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(57) ABSTRACT

An integrated circuit having post passivation interconnec-
tions with a second connection pattern is disclosed. A passi-
vation layer (preferably made of a non-oxide material) is
formed over the integrated circuit already having a first plu-
rality of contact pads in a first connection pattern. A buffer
layer is then formed over the passivation layer. The buffer
layer preferably is a silicon oxide layer with a thickness
substantially smaller than a thickness of the passivation layer.
A post passivation metal layer is deposited over the buffer
layer. A second plurality of contact pads as part of the second
connection pattern is formed in the post passivation metal
layer.

20 Claims, 5 Drawing Sheets

—Jt3a




US 7,528,478 B2

U.S. Patent May 5, 2009 Sheet 1 of 5
10
/
VL AL
14K W Y
4 N N
16a 16b 16¢
13 S
12
FIlG. 1
(PRIOR ART)
10
2%6a O\ 40b 40C
N \ /
| 771 o~ XY
R e
144 /> N / /m\\ M\\ ,
Jg 16a 16b 16¢ 3
13
FIG. 2a
(PRIOR ART)

—JZa

FIG. 2b
(PRIOR ART)



U.S. Patent May 5, 2009 Sheet 2 of 5 US 7,528,478 B2

10
52

26a
}/ . 100%{/100M
100 A 100
Y003 22b—\ / 220—\-
i A /«/ /A g 18
144 AR PANNN AR

‘ N N\
16a 16b 16¢

FIG. 3b

TETRS

FIG. 4



U.S. Patent May 5, 2009 Sheet 3 of 5 US 7,528,478 B2

10
/
40
a—
—
0 ——0O
0 0
0 26
FIG. 5a
10
\‘
———0 O0—
40 40
26 26
16: :16
—0 O0—
—0
0

FIG. 5b



U.S. Patent May 5, 2009 Sheet 4 of 5 US 7,528,478 B2

10
100 e

\
CNCON NN N N N N NN NN N N )

10
’/
100 22a 100 22b 100 22¢ 100
N/ \ / / \_/
AN A N N N N N N N D\ N NG NG, A N
. /w//{/é(// /N/
/] M 18
1450 A NN NN
4 N N
16a 16b 16¢
13
FIG. 6b
10
N
100 22a 100 22b 100 22¢ 100
e e e LI L LR 8 o
18 / /
/ N/ 18
145X NN [N
4 N N
16a 16b 16¢
13

T ]

FIG. 6¢



U.S. Patent May 5, 2009 Sheet 5 of 5 US 7,528,478 B2

10
’/
2[2a 28 190 Z%b 190 2%c
100~ Ll 3L L L AL L L X L X L XL Ao
. /MA(// /NK/ E
1440 AN NN R
4 N N
16a 16b 16¢
13
FIG. 6d
180
160
140 -
DAY 2
120 -
perecT 1007
DAY 3
COUNT  gg
i DAY 4
60 PM . DAY 5
40
DAY 1
20 - CAPPING OXIDE
o \s——s—a
0 T I I T T | | ] L} T i
T3 5 5 % X - S 5 o5 5
o) o o +— (€] [de) — (ap] ~~ < o
= ~ 2 2 N e L2 2 2 NS 4

FIG. 7



US 7,528,478 B2

1

SEMICONDUCTOR DEVICES HAVING POST
PASSIVATION INTERCONNECTIONS AND A
BUFFER LAYER

This application is a divisional of patent application Ser.
No. 10/635,621, entitled “Method For Reducing Defects in
Post Passivation Interconnect Process,” filed on Aug. 6, 2003,
now U.S. Pat. No. 7,026,233, which application is incorpo-
rated herein by reference.

TECHNICAL FIELD

The present invention relates generally to integrated cir-
cuits, and more particularly to a method for reducing defects
in a post passivation interconnect process.

BACKGROUND

An integrated circuit generally is fabricated on and within
a substrate and includes multiple layers of materials. These
multiple layers of materials can include semiconductor layers
(e.g., silicon), metal layers (e.g., copper or aluminum), and
insulating layers (e.g., silicon oxide or silicon nitride). An
integrated circuit can also include a passivation layer for
protecting underlying layers from moisture, contamination,
orother conditions that can potentially degrade or damage the
integrated circuit. An integrated circuit generally includes
contact regions for connecting the integrated circuit to other
circuits. Point contacts are generally formed in metal layers,
e.g., the top level of metal.

