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METHOD FOR DIRECT ATTACHMENT OF AN ON~CHIP
BYPASS CAPACITOR IN AN INTEGRATED CIRCUIT

! FIELD OF THE INVENTION

This invention relates to redueing switching noise within
integrated circuits, and more particularly to methods for
providing integrated cireuits with bypass capacitors to
improve on-chip power supply bypassing and reduce switch-
ing noise. |

BACKGROUND OF THE INVENTION
Integrated circuits ("ICs") are fabricated layer-by-layer

on a semiconductor substrate, with bond wires coupling
Vss, Vpp, and input/output signals between pads on the
upper surface of the substrate and the IC package. Gen-
erally there will be many Vgs and Vp, pads on the periphery
of the IC. For example, an IC having 300 pin-outs may
have 100 peripheral bonding pads dedicated to Vg and/or
Vm. Bond wires couple these peripheral pads to on-chip
Vss and Vpp power rails.

With reference to Figure 1, using techniques well known
in the art of semiconductor fabrication, metal-oxide-
semiconductor ("MOS") transistors, bipolar transistors,
diodes and other devices 10 are fabricated and combined
to form an IC, shown generically as 12, on a substrate
14. Typically, portions of some of the devices and some
interconnections are frequently formed using one more
levels of polysilicon. For example, in Figure 1, a MOS
transistor gate electrode 16, and a resistor 18 are de-
picted as being fabricated from a first layer of poly-
silicon.

Other interconnections to IC 12 may be made using overly-
ing levels of metallization, for example metal 1 layer
trace 20, metal 2 layer trace 22 and perhaps metal 3
layer trace 24. For an IC with three layefs of metal-
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lization, various metal 1 layer traces usually are cou-
pled to the upper power supply Vi, the metal 2 layer
traces carry signals, and various metal 3 layer traces
are coupled to the lower power supply Vss (usually
ground). For an IC with only two léyers of
metallization, various metal 1 layer traces are typically
coupled to Vg, while some metal 2 layer traces will carry
Vpp and others will carry signals. These generalizations

are not absolute, however, and V,; and/or Vg traces may be -

formed at any level of metallization in an IC, including
a common level of metallization.

~ As shown in Figure 1, an inter-level dielectric isolation

("ILD") layer 26 is formed between the metal 1 layer 20
and the uppermost polysilicon layer, here comprising
segments 16 and 18. The ILD layer 26 typically includes
boron phosphorus silicate glass ("BPSG") and insulates
the polysilicon layer segments from metal 1 segments.

Inter-metal oxide ("IMO") layers 28, 30 are formed be-
tween adjacent levels of metallization. To help smooth
out the otherwise bumpy topology, the IMO layers typi-
cally include spun-on-glass ("SOG"), which is apﬁlied in
liquid form.

A relatively hard, outermost passivation layer 32 pro-
tects the underlying layers comprising the IC. Typical-
ly, passivation layer 32 includes silicon nitride and is
formed u51ng plasma enhanced chemical vapor deposition
techniques.

Electrical connections between the various metallization
layers 20, 22, and (if present) 24 and regions of IC 12
are made using conductive vias, e.g., 34, 36, which vias
are depicted as terminating at bond pads 38, 40. It is
understood that there will be many Vs traces, all of
which will be electrically coupled together and to Vg
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_through one or more peripheral Vg bonding pads and bond

wires. Similarly, there will be many V,, traces, all of
vwhich will be electrically coupled together and to Vy
through one or more peripheral V,, bonding pads and bond

wires.

For ease of comprehension, Figure 1 shows bond wires 42,
44 respectively connecting Vg and Vi to pads 38 and 40.
and (in this example) to Vg trace 24 and Vpp trace 20. 1In
practice, however, bond wires 42 and 44 will be connected
to peripheral bond pads, whereas pads 38 and 40 may be
formed other than on the periphery of IC 12. Further,
Figure 1 does not show other vias that may be used to
couple signals from various metal traces to the surface
of the passivation layer 32, wherefrom the signals may be
coupled elsewhere.

Thus, in the three metal layer embodiment of Figure 1, it
is understood that various of the metal 1 level traces
typically will be'coupled to Vpp, and that various of the
metal 3 level traces typically will be coupled to Vgs.
When IC 12 is actually used, power supplies providing Vg
and Vyp will be coupled to connector pins (not shown) on
the package encapsulating IC 12. Connections from these
pins are made with bond wires 42, 44 to peripheral Vg and
Vpp bonding pads and power rails on IC 12.

Those skilled in the art of circuit design will appreci-
ate that reliable IC operation dictates that the Vg and
Vpp voltage levels seen by IC 12 be as noise-free as
possible. By noise-free it is meant that ideally the Vg
and Vy, signals on the IC traces are pure DC, with no AC
transient components.

Unfortunately, AC switching noise components are general-

ly present. These noise components can arise from imper-
fect switching of complementary MOS inverters, wherein
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pull-up and pull-down transistors are simultaneously on
during output state transitions. Further, unavoidable
inductance (L) effectively in series with IC bond wire
leads, e.g., leads 42, 44 can produce ground bounce.
Ground bounce can produce current slewrate (L di/dt)
changes in voltages coupled to IC 12, including Vg and
Vpp. Crosstalk between adjacent signal traces can also
couple switching noise to traces carrying Vss or Vpp.

It is known to reduce switching noise by providing a
bypass capacitor 50 at the surface of an IC, coupled
between IC pads carrying Vss and Vp,. Several techniques
for providing on-chip bypassing are described in the
reference The Close Attached Capacitor: A Solution to
Switching Noise Problems by S. H. Hashemi, et al. 0148-
6411/92 p. 1056~1063 (1992).

Bypass capacitor 50 is frequently in the 1 nF to 100 nF
range, and may occupy an area of perhaps 0.050" by 0.1"
(1.3 mm by 2.6 mm). Typically, bond wires 52, 54 couple
capacitor 50 to IC bonding pads, e.g., 38, 40. Unfortu-
nately, these capacitor bond wires have an excessively
large effective series inductance of perhaps 2-5 nH.

Thus, the effectiveness of the bypass capacitor is de-
graded by the series inductance contributed by the capac-
itor bond wires. As a result, excessive switching noise
can remain on the Vy; and/or Vg IC traces.

In short, there is a need for a more effective method of
providing on-chip capacitor bypassing to reduce switching
noise within an integrated circuit. Preferably such
method should be implemented using standard IC fabrica-
tion processes. ?

The present invention provides such a method.

.. This Sheet Has Been R

[ IR



10

15

20

25

30

35

REPLACED

THIS SHEET HAS BEEN

S Y OF RESEN NVENT
switching noise appearing at integrated circuit Vpp and Vg
metal traces is reduced by minimizing lead inductance
associated with on-chip bypass capacitors. For each on-
chip bypass capacitor a pair of metal traces coupled to
Vip and to Vg for the IC are formed. These traces are
spaced-apart laterally a distance corresponding to the
lateral separation of connecting pads on the bypass ca-
pacitor. '

Column-shaped openings must be formed through the IC to
gain access to the pair of spaced-apart metal traces
coupled to Vpp and Vgs. These column-shaped openings are
formed through the passivation and inter-metal oxide
layers of the completed IC, as needed. On a prototype or
small production run basis, the column~-shaped openings
are formed using focussed ion beam technology ("FIB").
However, FIB is a slow process and on a large production
run basis, the column-shaped openings preferably are
formed using a masking layer (that is later removed) and
etching, for example reactive ion etching.

Regardless of how the column-shaped openings are formed,
the openings are next converted into column-shaped elec-
trically conductive elements. These columnar conductive
elements preferably are formed using FIB deposition of
platinum or tungsten. Alternatively, the openings may be
converted into conductive elements using sputtering, or
by filling the openings with deposition of silver, alumi-
num, or doped polysilicon. Conductive element pads are
formed atop the column-shaped conductors, e.g., atop the
upper surface of the outermost passivation layer, prefer-
ably using FIB. ' -

A bypass capacitor is then mounted at the upper surface
of the IC. The capacitor's connecting pads are electri
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cally and mechanically coupled to the respective conduc-
tive element pads, using conductive adhesive or other
conductive bonding. In this manner, the on-chip bypass
capacitor is directly coupled to the metal traces carry-
ing Vpp and Vg, with substantial reduction in effective
capacitance lead inductance. The net result is better
attenuation of on-chip switching noise than if prior art
techniques for mounting an on-chip bypass capacitor were
used.

other features and advantages of the invention will ap-~
pear from the following description in which the pre- '
ferred embodiments have been set forth in detail, in
conjunction with the accompanying drawings.

BRIEF DESCR IO ¥ TH RAWING
FIGURE 1 is a cross-sectional view of a three metal layer
integrated circuit with an on-chip bypass capac1tor,
according to the prior art:;

FIGURE 2A is a cross-sectional view of a three metal
layer integrated circuit depicting formation of column-
shaped openings to access metal traces carrying Vss and
Vop, according to the present invention;

FIGURE 2B is a cross-sectional view of the integrated
circuit of Figure 27, depicting the column-shaped open-
ings filled with conductive material to form conductive
columnar elements having conductive element pads to which
an on-chip bypass capacitor is attached, according to the
present invention; and

FIGURE 3 is a cross-sectional view of a two metal layer
integrated circuit, depicting attachment of two on-chip
bypass capacitors to conductive element pads coupled to

metal traces carrying Vp and Vg, according to the present
invention. '

-6- '

is-Sheet Has Been Reﬂlaced

A-59960/GSW/MAK [sﬁN P-607] - H“‘l“ |“|“ ml ll I



10

s

25

30

35

THIS SHEET HAS BEEN

REPLACED

N

' DETAILED DESCRIPTION OF _ D EM T
Figure 2A depicts an integrated circuit 12 similar to
what was described with respect to Figure'l, wherein -
three layers of metal traces 20', 22, and 24' are shown.
Reference humbers,common to Figure 1, Figure 2A and the
other figures herein depict similar elements, e.g., layer
26 is a layer of inter-level dielectric material. Fur-
ther, Figure 2A, like the other figures herein, is not
drawn to scale.

In Figure 2A, various metal 1 level traces are understood
to be coupled to at least one peripheral Vp, pad on IC 12,
and various metal 3 level traces are understood to be
coupled to at least one peripheral Vg pad on IC 12.

