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RELIABLE METAL -BUMPS ON TOP OF I/0 PADS WITH TEST PROBE MARKS
BACKGROUND OF THE INVENTION

(1) . Field of the invention

The invention relatee to the fabrication of integrated
circuit devices, and more particularly, tb a method of removing
damege to I/0 pads that heve beén contacted by test probes,

- thereby-avoiding potential solder bump reliability problems.

(2) Description of'the Prior Art

The creation of monolithic integrated circuits requires the
creation ef numerous interacting electrical device elements;
whieh are typically created in or on the surface of a
semiconducter substrate. Among these device elements are
tiansistors, diodes, bipolar nransistors; CMOS Field Effect
Transistors of ‘either N or P channel ‘type and the_like..After'
semiconductor devices and device elements hdvie been created,
these devices and deviee elements mnst be interconnected in prdei
to forn functional semiconductor deviees. In addition, the
interconnected devices and device elements are further connected
to semiconductor substrates, printed circuit boards, flex
circuits or a metallized or glass substrates or semiconductor

device mounting supports.



In creating semiconductor devices, the technology ~of-
interconnecting devices and device features ‘is a cohtinuing
challenge in the era of sub-micron devices. Bond pads are
frequently used for this ﬁurpése, whereby cbntinuous'éffort is

dedicated to creafing bond pads that are simple, reliable and

inexpensive.

Bond pads are generally used.to wire device elements and to
provide exposed contact regions of_ the die. These contact
regions are'suitable for wiring the die.to cbmponents-that are
external to.the die. An example'is where a bond wire is attached
to a bond pad of a semiconductor die at ‘one end and to a portion
of a Printed Circuit Board at the other end of thé wire. The art
is constantly striving to achieve improvements in the creation
of bond pads that simplify .the manufacturing process while

enhancing bond pad reliability.

A frequently used bond pad consists’of'an exposed aluminum
pad. A gold bond wire can be bonded to this aluminum pad. This
type of connection  however is highiy temberature dependent,
posing poteptial reliability p;oblems'under operating conditions
where the ambient temperature is known to be in excess of 150
degrees C. In addition, even when the ambient temperaturé is

less than approximately 150 degrees C., the aluminum bond pad is
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susceptible to corrosion simply because it is exposed. Aluminum-
grows a passivating oxide layer in air and is as a consequence
protected against corrosion. Aluminum wiring used in

semiconductors, however, contains copper, which doés not have a

passivating oxide, and the Al-Cu alloy that is used is more

‘vulnerable to corrosion. The corrosion of aluminum wires is

caused by several sources such as chlﬁfine transported through
the plastic packaging and the passivation materials, chlorine
from the etching compounds and as etching ' by-products,
phosphorous acid fqrmed from . excess phosphorous in the
phosphosilicate glaés, etc. Only a small amount of chlorine is_
required to cause severe local corroéion of the aluminum lines.
Aluminum corrosion can, in addition, occur very quickly after
metal etching. A water rinse or a watér vapor treatment is’
therefore typically applied’  to avoid etching introduced
corrosion, .wherepy chlorine compounds and elemental chlorine
must be removed from the mefalisﬁifgce immediately after plasma

etching. ' _ I

Materials that are typically used fo¥ boﬁd pads include
metallic materials, such as tungsten and éluminum, while heavily
doped polysilicon can also be usea for contacting material; The
bond pad is formed oﬁ the top surface of the semiconductor device

whereby the electrically conducting material is frequently



embedded in an insulating layer of dielectric. In using :
polysilicon as the bond pad material, polysilicon can be Adped
with an n-type dopant for contéEting N-regions while it can be
doped with p-type dopant for contacting P—régions. This abproach
of doping avoids inter-diffusion.of the dopants and dopant
migration. It is clear that low contact resistance for the bond
pad area is requiréd while concerns of avoidance of moisture or
chemical éolvent abéorption, fhin film adhesion characteristics,

delamination and cracking play an important part in the creation

of bond pads. .

The conventional processing sequence that is used to create

an aluminum bond pad is shown in Figs. 1 and 2.

-The process starts with a semiconductor surface 10,- Fig. 1,

“typically the surface of'a siiiqon_single crystalline substrate.

A layer 13 of Intra Metal Dielectric (IMD) is deposited.over the
surface 10. A layer 17 of metal, typicélly gluminum, has been
deposited over the surface qf the layer 13 of IMD. Layer 17 of
aluminum is paftérned.and etched typically using a layer of
photoresist (not shown in Fig. 1) and.cbnventional methods of
photolithography and etching. After the bond pad 17, Fig. 2, has
been created in this manner, a layér 11 of passivation is

deposited over the layer 13 of IMD. An opening 15 that aligns



- Bump-Metallurgy (UBM), is creatéd_pver;the layer 16 of

with the bond pad 17 is created in the layer 11 of passivation, - -

‘again using methods of photolithography and etching.

A conventional method tﬂat is used to créate a solder bump
over a contact pad is next highliéhted. Fig. 3 shows an example
of one of the methods that is'used to create an interconnect
bump. A semiconductor surface 10 has been provided with a metal
contact'pad 14, the'semicohductor surface 10 is protected with a
layef 12 of passivation\ An opening 19 has been created in the
layer 12 of péssivation, the_surfabe of the metal contact pad 14
is exposed thfough this opening . 19. Next, Fié.'4, a dielectric
layer 16 is deposited over the surface of the layer 12 of
passivation. The layer 16 of dielectric is patterned_and etched
creating an opening 21 in the layer 16 of dielectric that aligns
with the metal pad 14 and that.bartially expoées the surface of
the metal pad 14. A layer 18 of metal, typically using Undér—
dielectric, layer 18 of métal is in contact with the surface of
the metal pad 14 inside opening 21. The region of layer 18 of
metal that is above éhe metal pad'l4 will, at a later point in
the processing, form a pedestal over whicﬁ the interconnect bump
will be formed. This pedestal can be further extended in a
vertical direction by the deposition and patterning of one or

more additional layers that may contain a photoresist or a



dielectric material, these additional layers are not shown in -
Fig. 4. THese layers essentially have the shape of layer 16 and
are removed during one of the final proéeSsing steps that is

applied for the formétion of the interconneét’bump.

A layer of photoresist (not éhown) is depoéited, patterned
and etched, creating an opening that aligns with the contact pad
14. A 1ayér 20 of metal, such as copper or nickel, Fig. 5, that
forms an integral part of the pedes;al of the to be created
interconnect bump, is néxt electropléted in the opening created
in the layer of phoforesist and on the surface of the layer 18 of
metal, whereby the layér 18 se?ves as the lower electrode during.
the plating process. The final layer 22 of solder is
electroplated on the surface of layer 20. The patterned layer of

*

photoresist-is.then removed,
The la&er 18 of metal iéwﬂéit éfcﬂéd, Fig. 6, leaving in °
place only the pedestal for the interconnect bump. During this
etch process the deposited layers 20 and 22. serve as a mask. If,
as indicated above, additional layers.of'dielectric or
‘photoresist have been depositéd for the further shaping of

pedestal 18 in Fig. 4, these layers are also removed at this

time.



