) for inputting and outputting data to and



Figure 3e is an illustration of a cross-sectional view show ng the
formati on of a bond pad opening in the substrate of Figure 3d. Figure 3f is
an illustration of a cross-sectional view showing the formation of a
conductive bgjébsisbayer on the substrate of Figure 3e. Figure 3g is_an

Il lustration o‘? a cross-sectional view show ng the formati oh CofYS ﬁ?p--on
the substrate of Figure 3f. Figure 3his an illustration of a
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metalization layer 302 are separated by gaps 308. The minimum spacing or

width (w) of gaps 308 is defined by the critical dimensions of the process which

in the present invention can be less than 0.30um. Such narrow feature spacing

can create high aspect ratio gaps 308 (i.e., gaps with aspect ratio around 2.0).

Aspect ratio is defined as the gap height over the gap width.

Additionally, as is well known in the art, substrate 300 typically includes a
silicon substrate, devices such as transistors and capacitors, and multiple layers
of metal and insulators used to couple devices into functional circuits. It is to be
appreciated that substrate 300 need not necessarily be a semiconductor substrate
used to fabricate integrated circuits but may be any type of substrate such as
those used in flat panel displays. For the purposes of the present invention a
substrate is defined as a material on which films of the present invention are
formed and on which processes of the present invention act.

The first step of the present invention is to form a first dielectric layer 310
over substrate 300 as shown in Figure 3b. Dielectric layer 310 is deposited over
bond paas 304 and metal features 306 and in such a manner so as to completely
~ fill gaps 308. Dielectric layer 310 is formed to at least a minimum thickness

which is sufficient to completely fill gaps 308. In most cases, dielectric layer 310
is deposited to a thickness at least as thick as metal 302 which ensures complete
filling of the widest gaps.

Dielectric layer 310 is preferably formed of a material which has a
dielectric constant at least as low as silicon dioxide (i.e., a dielectric constant less
than 4.0). In one embodiment of the present invention dielectric layer 310 is a
silicon dioxide (SiO2) film formed by high density plasma (HDP) utilizing a
chemistry comprising SiH4 and O7 with a substrate temperature of between 350-
400°C. Such a process provides excellent gap filling which enables the filling of
high aspect ratio gaps 308 and provides a smooth surface on which subsequent



sem conduct or processes and equi pnent have not been explained in detail in
order to not unnecessarily obscure the present invention. The present - i
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Next, as shown in Figure 3c, a sealing dielectric layer 312 is formed over

first dielectric layer 310. Sealing dielectric layer 312 is formed of a material
- which is resistant to moisture penetration (i.e., formed of a hermetic material).
A layer is said to be hermetic if it can prevent moisture penetration under
humid ambients at normal chip operating temperatures, generally between 100-
120°C. Sealing dielectric layer 312 is formed as thin as possible while still
providing a suitable hermetic seal. In one embodiment of the present
invention sealing dielectric layer 312 is a silicon nitride film formed to a
thickness between 500-1,500A by plasma enhanced CVD utilizing a chemistry
comprising SiH4 and NH3 and a substrate temperature of 400°C. When a
plasma enhanced CVD silicon nitride layer 312 is deposited onto a HDP formed
silicon dioxide layer, silicon nitride layer 312 can be formed thin (less than
1,000A) and yet still provide a hermetic seal due to the smooth surface of the
HDP silicon dioxide film.

It is to be appreciated that because hermetic dielectric layers, such as
silicon nitride, have high dielectric constants, it is important to keep sealing
dielectric layer 312 above metal features 304 and 306 and out of gaps 308 so that
its high dielectric constant does not increase the capacitive coupling between
adjacent metal features, and thereby decrease device performance.

Next, as shown in Figure 3d, a capping dielectric layer 314 is formed over
sealing dielectric layer 312. Capping dielectric layer 314 provides stress relief
between the package and substrate 300 and also provides scratch protection for
sealing dielectric 312 so that scratches cannot affect the integrity of the hermetic
seal formed by sealing dielectric layer 312. In one embodiment of the present

invention capping dielectric layer 314 is a photodefinable polyimide such as



capping dielectric 214 and nmakes el ectrical contact wth bond pad 204.
Sealing dielectric layer 212 and barrier |layer 216 conbine to forma
hermetic seal of substrate 200. Because barrier |ayer 216 and seal ing | ayer