Thus, bond wires 42 and 44 respectively couple at least
one peripheral Vs pad and at least one peripheral Vp, pad
to the Vg traces, including trace 24', and to the Vy
traces, including trace 20'.

Bond wires 42 and 44 are shown in phantom to depict that
they need not be located directly above traces 24' and

20', or be directly cdnnected to these traces. It suf-
fices that traces 20' and 24' are coupled  to peripheral

Vpp and Vg pads, and such coupling can result from these
traces being coupled to other traces that are connected
to such pads. Although Figure 2A depicts a Vy-carrying

. trace at the metal 1 level, and a Vg-carrying trace at

the metal 3 level, it is understood that these traces (as
well as signal-carrying traces) could be formed on other
levels, or even on the same metallization level.

In forming IC 12, a portion of at least one V, trace and
a portion of at least one Vg trace, e.g., traces coupled
respectively to a peripheral V,, pad and to a peripheral
Vss pad, are spaced-apart laterally a distance AX. The
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distance AX corresponds to the separation between an on-
chip capacitor's connecting pads. (This spatial rela-
tionship will be described more fully with reference to
Figure 2B.) In Figure 2A, these two spaced-apart trace
portions are 20' and 24', which traces happen to be lo-
cated at different levels, namely metal 1 and metal 3.

As will now be described, these spaced-apart Vp, and Vg
carrying traces 20', 24' must be accessed to facilitate
direct electrical coupling to the on-chip bypass capaci-
tor that will be mounted on the passivation layer 32.

Access to the spaced-apart traces may be gained after IC
12 has been fully fabricated, and can even occur post-
packaging. If IC packaging has occurred, the typically
ceramic IC package may be heated and the upper package
cap unsoldered and temporarily removed, pfoviding access
to IC 12, as shown in Figure 2A. (The upper package cap
may be reattached by resoldering, after attachment of the
on-chip bypass capécitor(s).)

Figure 2A depicts column-shaped openings 62, 64, spaced-
apart a distance AX, extending from at least the upper
surfaces of laterally spaced-apart Vp and Vg carrying
traces 20', 24', to the upper surface of the upper
passivation layer 32. The openings tend to have a some-
what rectangular cross-sectional area, ranging from per-
haps 1 um® to about 20 um?, although other dimensions may
be used. The vertical length of columns 62, 64 depends
upon the metallization levels at which the spaced-apart
Vpp—-carrying and Vgs—carrying traces are formed, and upon
the thicknesses of the passivation and any inter-metal
oxide layers 32, 30, 28. Generally the vertical length
of the columns will be in the micrometer range.

On a prototype or small production run basis, column-
shaped openings 62 and 64 preferably are formed using
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focussed ion beam ("FIB") technology, depicted generally
in Figure 2A as arrows or beams 60. The vertical depths
of these openings must be sufficient to reach at least
the upper surface of the spaced-apart target Vp, and Vg
traces, here 20! and 24'. Thus, in Figure 2A, the col-
umn-shépéd openings 62, 64 are FIB-drilled through the
passivatioh layer 32 and, in the case of opening 64,
through inter-metal oxide layers 30 and 28.

However, FIB-drilling openings 62 and 64 is time consum-
ing, especially if multiple pairs of such openings are to
be formed for multiple on-chip capacitors. FIB-drilling
forms each opening, one at a time, with a back-and-forth
milling type operation. However, FIB-drilling openings
62 and 64 is very useful on a prototype basis because the
precise location of the on-chip bypass capacitor(s) may
not be known until prototype fabrication and testing has
been completed.

Once it is known where the on-chip bypass capacitor(s)
will be located, the column-shaped openings 62 and 64 may
more rapidly be formed using masks and etching in large
scale production runs. For example, a masking layer 69
{shown in phantom) may be formed atop passivation layer
32. Etching, for example reactive ion etching, (shown
generically as arrows 60) then occurs through openings
defined in the mask, forming the spaced-apart column-
shaped openings 62 and 64. Mask 69 can define a plurali-
ty of mask openings through which etching occurs. 1In
this fashion, access may be simultaneously provided to a
plurality of desired spaced-apart traces (e.g., for use
with multiple on-chip capacitors), as well as to regions
of IC 12 unrelated to the present invention, as needed.

Reference is now made to Figure 2B. Regardless of how

they were formed, the column-shaped openings 62, 64 must

be made electrically conductive to form via-like columnar
-
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.electrically conductive elements 66 and 68.  Preferably

FIB is used to deposit platinum or tungsten within the
openings 62, 64 to form eleménts 66 and 68. Alternative-
1y, openings 62 and 64 may be made conductive using blan-
ket sputtering and etch-back, or deposition filling with
aluminum or silver, or deposition £illing with doped
polysilicon to form elements 66 and 68. These various
techniques are known in the art, and for that reason
details will not be presented herein.

At this juncture, the via-like conductive columnar ele-
ments 66, 68 are spaced-apart a lateral distance AX and
are in electrical communication with spaced-apart Vp,-
carrying and Vgs—carrying metal traces 20', 24°'.

As shown in Figure 2B, electrically conductive element
pads 70, 72 are also formed in electrical communication
with the conductive elements 66, 68. When formed, these
element pads will be used to make electrical connection
to the on-chip bypass capacitor. These pads preferably
are formed using FIB deposition of platinum or tungsten,
although other known techniques could be used instead,
including sputtering and etch-back. If masking layer 69
was formed, it may now be removed. '

- For ease of illustration, Figure 2B shows a single metal

1 Vpp trace 20' and a single metal 2 Vg trace 24', al-
though in practice many Vpp-coupled and Vgs-coupled traces
may be present. As noted, bond wires 42 and 44 (shown in
phantom) are connected to peripheral Vg and Vyp pads,
respectively, which peripheral pads are via-coupled to Vg
and Vp, traces. Because pads 70 and 72 will generally be
formed interior to the IC periphery, the bond wires 42
and 44 usually will not be connected directly to these
pads. Nonetheless, pads 70 and 72 will be electrically
coupled to Vg pads and Vp; pads through conductive ele-
ments 66 and 68, through traces 24' and 20' and other

i
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traces (not shown) that are via-connected to peripheral
Vss and Vpp bond pads, respectively.

In Figure 2B, a bypass capacitor 74 having capacitor
connecting pads 76 is electrically coupled to pads 70,
72. This coupling preferably is achieved with conductive
adhesive (e.g., conductive epoxy) or other conductive
bonding. Alternative techniques for achieVing an elec-
trical connection between the capacitor pads 76 and the
IC conductive element pads 70, 72 may of course be used.
Applicants point out that in practice if soldering is
used to achieve the electrical connection, it will be
difficult to attach solderable pads 70, 72 to elements 66
and 68, espcially if these elements have been formed from
doped polysilicon.

For purposes of enhancing mechanical stability, addition-
al adhesive or other mounting means may be used to fur-
ther secure capacitor 74 to the surface of IC 12.

As shown in Figure 2B, on-chip capacitor 74 is in direct
and preferably low impedance electrical communication
with the spaced-apart V,;, and Vg traces 20' and 24', and
effectively bypasses Vp to Vg for IC 12. Capacitor 74
makes direct electrical connection to conductive elements
66, 68 without using bond wires such as wires 52, 54
(shown in Figure 1). This mounting reduces the effective
inductance between capacitor 74 and conductive elements
66, 68 by about 50% or more, relative tb.the typically 2~
5 nH inductance present in the prior art configuration of
Figure 1. As a result, switching noise within the IC is
more effectively bypassed, relative to the performance of
the prior art configﬁration of Figure 1.

Bypass capacitor 74 is typically in the 1 nF to 100 nF
range, and may occupy an area of perhaps 0.050" by 0.1"
(1.3 mm by 2.6 mm), although other sized capacitors may
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be used. A planar view of Figure 2B would show a sub-

. stantial portion of the IC 12 surface area'cdve:ed by one

or more bypass capacitors 74. The lateral distance AX
separating at least portions of the Vp and Vg trace pair
(here 20', 24') coincides with the lateral dimension of
capacitor 74. On-chip capacitors such as capacitor 74
are commercially available, for example from AVX, Inc.

It will be appreciated that more than one on-chip capaci-
tor 74 may be used to provide bypassing for IC 12. For
each additional on-chip bypass capacitor, an additional
pair of appropriately spaced-apart Vy, and Vg traces will
be provided, with additional pairs of suitably spaced-
apart conductive elements and element pads.

Such a multiple on-chip capacitor configuration is shown
in Figure 3, wherein on-chip bypass capacitors 74, 74°'
are used with a two metallization layer IC 12. In Figure
3, assume that the Vp-carrying metal traces are metal 2
trace 22' and metal 2 trace 22", and that the Vgs~carrying
metal traces are metal 1 trace 20' and metal 2 trace 20%.
The relevant spaced-apart metal trace pairs are thus
traces 22' and 20', which are spaced apart a distance AX,
and traces 22" and 20", which are spaced apart a distance
AX'. In Figure 3, capacitor 74' is shown as being small-
er in lateral dimension than capacitor 74, with the re-
sult that distance AX' is smaller than distance AX. Of
course if both capacitors were similarly sized, then both
pairs of metal traces could be spaced-apart a like dis-
tance.

The column-shaped openings, columnar-conductive elements
66, 68, 66', 68', and element pads 70, 72, 70', 72' may
be formed using any of the techniques described earlier,
after which capacitors 74, 74' are mounted and electri-
cally connected to the relevant element pads.

This Sheet Has Been Rerlaced
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Modifications and variations may be made to the disclosed
embodiments without departing from the subject and spirit
of the invention as defined by the following claims.
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WHAT IS CLAIMED IS:

1. In an integrated circuit including a Vmp peripheral pad
and a Vg peripheral pad and at least one level of conductive
traces, a method of directly attaching a capacitbr on saiad
integrated circuit to bypass noise between a trace carrying Vs
and a trace carrying Vp,, the method comprising the following
steps: |

(a) forming a first trace coupleable to said Vp pad, and
forming a second trace, not necessarily on a common metallization
layer as said first trace, coupleable to said Vg pad; |

at least a portion of said first trace and at least a
portion of said second trace being spaced-apart a lateral dis-
tance AX corresponding to a lateral distance between first and
second connecting pads on said capacitor;

(b) forming a first column-shaped opening and a second
column-shaped opening that is spaced-apart said distance AX from
said first column-shaped opening;

said first column-shaped opening extending from an upper
surface of said intégrated circuit downward to at least expose an
‘upper surface regioh of said first trace, and said second opening
extending from an upper surface of said integrated circuit
downward to at least expose an upper surface region of said
second_trace;

- {(¢) converting the first and second column-shaped openings
into first and second columnar electrically conductive elements;
and

(d) mounting said capacitor on said integrated circuit and
electricaily coupling said first and second connecting pads to an
uppermost region of said first and second columnar electrically
conductive elements.