A solder paste or flux is now applied to the layer 22 of -
solder, the solder 22 is melted in a reflow surface typicélly
under a nitrogen atmosphere, creating the spherically shaped

interconnect bump 22 that is shown in Fig. 6.°

In addition to.the above indicated additional layers of
dielectric 6r photoresist that can be used fo further shépe the
"pedestal of the interconnect bump, many of the applications that
are aimed at creating inteiconnect bumps make use of layers of
metal that serve as barrier layers or that have other specific
burposes, such as tﬁe improvement of adhesion of the various
overlying layeré or the prevention of diffusion of_materials
between.adjaceht layers. Thesg layers colléctively form layer 18
of Fig. 5 and have, as is clear from the abbve, an effect'oh the
shape of the comp;eted bump and'aré therefore frequently referréd'
to as Ball Limiting Metal (BLM) layer. Frequently used BLM layers
are successive and overlYing.layérs.Qf_bhfome, copper and gold;
whereby the chrome is used to enhance adhesion with an underlying
aluminum contact pad, the copper layer serves to prevent
diffusion of solder materials into undeflying layeré while the
gold layer serves to prevent oxidation of the surface of the
copper layer. The BLM layér is repreéented by layer 18 of Figs. 4

.throﬁgh 6.



Contact pads, having dimensions of abgut 120 x 120 pm, are
in current practice frequently used és access or input/ouéput
contact points duriqg wafer ievel testing_of semiconductor
devices. In view of the complexity and density of high
performance semigonductor devices( tﬁese contact pads will,
during a cpmplete cycle of testing,'bé contacted é numbér of
times. Testing is, as a matter of economic nécessity, performed
at high_speed, which frequently resulté in landing the test probe
on the surface of the contact pad at high speed, resulting in
mechanical damage (in the form of probe marks) to the surfaée of
the contact pad. Especially for memory products, a wafer is
tested at least two times, that isibefore.and after repair of
faulty (weak or bad) memory lines. The distribution of the
location of the probe mark over the surface of the contact pad
is, in a well controlled testing production line, limited to aﬂ
area of about 60 x60 pm. Surface damage to the contact pad may
occur in the form of a dent in the'gppgace of the contact pad or
may even become severe enough that tﬁe.surfabé of the contact pad
is disrupted, resulting in the occurrence of burring in the
surface of the contact pad. After the coptact pads have in this
manner been used as an I/0 point for accessing the semiconductor
device during high speed testing, a number of these contact pads
are freqﬁently used for the creation of solder_bumps.over the

surface thereof. In instances where the surface of'the contact



pad is damaged, it is clear that the surface of the contact pad
forms a poor basis on which to create a solder bump. The -
invention addreéseé this concern and provides a method whereby

surface damage'to contact pads is removed.

US Patent 6,162,652 (Dass et al.) provides for the testing
of an integrated circuit device including depositing a solder. '

bump on a surface of a bond pad.

US Patent 5,756,370 (Farnwdrth et al.) provideé a compliant
contact system for'making temporary connection with a
semiconductor die for testing and a method for fabricating the

pliable contact system.

US Patent 5,554,940 (Hubacker) addresses the probing of
semiconductor devices that have been provided with contact bumps .
and the formation of periphefal test pads.

SUMMARY OF THE INVENTTION

A principle objective of the invention is to eliminate the
effect of surface damage to I/0 pads that has been caused by

using these I/O pads as contact points for wafer level testing of

semiconductor devices.



Anpthér objective of the invention is to eliminate the
- effect of probe marks on the surface of I/0 pads for I1/0 ﬁads_
that have been used as contact points for wafer level testing of

semiconductor devices.

In aécordance with the objectives of the invention a new
method is provided for the creation of metal bumps over surfaces
of I1/0 pads. The area in the surface of I/0 pads, which have been
used for I/0 pads during wafer level semiconductor device
tésting, is removed in the immediate vicinity of the éurface area
where the test probe.contacts the I/0 pad. This removal uses

methods of metal dry etching or wet etching.

BRIEF DESCRIPTION OF THE DRAWINGS

Figs. 1 and 2 show a prior art method of creating a contact

pad in a semiconductor surface, as follows: " °
Fig. 1 shows a cross section of a semiconductor surface, a

layer of Inter Metal Dielectric (IMD) has been deposited on the

surface, and a layer of metal has been deposited.
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Fig. 2 shows a cross section where the layer of metal has-
been patterned and etched; creating a contact pad on thexsurface
of the layer of IMD. A layer of passivation has been deposited,
patterned and etched, creafing an opening-ihﬁthe layer o£

passivation that aligns'with the contact pad.

Figs. 3 through 6 show a prior art method of creating a

"solder bump overlying a point of electrical contact, as follows:

'Fig. 3 shows a cross section of a semiconductor surfacé on
‘the surface of which a contact pad has been created, the
semiconductor surface is covered with a'patterned layer of

passivation.

Fig. 4 shows the cross section of Fig. 3 after a patterned

layer of dielectric and a layer of metal have been created on the

semiconductor surface. et T

Fig. 5 shows a cross section of Fig. 4 after a layer of bump

metal and solder compound have been selectively deposited.

Fig. 6 show a cross section after excessive layers have beeéen
removed from the semiconductor surface and after the solder'has

been flowed, forming the interconnect bump.
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Figs. 7a and 7b show a top view and a cross section of a:

metal bump that is created over the surface of an aluminum pad

that has been used as an I/O contact pad durihg device testing.

Figs. 8a and 8b show a top view and a cross section of a
metal bump that is created, in accordance with the invention,
over the surface of an aluminum pad that has been used as an I/0

contact pad during device testing.

Figs. 9 through 14 address the processing steps of the
invention, as foilows;

Fig. 9 éhows a cross section of a semiconductor surface, a
layer of dielectric has been deposited over the semiconductor
sﬁrface, a-contact pad has been provided over a 1ayer of ~
_dieiectric. A layer of passivation has been deposited, patterﬁed
and etched, creating in opening in‘the layer of passivation that

aligns with the contact pad. A probe mark is ‘highlighted in Fig.

9.
Fig. 10 shows a cross section after a layer of photoresist

has been deposited, patterned and etched creating an opéning in

the layer of photoresist that aligns with the probe mark that has

12



been created in the surface of the contact pad by repetitive

contacting of the contact pad by a tester probe.

Fig. 11 shows a cross section after théﬁcontact pad has been
etched in accordance with the opening created in the layer of

photoresist. The patterned layer of photoresist has been removed

from the surface.

Fig. 12 shows a cross section after a layer of UBM has been

formed overlying the contact pad and the layer of passivation.

Fig. 13 shows a cross section after a layer of enhanced UBM
ahs been deposited over the surface of the layer of UBM. A layer
of photoresist has been deposited, patterned and etched creating

an opening in the layer of phoﬁoresist that aligns with the

contact opening.

Fig. 14 shows a cross section after a layer of bﬁmp metal

has been deposited over the layer of enhanced UBM.