For example, FIG. 1 shows a cross section of an integrated
circuit 10 fabricated on a substrate 12. Integrated circuit 10
includes contact regions 164, 165 and 16¢ (collectively 16)
within a metal layer 14. Integrated circuit 10 also includes
other layers of materials beneath metal layer 14. These layers
of' materials underneath metal layer 14 are depicted generally
as other layers 13 in FIG. 1. Integrated circuit 10 is protected
by a passivation layer 18.

In a post passivation interconnect (“PPI”) process, contact
pads and other conductors are fabricated on top of the passi-
vation layer 18 and connected to the contact regions 16 of the
integrated circuit 10. These interconnects can be used to
re-route the connections to integrated circuit 10 to facilitate
contact to the package.

FIG. 2a shows a cross-section of integrated circuit 10 after
a conventional PPI process, and FIG. 26 shows a top view of
this same device. The PPI process has formed a connection
pattern over passivation layer 18. The connection pattern
includes contact pads 26a and 265, as well as conductors 405
and 40c¢. After the connection pattern is fabricated, as shown
in FIG. 25, conductor 405 is connected to contact pad 265,
and conductor 40c¢ is connected to other surrounding regions
(not shown). Contact pad 264, conductor 405, and conductor
40c¢ are connected, respectively, to contacts regions 40qa, 405
and 40c.

SUMMARY OF THE INVENTION

The present invention describes embodiments of a method
for reducing defects in a post passivation interconnect process
and resulting structures.

In one embodiment, a method of depositing a conductive
layer over an integrated circuit is described. A substantially
completed integrated circuit includes a silicon nitride passi-
vation layer at an uppermost surface. An oxide buffer layer is
formed over and abutting the silicon nitride passivation layer.
The oxide buffer layer has a thickness that is substantially
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smaller than that of the passivation layer. The oxide buffer
layer is etched and a metal layer is formed over and abutting
the oxide buffer layer. This layer can then be patterned.

A second embodiment teaches a method of forming post
passivation interconnects for an integrated circuit. A passiva-
tion layer of a non-oxide material is formed over the inte-
grated circuit. A buffer layer is then formed over the passiva-
tion layer. The buffer layer preferably is a silicon oxide layer
with a thickness substantially smaller than a thickness of the
passivation layer. A post passivation metal layer is deposited
over the buffer layer and a connection pattern is formed in the
post passivation metal layer.

Aspects of the present invention also relate to integrated
circuits, both packaged and before. For example, a semicon-
ductor device includes a silicon substrate having a plurality of
active devices formed therein. The active devices are inter-
connected by a number of metal layers including an upper-
most metal layer. The uppermost metal layer includes a plu-
rality of contact regions. A nitride passivation layer overlies
the uppermost metal layer except for a portion of the contact
regions. An oxide buffer layer overlies the passivation layer
and has a thickness substantially smaller than that of the
passivation layer. A post passivation metal layer overlies the
oxide buffer layer and is patterned so as to electrically couple
the plurality of contact regions to a plurality of contact pads
formed in the post passivation metal layer.

Embodiments of the invention can have one or more of the
following advantages. The number of defects generated dur-
ing the improved PPI process can be reduced. The time inter-
vals between subsequent prevention maintenances for the
improved PPI process can be reduced. Additional advantages
can be realized by people skilled in the art.

BRIEF DESCRIPTION OF THE DRAWING

For a more complete following descriptions taken in con-
junction with the accompanying drawings, in which under-
standing of the present invention, and the advantages thereof,
reference is now made to the:

FIG. 1 shows a cross section of a conventional integrated
circuit;

FIGS. 24 and 26 show, respectively, a cross-sectional and a
top view of an integrated circuit after of a conventional PPI
process;

FIGS. 3a and 35 show a cross-sectional and top view of an
integrated circuit of an embodiment of the present invention

FIG. 4 shows a packaged integrated circuit of an embodi-
ment of the present invention;

FIGS. 54 and 56 show two examples of how the PPI pattern
can. re-route the contact pads;

FIGS. 6a-6d show cross-sectional views at various stages
of the improved PPI process; and

FIG. 7 shows experimental results comparing the defect
rate for a PPI process of the present invention and a prior.

DETAILED DESCRIPTION OF ILLUSTRATIVE
EMBODIMENT

The making and using of the presently preferred embodi-
ments are discussed in detail below. It should be appreciated,
however, that the present invention provides many applicable
inventive concepts that can be embodied in a wide variety of
specific contexts. The specific embodiments discussed are
merely illustrative of specific ways to make and use the inven-
tion, and do not limit the scope of the invention.