2. The method of claim 1, wherein step (b) and step (c)
may be performed after said integrated circuit has been fabri-
cated. '

3. The method of claim 1, wherein step (c) includes at
least one procedure selected from the group consisting of (i)
/N

AR O Y “ ] , nmsﬁifeltlﬁllﬁﬂl i {m »



THIS SHEET HAS BEEN
i ‘BEMLACED

depositing metal along at least an inner surface of each column-
shaped opening, (ii) depositing platinum within each column-
shaped opening using a focussed ion beam, (iii) depositing
tungsten within each column-shaped opening using a focussed ion
beam, (iv) depositing a cohductive-layer along at least an inner
surface of each column-shaped opening using sputtering, (v)
£illing each column-shaped opening with a metal, and (vi) filling
each column-shaped opening with polysilicon that is doped.

4. The method of claim 1, wherein:

step (¢) includes an further step of forming first and
second conductive element pads at a respective upper surface of
said first and second columnar electrically conductive elements;
and

step (d) includes bonding with a conductive material said
first and second connecting pads of said capacitor to said first
and second conductive element pads.

5. The method of claim 1,'wherein said integrated circuit
includes N capacitors, and wherein:

step (a), step (b), step (c) produce N pairs of columnar
electrically conductive elements, each of said N pairs being
associated with a said capacitor and being spaced-apart a lateral
distance corresponding to a lateral dlstance separating connect-
1ng pads for a said capacitor; and

step (d) is performed N times to mount and electrically
couple each of said N capacitors to one of said N pairs of
columnar electrically conductive electrodes.

6. For use with a fabricated integrated circuit including
a Vpp pad and a Vg pad and at least one level of conductive trac-
es and including a first trace coupled to said Vy, pad and in-
cluding a second trace, not necessarily at a same metallization
layer as said first trace, coupled to said Vﬁ_pad,'a method of
mounting a capacitor on said integrated circuit to bypass noise

between traces carrying Vg and Vp;, the method comprising the
following steps: ’
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(a) locating a region of said first trace and a region of
said second trace underlying a portion of said integrated circuit
whereat first and second connecting pads of said capacitor are to
be located, each said region being spaced apart laterally a
distance AX corresponding to a lateral distance separating said
first and second connecting pads; |

(b) forming a first column-shaped opening and a second
column-shaped opening spaced-apart said distance AX from said
first column-shaped opening;

said first column-shaped opening extendlng from an upper
surface of said integrated circuit downward to at least expose an
upper surface of said region of said first trace, and said second
opening extending from an upper surface of said integrated
circuit downward to at least eipose an upper surface region of
said second trace;

(c) converting the first and second column—shaped openings
into first and second columnar electrically conductive elements:;
and ' B

(d) mounting said cépaéitor on an upper surface of said
integrated circuit and electrically coupling said first and
second connecting pads to an uppermost region of said first and
second columnar electrically conductive elements.

7. The method of step 6, wherein step (¢) includes at
least one procedure selected from the group consisting of (i)
depositing metal along at least an inner surface of each said
column-shaped opening, (ii) depositing platinum within each said
column-shaped opening using a focussed ion beam, (iii) depositing
tungsten within each said column-shaped opening using a focussed
ion beam, (iv) depositing a conductive layer along at least an
inner surface of each said column-shaped opening using sputter-
ing, (v) filling each said column-shaped opening with a metal,
and (vi) filling each said column-shaped opening with polysilicon
that is doped. L

8. The method of claiﬁ 6, wherein:

_;ﬂ__ﬁ__b_________ﬁ
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step (c) includes a further step of using a focussed ion
beam to form first and second conductive element pads at respec-
tive upper surfaces of said first and second columnar electrical-
ly conductive elements; and

step (d) includes attaching said first and second connecting
pads of said capacitor to said first and second conductive |
element pads using a material selected from the group consisting
of (i) electrically conductive adhesive, and (ii) conductive bond
material.

9. The method of claim 8, wherein said integrated circuit
1nc1udes N capacitors, and whereln.

step (a), step (b), step (c) are performed produce N pairs
of columnar electrically conductive elements, each of said N
pairs being associated with a said capacitor and being'spaced-
apart a lateral distance corresponding to a lateral distance
separating connecting pads for the said associated capacitor; and

step (d) is performed N times to mount and electrically
couple each of said N capacitors to one of said N pairs of
columnar electrically conductive electrodes.

10. An integrated circuit including a Vpp pad and a Vg pad
and at least one level of conductive traces including a first
trace coupled to said Vp pad and including a second trace, not
necessarily at a common metallization level as said first trace,
coupled to said Vg pad, and further including at least one
bypass capacitor mounted at an uppermost surface of said inte-~
grated circuit, the integrated circuit including:

a first columnar electrically conductive element having a
first end in electrical contact with at least a portion of said
first trace and having a second second end extending upward to at
least an uppermost surface of said integrated circuit;

a second columnar electrically conductive element having a
first end in electrical contact with at least a portion of said
second trace and having a second end extending upward to atlleast
said uppermost surface of said integrated circuit;
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said second columnar electrically conductive element being
spaced-apart laterally from said first columnar conductive
element by a distance AX corresponding to a lateral distance

between first and second connecting pads on said capacitor;
and . ' |

said capacitor having first and second connecting pads
spaced-apart laterally said distance AX, and being mounted on
said uppermost surface of said integrated circuit such that said
first columnar electrically conductive element and said second
~columnar electrically conductive element are respectively in
electrical contact with said first and second connecting pads on
said capacitor.

1$. The integrated circuit of claim 16, wherein said bypass
capacitor has at least one characteristic selected from the group
consisting of (i) a capacitance ranging from about 1 nF to 100
nF, and (ii) a transverse dimension ranging from about 1.3 mm to
about 2.6 mm.
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'METHOD FOR DIRECT ATTACHMENT OF AN ON-CHIP
BYPASS CAPACITOR IN AN INTEGRATED CIRCUIT

BS F SCLOS

Switching noise at integrated circuit Vy, and Vg metal
traces is reduced by minimizing lead inductance in on-
chip bypass capacitors. For each on-chip bypass capaci-
tor, a pair of Vp-carrying and Vg~carrying metal traces
is formed, these traces having regions spaced-apart lat-
erally a distance AX corresponding to lateral separation
of the bypass capacitor connecting pads. For each bypass
capacitor, column-shaped openings, spaced-apart distance
AX, are formed through the passivation and inter-metal
oxide layers, as needed. These openings expose and ac-
cess regions of the pair of spaced-apatt metal traces
carrying Vg and Vpp. These openings, which may be formed
after the IC has been fabricated, preferably are formed
using focussed ion beam technology ("FIB"). Alternative-
ly, these openings may be formed using masking and etch-
ing steps. The column-shaped openings are then made into
conductive columnar elements, preferably using FIB depo-
sition of tungsten or platinum. Conductive element pads
are formed atop the conductive columnar elements at the
outer surface of the IC passivation layer. The bypass
capacitors are then attached to the IC, and the capacitor
connecting pads are electrically connected to the respec-
tive conductive element pads using conductive epoxy or
other conductive bond material. This direct attachment
of the on-chip bypass capacitors reduces effective capac-
itance lead inductance and improves attenuation of on-
chip switching noise.
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METHOD FOR DIRECT ATTACHMENT OF AN ON-CHIP
BYPASS CAPACITOR IN AN INTEGRATED CIRCUIT
" FIELD OF THE INVENTION

This invention relates to reducing switching nOise w1th1n

ghintegrated circuits, and more particularly to methods for |

prov1d1ng inteqrated circuits with bypass capacitors to
improve on-chip power supply bypass1ng and reduce sw1tch—

-ing noise.

BACKGROUND OF THE INVENTION

-Integrated c1rcu1ts ("ICs“) are fabricated layer-by-layer'

on a semiconductor substrate, ‘with bond wires coupling

| Vss, Vm, and 1nput/output sxgnals between pads on the .
_upper surface of the substrate and the IC package. Gen-
"erally there will be many Vss and Vpp pads on the periphery

of the IC. For example,_an IC hav1ng 300 pin-outs may
have 100 peripheral bonding pads dedicated to Vg and/or
Vo Bond wires couple these peripheral pads to on-chip :
Vss~ and Vo power rails. ' '

With reference to Figure 1, using techniques well known
- in the art of semiconductor fabrication, metal-oxide-

semiconductor ("MOS") . trans1stors, bipolar trans1stors,_
diodes and other devices 10 are fabricated and combined

to form an IC, shown generically as 12, on a substrate

14. Typically, portions of some of the ‘devices and some

"1nterconneot1ons are frequently formed u51ng one more
g'levels of polysalicon. For example, in Figure 1, a MOs

trans1stor gate electrode 16, and a re51stor 18 are de-
picted as being fabricated from a first layer of poly-
silicon. - '

'Other 1nterconnections to Ic 12 may be made us1ng overly-;
--1ng levels of metallization, for example metal 1 layer .

-trace 20, metal 2 layer trace 22 and perhaps metal 3

.layer trace 24. For an IC with three layers of metal-.
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1lzatlon, varlous metal 1 layer traces usually are'cou-:

‘pled to the upper power supply Voo, the metal 2 layer
,:traces carry 51gnals, and varlous metal 3 layer traces

are coupled to the lower power supply Vss (usually _
ground) For an Ic ‘with only two layers of

'_metalllzatlon, varlous metal 1 layer traces are typlcally
'coupled to Vss, while some metal 2 layer traces will carry

Vop and others. w111 carry sxgnals.? These generallzatlonS'
are not absolute, however, and Vpp and/or V$ traces_may be
formed at’ any level of metalllzatlon in an IC, including

‘a. common level of metalllzatlon.