212 provide tweohedapetic seal for substrate 200 first diel ecpét yﬁg 210
can be fornmed of a material which has a |ow dielectric constant
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314 by masking and exposing and then developing away the light exposed

portion of the capping dielectric layer 314 where the bond pad opening 316 is

desired. Such a process creates tapered sidewalls in capping layer 314 which

enhances subsequent film deposition in opening 316. Patterned capping
dielectric layer 314 can be used as a mask for etching of sealing dielectric layer
312 and dielectric layer 310. If sealing dielectric layer 312 is a silicon nitride layer
it can be anisotropically etched by reactive ion etching (RIE) with a chemistry
comprising: SFg and He in a well known LAM etcher. Once sealing dielectric
layer 312 has been etched through, the etch chemistry can be changed to a
suitable chemistry which etches first dielectric 310 which, in the case of silicon
dioxide, can be C4Fg + CO. The etching of dielectric layer 310 can be a timed etch
which provides over etching to ensure complete removal of dielectric layer 310
from bond pad 304 in bond pad opening 316.

If dielectric layer 314 is not a photodefinable material, then a standard
photoresist mask can be formed over dielectric layer 314 and patterned by well
~ known photolithography techniques.

Next, as shown in Figure 3f, a conducting barrier layer 318 is formed over
substrate 300 as shown in Figure 3f. Barrier layer 318 is formed over the top
surface of capping dielectric layer 314, along the sidewalls 317 of bond pad
opening 316 and over bond pad 304. Barrier layer 318 forms a hermetic seal
along sidewalls 317 of contact opening 316. Barrier layer 318 is formed of a
material and to a thickness which is sufficient to prevent moisture from
penetrating through barrier layer 318 and into dielectric layer 310.

In one embodiment of the present invention, barrier layer 318 is a barrier
layer used for a controlled chip collapse contact (C-4) gold plated bump. A

barrier layer for a C-4 bump can be formed by sputter depositing a dual layer



fromsubstrate 300. The outer netalization |ayer 302 al so includes netal
features 306 such as interconnects and capacitor el ectrodes. The
netalization |ayer 302 is forned froma | ow resistance netal or netal all oy
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etch can be used prior to and insitu with the formation of barrier layer 318 to

provide a clean low resistance contact with bond pad 304.

- Next, a bump 320 is formed on barrier layer 318 as shown in Figure 3g. In
one embodiment of the present invention bump 320 is a C-4 solder bump. A C-
4 solder bump can be formed by depositing a photoresist layer 322 of
approximately 25 microns onto barrier layer 318 and then patterning the
photoresist layer to define locations where C-4 bumps are desired. A solder
bump (PbSn) can then be formed by electroplating on those areas a barrier layer
318 not covered by photoresist 322. Solder bumps can be formed by placing
substrate 300 in a solder plating solution and applying current to barrier layer
318 so that it builds up charge to attract solder. Bump 320 can be formed to a
height of approximately 100 microns.

In another embodiment of the present invention bump 320 can be a gold
plated bump used for tape automated bonding (TAB). A gold plated TAB bump

~ can be formed in a process similar to formation of a solder bump with the

exception that the bump is gold plated and is formed to a height of
approximately 27 microns. |

Once bump 320 has been plated to the desired thickness, photoresist layer
322 is removed by well known techniques such as by a solvent spray processor
(SSP). Next the portion of barrier layer 318 not covered by bump 320 is etched
away with any well known technique. A nickel vanadium layer can be etched
away with a wet etchant comprising H202 and H2504 and a titanium layer can
be etched away with a wet etchant comprising HF and H202 and H2SO4. The
exposed portion of barrier layer 318 must be removed in order to prevent short

circuiting of bumps 320 formed on substrate 300. If desired bump 320 can now



those used in flat panel displays. For the purposes of the present

i nventi on
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and because high dielectric constant materials such as sealing dielectric layer 312
are kept above metal features 304 and 306 and out of gaps 308. A hermetic seal
of substrate 300 is formed by sealing dielectric layer 312 and contact 322. Sealing
dielectric layer 312 prevents moisture from entering through the top surface of
dielectric 310 while barrier layer 318 and bump 320 coat the sidewalls 317 of bond
pad openings 316 and thereby prevent moisture from entering through the
exposed SiO2 edges 317.