FIG. 3a shows a cross-sectional view of an integrated cir-
cuit 10 of a preferred embodiment of the present invention.
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The top view of integrated circuit 10 is shown in FIG. 3b. As
in the prior art, integrated circuit 10 includes a substrate 12
and a number of layers 13, e.g., metal interconnect lines and
dielectrics. The substrate 12 typically comprises silicon but
other substrates including other semiconductors, e.g., germa-
nium, silicon-germanium, gallium arsenide, and layered sub-
strates, e.g., silicon-on-insulator, silicon-on-sapphire can be
used.

The integrated circuit can comprise any type of circuit. For
example, the integrated circuit 10 could be a logic device,
e.g., processor, controller or other, or a memory device, e.g.,
random access memory and/or non-volatile memory. In the
preferred embodiment, the layers 13 comprise copper inter-
connect lines that are separated from one another by low-k
dielectric materials. Other materials can be used. Top level
metal 16 comprises the final interconnect level and, along
with other layers 13, completes the circuitry of integrated
circuit 10.

Passivation layer 18 is the topmost layer of integrated
circuit 10. This layer is formed after the circuitry of integrated
circuit 10 is substantially complete. In other words, the cir-
cuits of the device are fully interconnected and operational
when the passivation layer 18 is formed. The only remaining
step is to provide access to power, ground and other signals so
that the device can be coupled to other components.

In the preferred embodiment, passivation layer 18 is
formed from silicon nitride (e.g., Si;N,). In other embodi-
ments, other materials and layers can be used. In one example,
a layer of HDP (high density plasma) oxide is formed over
upper level metal 16 and a layer of silicon nitride is formed
over the HDP oxide. For example, the HDP oxide layer may
be about 1000 nm thick and the nitride may be about 600 nm
thick.

In the preferred embodiment, passivation layer 18 is
formed from a non-oxide material. This means that the
exposed outer-most layer of passivation layer 18 is not
formed from an oxide. For example, the non-oxide material
can be silicon nitride. The present invention also has applica-
tion when the passivation layer 18 is a thick oxide film.

In the embodiment of FIG. 34, a buffer layer 100 is formed
over the passivation layer 18. In the preferred embodiment,
buffer layer 100 is formed from a thin layer of silicon oxide
(e.g., Si0,). Other oxides can be used. As will be discussed
below, the buffer layer helps to reduce contamination during
a subsequent PPI process.

FIG. 3a also shows the PPI pattern that is fabricated over
the silicon oxide layer 100. The connection pattern includes
contact pads 26a and 265 (see F1G. 3b), and conductors 405
and 40c. In this illustration, contact pad 26a, conductor 405,
and conductor 40c¢ are coupled, respectively, to contact
regions 164, 165 and 16¢ in the upper level of metal. In the
preferred embodiment, PPI metalization is formed from a
layer of aluminum copper.

A final passivation layer 52 is formed over the integrated
circuit 10. Layer 52 includes openings to expose the contact
pads 26. In the preferred embodiment, the final passivation is
formed from polyimide. It is understood, however, that other
materials can be used.

FIG. 4 provides a cross-sectional view of an integrated
circuit 10 packaged in accordance to an embodiment of the
present invention. In this example, the integrated circuit 10 is
packaged in a flip chip scheme where the upper surface of the
chip 10 (i.e., the surface with the contact pads 26, shown in
FIGS. 3a and 3b) is adjacent the package substrate 50. The
integrated circuit 10 can be either partially or fully encapsu-
lated for protection, for example by material 46.
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Contact pads 26 on the integrated circuit 10 (see FIG. 4)
will be attached to corresponding contact pads (not shown) on
substrate 50 via solder bumps 42. Conductors (not shown)
within the substrate 50 will electrically couple contact pads
26 to ball grid array (BGA) solder balls 44. The BGA solder
balls 44 can then be mounted on a printed circuit board (not
shown).

One advantage of'using the PPI process is that the configu-
ration of contact regions on integrated circuit 10 can be modi-
fied to match the packaging technology. For example, FIG. 5a
shows a plan view of the integrated circuit 10 including con-
tact regions 26, conductors 40 and contact regions 16. In this
case, the substantially completed integrated circuit included
contact regions 16 located around the periphery of the inte-
grated circuit 10. This configuration is convenient for wire
bonded packaging processes.