As shown 1n Flgure 1, an 1nter-1evel dielectric isolation

("ILD“) 1ayer 26 is formed between the metal 1 layer 20
‘and the uppermost polyslllcon layer, here comprlslng
‘segments 16 and 18. The ILD layer 26 typlcally lncludes

boron phosphorus silicate glass ("BPSG") and 1nsulates

'_the poly5111con layer segments from metal 1 segments.

Inter-metal ox1de (“IMO“) layers 28, 30 are formed be-'
“tween adjacent levels of metalllzatlon._ To help smooth
'out the otherwise bumpy topology, the IMO layers typl-
.cally 1nc1ude spun-on—glass ("soG"), whlch is applled in

liquid form.

A relatively hard, outermost passzvatlon layer 32 pro-'
-'tects the underlying layers compris1ng the IC. Typlcal-
1y, passlvation layer 32 1ncludes 5111con n1tr1de and is
. . formed using plasma enhanced chemlcal vapor deposltlon
‘30 o '

techniques.;

Electrical connectlons between the varlous metallizatlon_

'=1ayers 20, 22,'and (if present) 24 and regions of Ic 12

. are made using conductlve v1as, e.g., 34, 36, which v1asl
“are depicted as termlnatlng at bond pads 38, 40. It is
»understood that there w1ll be many Vﬁ traces, all of '
: whlch w111 be electrlcally coupled together and to Vﬁ
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:.through one’ or more peripheral Vss bonding pads and bond
wires. Similarly, there will be many Vp traces, all of

which will be electrically coupled together and to VBD
through one or more peripheral Vm bonding pads and bond

wires.

For ease of comprehenSion, Figure 1 shows bond wires 42,
44 respectively connecting Vss and Vm to pads 38 and 40. N
and (in this example) to Vx trace 24 and Vop. trace 20."In

_ practice, however, bond w1res 42 and 44 will be connected
'to peripheral bond pads, whereas pads 38 and 40 may be

formed other than on the periphery of IC 12. Further,'
Figure 1 does not show other vias that may be used to

,"couple s1gnals from various metal traces to the surface
‘of the passivation layer 32, wherefrom the s1gnals may be
- coupled elsewhere. '

Thus, in the three metal layer'embodiment of Figure i,'it

is understood that various of the metal 1 level traces _
_typically will be coupled to Vm, and that various of the
metal 3 level traces typically will be coupled to Vese

When Ic 12 is actually used, power supplies provzding Vﬁ

~ and Vm,w1ll be coupled to connector pins (not shown) on

25
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the package encapsulating IC 12.' COnnections from these
pins are made w1th bond w1res 42, 44 to peripheral Vss and
Vm bonding pads and power rails on IC 12. '

Those skilled in the art of c1rcu1t de51gn will appreCL-

‘ate that reliakle IC operation dictates that the Vss and

Voo voltage levels seen by IC 12 be as noxse-free as""

t poss1ble. By n01se-free it is meant that 1deally the Vﬁ

and.\mn signals on the IC traces are pure DC, with no Ac

_ transient components.

pUnfortunately, AC switching noise components are general-'

ly present. These noise components can arise from 1mper-'
fect sw1tch1ng of complementary MOS inverters, whereln

Thi S e o — - ! :- lREPLACEN-?El\:-T.SII-Il. | _.
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pull-up and pull-down transistors are 51multaneously on
during output state transitions. Further, unav01dable
inductance (L) effectively in series Wlth IC bond wire .
leads, e.q., leads 42, 44 can produce ground bounce.

Ground bounce can produce current'Slewrate (L dizdt)

changes in voltages coupled to Ic 12, 1nc1ud1ng Vss and
Vop e Crosstalk between adjacent s1gna1 traces can also
couple sw1tching_noise to traces carrying Vs or Vw-"

It is known to reduce sw1tch1ng noise by prov1d1ng a

bypass capa01tor 50 at the surface of ‘an IC, coupled
between IC pads carrying Vs and Vm. -Several techniques_
for providing on-chip bypass1ng are described in the _f

'reference The c105e Attached Capacitor' A Solution to

Sw1tch1ng Nolse Problems by S. H. Hasheml, et al. 0148—
6411/92 p. 1056- 1063 (1992) '

Bypass capacitor'sb is'frequently in the 1 nF to 100 nF |
range, and may occupy an area of perhaps 0.050" by 0.1"
(1 3 mm by 2.6 mm). Typically, bond Wires 52, 54 couple

. capacitor 50 to IC bonding pads, e.g., 38, 40._ Unfortu- -

nately, these capacitor bond wires have an excess1vely

_ large effective series inductance of perhaps 2-5 nH.

“Thus, the effectivenesSIOf the'prass capacitor is'des_

graded by the series inductance_contributed by the capacf
itor'bond wires. As a result, excesSive switching noise

'can'remain on the_Vw.and/or Vss IC traces. -

In short, there 1s a need for a more effective method of
prov1d1ng on-chip capacitor bypassing to reduce sw1tch1ng

- noise within an integrated circuit. Preferably such

method’ should be implemented us;ng standard IC fabrica-

- tion processes. .

-The'present invention provides such a method.
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sul Y OF DRE ENT INVENTIO

a8w1tch1ng noise appearing at 1ntegrated c1rcu1t Vm,and Vﬁl
‘metal traces 1s reduced by minimizing 1ead inductance

associated with on-chip bypass capacitors. For each on-

. chip bypass capacitor a pair of metal traces coupled to

Vpp and to Vg for the IC are formed. These traces are
spaced—apart 1aterally a distance corresponding to the

-1atera1 separation of connecting pads on the bypass ca-

pacitor.

Column-shaped openings must be formed through the IC to

:fgain access to the pair of spaced-apart metal traces -
. coupled to Vo and V$. These column—shaped openings are
 formed through the passivation and inter-metal oxide

layers of the completed IC, as needed. On a prototype or
small production run ba51s, the column—shaped openings

-are formed using focussed 1on beam technology ("FIB“)
3 However, FIB is a slow process and on a large production

run basis, the column—shaped openings preferably are
formed using a masking layer (that is later removed) and
etching, for example reactive ion etching. '

' Regardless of how the column-shaped openings are formed,
“the openings are next converted 1nto column-shaped elec—
_'trically conductive elements. These columnar conductive
_ elements preferably are formed using FIB depos1tion of

platinum or tungsten. Alternatively, the openings may be

converted into conductive elements ‘using sputtering, or
lby filling the openings ‘with deposition of silver, alumi-

num, ‘or doped polys1licon. cOnductive element pads are
formed atop the column-shaped conductors, e.g., atop the
upper surface of the outermost pa551vation layer, prefer-

iably u51ng FIB,

A bypass capacitor is then_mounted:at the upper surface

" of the IC. The capacitorfsjconnecting'pads-are electri

. RF;’P{_A,—;&D L-EN
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'cally and mechanically coupled to ‘the respective conduc-

tive element pads, using conductive adhesive or other

| - conductive bonding. In this manner, the . on-chip bypass
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‘capacitor is directly coupled to the metal traces carry-

ing V5 and Vss, - w1th substantial reduction in effective

'i-capac1tance lead 1nductance. The net result is better
‘attenuation of on-chlp switching noise than if prior art

techniques for mounting an on-chip bypass capacitor were

used.

Other features and advantages of the 1nvention will ap-"
_pear from the follow1ng description in which the pre- .

‘ferred embodlments have been set forth in detail in
conjunction w1th ‘the accompanying draw1ngs._

RIEF DES TON OF THE D ING

'.FIGURE 1l1is a cross-sectional view of a three metal layer
integrated circuit with an on—chip bypass capacitor,
paccording to the prior art-' o

' FIGURE 2A'iS'a cross-sectional view of a three metal

layer integrated circuit depicting formation of column-
shaped openings to access metal traces carrying VS and
Vb, according to the present inventxon*

FIGURE 2B is a cross-sectional view of the 1ntegrated
circuit of Figure 2A, depicting the column-shaped open-
1ngs filled with conductive material to form conductlve
columnar elements hav1ng conductive element pads to which

an on-chip bypass capac1tor is. attached according to the
| present invention; and '

FIGUﬁE-ﬁ is a cross-sectional view of a two metal layer

--inteqrated circuit, depicting'attachment of two on-chip

bypass capaCitors to conductive element pads coupled to

‘metal traces carrying Vm and Vﬁ, according to the present

1nvention.
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. Figure 2A depicts an integrated circuit 12 Similar to
what was: described Wlth respect to Figure 1, wherein

three layers of metal traces 20', 22, and 24' are shown.
Reference nunbers common to Figure 1, Figure 2A and the
other figures ‘herein depict Similar elements,_e g., 1ayer
26 is a layer of inter-level dielectric material. Fur-'

,ther, Figure 24, like the other figures herein, is not -

drawn to_scale.

'In Figure 24, various metal 1 level traces are understood '

to be coupled to at 1east one peripheral Vmpp pad on Ic 12,
and various ‘metal 3 level traces are understood to be -
oupled to at least one peripheral Vgs pad on IC 12.

.Thus, ‘bond Wires 42 and 44 respectively couple at least.

one peripheral Vss pad and at least one peripheral Vw pad

~to the Vs traces, including trace 24", , and to the Vm, _

traces, including trace 20'.

' Bond wires 42 and 44 are shown in phanton'to depict thati

they need not be located directly above traces 24' and

20", or be directly connected to these traces. It suf-

fices that traces 20' and 24' are coupled to peripheral

Vpp and Vﬁ pads, and such coupling can result from these
‘traces being coupled to other traces. that are connected

to such pads. Although Figure 2A depicts a. Vm-carrying
trace at the metal 1 1evel, and a Vﬁ-carrying trace at .
the metal 3 level, it is understood that these traces (as .

" well as signal-carrying traces) could be formed on other

levels, or even on the same metallization level.