Numerous specific details have been set forth in order to provide a
thorough understanding of the present invention. Those skilled in the are will
appreciate the ability to substitute various equivalent materials and processes
for those discussed herein. As such the detailed description of the present
invention should be taken as illustrative, rather than limiting, wherein the

scope of the present invention is to be measured by the appended claims which
follow.

Thus, a hermetic passivation structure with low interconnect capacitance
has been described.

forma first
dielectric layer 310 over substrate 300 as shown in Figure %ﬁ%’&‘éé& ric
I s deposited over bond pads 304 and netal features 306 and in
such a nang
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| ayers can be deposited. First dielectric |ayer 310 can be doped with
fluorine ions in order to further reduce the dielectric constant of the
film Dielectric |ayer 310 can be doped insitu (during the deposition of

film310) o formation by ion inplantation. It istogg reci at ed
that | ow K g’iﬁ%g{z?i c films such as but not limted to aer8 ng%%”‘ss -
pol yi m des, spin-on-glasses, can be used as dielectric layer 310.

Additionq!|¥ aielectric | ayer 310 need not necessarily be a single |ayer
dielectri y be a conposite fil mnade of several different
dielectric layers. Next, as shown in Figure 3 I [ ctric layer
312 is formed over first dielectric |ayer 31011uﬂ"ﬂlﬂﬂllm|€nmumﬁc | ayer 312
is formedV8fclaithat erial which is resistant to roi $tute penetration (i.e.,
formed of a hernetic material). Alayer is said to be hernetic if it can

prevent noisture penetration under hum d anbi ents at normal chip operating
t enper at ur es, generfuimethod oféarming @ passivation]ldyer3gus semicdndutetorri ¢ | ayer

:s))égl | sI ];1%%&g?ﬁg%@&@ﬁﬁgf&%ﬂgﬁéé@étgpéB}:l | providing a suit qbl e hernetic
forming a first dielectric layer over a metal interconnect layer on a

substrate, said metal interconnect layer including a bond pad and a metal
member spaced apart from said bond pad by a gap, said first dielectric formed
over said bond pad and said metal member and in said gap; and

- forming a second dielectric layer over said first dielectric layer, wherein
said second dielectric layer is hermetic and has a larger dielectric constant than
said first dielectric.

2. The method of claim 1 wherein said first dielectric layer is at least
as thick as said metal layer.

3. The method of claim 1 wherein said first dielectric layer comprises
silicon dioxide.

4. The method of claim 1 wherein said second dielectric layer
comprises silicon nitride.

5. The method of claim 1 wherein said second dielectric layer is
thinner than said first dielectric layer.

6. A method of forming a hermetically sealed integrated circuit, said
method comprising the steps of:

forming a first dielectric layer on a top surface of a bond pad on a
substrate;

forming a second dielectric layer on said first dielectric;

forming an opening through said second dielectric and said first dielectric
so as to expose said top surface of said bond pad;

10



i nvention sealing dielectric layer 312 is a silicon nitride filmforned to
a thickness between 500-1, 500A by plasnma ernhanced CVD utilizing a cheni st ry
conprising Si H4 and NH3 and a subs erature of 400[err]C. Wen

pl asma enhanggsheRYiRsSilicon nitri dg mﬁm m&”llﬂumpo& ted po¥OsRAHP
formed silicon dioxide |ayer, sili 312 can be fornmed thin
(less than 1,000[err]) and yet still provide a hermetic seal due to the

th f bl ted
That because. nedtRysng i EpTdnedid B layer o W sdls ofeetd oBERIABRRAGHE| OF,
di el ect ri c saidrtep antface bﬁsaicbbbmbpadamd to keep sealing dielectric |ayer 312
above netal feag ’grs‘%?iqﬁ an%n sg?d AL 59?%}’&&“%8 %gﬁ\&s:o that its high

di el ectric constan I"nCr eas e capaci | ve Xoupl i ng bet ween

adj acent netal features, and t her eby decr ease device perfor mance. Next, as
shown in Figure,3d, ca i,el] ect c | ayer 314 ' d over, sealing
dielectric Iayef 312'?1"?:5%9?%8 gfléiné ?feﬁna%} s%“‘fﬁ‘dp‘fs)\ﬂ:tag ayenands | | j of
bet ween t heajddledeeige loyed awbesismtt&o?tﬂ&smel pahetmatiorovi des scratch protection
for sealing diel ectrl c 312 so that scratches cannot affect the integrity of
the hernetic seal fornmed by sealing dielectric layer 312. In one enbodi nent

of | t he Sresent BNV ENThe tnetRe b Blatth 7 whéreirtsdid fiest didleciric lay@hesmopiedes nabl e
po y| m de s

el

gcon dioxide and said second dielectric layer comprises silicon nitride.