Fig. 15 shows a cross section after photdresist stripping

and etching of the layers of UBM and enhanced UBM.
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DESCRIPTION OF THE PREFERRED EMBODIMENTS s

_Cohtact pads, having dimensions of about 120 % 120 pm, are
in current practice-frequeﬁtly used as access or input/odtput
contact points during wafer level testing of semiconductor
devicés. In view of the complexity and density of high
- performance semiconductor devices, these contact péds will,
during a complete cycle of testing, by contacted a number of
times. Testing is as a matter of economic necessity-performed at
high speed which frequently results in landing the test probe on

the surfaée of the éontact pad at. high speed,'resulting in
mechanical damage to the surface of the contact pad. In a well
controlled testing production line, the distribution of the.probe
marks (or fhe damaged surface area of the contact pad) is limited
~(controlled) to an area in the ‘range of about 60 x 60 pym. This
surface may occur in the form of a dent in the surface of the
contact pad or may even become severe enough that the surface 'of
the contact pad is broken resulting in the occurrence of bgrring
in the surface of fhe contact pad. After the contact pads. have in
this manner been used as_I/O'boints during high speed testing, au
number of these contact pads are frequently used for the creation
of solder bumps over the surface thereof. in’instances where the
‘surface of thé contact pad is damaged, it is clear that the

surface of the contact pad forms a poor basis on which to create
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a solder bump. The invention addresses this concern and provides .

a method whereby surface damage to contact pads is removed.

For memory products, such.a; SRAM devices, probe teéting
which useé bond pads for accessing the devices, must be performed
prior to creating wafer solder bumps on the surface of the bond
pads, this_in order to allow fdr memory repairs of faulty
devices. As indicated aﬁove, the te;ting can cause damage to the

surface of the bond pads, creating problems of solder bump and

device reliability.

This is further highlighted in Figs. 7a and 7b. Fig. 7a
shows a top view of a metal bump structure that is created usiné
current practices, Fig. 7b shows a cross section of the metal
bump structure using current practices. It is assumed that the
views that are shown in Figs. 7a and 7b relate to an aluminum
contact pad that has been used as a point of I/0 for testing of a

device, using a tester probe to contact the.aluminum pad. -

Shown in Fig. 7a are:

= 24, an aluminum contact pad

- 25, a metal bump created overlying aluminum contact pad 24
- 27, the circumference of the opening above the aluminum contact

pad over the surface of which a layer of UBM is created
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- 28, the region in the surface of the aluminum bontact'pad 24

where a probe mark has been left by the tester probe.

Shown in Fig. 7b are:

- 10, the silicon substrate over which the aluminum coﬁtact pad

has been.created

- 24, an aluminum contact'pad; aluminum contact pad 24 aligns
with a point of electric¢al contact (30) that has been provided-in
the_surface of substrate 10

- 28, the probe mark or bump that has been created in the surface
of the'aiuminum contact pad 24 by the tester probe (n§t shown)

- 29, a layer of dielectric that has been deposited over the
surface of substrate 10;

- 32, a layer of passivation that has been deposited over the
surface of the layer 29 of dielectric; an opening has been
created in the layer 30 of passivation

- 33, a layer of under-bump;metal.(UBM) overlying the aluminum
pad 24 | -

- 20, a layer of metai, such as copper or ﬁickel {see Fig. 5)
that forms an integral paft of the pedestal of the to be created

interconnect bump

- 35, the métal bump created overlying the aluminum contact pad

24,
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It is important to note that layer 32 of passivation ,
material may comprise several layers of passivation for

applications where additional surface pfqtection is deemed

necessary.

From the above it must be understood that, after the testing
has been completed, the layei 33 of under bump metal is created

overlying the aluminum contact pad 24. The surface of aluminum

épntact pad 24 is not planar and is in many instances disturbed

in an unpredictable manner by the tester probe. The layer 33 of
under bump metal doés in most éaseé not fill the damaged surface-
region 28 of thé aluminum pad 24. This gpens the potential for
trapping foreign and undesirable materials( such as moisture, a
processing gas, a plating solution, solvent and the like, in the
unfilled (by the layer 33 of uﬁder'bump metél) regions iﬁ or

surrounding the probe mark 28 on the surface of the aluminum pad

- 24.

Referring now specifically to the view$ that are showﬁ in
Fig. 8a and 8b, these figures address the solution that is
provided by the invention to the above highlighted problem. Shown
in Figs. 8a is region 36 on the surface of the aluminum pad 24.
This is the region that encloses the largest possible area fof

the probe mark 28 that has been created in the surface of
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aluminum pad 24 by the repetitive impact of a tester probe (not
shown) for a given testing production line. This region 36 is

shown -in the cross section of Fig. 8b, where it 'is shown as a

region from where the aluminum of the aluminum pad 24 has been

removed. With this removal, the probe mark 28 has heen removed
from the surface_ef aluminum pad 24. It ie clear from the cross
eectien.shown in Fig..Bb that, shoﬁld surface irregularities

occur in the surface of the aluminum contact pad 24 other than

the probe mark 28, these surface irregularities will also be

removed by the removal of the aluminum from the region 36 shown

in cross section in-Fig. 8b.

All elements that are shown in Fig. 8b have previously been
highlighted in Fig. 7b and are therefore not fhrther explained at
this point. The only differencé between Fige. 7b and 8b is the
presence of layer 34, Fig. 8b, which is a layer of enhanced UBM
which replacesrlayer 20 (fig. 7b). This layer will be further'

explained under the following Figs. 13 through 15.

The removal of region 36, Fig. 8b, whrch will be further
highlighted in Figs. 9 through 11, can be summarized as being
performed by depositing a layer of photoresist over the surface
of the aluminum pad (typically this implies the deposition of a

layer of photoresist over the surface of the entire wafer after
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wafer level testing has been ;ompleted), patterning and etching

. the layer of photorésist tﬁereby creating openings in the layer

of photoresist that align with region 36 for all aluminum pads on
the surface of the wafer that have been used as I/O contact

points by a tester probe, and removing the aluminum in accordance

" with the openings that have been created in the layer of

photoresist. This latter removal (etching) of the aluminum can be
performed using conveﬁtional methods of etching aluminum such as
plasmé enhanced dry etching or wet etching with a H3PO; solution.
These and other processing stepsi'which relate to the creation of
the reliable metal bump of the invention, are further highlighted

in the following drawings.

Figs. 9 through 15 show the processing sequénce of the

invention, which has as objective to create a metal bump as shown

- in top view in Fig. 8a and in cross section in Fig. 8b.

Fig. 9 shows a cross section of substrate 10 on the surface,
the following elements are highlighted:
- 10, a silicon substrate over the surface of which an aiuminum
contact pad has.been created

- 24, the aluminum contact pad 
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- 28, the probe mark or bump that has been created in surface=§f*
the aluminum contact pad 24 by repetitive contacting of ghe
contact pad 24 by a tester probe (not shown)

- 29, a layef of dielectricithét has been débﬁsited over the
surface of substrate 10

- 32, a layer pf passivation thét has been depositéd over the
surface of the layer 29 of diglectric. An opening has been
created in the layer 32 of passivation that aligns with the
aluminum contact pad 24, partially exposing'the surface of the

contact pad. 24.