In wafer scale integration and other packaging processes,
however, it is desirable that the chip contacts be located in an
array over the entire surface of the chip. This is the configu-
ration of contact pads 26 shown in FIG. 5a. Conductors 40 are
shown to electrically couple each contact pad 26 to a respec-
tive one of the contact regions 16. In this manner, the contact
pads 26 can be in the same physical configuration as associ-
ated contacts (not shown) on substrate 50 and can be physi-
cally and electrically coupled, e.g., by solder bumps 42.

FIG. 5b shows another embodiment where the contact
regions 16 are located along a center line of the integrated
circuit 10. This configuration is often used, for example, in
memory devices (such as dynamic random access memory).
In this example, the contact pads 26 are spaced from the
contact regions 16 along two columns. It is understood that
the configuration of contact pads 26 could have been the same
as the configuration shown in FIG. 54 and vice versa. While
not clear from the figures, the contact pad 26 is typically
larger than the contact region 16.

FIGS. 6a-6d show a process for forming the integrated
circuit of FIGS. 3a and 34. In summary, FIG. 6a shows the
deposition of a thin layer of silicon oxide 100 and FIG. 65
shows the formation of via holes 224, 225, and 22¢. In FIG. 6c
the thin layer of silicon oxide 100 is etched in a cleaning
chamber to remove some material from the top of silicon
oxide 100. FIG. 64 shows the formation of post passivation
metal layer 20. Each of these steps will now be described in
greater detail.

The process begins with a substantially completed inte-
grated circuit as shown in FIG. 1. In this context, a substan-
tially completed integrated circuit is an integrated circuit that
has been formed to the point that only connection to outside
circuits is necessary to allow the device to operate as
designed. In this embodiment, the substantially completed
integrated circuit includes a passivation layer 18. Passivation
layer 18 can be a layer of silicon nitride. Passivation layer 18
can also include multiple layers of materials, with a layer of
silicon nitride as the topmost layer.

Referring now to FIG. 6a, buffer layer 100 is deposited on
top of passivation layer 18. For example, a silicon oxide (e.g.,
Si0,) layer can be depositing using a chemical vapor depo-
sition process, such as PECVD or LPCVD. In one embodi-
ment, the thickness of silicon oxide 100 is about 25 nanom-
eters. If passivation layer 18 is also deposited with a chemical
vapor deposition process, silicon oxide 100 can be deposited
on top of passivation layer 18 in the same chamber that
passivation layer 18 is deposited. In this process, the chemical
vapor used for depositing passivation layer 18 needs to be
changed to the chemical vapor used for depositing silicon
oxide 100.
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In general, silicon oxide 100 is preferred to be deposited in
a process that is in-situ with the process of depositing passi-
vation layer 18. Silicon oxide 100 can be deposited after
passivation layer 18 is deposited without breaking vacuums
of disposition chambers. In FIG. 65, via holes 224, 225, and
22c¢ are formed using some well-known techniques.

Either before or after the deposition of buffer layer 100 (but
after formation of via holes 22), the wafer that includes inte-
grated circuit 10 will be tested (e.g., in a wafer acceptance
test). This test can be accomplished by physically touching
the contact regions 16 with test probes. After the test, the
wafer can be rinsed with deionized water to clean test par-
ticles.

Referring now to FIG. 6¢, an optional cleaning of the
integrated circuit 10 is cleaned. During this process, anupper-
most portion of buffer layer 100 is etched. This process is
often performed in a cleaning chamber that that includes
inner wall made primarily from quartz. For example, the PCII
etch chamber of Applied Material’s Endura system includes
such a cleaning chamber.

As another example, the thin layer of'silicon oxide 100 can
be etched using an ion milling process. The ion milling pro-
cess can use Argon ions in a plasma environment. During the
ion milling process, typically, 5 to 20 nanometer thickness of
silicon oxide are removed. One advantage of the preferred
embodiment is that this removed material is less likely to
contaminate wafers being processed.

Referring now to FIG. 64, via holes 22 are formed through
buffer layer 100 and passivation layer 18. The formation of
via holes 22 is preferably performed using standard lithogra-
phy processing. Via holes 22 are then filled with a conductor
to form the plug. For example, a conductive layer material can
be formed and then etched back or planarized by chemical
mechanical polish.

FIG. 6d also shows the formation of post passivation metal
layer 20. In the preferred embodiment, metal 20 includes
multiple layers of materials. In one embodiment, a layer of
titanium, e.g., about 150 nm, is deposited on silicon oxide
100, e.g., using a physical vapor deposition process. Subse-
quently, a layer of aluminum copper, e.g., about 2000 nanom-
eters, is deposited over the titanium layer. The titanium layer
serves as a barrier to prevent aluminum and copper atoms
from migrating into other materials beneath the titanium
layer.