9. The method of claim 6 wherein said conductive barrier layer

comprises a lower titanium layer and a top nickel-vanadium layer.

10. The method of claim 6 wherein said bump is formed by
electroplating plating.

11. A method of forming a low interconnect capacitance wafer
. passivation, said method comprising the steps of:

forming a metal layer having a first member spaced from a second
member by a gap;

forming a first dielectric layer over said first and second members and in
said gap wherein said gap is completely filled by said first dielectric layer;

- forming a second dielectric layer over said first dielectric layer, wherein

second dielectric layer has a higher dielectric constant than said first dielectric;

forming an opening through said second dielectric and said first dielectric
to expose the top surface of at least one of said spaced apart members;

forming a barrier metal on the sidewalls of said opening and over the top
surface of said at least one spaced apart member; and

forming a contact on said barrier metal in said opening.

12.  The method of claim 11 further comprising the steps of:
after forming said second dielectric and prior to forming said barrier

layer, forming a third dielectric layer over said second dielectric layer.

11



6 Hi t achi phot odefi nabl e polyim de type 1708. Such a polyi m de can be
"spun- on", as is well known in the art, to a thickness of between 2.0 - 10
mcrons. Alternatively capping |layer 314 can be for exanple a CVD deposited

silicon dioxide | azy Next, a bo Imml 6 is forned through
dielectric WQ®448314 312, and 3 I) }MEH ad 304 aBCHB¥RRISH Figure
3e. If dielectric layer 314 is a photodéfi ma | yi m de, then opening 316

can be defined in dielectric layer 314 by maski ng and exposing and t hen
devel opi ng away the |ight exposed portion of the capping dielectric |ayer

314 where the ppnd ﬂé%&%&'dﬂla?ﬁ@l‘ whefes| &4 coﬁlé ehisPa Bﬁ eSS creates

tapered sidewalls in capping layer 314 which enhances su equent film
deposition in opening 316. Patterned capping dielectric |ayer 314 can be

used as a maskmc or e c@ q{f %ﬁ{iﬂh%%?ﬁ&@uﬁ\sé ?g/f@orm%a%%yand dielectric

| ayer 310. If sealing ayer Icon nivride |layer it
can be anebotrppbtmglplytxm ched by reactive ion etching (RIE) with a
chem stry

15.  The method of claim 11 wherein said first dielectric layer

comprises silicon dioxide.

16.  The method of claim 11 wherein said first dielectric layer

comprises silicon dioxide doped with fluorine.

17.  The method of claim 11 wherein said second dielectric layer

comprises silicon nitride.

18.  The method of claim 12 wherein said third dielectric layer
comprises a polyimide.

19.  The method of claim 11 wherein said first dielectric layer is thicker

than said second dielectric layer.

20. The method of claim 11 wherein said barrier layer comprises a

- lower titanium layer and an upper nickel vanadium layer.

21. A passivation film formed over a substrate, said passivation film
comprising:

a first dielectric layer formed over a metal interconnect layer formed on a
substrate, said metal interconnect layer comprising a metal member spaced
from a bond pad by a gap, said first dielectric layer formed over said bond pad
and said metal member and completely filling said gap; and

a second dielectric layer formed over said first dielectric layer, said second

dielectric layer having a dielectric constant greater than said first dielectric layer.

12



conprising: SF6 and He in a well known LAM etcher._ Once sealing dielectric
| ayer 312 has been etched through, the etch chenmistry can be changed to a

sui tabl e chem stry which etches f 10 which, in the case of
silicon di owigiRmaeean be C(Jerr] F[e Hﬂlﬁmﬂm&”ﬂl hi ng of d’tq}lgggmgg | ayer
310 can be a timed etch which provikdes ovem etschtng to ensure conpl et e

removal of dielectric layer 310 from bond pad 304 |n bond pad openi ng 316.