As dielectric material for layer 29;caﬁ be used any of thg
typically applied_dielectrics such as silicon dioxide (doped or
uﬁdoped), silicon oxynitride, parylene or polyimide, spin-on-
glass, plasma oxide or LPCVD oxide. The material that is used for
the deposi£ion of layer 29 of dielectric of the invention is not
limited to the materials in&icated.above but can include any of

the commonly used dielectrics in the art. - - -

. The creation of aluminum pad 24 can use conventional methods
of metal rf sputtering at a temperature between about 100 and 400 .
degrees C. and a pressure between about 1 and 160 mTorr using as
sourcé aluﬁiﬁum—copger material at a flow rate of between about

10 and 400 sccm to a thickness between about 4000 and 11000
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Angstrom. After a layér'of AlCu has been deposited, the léyer»
must be patterned énd etched to create the aluminum contébt pad
24, This pafterning and etching uses conventional methqu of
photolithography and patterning and etching:'The depositéd layer
of AlCu can be etched using Cl,/Ar as an etchant at a temperature
between 50 and 200 degrees C., an etchant flow rate of about 20
scem for the Cl; and 1000 sccm for the Ar, a pressure between

about 50 mTorr and 10 Torr, a time of the etch between 30 and 200

seconds.

In a typical application insulating layers, such as silicon'
oxide and oxygen-containing polymers, are deposited using
Chemical Vapor Deposition (CVD) technique over the surface of
various layers.of conducting lines in a semiconductor device or
substrate to separate the conductive interconnect lines from each
other. The insulating_layers can alsp deposited over patternéd
layers of interconnecting lines, electrical contact between
successive layérs of interconnecting lines is esnablished with
metal viaé created in the insulating layers. Electrical contact
to the chip is tybically established by means of bonding pads dr
contact pads that form electrical interfaces with patterned
leyels of interconnecting metai lines. Signal lines and.
power/ground lines can be connected to thé bonding pads or

contact pads. After the bonding pads or contact pads have been
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created on the surfaces of the chip, the bonding pads or contact :
pads are passivated and electrically insulated by the deﬁosition

of a passivation layer over the surface of the bonding pads. A

" passivation layer can contain silicon oxide/silicon nitride

(S102/Si3Ns) deposited by CVD. The passivation layer is patterned
and etched to create openings.in fhe passivation layer for the
bonding pads or contact pads after which a secondhand-relatively
thick passivation layer can be deposited fof furthér insulation
and protection of the surface of the chips from moisture and
other contaminants and from mechanical damage during assembling
of the chips. |

Various materials have found application in the creation of
passivation 1ayérs. Passivation layer cén contain silicon
oxide/silicon nitride (Si02/SisN4) deposited by CVD, a passivation
layef can be a layer of photosensitive polyimide or can comprise
titanium nitride. Another material often used for a paséivatidn
layer is phosphorous doped silicon dioxide that is typically
deposited over-a final layer of aluminum interconnect using a Low
Température é&D process. In recent years, photosensitive
polyimide has frequently been used for the creation of
passivation layers. Conventional polyimidés have a.number of

attractive characteristics for their application in a

'semiconductor device structure, which have been highlighted
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above. Photosensitive polyimides have these same characteristics -
but can, in addition, be patterned like a photéresisf magk and
can, after pattefning and etching, remain on the surface oﬁ which
it has been dgposited to se?ve as a passivétién layer. Tybically
and to improve surface adhesion and tensiqn reduction, a
precuﬁsor layer is first deposited by, for example, conventional
photoresist Spin coating. The precursor is, after a lqw
temperature pre-bake, exposed using, for example, a'step and
repeat projection aligner and Ultra Violet (UV) light as a light
source. - The portions-of the precursor that have been exposed in
this manner are bross—lihked, thereby leaving unexposed regions
(that.are not cross-linked) over the bonding pads. During

subsequent development, the unexposed polyimide precursor layer

" {over the bonding pads) is dissolved, thereby providing openings

over the bonding pads. A final ‘step of thermal curing leaves a
permanent high quality passivation layer of polyimide over the
substrate. LT

- The preferred material of the invention for the deposition

of layer 32 of passivation is Plasma Enhanced silicon nitride

(PE SisNy4), deposited using 'PECVD technélogy at é ‘temperature

between about 350 and 450 degrees C. with a preésure of between -

“about 2.0 and 2.8 Torr for the duration between about 8 and 12
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seéonds. Layer 32 of PE SisNg can be deposited to a thickness

between about 200 and 800 Angstrom.

Layer 32 of PE Siﬁu is next patterned'and etched to create
an opening in the layer 32 that overlays and aligns with the

underlying contact pad 24.

The-etching of layer 32 of passivatioﬁ can use Ar/CF, as an
etchant at a temperature of between about 120 and 160 degrees C.-
and a pressure of between abéut'0.30 and 0.40 Torr for a time éf
between about 33 and 39 seconds using a'dny etch process.

The etching of layer.32 of passivatiéh can also use He/ﬁF3
as an etchant at a temberature of between about 80 and 100
degrees C. ahd a pressure of'Bethen about 1.20 and 1.30 Torr
for a time of between about 20 and 30 seconds using a dry etch

D

process.

Fié. 10 _shows a crosé section of the substrate éfter a
layer 37 6f photoresist has been deposited over the surface of
the layer 32 of passivation, including the opening that has been
created in layer 32. The layer 37 of photoresist has been.

pattérned and etched, creating opening 31 in the léyer 37 of
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- photoresist. Opening 31 exposes the probe mark 28 in the surface’

I

of aluminum pad 24.

Layer 37 of " photoresist 1is typicélly 'deposited to a

thickness of between about 2000 and 50,000 Angstfqm. The methods

used for the deposition and development of the layer 37 of

photoresist. uses conventiohal methods of photolithography.

Photolithography is a common approach wherein patterned layers
are formed by spinnif\g on a layer of photoresist, projecting

light 5through a photdmask with the desired pattefn onto the .
photoresist to expose the photoresist to .the pattern, deveioping
the photoresist, washing off the undeVeléped photoresist, and
plasma etching to clean out the areas where the photoresist has
been washed away. The exposed resist may be rendered insoluble

(positive-working) and. form the pattern, or insoluble (negative

working) and be washed away.

The layer 37 6f photoresist will, éfter patterning and
etching, remain in place in an area above the aluminum pad 24
that surrounds the probe mark 28 in the surface of aluminum pad
24. The deposifed layer 37 of photoresist can, prior to
patterning and etching, be cured or pre—bakea further hardening

the surface of the laYer 37 of photoresist.
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ﬁayer 37 of photoresist can be etched by applying 0, plasma-
and then wet stripping by using HzS04, Hy0, and NH4OH s;lution.
Sulfuric aéid-(HZSO4) and_mixtures of Hy804 with other oxidiziné
agents such as hydrogen .peroxide (H20,) 'ére widely used in
strippin§ photoresist after the photoresist has been stripped by
other means. Wafers to be stripped can be immersed in the
mixture_at a.temperature bétween about 100 degrees C{ and about
150 degrees C. for 5 to 10 minutes and then subjected to a
thorohgh cleaning-_with deionized water and dried by dry
nitrogen. Inorganic resist strippérs, such as the sulfuric acid
mixtures, are very effective in the residual free removal of
highly postbakéd resist. .They are more effective than organic
strippers and the longer the immersion time, the cleaner and

more residue free wafer surface can be obtained.