. In forming Ic 12, a portion of at least one Vm trace and

a portion of at least one Vﬁ trace, e. g., traces coupled

: respectively to a peripheral Voo pad and to a peripheral

Vss pad, are spaced—apart laterally a distance AX. The'_'

%EPLACEMEN1°»
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distance AX corresponds to the separation between an on-

. chip capacitor's connectinglpads. (This'spatial rela-
_tlonshlp will be described more fully with reference to

Figure 2B.) In Flgure 2A, these two spaced-apart trace

'portlons are 20' and 24, which traces happen to be lo-
" cated at dlfferent levels, namely metal 1 and metal 3.

As will now be descrlbed these spaced-apart Vpp and Vss
carrying traces 20' 24! must be accessed to facilitate
d;rect_electrlcal coupling.to.the on-chip bypass capaci- .1;

tor that will be mounted"on'the passivation layer 32.

. Access to the spaced-apart traces may be gained after IC
-’12 has been fully fabrlcated, and can even occur post- :

packaglng._ If IC packaglng has occurred the typlcally
ceramic IC package may be heated and the upper package

rcap unsoldered and temporarlly removed, prov1d1ng access

to IC 12, as shown in Flgure 2A. (The upper package cap

'may be reattached by resolderlng, after attachment of the-

n—chlp bypass capacltor(s) )

Figure 2A depicts column—shaped openlngs 62, 64, spaced—__'

i,apart a distance AX, extendlng from at least the upper o

surfaces of laterally spaced-apart Vop and Vss carrylng
traces 20', 24', to the upper surface of the ‘upper

- passivation layer.32. _The_openlngs tend to have a some-
‘what rectangular cross—sectional area, ranging from per-

haps 1 um® to about 20 pm?, although other dimensions may

' be used. The vertical length of columns 62, 64 depends
upon the metallization levels at which the spaced-apart
.Vm-carrylng and Va-carrylng traces are formed, and upon

- the thlcknesses of the pass1vatlon and any inter-metal
':ox1de layers 32, 30 28. Generally the vertlcal length

of the columns will be in the mlcrometer range.

On a prototype or small productlon run basls, column—

shaped openings 62 and 64 preferably are formed u51ng
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' focussed ion beam ("FIB“) technology, depicted generally
in Figure 2A as arrows or beams 60. The vertical ~depths

of these openings must be sufficient’ to reach at least

-_the upper surface of the spaced—apart target Vw and Vg

traces, here 20 and 24'. Thus, in Figure 2A, the col-

" umn-shaped openings 62, 64 are FIB-drilled through the

pass1vation,layer 32“and, in the case of opening 64,

‘through inter-metal oxide layers 30 and 28.

Howeyer, FIB-drilling'openings'Gz and 64 is'time-consumé
1ng, especially if multiple pairs of such openings are to N
be formed for multiple on-chip capacitors. FIB-drilling

- forms each opening, one at a time, w1th a back-and-forth

milling type operation.‘ However, FIB-drilling openings
62 and 64 is very useful on a prototype baSis because the'
precise location of the on-chip bypass capac1tor(s) may

.not be known until prototype fabrication and testing has

been completed.

once it'is known'where the'on-chip bypass capacitor(s)
will be 1ocated, the column—shaped openings 62 and 64 may'
more rapidly be formed u51ng masks and etching in large
scale production runs.' For example, a masking layer 69
(shown in phantom) may be formed atop pas51vation layer

32, Etching, for example reactive ion etching, (shown

generically as arrows 60) then occurs through openings

‘defined in the mask, forming the spaced-apart column-'

' shaped openings 62 and 64. Mask 69 can define a plurali—
~ty of mask openings through which' etching occurs.' In

'.this fashion, access may be- simultaneously prov1ded to a o

plurality of desired spaced-apart traces (e g.., for use

' w1th multiple on-=chip capacitors), as well as to. regions

of Ic 12 unrelated to the present 1nvention, as needed.'

Reference is now made to Figure 2B. Regardless of how
"they were formed the column—shaped openings 62, 64 must
‘be made electrically conductive to form v1a-11ke columnar
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_10
electrically conductive elements 66 and 68. Preferably'
FIB is used to deposit platinum or tungsten ‘within the
openings 62, 64 to form elements 66 and 68. Alternative-

_ly, openings 62 and 64 may be made conductive uSing blan-

ket sputtering and etch-back, or deposition filling With
aluminum or Silver, or deposition filling With doped

_polys111con to form elements 66 and 68. These various

techniques are known in the art, and for that reason

details will not be presented herein.

At this juncture, the Via-like conductive columnar ele-

: ments 66, 68 are spaced-apart a lateral distance AX and

are in electrical communication with spaced-apart Vop—
carrying andlvﬁ-carrying metal traces 20', 241,

pads 70, 72 are also formed in electrical communication
with the conductive elements 66, 68. When formed these

"element pads will be used to make electrical connection
.to the on-chip bypass capaCitor. These pads preferably
- are formed uSing FIB deposition of platinum or tungsten,

although other known techniques could be used instead,
including sputtering and etch-back. If masking layer 69
was formed, it may now be_removed,

 For ease of illustration,-Figure-ZB.shows a single metal '

1 Vpp trace 20" and a single metal 2 Vg trace 24', al-
though in practice many'Vmecoupled and Vgs-coupled traces

‘may be present As noted,'bond wires 42 and 44 (shown in

phantom) are connected to peripheral Vss and Vm pads,
respectively, which" peripheral pads are Via-coupled to Vﬁ
and Vw traces. Because pads 70 and 72 will generally be
formed interior to the Ic periphery, the bond wires 42

and 44 usually Wlll not be—connected directly to these '

pads. Nonetheless, pads 70 and 72 will be electrically _
coupled to Vs pads and Vm pads through conductive ele-

-ments 66 and 68, through traces 24' and 20' and other
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traces (not shown) that are v1a-connected to peripheral
Vss and V,,D bond pads, respectively.

In Figure 2B, a bypass capacitor 74 having capacitor
connecting pads 76 is electrically coupled to pads 70,

,72., This coupling preferably is achieved w1th conductive

adhesive (e g., conductive- epoxy) or other conductive o
bonding. Alternative techniques for ach1ev1ng an elec—

htrical connection between the capacitor pads 76 and the.

Ic conductive element pads 70, 72 may of course be used.

_ Applicants point.out that in practice if soldering is

used to achieve'the electrical connection, it will be
dlfficult to attach solderable pads 70, 72 to elements 66

_and 68, espc1ally if these elements have been formed from_:'
'doped polys111con. ' ' '

- For purposes of enhancing mechanical stabillty,'addition-
“al adhe51ve or other mountlng means may be used to fur-

ther secure capacitor 74 to the surface of Ic 12.

-

As shown in Figure_ZB,'on-chip_capacitor'74yis in direct

' and'preferably'low impedance electrical communicatiOn

with the spaced-apart Vop and Vgs traces 20' and 24! , and
effectively bypasses Vy to Vg for IC 12. Capacitor 74
makes direct electrical connection to conductive elements
66, 68 without'using bond'ﬁires such as wires 52, 54

-(shown in Figure 1). This'mounting reduoes'the effective

inductance between capacitor 74 and conductive elements'

66, 68 by about 50% or more, relative to the typically 2=

5 nH inductance present in the prior art configuration of
Figure 1. aAs a result, sw1tch1ng noise within the IC. is
more effectively ‘bypassed, relative to the performance of

: '.the prior art configuration of Figure 1.

. 38

N
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Bypass capac1tor 74 1s typically in the 1 nF to 100 nF
range, and may occupy an area of perhaps 0. 050“ by 0 in -
(1. 3 mm by 2.6 mm), although ‘other sized capac1tors may
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be used;' A planar View:of FignreIZB'would_shOW a sub- -

- stantial portion of the IC 12 surface area covered by one

or more'bypass capacitors 74. The lateral distance AX
separating at least portlons of the Vm and Vg trace palr_'
(here 20!, 24 ) colncldes with the lateral dlmen51on of

_ capacitor:74._ n—chlp capacltors such as capac1tor 74

are commerclally avallable, for example from AVX, Inc.

It w111 be appreclated that more than one on-chlp capac1- -

tor 74 may be used to prov1de bypa551ng for IC 12. For

VIeach addltlonal on-chlp bypass capacltor, an add1t10nal

pair of appropriately spaced-apart Vpp and Vﬁ traces w111

‘be prov1ded, with addltlonal palrs of sultably spaced-

apart conductlve elements ‘and element pads.

.Such a multiple'on-chip'capacitor COnfiguration'is shown

in Flgure 3, whereln on-chlp bypass capac1tors 74, 74!

-are used with a two metalllzation layer IC 12. 1In Figure

3, assume that the Vm-carrylng metal traces are metal 2
trace 22°' ‘and metal 2 trace 22", and that the Vs-carrylmg

'metal traces are metal 1 trace 20' and metal 2 trace 20",
-The relevant spaced-apart ‘metal trace palrs are thus
traces 22' and 20'; which are spaced apart a dlstance Ax;
‘and traces 22" and 20", which are spaced apart apdistance
" AX'. 1In Figure 3, capacitor 74' is shown as being small-

er in lateral dimension than capacitor'74,'ﬁith the re-
sult that distance AX' is smaller than distance AX. Of

course 'if both capacltors were s1milarly s1zed then both__

pairs of metal traces could be spaced-apart a like dis-

tance.