If dielectric yer 14 is hot o r standard
phot oresi st ma B ERAFHY %&s (gﬁeél& %ﬂﬁﬁsﬁdfgﬁ &r ned by
wel | knomﬂnyrehhraslaldxblegﬁa:rtbysthﬂt:hmuwes. Next, as shown in Figure 3f, a
conducting barrier layer 318 is forned over substrate 300 as shown in
Figure 3f. Barrier layer 318 is forned over the top surface of capping

diel ectric | aygs. 31%he passivatinesthidtaradf daitd 22avhdreincsapi firaiicleatgic316 and
over bond ad . 30:; r layer 318 forms a hernetic seal along sidewalls
317 of co zft’ft‘sﬁ’é'éﬂﬁ‘%o’§ . Barrier layer 318 is formed of a material and
to a thickness which is sufficient to prevent noisture from penetrating

t hrough barrier layer 318 and into diel FC'[I‘I o Ia%/er 310, I n one enbodi nent
of the present 2fnyvefheassivaion sirugtype pf daim 2l whersin fald sesonsk used for a

control | ediifleewicaayéridrRsistant & mdistuse p@ﬂét?ati&r@t ed bunp. A

25. The passivation structure of claim 24 wherein said second
dielectric layer is silicon nitride.

26. A passivation structure, said passivation structure comprising:

a first dielectric layer formed on a top surface of a bond pad on a substrate,
said first dielectric layer having sidewalls on said bond pad;

a second dielectric layer on said first dielectric layer; and

an electrical contact formed through said first dielectric layer and said
second dielectric layer and in contact with said bond pad, said electrical contact
directly adjacent to and in direct contact with said sidewalls of said first dielectric
layer.

27.  The passivation structure of claim 26 wherein said second

dielectric layer and said electrical contact are resistant to moisture penetration.
28.  The passivation structure of claim 26 wherein said first dielectric
layer comprises silicon dioxide and said second dielectric layer comprises silicon

nitride.

29.  The passivation structure of claim 26 wherein said electrical

contact comprises a lower conductive barrier layer and a metal bump.

13



barrier layer for a C4 bunp can be fornmed by sputter depositing a dual

| ayer 7 filmconprising a |lower 500[err] thick titaniumfilmand an
upper 4,000[err] thick nickel vanaggh i itaniumfilmacts as a
barri er agaiwebygaty di ffusion \Ahﬁimg"ml“mmumm umfilm S9§E§f§_4
bunp adhere to bond pad 304. In anether enmdodfneht, barrier Taye can
be a barrier |ayer used for a tape automated bonding (TAB) contact. A TAB
barrier |ayer nb inky a. dual .l ayer film
conprising a | g\%er ﬁ%%ﬁ%% %p%éﬁﬁ?%?lpﬁggérﬁd%%eﬂT 16%€r ¢ i t ani um |-ayer
acts as a Madurtive barziendayeycbohpiises adower titinfiemtliagergaidia kel AickBE! ps a gol d
TAB bunp gaﬁJII1Qa9€{]d pad 304. An argon sputter etch can be used prior to
and insitu wth the’formation of barrier layer 318 to provide a clean | ow
resi stance contact with bond pad 304. Next, a bunp 320 is fornmed on barrier
| ayer 318 as shown in Figure 3g. In one enbodi nent of the present invention
bump 320 is a G4 solder bunp. A CG 4 solder bunp can be fornmed by
depositing a photoresist |ayer 322 of

14



approximately 25 mcrons onto barrier |ayer 318 and then patterning the
phot oresi'st |layer to define |ocations where C-4 bunps are desired. A sol der
bunmp (PbSn) can then be forned by el ectroplating on those areas a barrier
| ayer 318 no{yFfnuehsd by photoresist 322. Sol der bunps can RerhosEdsdy.
pl aci ng substrate 300 in a solder plating solution and applying current to
barrier layer 318 so that it builds up charge to attract solder. Bunp 320
can be forned to a height of approxinmately 100 microns. |In another
embodi ment of the present invention bM#mp 320 can be a gold plated bunp used
for tape automated bonding (TAB). A gold plated TAB bunp can be fornmed in a
process simlar to formation of a solder bunp with the exception that the
bunmp is gold plated and is formed to a hei ght of approximtely 27 m crons.
Once bunp 320 has been plated to the desired thickness, photoresist |ayer
322 is renmovedhy well knowas techni ques such as by a solvent spray
processor (P). Ne he 9-&“ on of barrier |ayer 318 not covered by bunp
N wel | kno T fjlue. A nickel vanadium | ayer
P t conprisfing Herr]derr] and
Herr]SOerr] ang a titaniu ayer can be etched away wth a wet etchant
conprising HFE andNerr](Jefr}] and H[err]SCée r]. The
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exposed portion of barrier |ayer 318 nust be renoved in order to prevent
short circuiting of bunps 320 fornmed on substrate 300. If desired bunp 320 -