The photoresist layer 37 can also be partially removed using

* ]

plasma oxygen ashing and careful wet clean. The oxygen plasma
ashing is heating the photoresist in a higth.oxidized
environment, such as an oxygen plasma,'thereby converting the
photoresist to an easily reméved_ash.'The oxygen plasma ashing

can be followed by a native oxide dip for 90 seconds ‘in a 200:1

diluted solution of hydrofluoric acid.
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Fig. 11 shows a cross section of the substrafe 10 after ‘the
aluminum contacf paa 24 has been etched in accordance ;ith the
opening 31 that has been cre;ted in the layer 37 of photoresist.
This etch of the alﬁminuﬁl pad has created’ opening 36. in the
aluminum péd 24 and has, as is tﬁe objective of the invention,
removed the probe mark 28 and the regions immediately
surrounding the probe mark 28 :rom the surface of the aluminum

pad 24.

The etching of the aluminum pad 24 in accordance with
opening 31 can, as previously stated, use'methods of plasma
enhanced dry etching or wet etching with a H3PO; solution. Other
methods for the etching of the aluminum pad have.previously been

highlighted and equally apply at this stage in the process.

Fig. 11 further shows that the patterned layer 37 of
photoresist has been removed after opéﬁihg 36 has been created in
tﬁe aluminum contact pad 24. Processing coqditions for the
removal of the layer of photoresist have previously been

indicated and therefore do not need to be repeated at this time.

In order to obtain improved processing results and adhesion
of UBM metal to the rémaining aluminum contact pad 24 and to the

exposed surface of IMD layer 29, it is of value to perform an in-
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situ sputter clean of thé exposed surfaces of the éluminum
contact pad 24 and the layer 29 of IMD. This in-situ spu££er=
clean is most beneficially performed after thé cross section that
ié shown in Fig. 11 has been obtained, since this is the'iast

step in the processing cycle before a laYer of UBM is created.

-Fig. 12 shows a cross section after the layer 33" of under
bump  metal (UBM) has been created. aligned with and over ‘the
surface of the ‘aluminum contact pad 24. Prior to the creation of
layer 33 of UBM, a UBM seed -layer (not shown in Fig. 12) can be
blanket deposited over the surface of the wafer.*Whe;e required,
the deposition of a seea layér can further be preéeded by the
blanket deposition of a barrier layerl(not shown in Fig. 12),
this dependent on the metal that is_ being used for the metal
qup. Layer 33 pf UBM can be dépbsited.by vaéﬁum evaporation and
may contain multiple layers of metal such as a layer of chrome,
followed by a layer of coppér[ folIdﬁéd by é_layer of gold. from )
the latter it is apparent that-layer 33 of UBM may comprise

several layers of metal that are successively'deposited.

For a seed layer that is blanket deposited over the surface
of the wafer, including the'éxposed surface of the contact pad 24
and the exposed surface of layer 29 of dielectric (exposed in the

openihg 36), any of the conventional metallic seed materials can
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be used. The metallic seed léyer can be deposited using a sputtér-
chamber or an Ion Metal Plasma (IMP)lchamber at a temperéfure of
between about.O and 300 degrees C. and a pressure of 5etween
about 1 and 100 mTorr,'using.(for instance):ébpper or a éopper
alloy as the sourcé (as highlightedlaboveB at a flow ra;e of

between about 10 and 400 sccm and using argon as an ambient gas.

Fig. 13 shows how_a layef 39 of photoresist is deposited
over the layer 33 of UBM. Layer 39 of photoresist is patterned
and developed, creating an opening 38 in the layer 39 of
photoresist that isislightly wider than the opening of the

bonding pad of the to Be created solder .bump.

Next a layer 34.of enhanced UBM, typically of copper or
nickel and of a thickness betwéen about 1 and 10 um, Fig. 13, is
electroplated over the layer 33 of UBM. The seed UBM léyer 33
serves as the common electrdde-for théféléctroplating process '
with the layer of.phptoresist still being in place. Next the
.layer 35 of bump ﬁetal (typically-soldef or gold) is
electroplated in contact with the layer 34 of enhanced UBM. The
layer 35 6: electroplated metal is cenfered in the opening 38

(Fig. 13) that has been created in the layer 39 of photoreéist.
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Fig. 15 shows a cross section after the layer 39 (Fig. 14} -

~ of photoresist has been removed. The layer 33 of UBM has been

etched using the patterned layer 35 of electroplated metal as a

mask.

The above summarized processing steps of electroplating that
are used for the creation of a metal bump can be supplemented by
the step of.curing or pre-baking of the layers of photoresist

after these layers have been deposited.

Another method that can be used for the creation of a metal
bump uses evaporation technology. The process of evaporation alsoi

starts with a semiconductor surface wherein a metal point of

. contact has been provided. A layer of passivation is deposited

and patterned, creating an opeﬁing in the layer of passivation. A

"layer of UBM (this layer may be a composite layer of metal such

as chromium followed by copper -followed by gold in order to

- promote (with chromium) improved adhesion and to form a diffusion

barrier layer or to prevent oxidation (the gold over the copper))
is formed over the layer of passivation and inside fhe opening
created in the layer of passivation. Bump metal is next
selectively plated over the deposited layer of UBM and reflowea,_

in this manner forming a spherically shaped metal bump.
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From the cross section that is shown in Fig. 15, the cross
seéction that is shown in Fig. B8b, which is the desired cross
section of the invention, can be achieved by forming the metal

bump 35 by reflowing the metal bump layer 35=that is shown in

'Fig. 15. If a seed layer (not shown) and or a barrier layer (not
'shown) have been deposited as part of the processing éequence of

the invention, these layers are to be etched, after the layer 39

of photoresist has been removed from the surface and prior to re-
flowing the metal bump layer 35. Conventional methods can be used

for these purpdses.

To review and summarize the invention:
e the invention starts v.with a semiconductor surface, a layer of
dielectric has been deposited over the semicénductor surface,
a contact pad has begn pfovided on the layer of dielectric,
the contact pad has served as an Input/éutput'(I/O) point of
contact during semiconductor device testing, the contact paa
‘is assumed to be coﬁnected to at least one point of electrical
contac£ provided in or on the surface of the substrate, the at
least one point of electrical contact is assumed to be
connected to at least one semiconductor device having been
provided in or on the surface of the substraté, the contact

pad having an exposed surface
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a layer of passivation is depbsited.over a semiconductor_'*
surface including the surface of said.contact pad

the layer of passivation is patterned and etched, creating an
opening in the léyer of passivation having“a first diameter,
partially exposing the surface of the contact pad over a

surface area of the first diameter, the opening in the layer

.of passivation being centered with respect to the contact pad

a first layer of photoresist is deposited over the surface of
the layer of passivation, including the opening created in the

layer of passivation

the first layer of photoresist is patterned and etched,

creating an opening having a second diameter through the first
layer of photoresist, the opening in the first layer of
photoresist alignihg with and being centered with respect to
the contact pad, the second Aiametei of the opening in the
first layer of photoresisp being smaller that the first
diameter of the opening in the iéy;r of passivation by a

measurable amount
the contact pad is etched in accordance with the opening
created in the first layer of photoresist, partially exposing

the surface of the layer of dielectric deposited over the

surface of the substrate
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the patterned layer of first photoresist is removed from the °
surface of the layer of passivation, including the surface of

the etched contact pad

an in-situ sputter clean.is performed of'fﬁe exposed éﬁrfaces
. ¢

of the contact pad and the partially exposed surface of the
layer of dielectric o

a layer of Under Bump Metallurgy (UBM) is plated over the
surface of the layer of passivation, including the exposed
surfaces of the contact pad and the partially exposed surface_
of the layer of dielectric deposited on the surface of the
substrate

a second layer of photoresist is depoéited over the
semiconductor surface of the layer of UBM

the $econd layer of photoresist is patterned and etched,
creating én opening in the second layer of photoresist that is
aligned with the contact pad, partially exposing the surface

- -

of the layer of UBM

the exposed surface of the layer of UBM is electroplated with

'a layer of enhanced UBM

the layer of enhanced UBM is electroplated with a thick layer
of bump metal, partially filling the opening created in the

second layer of photoresist
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e the patterned and etched second layer of photoresist is

removed from above ‘the semiconductor surface
e the layer of UBM is etched using the deposited layer of bump
metal as a mask, and -

e the surface of said layer of bump.metal is reflowed, forming

the metal bump.