After post passivation metal layer 20 is deposited over
buffer layer 100, a connection pattern is formed in post pas-
sivation metal layer 20. The connection pattern can include
contact pads 26 and conductors 40 (e.g., as in FIGS. 34, 35,
5a, and 5b). These contact pads and conductors can be con-
nected in variety of ways as defined by the connection pattern.

The connection pattern can be formed using known meth-
ods. For example, the connection pattern can be first defined
using photolithograph techniques. Then, the unwanted areas
on post passivation metal layer 20 can be removed in a reac-
tive ion etching (“RIE”) process. When post passivation metal
layer 20 includes titanium, aluminum and copper layers,
chemicals that can be used in the RIE process include Cl,,
BCl; and F;. Once again, the buffer layer 100 can help to
prevent particle contamination in the processing chamber.

After the metal layer 20 is etched, the photoresist (not
shown) that was used to pattern will be stripped. A layer of
polyimide (see FIG. 3a) is then coated and exposed and
finally cured. This polyimide layer is patterned to expose
contact pads 26.

The improved PPI process as shown in FIGS. 6a-6d is
intended to reduce the number of defects generated during the
PPI process. In an experimental study, numbers of defects of
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the two processes are compared. The results of this experi-
mentation are shown in FIG. 7. In this experimental study,
passivation layer 18 is a layer of silicon nitride, and the clean
chamber used in the two processes are made primarily from
quartz. It was found that the PPI process of FIGS. 54-54
shows an improvement over prior art PPI processes. In FIG. 7
the number of defects in integrated circuits is reduced by a
factor between 10 to 100.

These improvements can be possibly explained in a num-
ber of ways. With a PPI process that does not include a buffer
layer 100, passivation layer 18 is etched before the deposition
of post passivation metal layer 20 and/or during etching of
metal layer 20 and clusters of silicon nitride are knocked off
from the surface of passivation layer 18. These clusters of
silicon nitride form particles that do not stick very well to the
quartz surface of the cleaning chamber. These particles can
contaminate the surface of those integrated circuits that are
processed in this chamber. If passivation layer 18 of an inte-
grated circuit is contaminated with these particles, layers of
materials on top of passivation layer 18 can peel off and cause
defects on the integrated circuit.

Using the improved PPI process in FIGS. 6a-6d, when
buffer layer 100 is etched in the cleaning chamber using an
ion milling technique before the deposition of post passiva-
tion metal layer 20 and/or during etching of metal layer 20,
clusters of silicon oxide are knocked off from the surface of
buffer layer 100. These clusters of silicon oxide form particles
that adhere to the quartz surface on the processing chamber.
Thus, the number of particles that can contaminate the surface
of integrated circuits being processed is reduced.

The scope of the present application is not intended to be
limited to the particular embodiments of the circuit, process,
machine, manufacture, means, methods and steps described
in the specification. As one of ordinary skill in the art will
readily appreciate from the disclosure of the present inven-
tion, circuits, components, processes, machines, manufac-
ture, means, methods, or steps, presently existing or later to be
developed, that perform substantially the same function or
achieve substantially the same result as the corresponding
embodiments described herein may be utilized according to
the present invention. Accordingly, the appended claims are
intended to include within their scope such circuits, compo-
nents, processes, machines, manufacture, means, methods, or
steps.

What is claimed is:

1. A semiconductor device having post-passivation inter-

connects, the semiconductor device comprising:

an integrated circuit formed on a substrate, the integrated
circuit comprising a plurality of metal lines extending
therefrom;

a first plurality of contact pads formed in a first connection
pattern, the first plurality of contact pads being config-
ured to provide electrical connection to an external com-
ponent in packaging the integrated circuit by the forma-
tion of wire bonds or solder balls on the first plurality of
contact pads;

a passivation layer formed over the integrated circuit and
over the first plurality of contact pads, the passivation
layer being formed from a non-oxide material;

a buffer layer formed over the passivation layer, the buffer
layer comprising a silicon oxide layer; and

a patterned post-passivation metal layer formed over the
buffer layer and formed in a second connection pattern,
the patterned post-passivation metal layer comprising a
second plurality of contact pads, wherein portions of the
patterned post-passivation metal layer are electrically
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coupled to the first plurality of contact pads, wherein the
second connection pattern differs from the first connec-
tion pattern.