The column-shaped'openings, columnar-conductive elements

66, 68, 66', 68', and element pads 70, 72, 70', 72' may

'be formed using any of the technlques described earller,
‘after which capacitors 74, 74' are mounted and electri- -

cally connected to the relevant element pads._
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Modlflcatlons and varlatlons may be made to the dJ.sclosed
embodlments w:l.thout departing from the subject and sp1r1t
of the J.nventlon as defined by the follow:l.ng clalms.
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1. . In an integrated circuit including a Vw peripheral pad
-and a Vg peripheral pad and at least one level of conductive
traces, a method of directly attaching a capacitor on said
.integrated circuit to bypass noise between a trace carrying Vs
and a trace carrying Vm, ‘the method compriSing the folloWing
steps' ' : : . ' :
{(a) forming a first trace coupleahle to said Voo pad, and
forming a second trace, not necessarily on a common metallization

: 1ayer as said first trace, coupleable to said Vss pad; '

_ at least a portion of said first trace and at least a _

' portion of said second trace being spaced-apart a lateral dis-
tance AX corresponding to a lateral distance between first and
second connecting pads on said capacitor;

(b) forming a first column—shaped opening and a second
column-shaped opening that is spaced-apart said distance AX from
said first column-shaped opening;

said first column-shaped opening extending from an upper
surface of said integrated circuit downward to at least expose an
ﬂupper surface region of said first trace, and said second opening
.extending from an upper surface of said integrated circuit
_downward to at least expose an upper surface region of said |
second trace; . ' ' _

{c) converting the first and second column-shaped openings
'into;first_and_second columnar electrically conductive elements,
and o '

' ' (4) mounting said capacitor on said integrated circuit and'

: electrically coupling said first and second connecting pads to an -
| uppermost region of said first and second columnar electrically

~ .conductive elements. ' : S :

| 2. The method of claim 1, wherein step (b) and step (c)
.may be performed after said integrated circuit has been fabri-
cated. - ' '

'_3.' The method of claim 1, wherein step {c) includes at
least one. procedure selected from the group consisting of (i)
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depositing metal along at 1east an inner surface of each column-'
shaped opening, (ii) depositing platinum within each ‘column-
shaped opening using a focussed ion beam, (iii) depOSiting

- tungsten within each column-shaped opening using a focussed ion_:

bean, (iv) depositing a conductive layer along at least an inner
surface of each column-shaped opening using sputtering, (v)
filling each column-shaped opening With a metal, and (vi) filling
each column-shaped opening with polysilicon that is doped.

4. The method of claim 1, ‘wherein:
' step (c) includes an further step of forming first and
second conductive element pads at a respective upper surface. of
: saiad first and second columnar electrically conductive elements.
 and : .
o step (4a) includes bonding with a conductive material said
. first and second connecting pads of said capacitor to said first
and second conductive element pads.

- 5. The method of claim 1, wherein said integrated circuith'

includes N capacitors. and wherein: . _ o
step (a), step (b), step (c) produce N pairs of columnar

lectrically conductive elements, each of said N pairs being
_ associated with a said capacitor and being spaced-apart a lateral
distance corresponding to a lateral distance separating connect-'
‘ing pads for a said capacitor. and

. step (d) is performed N times to mount and electrically
couple each of said N capacitors to one of said N pairs of
_columnar electrically conductive electrodes.

6. For'use'ﬁith a fabricated integrated circuit'including
a Vﬁ,pad and a Vg pad and at least one 1eve1 of conductive trac-
" es and including a first trace coupled to said Vm pad and in-
- cluding a second trace, not necessarily at a same metallization
'llayer as. said first trace, coupled to said Vﬁ pad, a method of
mounting a capacitor on said integrated circuit to bypass noise' r
" between traces carrying Va and Vm, the method " compriSing ‘the o
| fOllOWlng steps° ' '
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(a) locating a region of said first trace and a region of
said second trace underlying a portion of said integrated circuit
whereat first and second connecting pads of said capacitor are to
be located, each said region being spaced apart laterally a
_distance AX corresponding to a lateral distance separating said
first and second connecting pads, o

- (B) forming a first column-shaped opening and a second
'column-shaped opening spaced-apart said distance AX from said
_first column-shaped opening, o

said first column-shaped opening extending from an upper

. surface. of said integrated circuit downward to at least expose an

upper surface of said region of said first trace, and said second
opening extending fronm an upper surface of said integrated
- eircuit downward to at 1east expose an upper surface region of
'said second trace. o o

(c) converting the first and second column-shaped openings
into first and second columnar electrically conductive elements,
and o _ :
(4). mounting said capacitor on an upper surface of said
integrated circuit and electrically coupling said first and
~ second connecting pads to an uppermost. region of said first and
second columnar electrically conductive elements. '

7. The method of step 6, wherein step {c) includes at
least one procedure selected from the group ‘consisting of (i)
depositing metal along at 1east an inner surface of each said
~ column-shaped opening, (ii) depositing platinum within each said |

column-shaped opening using a focussed ion beam, (iii) depositing
ttungsten within each said column-shaped opening using a focussed
ion beam, (iv) depositing a conductive layer along at least an
inner surface of each said column-shaped opening uSing sputter-
.ing, (v) filling each said column-shaped opening with a metal,
-and (vi) filling ‘each said column-shaped opening with polys111con
that is doped.

'8. The method of claim 6, wherein:

* c L. M S *
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- . step (c) includes a further step of using a focussed ion
'beam to form first and second conductive element pads at respec-
'tive upper surfaces of said first and second columnar electrical-
'ly conductive elements; and ' o :

_ step (d) includes attaching said first and second connectinq.
pads of said capacitor to said first and second conductive :
__element pads using a material selected from the group consisting i
of (i) electrically conductive adhesive, and (ii) conductive bond
: material.' ' : '

9. : The method of claim 8, wherein said integrated circuit

includes N. capacitors, ‘and wherein- ' o
step (a), step (b), step (c) are performed produce N pairs

of columnar electrically conductive elements, each of said N
 pairs being associated with a said capacitor and being spaced-
'apart a lateral distance corresponding to a lateral distance
: separating connecting pads for the said associated capac1tor, and

- step (4) is performed N times to mount and electrically
couple each of said N capacitors to one of said N pairs of
'.columnar electrically conductive electrodes.

10. an integrated circuit including a Vpp pad and a Vsg pad
and at least one level of conductive traces including a first
trace coupled to said ¥y pad and including a second trace, ‘not
: necessarily at a common metallization level as said first trace,
-coupled to said Vg pad, and further including at least one
bypass capacitor mounted at an uppermost surface of said inte-~
grated circuit, the integrated circuit including:

a first columnar electrically conductive element haVing a
first end in electrical contact Wlth at least a portion of said
_“first trace and having a second second ‘end extending uypward to at
.'least an uppermost surface of said integrated circuit; '

a second columnar electrically conductive element haVing a
first end in electrical contact with at least a portion of said
second trace and. haVing a second end extending ‘upward to at least :
_said uppermost surface of said integrated: circuit.
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o said second columnar electrically conductive element heing
spaced-apart laterally from said first columnar conductive ’
element by a distance AX corresponding to a lateral distance’
‘between first and seccnd connecting pads on said capacitor.
and | ' :

__' ' said capacitor having first and second connecting pads
gspaced-apart laterally said distance Ax, and being mounted on
‘said uppermost surface of said integrated circuit such that said
first columnar electrically conductive element and said second
'columnar electrically conductive element are respectlvely in i
electrical contact w1th said first.and second connecting pads on
said capacitor. ' o ' ' '

11. The integrated circuit of clainm 16, wherein said bypass
capacitor has at least one characteristic selected from the group
conSisting of (i) a capacitance ranging from about 1 nF to 100 '
‘nF, and (1i) a transverse dimen31on ranging from about 1.3 mm to
about 2.6 mm. ' : '
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METHOD FOR DIRECT ATTACHNENT OF AN ON-CHIP
BYPASS CAPACITOR IN AN INTEGRATED CIRCUIY

 Switching noisae at 1ntggrated circuit Vpp and Vgg mgtal traces is
reduced by minimizing lead inductance in on-chip bypass capaci=-
tors. Por each on-chip bypass capacitor, a pair of Vpp-carrying
-and Vgg-carrying metal traces is formed having spaced-apart
regions to which' bypass capacitor connectlng pads may bs at- -
tached. For each bypass capacitor, spaced-apart column-shaped
openings are formed through passivation and inter-metal oxide '
layers, as needed to expose and access regions Vgg and Vpp
_,carrying regions of the spaced-apart traces. These openings are
- formed inte conductive columnar oidnents,'pretcrahly using FIs |
deposition of tungsten or platinum. Conductive element pads are

 formed atop these elemants at the IC passivation outer layer, to

which bypass capacitor connectinq pads are electrically connect-
ed, o - . . . .

No figure suggested
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lization, various metal 1 layer traces usually are cou-
pled to the upper power supply Vpp, the metal 2 layer
traces carry signals, and various metal 3 layer traces
are coupled to the lower power supply Vss (usually
ground). For an IC with only two layers of
metallization, various metal 1 layer traces are typically
coupled to Vg, while some metal 2 layer traces will carty
Vop and others will carry signals. These generalizations
are not absolute, howevér, and Vpp and/or Vg traces may be
formed at any level of metallization in an IC, including
a common level of metallization.

As shown in Figure 1, an inter-level dielectric isolation
("ILD") layer 26 is formed between the metal 1 layer 20
and the uppermost polysilicon layer, here comprising
segments 16 and 18. The ILD layer 26 typically includes
boron phosphorus silicate glass ("BPSG") and insulates
the»polysilicpn layer segments from metal 1 segments.

Inter-metal oxide ("IMO") layers 28, 30 are formed be-
tween adjacent levels of metallization. To help smooth .
out the othérwisé'bumpy topology, the IMb'layers typi-
cally include spun-on-glass (“SOG"), which is applied in
liquid form. '

A relatively hard, outermost passivation layer 32 pro-
tects the underlying layers comprising the IC. Typical-
ly, passivation 1ayef'32 includes silicon nitride and is
formed u51ng plasma enhanced chemical vapor deposition .
technlques. )

Electrical connectioné between the various metallization
layers 20, 22, and (if present) 24 and regions of IC 12
are made using conductive vias, e.g., 34, 36, which vias
are depicted as terminating at bond pads 38, 40. It is
understood that there will be many Vg traces, all of
which will be electrically coupled together and to Vss
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through one or more peripheral Vgs bonding pads and bond
wires. similarly, there will be many Vp, traces, all of
which will be electrically coupled together and to Vy

through one or more peripheral V,, bonding pads and bond
wires. ' - '

For ease of comprehension, Figure 1 shows bond wires 42,
44 réspectiVely'connecting Vss and Vm to pads 38 and 40. |
and (in this example) to Vg trace 24 and Vp, trace 20. In
practice, however, bond wires 42 and 44 will be connected
to peripheral bond pads, whereas pads 38 and 40 may be
formed other than dn'the periphery of IC 12. Further,
Figure 1 does not show other vias that may be used to
couple signals'from various metal traces to the surface

'of the passivation layer 32, wherefrom the signals may be

coupled elsewhere.