Although tﬁe invention has been described and illustrated
with reference to specific illustrative embodiments thereof, it
is not intendea that the invention be limited to those
illustrative émbodiments. ThoSe.skilled in the art will recognize
that variations and moéifications'can be made without departing
. from the spirit of the invention. It is theréfore intended to
include within the invention all such variations and
modifications which fall withiﬁ the scope of the appended ciaims-_

and equivalents thereof.
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What is claimed is:
1. A method for forming a metal bump on a semiconductor éurface,
comprising the steps of:

providing a semiconductor surface, said ‘semiconductor

surface having been provided in or on the surface thereof with a

contact pad, said contact pad sitting on an underlying layer of

dielectric and being in electrical contact with at least one

point of electrical contact in or on the surface.of said

substrate;

depositing_a layer of passivation over the surface of said-
layer of dielectric.ﬁnderlying the contact'pad} including the
surface of said contact pad; .

patterning and etching said layer of passivation, éreating
an opening-in'séid layer-of passivation having a first diameter,

partially exposing the surface’'of said contact pad over a surface

area of said first diameter, said first diameter of said opening

created in said layer of paésivation being smailer than a
surfaée area of said contact pad by é measurable amount: -
patterning and etching said contact pad, creating an opening
in said contact pad having a se;ond-diameter, said second
diameter of said opening in said contact pad being smaller than
said first diameter'of said opening in said layer of paésivation :

by a measurable amount;

35



LT

R

sputtering a layer of Under Bump Metallurgy (UBM) over the
surface of said layer of passivation, including exposed surface

of the contact pad and exposed surface of the underlying

dielectric:

deposifing and patterning a layer of photoresist, creating
an opening in the photoresist with a slightly larger dimension
than said first'diametef; |

electroplating a layer of bump metal in the photoresist
opening;

stripping the layer of photoresist and etching said layer of
UBM, using said layer of Eump metal as a mask;'and

reflowing the surface of said layer of bump metal, forming

the metal bump.

2. The method of claim 1 wherein said opening created in said
contact pad has é depth that is less than a héight of said

contact pad by a measurable-amount,-f ' '
3. The method of claim 1 wherein said opening created in said

contact pad has a depth that ‘is equal to a height of said contact

pad.
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4. The method of claim 1 wherein said passiﬁation layer
deposited over the surface of said semiconductor surface

comprises a plurality of passivation layers.

5. The method of claim 1 wherein said Iayer of Under Bump
Metallurgy sputtered over the surface of said layer of

passivation comprises a plurality of sub-layers of different

-metallic composition.

6. The method of claim 1 wherein said semiconductor surface is .
selected - from the group of surfaces consisting of semiconductor
substrates, printed circuit boards, flex circuits, metéllized
substrates, glass substrates ahd semiconductor device mouhting

support.

7. The method of claim 6 wherein said semiconductor substrate is

P

selected from the_ group of substrates consisting of

semiconductor substrates, ceramic substrates, glass substrates,.

gallium arsenide substrates, silicon --on insulator (SOI) -

substrates and silicon on sapphire (SOS) substrates.

8. The method of claim 1 wherein said contact pad comprises

aluminum or copper or a compound thereof.
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9. The method of claim 1 further comprising the additional step
of electroplating an enhanced .UBM layer, after creating' said
opening in said layer of photoresist, and prior to

elecfroplating said layer of bump metal.

10. A ‘method for' forming a metal bump on a éemiconductor
surface, coﬁprising the steps of:

providing a semiconductor surface, said semiconductor
surface having been provided in or on the surface thereof Qith a
contact pad, said contact pad oveflying.and being in electrical
contact with at least one poinf of electrical coﬁtact in or-on,
the surface of said substrate, said at least one point of
electrical contact being creaﬁed on the surface of a layer of
dielectric, said layer of dielectric ha&ing been deposited over
said semiconductor surface: and |

.partially removing said contact pad, said removiné having a

removal thickness and removal surface area.

' 11. The method of claim 10 wherein said removal surface area of

said contact pad is smaller than a surface area of said contact

pad by a measurable amount.
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12. The method of ciaim 10 wherein said removal thickness of said
contact pad is less than a height of said contact pad by a

measurable amount.

13. The method of claim 10 wherein said removal thickness of said

contact pad equals a height of said contact pad.

14. The method of claim 10.wherein said partially removiﬁg said
contact pad comprises the steps of:

depositing a layer of passivétion over the surface of said
layer of dielectric; including the sufface of said cohtact'pad;'

patterning and etching said layer of bassivation, creating
an opening in said layer of passivation having a first diameter,
partially ekposing the surface of séid contact pad over a surface
area of said first diameter, said first diameter of said opening

created in said layer of passivation being smaller than a

-. surface area of said contact pad by a‘measurable amount; and

.patterning and etching said contact ‘pad creating an opening
in said contact pad having a second diameter, said second
diameter of said opening cfeated in éaid contact pad being
smaller than Said-first diameter of said oéening created in said

layer of passivation by a measurable amount.

39



sammibear

I ————

A O D

15. The method of claim 10 with the additional steps of:

sputtering a laQer of Under Bump Metallurgy (UBM) over the
surface of said layer of passivation, including exposed surface

of the contact pad,. leaving in place a layer of said UBM

-overlying said contact pad:

depositing and patterning a layer of photoresist, creating
an opeﬁing in said layer of photoresist with a slightly larger
diameter that said first diameter;

electroplating a layer of bump metal in said opening created
in said layer of photoresist;

stripping the layer of phoféresist and.blankly etching said:

layer of UBM; and .o~

reflowing the surface of said layer of bump metal, forming

the metal bump.

16. The method of claim 10 wherein said passivation layer
deposited over the surface of  -said semiconductor surface

comprises a plurality of passivation layers. ’

17. The method of claim 15 wherein said layer of Under Bump‘

Metallurgy comﬁrises a pluraiity of sub-layers of different

metallic composition.
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18. The méthod of claim 10 wherein said semiconductor surface is.
selected from the group of surfaces consisting of semiébnductor
substrates, printed circuit boards, flex circuits, metallized
~ substrates, glass Subsfrates'aﬁd-semicondudtpr device.mounting

sﬁpport.