can now 8 be reflowed in order to convert the nmushroom shaped bunp into
a rounded bu Bunp 320 can be refl owed by placi ng subst

i rat 0.ln a
furnace havi¥®*M43 err] anbient at 400[err]C. At this tin&ﬁﬂggﬁ‘as@ess of

the present invention is conplete. The process of the present invention has
formed a passivation structure which has |ow netal line-to-netal-Iine

capaci tance and which provides a hergmtic seal of substrate 300.

Li ne-to-1ine capacitance is reduced because a | ow di el ectric constant
dielectric layer 310 is fornmed in gaps 308 between netal |ines and because
high dielectric constant materials such as sealing dielectric |ayer 312 are
kept above netal features 304 and 306 and out of gaps 308. A hernetic seal
of substrate 300 is forned by sealing dielectric |layer 312 and contact 322.

Sealing dielectric |ayer 312 prevents noisture fromentering through the
top surface of

215
2
214

N
. §§ &
N

210
206

A
208

206

210
///\/ ]

FIG. 2

SUBSTITUTE SHEET (RULE 26)



dielectric 310 while barrier layer 318 and bunp 320 coat the sidewalls 317
of bond pad openings 316 and thereby prevent noisture fromentering through
the exposed SiJerr] edges 317. Nunerous specific details have been set

forth in ord ovi de a thorough understanding of the p t
I nventi on. TE{)QSJ@%‘S'%?I led in the are will appreciate the abi f&f’g&i”gﬂﬂ .

substitute various equivalent materials and processes for those di scussed
herein. As such the detail ed description of the present invention should be
taken as illustrative, rather than | 3Mting, wherein the scope of the
present invention is to be neasured by the appended clains which foll ow.

Thus, a hernetic passivation structure with | ow interconnect capacitance
has been described. 9 IN THE CLAIMS W claim
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1. A nmethod of form ng a passivation |ayer on a sem conductor substrate,
said nethod conprising the steps of: formng a first dielectric |ayer over
a netal interconnect |ayer on a substrate, said netal interconnect |ayer
including a mosdbqasd and a netal nmenber spaced apart from sp&ﬁuﬁwg ?ad by
a gap, said first dielectric forned over said bond pad and said ne 2 -
menber and in said gap; and formng a second dielectric |ayer over said
first dielectric layer, wherein said second dielectric layer is hernetic

and has a larger dielectric constant4fhan said first dielectric. 2. The
met hod of claim1 wherein said first dielectric layer is at |east as thick
as said netal |ayer. 3. The nmethod of claim1l wherein said first
dielectric layer conprises silicon dioxide. 4. The nethod of claim1
wherein said second dielectric |layer conprises silicon nitride. 5. The
met hod of claim 1 wherein said second dielectric |ayer is thinner than said
first dielectric |ayer. A nethod of formng a hernetically seal ed

integrated circuit, sai \~_‘///,_____41
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met hod conprising the steps of: formng a first dielectric |ayer on a top
surface of a bond pad on a substrate; formng a second dielectric |ayer on
said first dielectric; form ng an opening through said second dielectric
and said firspodislsectric so as to expose said top surface i d
pad; 10 depog?tiﬁg a conducting barrier |ayer on the sidggnﬁﬁb@aﬁ%p‘
opening and on said top surface of said bond pad; and form ng a bunp on
said barrier layer in said opening. 7. The net hod of claim6 wherein
said second dielectric |ayer and sai dMarrier layer are resistant to

noi sture penetration. 8. The met hod of claim7 wherein said first
dielectri.c |l ayer conprises silicon dioxide and said second dielectric |ayer
conprises silicon nitride. 9. The net hod of claim6 wherein said
conductive barrier |ayer
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conprises a |lower titaniumlayer and a top nickel-vanadi um | ayer. 10. The
nmet hod of claim6 wherein said bunp is forned by el ectropl ating plating.