Thus, in the three metal'layer embodiment of Figure 1, it
is understood that various of the metal 1 level traces
typically will be coupled to Vp,, and that various of the
metal 3 level traces typically will be coupled to Vss.
When IC 12 is actually used, power supplies pfoviding Vss
and Vpp will be coupled to connector pins (not shown) on
the package encépsulating IC 12. Connections from these
pins are made with bond wires 42, 44 to peripheral Vs and
Vpp bonding pads and power rails on IC 12.

‘Those skilled in the art of circuit design will appreci-

ate that reliakhle IC operation dictates that the Vg and
Vop Voltage levels seen by IC 12 be as noise-free as
possible. By noise-free it is meant that ideally the Vg
and Vpp siénals on the IC traces are pure DC, with no Ac
transient components.

Unfortunately, AC switching noise components are general-
ly present. These noise components can arise from imper-
fect switching of complementary MOS inverters, wherein -
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E pull-up:and pull—down'trensistors are simultaneously on
- during output state transitions. Further, unavoidable
'inductance (L) effectively in series with IC bond wire
" leads, e.g., leads 42, 44 can produce ground bounce.

Ground'bounce can produce current slewrate (L di/dt)

'changes in voltages coupled to IC 12, including Vg and

Vw._ Crosstalk between adjacent signal traces can also

'couple switching noise to traces carrying Vg or V.

It is known to reduce switchinq nbise by providing'a
bypass'capaeitor 50 at the surface of an IC, coupled

-betWeen IC pads carrying Vss and Vpp. Several techniques

for'providing on-chip bypassing are described in the

‘reference The Close Attached Capacitor: A Solutio to

Switching Noise g;gblems by 'S. H. Hashemi, et al. 0148~
6411/92 p. 1056-1063 (1992).

Bypass capacitor So'is[frequently in the 1 nF to 100 nF
range, and may occupy an area of perhaps 0.050" by 0.1"
(1.3 mm by 2.6 mm). Typically, bond wires 52, 54 couple

capacitor 50 to IC bonding pads, e.g., 38, 40. Unfortu-
'nately, these capacitor bond wires have an excessively
. large effective series. inductance of perhaps 2-5 nH.

Thus, the effectiveness of the bypass capacitor is de-

'graded by the series inductance contributed by the cepac-

itor bond wires. As a result, excessive switching noise
can remain on the Vi, and/or Vs; IC traces.

In short, thére is a need for a”more effective method of

~ providing on-chip capacitor hYpassing'to reduce switching
noise within"an integrated circuit. Preferably such

: method should be implemented using standard IC fabrica-
-tion processes.

The present invention provides such a method.
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Switching noise appearing at integrated circuit V,;, and Vg

"metal traces is reduced by minimizing lead inductance
~ associated with on-chip bypass capacitors. = For each on-

chip bypass capacitor a pair of metal traces coupled to
Vpp and to Vg for the IC are formed. These traces are
spaced-apart laterally a distance corresponding to the
lateral separation of connecting pads on the bypass ca-
pacitor. |

Column-shaped openings must be formed through the IC to
gain access to the pair of spaced-apart metal traces
coupled to V,; and Vgs. These column-shaped openings are
formed through the passivation and inter-metal oxide
layers of the completed IC, as needed. On a prototype or
small production run basis, the column-shaped openings
are 'formed dsing focussed ion beam technology ("FIBY).
However, FIB is a slow process and on a large production

-run basis, the cblpmn-shaped openings preferably are

formed using a masking layer (that is later removed) and
etching, for example reactive ion etching.

Regardless of how the column-sﬁaped openings are formed,
the openings are next converted into column-shaped elec-
trically conductive elements. ‘These columnar conductive
elements preferably are formed using FIB deposition of
platinum or tungsten. Alternatively, the openings may be
converted into conductive elements using sputtering, or
by filling the openings with deposition of silver, alumi-
num, or doped polysilicon. Conductive element pads are
formed atop the column-shaped conductors, e.g., atop the
upper surface of the outermost passivation layer, prefer-
ably using FIB. . |

A bypass capacitor is then mounted at the upper surface
of the IC. The capacitor's connecting pads are electri
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cally and mechanically coupled to the respective conduc-

" tive element pads, using conductive adhesive or other

conductive bonding. In this manner, the on-chip bypass
capacitor is directly coupléd to the metal traces carry-
ing Vpp and Vg, with substantial reduction in effective
capacitance lead inductance. The net result is better
attenuation of on-chip switching noise than if prior art

' techniques for mounting an on-chip bypass capacitor were

used.

Other features and advantages of the invention will ap-
pear from the following deécription in which the pre-
ferred embodiments have been set forth in detail, in
conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
FIGURE 1 is a cross-sectional view of a three metal layer

integrated circuit with an on-chip bypass capacitor,
according to the prior art;

FIGURE 2A is a cross-sectional view of a three metal
layer integratéd circuit depicting formation of column-
shaped openings to access metal traces carrying Vss and
Vop, according to the present invention;

FIGURE 2B is a cross-sectional view of the integrated
circuit of Figure 2A, depicting the colunn-shaped open-
ings filled with conductive material to form conductive .
columnar.eiehents having conductive element pads to which
an on-chip bypass capacitor is attached, according to the
present invention; and '

FIGURE 3 is a cross-sectional view of a two metal layer
intégrated circuit, depicting attachment of two on-chip
bypass capacitors to conductive element pads coupled to
metal traces carrying Vpp and Vg, according to the present
invention. '
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" DETA DESCRIPTION O PREFERRED EMBODIMEN
Figure 2A depicts an integrated circuit 12 similar to
what was described with respect to Figure 1, wherein
three layers of metal traces 20', 22, and 24' are shown.
Reference numbers common to Figure 1, Figure 2A and the
other figures herein depict similar elements, e.qg., 1ayer
26 is a layer of inter-level dielectric material. Fur-
ther, Figure 2A, like the other figures herein, is not
drawn to scale.

In Figure 2A, various metal 1 level traces are understood
to be coupled to at least one peripheral V,, pad on IC 12,
and various metal 3 level traces are understood to be
coupled to at least one peripheral Vg pad on IC 12.

Thus, bond wires 42 and 44 respectively couple at least
one'périphéral Vss pad and at least one peripheral Vy, pad
to the Vg traces, including trace 24', and to the Voo
traces, including trace 20°'. |

Bond wires 42 and 44 are shown in phantom to depict that
they need not be located directly above traces 24' and
20', or be directly connected to these traces. It suf-’
fices that traces 20' and 24' are coupled to peripheral
Vpp and Vg pads, and such coupling can result from these
traces being coupled to other traces that are connected
to such pads. Although Figure 2A depicts a Vp-carrying
trace at the metal 1 level, and a Vgs—-carrying trace at
the metal 3 level, it is understood that these traces (as
well as signal-carrying traces) could be formed on other
levels, or even on the same metallization level.

In forming IC 12, a portion of at least one V, trace and
a portion of at least one Vg trace, e.g., traces coupled '
respectively to a peripheral Vy pad and to a peripheral
Vss pad, are spaced-apart laterally a distance AX. The

|

%
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distance AX corresponds to the separation between an on-
chip capacitor's connecting pads. (This spatial rela- -
tionship will be described more fully with reference to
Figure 2B.) 1In Figure 2A, these two spaced-apart trace
portions are 20' and 24', which traces happen to be lo-
cated at different levels, namely metal 1 and metal 3.

As will now be described, these spaced-apart Vp, and Vg
carrying traces 20', 24' must be accessed to facilitate
direct electrical coupling to the on-chip bypass capaci-
tor that will be mounted on the passivation layer 32.

Access to the spaced-apart traces may be gainéd after IC
12 has been fully fabricated, and can even occur post-~
packaging. If IC packaging has occurred, the typically
ceramic IC package may be heated and the upper package
cap unsoldered and temporarily removed, providing access
to IC 12, as shown in Figure 2A. (The upper package cap
may be reattached by resoldering, after attachment of the
on-chip bypass capacitor(s).)

Figﬁre 2A depicts columh-shaped openings 62, 64, spaced-
apart a distance AX, extending from at least the upper
surfaces of laterally spaced-apart V,, and Vg carrying
traces 20', 24', to the upper surface of the upper
passivation layer 32. The openings tend to have a some-
what recfangular cross-sectional area, ranging from per-
hapsll pm® to about 20 um?, although other dimensions may
be used. The vertical length of columns 62, 64 depends
upon the metallization levels at which the spaced-apart

' Vm-carrying'and Vss—carrying traces are formed, and ﬁpon

the thicknesses of the passivation and any inter-metal
oxide layers 32, 30, 28. Generally the vertical length
of the columns will be in the micrometer range. .

On a prototype or small production run basis, column-
shaped openings 62 and 64 preferably are formed using
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focussed ion beam ("FIB") technology, depicted generally
in Figure 2A as arrows or beams 60. The vertical depths'
of these openings must be sufficient to reach at least
the'upper surface of the spaced-apart target Vp and Vg
traces, hére 20' and 24'. Thus, in Figure 2A, the col-

umn-shaped openings 62, 64 are FIB~drilled through the

passivation layer 32 and, in the case of opening 64,
through inter-metal oxide layers 30 and 28.

However, FIB-drilling 6penings 62 and 64 is time consum-~
ing, especially if multiple pairs of such openings are to
be formed for multiple on-chip capacitors. FIB—drilling_
forms each opening, one at a time, with a back~and-forth
milling type operation. However, FIB-drilling openings
62 and 64 is very useful on a prototype basis because the
precise location of the on-chip bypass capacitor(s) may
not be known until prototype fabrication and testing has
been completed. '

once it is known where the on-chip bypass capacitor(s)
will be located,_the cdlumn—shaped openings 62 and 64 may
more rapidly be formed using masks and etching in large
scale prbduction runs. For example, a masking layer 69
(shown in phantom) may be formed atop passivation layer
32. Etching, for example reactive ion etching, (shown
generically as arrows 60) then occurs through openings
defined in the mask, forming the spaced-épart column-~-
shaped openings 62-and 64. Mask 69 can define a plurall-
ty of mask openings through which etching occurs. In '
this fashion, access may be simultaneously provided to a
plurality of desired spaced-apart traces (e.g., for use
with multiple on-chip capacitors), as well as to regions
of IC 12 unrelated to the present invention, as needed.