2. The semiconductor device of claim 1 wherein the pas-
sivation layer comprises a layer of silicon nitride.

3. The semiconductor device of claim 1 wherein the pas-
sivation layer comprises more than one layer and wherein an
uppermost layer comprises silicon nitride.

4. The semiconductor device of claim 1 wherein the buffer
layer has a thickness substantially smaller than a thickness of
the passivation layer and wherein the buffer layer has a thick-
ness less than about 25 nanometers.

5. The semiconductor device of claim 1 wherein the buffer
layer has a thickness substantially smaller than a thickness of
the passivation layer and wherein a ratio of the thickness of
the passivation layer to a thickness of the buffer layer is
greater than about 20.

6. The semiconductor device of claim 1 wherein the pas-
sivation layer comprises a layer of Si;N,,.

7. The semiconductor device of claim 1 wherein the buffer
layer has a thickness of less than about 25 nanometers.

8. The semiconductor device of claim 1 wherein the first
plurality of contact pads is disposed around a periphery of the
integrated circuit and the second plurality of contact pads is
arranged over a central portion of the integrated circuit.

9. A semiconductor device comprising:

a silicon substrate having a plurality of active devices

formed therein;

a plurality of metal layers interconnecting the active
devices, the plurality of metal layers comprising an
uppermost metal layer;

a first plurality of contact pads formed in the uppermost
metal layer, the first plurality of contact pads being con-
figured to provide electrical connection to an external
component in packaging an integrated circuit chip com-
prising the semiconductor device by forming connectors
on the first plurality of contact pads;

a nitride passivation layer overlying the uppermost metal
layer except for selected contact openings to the first
plurality of contact pads;

an oxide buffer layer overlying the nitride passivation
layer, the oxide buffer layer having a thickness substan-
tially smaller than a thickness of the nitride passivation
layer; and

a patterned post-passivation metal layer overlying the
oxide bufter layer, the post-passivation metal layer com-
prising a second plurality of contact pads formed
therein, and the post-passivation metal layer being pat-
terned so that the first plurality of contact pads is elec-
trically coupled to the second plurality of contact pads.

10. The semiconductor device of claim 9 wherein the thick-
ness of the oxide buffer layer is less than 25 nanometers.

11. The semiconductor device of claim 9 wherein a thick-
ness of the nitride passivation layer is at least about 20 times
greater than the thickness of the oxide buffer layer.
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12. The semiconductor device of claim 9 wherein the first
plurality of contact pads is disposed around the periphery of
the chip and the second plurality of contact pads is arranged
over a central portion of the chip.

13. The semiconductor device of claim 9 and further com-
prising:

a package substrate having a plurality of package contact
pads arranged in a configuration corresponding to the
second plurality of contact pads on the chip; and

a plurality of solder bumps attaching the package contact
pads of the package substrate to the second plurality of
contact pads on the chip, wherein the solder bumps
electrically couple the second plurality of contact pads
on the chip with the package contact pads on the package
substrate.

14. The semiconductor device of claim 9 wherein the

uppermost metal layer comprises copper.

15. The semiconductor device of claim 9 wherein the pas-
sivation layer comprises a layer of Si;N,,.

16. The semiconductor device of claim 9 wherein the
nitride passivation layer comprises a silicon nitride layer, and
wherein the oxide buffer layer comprises a silicon oxide layer.

17. A semiconductor device comprising:

a substantially complete integrated circuit having a first
plurality of contact pads, the first plurality of contact
pads being in a first connection pattern;

a passivation layer formed over the substantially complete
integrated circuit and over the first plurality of contact
pads, wherein the passivation layer is formed from a
non-oxide material;

an oxide buffer layer formed over the passivation layer; and

a patterned metal layer formed over the oxide buffer layer,
the patterned metal layer being formed in a second con-
nection pattern comprising a second plurality of contact
pads, wherein at least some of the second plurality of
contact pads are electrically connected to at least some
of the first plurality of contact pads, wherein at least
some of the second plurality of contact pads are on a
different level than the first plurality of contact pads, and
wherein the second connection pattern differs from the
first connection pattern.

18. The semiconductor device of claim 17 wherein a thick-
ness of the passivation layer is at least about 20 times greater
than a thickness of the oxide buffer layer.

19. The semiconductor device of claim 18 wherein the
thickness of the oxide buffer layer is less than about 25
nanometers.

20. The semiconductor device of claim 17 wherein the first
plurality of contact pads is disposed around a periphery of the
substantially complete integrated circuit and the second plu-
rality of contact pads is arranged over a central portion of the
substantially complete integrated circuit.
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