19. The method of claim 18 wherein said semiconductor substrate
is selected from the group of substrates consisting of
semiconductor substrates, ceramic substrates, glass subétrates,'
gallium | arsenide substrafes, siiicon- on insulator (SQI)
substrates and silicon on.sapphire (S0S) substrateé.

20. The method of claim 10 wherein said contact pad comprises

aluminum or cooper or a compound thereof.

21. The method of claim 15 with,K the additional steps of
electroplating an enhanced layer of UEM, after creating the .

openiﬁg in said layer of photoresist, and prior to the

electroplating of said layer of metal.

22. The method of claim 10, said contact pad having served as an
Input/Output (I/0) point of contact during semiconductor device

testing, said contact pad being connected to at least one point
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of_electrical contact provided in or.oh the surface of said -
semiconductor surface, said at least one point of e;ectriéal
contact being conneéted to at least one semiconductor device
having been provided in or on the surface of said semicoﬁductor

surface.

23. The method of claim 15 further comﬁrising performing an in-
situ sputter clean of the.exposed surfaces of the contaci pad and
exposed surface of said underlying dielectric, said additioﬁal
step td be performed prior to said Sputteriﬁg a layer of Under
Bump Metallurgy (UBM). |
24. A method for forming a metél bump on a semiconductor surface,
a layer of dielectric having been deposited over said
semiconductor surface, said contact pad having been formed on the
surface of said layer of dielectri&, said metal-bump overlying
said contact pad, said contact pad having served as an
Input/Output (I[O) point of éontaqt during éehicondﬁctpr device
testing, said contact pad ovérlying and being connected to at
least one point of electrical contact provided in or on the
surface of said semicondgctor surface, comprising the steps of:
depositing a la&er of passivation over.said layer of

dielectric underlying said contact pad, including the surface of

said contact pad; -
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pattgrning #nd etching said layer of passivation,-creating
an opening in said layér of passiva£ion having a first diémeter,
partiaily exposing thé surfgce'of said contact pad'over'a surface
area of said.first.diameter, said opéning in said layer 6f
passivation beipg centered with respect to said contact pad,'séid

first diameter of said opening created in said layer of

passivation being smaller than said surface area of said contact

pad by a measurable amount;
depositing a first layer of photoresist over the surface of

said layer of passivation; including the opening created in said

" layer of passivation;

patterning and etching said first layer of photoresist,

creating an opening having a second diameter through said layer

of photoresist, said opening in said first layer of photoresist

aligning with and being centereéd with respect to said contact
pad, said second diameter of said opening in said first layer of

photoresist being smaller than said.first diameter of said

© opening in:said layer of passivation by a measurable amount:;

etching said. contact pad in accordance with said opening _
created in said first lqyer of pﬁotoresisf;

remoying said patterned'layer of first photoresis£ from the
surface of said layer of passivation, including the surface of

said etched contact pad;
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sputtering a layer of Under Bump Metallurgy (UBM) over the
surface of:said layer of passivation, including exposed éﬁrface
_'of the contact pad and eiposed surface of said underlying
dielectric; | |

depositing a second layer of photoresist over the
semiconductor surface of the layer of UBM; |

patterning and etching said second layer of photoresist,
creating an opening in said second layer.éf'photoresist that is
aligned with;said contact pad, éartially exposing the surface.of
said layer of UBM; -

electroplating.the partially éxﬁosed surface of said layer
of UBM with a layer of bump metal, partially filling said opening
created in said second layer of photoresist; |

. removing said patterned and etched second layer of

photoresist from above said semiconductor surface; and

réflowing the surface of said layer of bump metal, forming

a

the metal bump. . - ' "

25. The method of claim 24 wherein said layer of passivation

comprises PE - Si3Ny; deposited to a thickness between about 1000

and 15000 Angstrom.

26. The method of claim 24 wherein said layer of passivaﬁion is

selected from the group consisting of 8Si0;, a photosensitive
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polyimide, . phosphorous doped ‘silicon dioxide and titanium
nitride, said layer of passivation is deposited to a thickness

between about 1000 and 15000'Angstrom.

27. The method of . claim 24 wherein said layer of Under Bump
Metallurgy comprises a layer of chromium followed by a layer of

- copper followed by a layer of gold.

28. The method of claim 24 wherein’ said passivation layer
' deposited over the surface of said semiconductor surface

comprises a plurality of passivation layers.

29. The method of claim 28 wherein at leést one- of said
plurality of passivation layers is selected from the group
consisting of PE SisN; and Si0; and a photosensitive polyimide
and phosphorous doped silicon dioxide and titanium nitride.

30. The method of claim 24 wherein said layer of Under Bump

Metallurgy comprises a plurality of sub-layers 'of diffeﬁent'

metallic composition.

31. The method of claim 24 wherein said etching said layer of

UBM comprises dry etching or wet étching.
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32. The ﬁethod'bf claim'24 wherein said semiconductor surface is:
selected from the group of surfaces consisting of semiéénductér
substrates, printed circuit boards, flex circuits, metallized
substrates, glass éubstrates and semicondﬁdtor device'hwunting

support.

33. The method of claim 32 wherein said semiconduqtor substrate
is selected from the. group of substiates .consisting of
semiconductor suﬁstratés, ceramic substrates, glass substrates,
gallium arsenide substrates, 'siliqon on insulator (SOI)

substrates and silicon on sapphire (SOS) substrates.

34. The method of claim 24 wherein said contact pad comprises

aluminum or a compound thereof.

-

35. The method of claim 24 wherein  said etching said contact pad
in accordance with said opening created in said first layer of -

photoresist comprises methods of plasma enhanced dry etching or

wet etching with a H3PO, solution.

36. The method of claim 24 wherein.said etching said contact pad
in accordance with said opening created in said first layer of

photoresist comprises etching AlCu using Cl,/Ar as an etchant at
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a temperature between 50 and 200 degrees C., an etchant flow rate

of about 20 sccm for the c12'and'1ooo scem for the Ar, a pressure

between about 50 mTorr and 10 Torr, a time of the etch between 30

and 200 seconds.

37. The method of claim 24 with additional steps of
electroplating an enhanced UBM layer, after the patterning.and
etching of said second layer of.photoresist, and prior to the

electroplating the layer of metal bump.

38. A metal bﬁmp on a semiconductor surface,lcomprising:

a semiconductor surface, a layer of-dielectric having beén
deposited over said semicoﬁductor surface, é contact pad having
been formed on the surface of said layer qf dielectric, said
metal buﬁp oﬁerlying said conﬁéct pad, said éemiconductor suifaqe
having been provided with at least one point of electrical
contact, said ¢ontact pad héving a éu}face area in addition to
having a height in addition to having a surface aiea, said
contact pad beinq in electrical contact with said at least one
point of electrical coﬁtact; and

said contact pad having been partially removed, said

removing having a removal thickness and removal surface area.

47



. ._-'!!‘,ml"‘"

TS

39. The metal bump of claim 38, said contact pad having served. as.
an Input/Output (I/0) point of contact during semiconductor

device- testing, said contact péd being connected to at least one

point of electrical contact provided in or on the surface of said

semiconductor surface, said at least one point of electrical

contact being connected to at least one semiconductor device
having been provided in or on the surface of said semiconductor

surface.

40. The metal bump of claim 38, said surface area of said contact

pad being larger than said removal surface area by a measurable

amount.