11. A nmethod of form ng a | ow interconnect capacitance wafer passivation,
sai d met hod coqprising the steps of: formng a netal |ayer having a first
menber spac®P P81 a second nmenber by a gap; forming a fir&ETHSH ric

| ayer over said first and second nenbers and in said gap wherein said gap
is conpletely filled by said first dielectric layer; formng a second
dielectric layer over said first diegctric |ayer, wherein second
dielectric layer has a higher dielectric constant than said first
dielectric; form ng an opening through said second dielectric and said
first dielectric to expose the top surface of at |east one of said spaced
apart nmenbers; forging a barrier nmetal on the sidewalls of said opening and
over the top surfaee of—said at | east one spaced apart nenber; and formng
a contact on said Dafrier M™ W\ said opening. 12. The net hod of claim
11 further conprising 2 O -flfiﬂip*ﬁfﬁﬁ—ggrj second dielectric
and prior to formng S
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| ayer, formng a third dielectric |layer over said second dielectric |ayer.
13.~ The nmethod of claim 11 wherein said contact is a bunp. 14. The

nmet hod of claim 13 wherein said bunp is formed by el ectroplating plating.
15. The ne f,-.Claim 11 wherein said first dielectric | I ses
silicon dioxﬁﬂ@gwgg? The met hod of claim 11 wherein said fiTs ss%&ggéctric
| ayer conprises silicon dioxide doped with fluorine. 17. The net hod of
claim 11l wherein said second dielectric |ayer conprises silicon nitride.
18. The nethod of claim 12 wherein 38 d third dielectric |ayer conprises
a polyimde. 19. The nethod of claim 1l wherein said first dielectric

| ayer is thicker than said second dielectric |ayer. 20. The met hod of
claim 1l wherein said barrier |ayer conprises a
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| ower titaniumlayer and an upper nickel vanadium |l ayer. 21. A
passivation filmfornmed over a substrate, said passivation filmconpri-sing: .
a first dielectric layer formed over a netal interconnect |ayer forned on a
substrat e, '%, al interconnect |ayer conprising a netal nenber spaced
froma bond pad by a gap, said first dielectric |ayer f or ré§TOMRY2454 ¢ bond
pad and said netal nenber and conpletely filling said gap; and a second
dielectric layer formed over said first dielectric |ayer, said second
dielectric layer having a dielectricgmonstant greater than said first

dielectric layer. 12 22. The passivation structure of claim 21 wherein
said first dielectric layer has a dielectric constant [err] 4.0. 23. The
passivation structure of claim22 wherein said first dielectric layer is
silicon dioxide. 24. Thg passivation structure of claim 21 wherein said
second =
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dielectric layer is resistant to noisture penetration. 25. The
passi vatifon structure of claim 24 wherein said second dielectric layer is
silicon nitride. 26. A passivation structure, said passivation structure
conpri sing: Qqfdbhshsdielectric layer fornmed on a top surfacg9fsegrpepd pad
on a substrate, sard first dielectric |layer having sidewalls on said bond
pad; a second dielectric |layer on said first dielectric |layer; and an
el ectrical contact formed through said first dielectric |ayer and said
second dielectric layer and in conta®9with said bond pad, said electrica
contact directly adjacent to and in direct contact wwth said sidewalls of
said first dielectric layer. 27. The passivation structure of claim26
wherein said second dielectric layer and said electrical contact are
resistant to noisture penetration. 28. The passivation structure of claim
26 wherein said first dielectric |ayer conprises silicon dioxide and said
second dielectric layer conprises silicon nitride. 29: The passivation
structure of claim26 wherein said electrical contact conprises a |ower
conductive barrier layer and aeetal bunp.
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13 =~ 30.  The passivation structure of-&®m 20«wbenein said | over
conducti.ve barrier layer conprises a |ower téﬁ'am&n(llgyer and a top nickel
vanadi um | ayer. 14 : <3
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(57) Abstract

A wafer passivaticn structure and its method of fabrication Is described. According to one embodiment of the present invention, a
metal layer having a bend pad (204) spaced by a gap (208) from a metal member (206) is formed on a substrate (200). A first dielectric
layer (210), such as silicon dioxide, is then formed over the bond pad and the metal member and completely fills the gap. Next, a second
dielectric layer (212), such as silicon nitride, having a dielectric constant greater than the first diclectric layer and being hermetic is formed
over the first diclectric layer. A capping diclectric layer (214), such as a polyimide, can be formed on the second dielectric layer. An
electrical contact (215), such as a controlled chip collapse contact (C—4) which includes a conductive barrier layer (216) and a bump (218)
is formed through all the dielectric layers and makes electrical contact with bond pad (204). :