41. The metal bump of claim 38, said removal thickness of said

. contact pad being less than said height of said contact pad by a

measurable amount.

42. The metal bump of claim 38, said removal thickness of said

contact pad being equal to said height of said contact pad.

43. The metal bump of claim 38 with the addifion of:
a patterned'and etched said layer of passivatibn, deposited

over the surface of said layer of dielectric, including the

. surface of said contact pad, an opening having been created in
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said layer of passivation having a first diameter, partially
exposing the surface of said contact pad over a surface éfea of a
first diameter, said opening.in said layer of passivation being
centered with respect to said contact pad, said first diéheter of
.said opening in said layer of passivation exceeding said removal
surface area'by a measurable amount;

a -layer of Under Bump Metallurgy {UBM) sputtered over
exposed surfaces of the contact pad, said layer.of UBM partially
-covering said layer of passivation; ana

a-layer of bump metal electroplated over the surface of said
layer of UBM after thch said layer of bump.metal-has been

reflowed, forming the metal bump. .

44. The metal bump of claim 43 wherein said layer of passivation
comprises PE 313N4 deposited t'o a thickness between about 1000

and 15000 Angstrom.

45. The metal bump of claim 43 wherein saidﬂiayer of passi§afion
is selected from the group consistiﬂg of Si0,, a photosensitive
polyimide, phosphorous doped silicon dioxide and titanium
nitride, said layer of passivation is deposited to a thickness

between about 1000 and 15000 Angstrom.
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46. The metal bump of claim 43 wherein said layer of Under Bump-
Metallurgy comprises a layer of chromium follbwéd by a iayer 6f

qopper-followed by a layer of gold.

47. The metal bump of claim 43 wherein said passivation layer

comprises a plurélity of passivation layers.

48, The method of claim 47 wherein at least one of said
plurality of passivation layers is selected from the group
consisting of PE Si3Ny; and Si0; and a photosensitive polyimide

and phosphorous doped silicon dioxide and titanium nitride.

49. The metal bump of claim 43 wherein said layer of Under Bump
Metallurgy comprises a plurality of sub-layers of different

metallic composition.

- A

50. The metal bump of. claim 38 .Whereiq _said semiconductor :
surface is selected from the group of surfaces consisting of
semiconductor substrates, printed cirguit boards, flex circuits,
‘metallized substrates, glass substrates and semiconductor device

mounting support.
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51. The method of claim 50 wherein said semiconductor substrate
is selected from the group of substrates -consisting of
semiconductor substrates, ceramic substrates, glass substrates,

gallium arsenide .substrates, silicon ‘on insulator (S0I)

~ substrates and'silicon on sapphire (SOS) substrates.

52. The methdd'of claim 38 wherein said contact pad comprises

aluminum or a compound thereof.

53. The metal bump of claim 43 with.the addition of a layer of
enhanced UBM created by electroplating over said sputtered UBM

and under said bﬁmp metal.

54. The metal bump of claim 53, wherein said enhanced UBM

comprises. copper or nickel or composite layeré of copper and

‘nickel.

55. A metal bump on a semiconductor surface, comprising: -

a semiconductor surface, a layer of-dielecﬁric haQing been
deposited over said semiconductor surface, a contact pad having
been formed on the surface of said layer -of dielectric, said
metal bump overlying said contact pad, said semiconductor

surface having been provided in or on the surface thereof with

51



on o4O

e

at least one point of electrical contact having a height and.af
surface aréa, a contact pad having a surface aréé being
connected with said at least one point of electrical contact
having been provided on said semiconductor surface;

a layer of passivation deposited over said layer of .
dieleétric, iﬁcluding. the 'surface. of said contact pad,  an
opening having been created in said layer of passivation having
a first diameter, bartially exposing the surface of said contact
pad over a surface area of said first diameter, said opening in
said layér qf.passivatiﬁn beiné centered with respect to said
éontact pad;_said firgt diameter of said opening created in said
layer of paésivation having a surface. area that is less than
said surface area of éaid contact pad by a measﬁrable_amount}

an opening created in said contact pad, partially exposiﬁg
the surface of said at layer of diélectric deposited on the
surface of.said semiconductor surface, said opening having a
second diameter, said opening created. in said contact pad beiﬁg
centered with respect to said contact pad, said second diameter
of said opening in said contact pad'being smaller than said first.
diametep of said opening in said layer of passivation by a

measurable amount;

a layer of Under Bump Metallurgy:(UBM) sputtered over the

2

surface of said layer of passivation; and
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a layer_of bump metal having been electroplated over the ..
" surface of said layer of UBM in an opening of a defined iéyer.of
photoresist, said opening in said layer of photoresist
overlapping said openipg in.said passivation layer, after
stripping and etching the spﬁttered UBM using said bump metal as
a mask after thch said layer of bump metal haé been refldwed, -

formiﬁg said metal bump.

56. The metal bump of claim 55 wherein said layer of passivation
comprises PE Si3N, deposited to a thickness between about 1000

and 15000 Angstrom.

57. The metal bump of claim 55 wherein said.layer of passivation
is selected from the group coﬁsisting of Si0O;, a photosensitive
polyimide, phosphorous doped_ silicon dioxide and titanium
nitride, said layer of passivation is deposited to a thicknesé

between about 1000 and_15000 Angstroma.

- 58. The metal bump of claim 55 wherein said layer of Under Bump
.Metallurgy comprises a layef of chromium followed by a layer of

copper followed by a layer of gold.
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59. The metal bump of claim 55 wherein said passivation layer-
over the surface of said semiconductor surface - comprises a

plurality of passiﬁation'layers.

60. The metal bump of claim 59 wherein at least one of said
plurality of passivation layers is selected from ~the group
consisting of PE Si3Ng; and SiO0; and a photosens itive polyimide

and phosphorous doped silicon dioxide and titanium nitride.

61. The metal bump of claim 55 wherein said layer of Under Bump
Metallurgy comprises a plurality of sub-layers of different

metallic composition.

62. The metal bump of claim 55 wheréin said semiconductor
surface is selected from the group of surfaces consisting of
semiconductor substrates, printed circuit boards, flex circuits,

metallized substrates, glass substrates and semiconductor device

mounting support.

63. The metal bump of claim 62 wherein said semiconductor
substrate is selected from the group of substrates consisting of

semiconductor substrates, ceramic substrates, glass substrates,
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gallium arsenide substrates, silicon on insulator (SOI) -

substrates and silicon on sapphire (SOS) substrates.

64. The metal bump of claim 55 wherein said contact pad

comprises aluminum or copper or a compound thereof.

65. A method for forming a metal bump on a semiconductor surfacé,
comprising the steps of:
providing a semiconductor surface;
providing a céntact pad over said semiconductor surface; .
mechanically éontacting a portion of said contact ﬁad,
whereby damage may occur to-saiq portion’of said COntacf pad;
" removing said portion of said contact pad to form an
opening;
depositing an under bump m;tal over said contaét pad and in
said opening; and
forming a metal bump over said contact pad.
66. A me£al bump contact, comprising;
a semiconductor surface;
a contact pad over said semiconductor surface,'forﬁed of a
first material, and having an opening the;éin;
an under bump metal formed over said contact pad and in said

opening; and
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a metal bump formed over said contact pad.
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