Referenée is now made to Figure 2B. Regardless of how
they were formed, the column-shaped openings 62, 64 must _
be made electrically conductive to form via-like columnar
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electrically conductive elements 66 and 68. Preferably
FIB is used to deposit platinum or tungsten within the
openings 62, 64 to form elements 66 and 68. Alternative-
ly, openings 62 and 64 may be made conductive using blan-
ket sputtering and etch-back, or deposition filling with

10

aluminum or silver, or deposition filling with doped
polysilicon to form elements 66 and 68. These various
techniques are known in the art, and for that reason
details will not be presented herein. '

At this juncture, the via-like conductive columnar ele-
ments 66, 68 are Spaced-apart a lateral distance AX and
are in electrical communication with spaced-apart Vp,-
carrying and Vﬁ-carrying metal traces 20', 24°'.

As shown in Figure 2B, electrically conductive element
pads 70, 72 are also formed in electrical communication
with' the conductive elements 66, 68. When formed, these
element pads will be used to make electrical connection
to the on-chip bypass capacitor. These pads preferably
are formed using FIB deposition of platinum or tungsten,
although other known techniques could be used instead,
including sputtering and etch-back. If masking layer 69
was formed, it may now be removed.

For ease of illustration, Figure 2B shows a single metal
1 Vpp trace 20' and a single metal 2 Vg trace 24!, al-
though in practice many Vp-coupled and Vgs—coupled traces
may be present As noted, bond wires 42 and 44 (shown in
phantom) are connected to peripheral Vg and Vpp, pads,
respectively, which peripheral pads are via-coupled to Vg
and Vpp traées. Because pads 70 and 72 will generally be
formed interior to the IC periphery, the bond wires 42
and 44 usually will not be connected directly to these
pads. Nonetheless, pads 70 and 72 will be electrically
coupled to Vg pads and Vp, pads through conductive ele-
ments 66 and 68, through traces 24°' and 20' and other
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traces (not shown) that are via-connected to peripheral
Vss and Vp;, bond pads, respectively.

In Figure 2B, a bypass capacitor 74 having capacitor
connecting pads 76 is electrically coupled to pads 70,

72. This coupling preferably is achieved with conductive

adhesive (e.g., conductive epoxy) or other conductive
bonding. Alternative techniques for achieving an elec-
trical connection between the capacitor pads 76 and the
IC conductive element pads 70, 72 may of course be used.
Applicants point out that in practice if soldering is
used to achieve the electrical connection, it will be
difficult to attach solderable pads 70, 72 to elements 66
and 68; espcially if these elements have been formed from
doped polysilicon. |

For purposes of enhancing mechanical stability, addition-
al adhesive or other mounting means may be used to fur-
ther secure capacitor 74 to the surface of IC 12.

As shown in Figure 2B, on-chip capacitor 74 is in direct

and preferably low impedance electrical communication
with the spaced-apart Vo and Vg traces 20' and 24!, and
effectively bypasses Vp, to Vg for IC 12. Capacitor 74
makes direct electrical connection to conductive elements
66, 68 without using bond wires such as wires 52, 54
(shown in Figure 1). This mounting reduces the effective
inductance between capaéitor 74 and conductive elements
66, 68 by about 50% or more, relative to the typically 2-
5 nH inductanhce present in the prior art configuration of
Figure 1. As a result, switching noise within the IC is

‘more effectively bypassed, relative to the performance of

the prior art configuration of Figqure 1.

Bypass capacitor 74 is typically in the 1 nF to 100 nF
range, and may occupy an area of perhaps 0.050" by 0.1"
(1.3 mm by 2.6 mm), although other sized capacitors may
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be used. A planar view of Figure 2B would show a sub-
stantial portion of the IC 12 surface area covered by one
or more bypass capacitors 74. The lateral distance AX
separating at least portions of the Vy and Vs trace pair
(here 20', 24') coincides with the ldateral dimension of .
capacitor 74. On-chip capacitors such as capacitor 74
are comméercially available, for example from AVX, Inc.

It will be appreciated that more than one on-chip capaci- -
tor 74 may be used to provide bypassing for IC 12. For
each additional on-chip bypass capacitor, an additional
pair of appropriately spaced-apart Vp,, and Vg traces will
be provided, with additional pairs of suitably spaced-

apart conductive elements and element pads.

Such a multiple on-chip capacitor configuration is shown
in Figure 3, wherein on-chip bypass capacitors 74, 74!
are used with a two metallization layer IC 12. In Figure
3, assume that the Vp~carrying metal traces are metal 2
trace 22' and metal 2 trace 22", and that the Vs-carryihg
metal traces are metal 1 trace 20' and metal 2 trace 20".
The relevant spaced-apart metal trace pairs are thus
traces 22' and 20', which are spaced apart a distance AX,
and traces 22" and 20%, which are spaced apart a distance
AX'. In Figure 3, capécitor_74' is shown as being small-
er in lateral dimension than capacitor 74, with the re-

'sult that distance AX' is smaller than distance AX. Of

course if both capacitors were similarly sized, then both
pairs of metal traces could be spaced-apart a like dis-
tance. - '

The column-shaped openings, colﬁmnar—conductive elenments
66, 68, 66', 68', and element pads 70, 72, 70', 72' may
be formed using any of the techniques described earlier,

after which capacitors 74, 74' are mounted and electri-

cally connected to the relevant element pads.
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Modifications and variations may be made to the disclosed
embodiments without departing from the subject and spirit
of the invention as defined by the following claims.
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WHAT IS CLAIMED IS:

1. In an integrated circuit including a Vi peripheral pad -
and a Vg peripheral pad and at least one level of conductive
- traces, a method of directly attaching a capacitor on said
integrated circuit to bypass noise between a trace carrying Vs
and a trace carrying V,,, the method comprising the following
steps:

(a) forming a first trace coupleable to said Vy pad, and -
forming a second trace, not necessarily on a common metallization
layer as said first trace, coupleable to said Vg pad; '

at least a'portion of said first trace and at least a
portion of said second trace being spaced-apart a lateral dis-
tance AX corresponding to a lateral distance between first and
second connecting pads on said capacitor; .

(b) forming a first column~shaped opening and a second
column-shaped opening that is spaced-apart said distance AX from
said first column-shaped opening;

said first column-shaped opening extending from an upper
surface of said integrated circuit downward to at least expose an
upper surface region of said first trace, and said second opening
"extending from an upper surface of said integrated circuit
downward to at least expose an upper surface region of said
second trace; o _

(c) converting the first and second column-shaped openings
into first and second columnar electrically conductive elements;
and

(d) mounting said capacitor on said integrated circuit and
eléctrically coupling said first and second connecting pads to an
uppermost region of said first and second columnar electrically
conductive elements.

2. The method of claim 1, wherein step (b) and step (c)
may be performed after said integrated circuit has been fabri-
cated.

3. The method of claim 1, wherein step (c) includes at
least one procedure selected from the group consisting of (i)

_—
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depositing metal along at least an inner surface of each column-
shaped opening, (ii) depositing platinum within each column-
shaped opening using a focussed ion beam, (iii) depositing
tungsten within each column-shaped opening using a focussed ion
beam, (iv) depositing a conductive layer along at least an inner
surface of each column-shaped opening using sputtering, (v)
filling each 6olumn-shaped opening with a metal, and (vi) filling
each column-shaped opening with polysilicon that is doped.

4. The method of claim 1, wherein:

step (c) includes.an further step of forming first and
second conductive element pads at a respective upper surface of
said first and second columnar electrically conductive elements;
and _

step (d) includes bonding with a conductive material said
first and second connecting pads of said capacitor to said first
and second conductive element pads.

5. The method of claim 1, wherein said integrated circuit
includes N capacitors, and wherein: _

step (a), step (b), step (c) produce N pairs of columnar
electrically conductive elements, each of said N pairs being
associated with a said capacitor and being spaced-apart a lateral
distance corresponding to a lateral distance separating connect-~
ing pads for a said capacitor; and

step (d) is performed N times-to mount and electrically
couple each of said N capacitors to one of said N pairs of
columnar electrically conductive electrodes.

6. For use-With a fabricated integrated circuit including
a Vpp pad and a Vg pad and at least one level of conductive trac-
es and including a first trace coupled to said Vp, pad and in-
cluding a second trace, not necessarily at a same metallization
‘layer as said first trace, coupled to said Vg pad, a method of
mounting a capacitor on said integrated circuit to bypass noise
between traces carrying Vg and Vpp, the method comprising the
following steps:

AT

{ "{EPLACEMEg,S_EEg N

X
' - 95“



\-uuues*a \'\
1

e

(a) locating a region of said first trace and a region of
said second trace underlying a portion of said integrated circuit
whereat first and second connecting pads of said capacitor are to
be located, each said region being spaced apart laterally a
distance AX corresponding to a lateral distance separating said
first and second connecting pads; -

(b) forming a first column-shaped opening and a second
columnn~shaped opening spaced-apart said distance AX from said
first column~shaped opening: |

said first column-shaped opening extending from an upper
surface  of said integ;ated circuit downward to at least expose an
upper surface of said region of said first trace, and said second
opening extending from an upper surface of said integrated '
circuit downward to at least expose an upper surface region of
said second trace; '

(c¢) converting the first and second column-shaped openings
into first and second columnar electrically conductive elements;
and ’ _

(d) mounting said capacitor on an upper surface of said '
integrated circuit and electrically coupling said first and
second connecting pads to an uppermost region of said first and
second columnar electrically conductive elements.

7. The method of step 6, wherein step (c¢) includes at
least one procedure selected from the group consisting of (i)
depositing metal along at least an inner surface of each said
column-shaped opening, (ii) depositing platinum within each said
column-shaped opening using a focussed ion beam, (iii) depositing
tungsten within_each said column-shaped opening using a focussed
ion beam, (iv) depositing a conductive layer along at least an
inner surface of each said column-shaped opening using sputter-
ing, (v) £illing each said columneshaped opening with a metal,
and (vi) filling each said column-shaped opening with polysilicon
that is doped.

8. The method of claim 6, wherein:

I
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step (c) includes a further step of using a focussed ion
beam to form first and second conductive element pads at respec-
tive upper surfaces of said first and second columnar electrical-
ly conductive elements; and

step (d) includes attaching said first and second connecting
pads of said capacitor to said first and second conductive
element pads using a material selected from the group consisting
of (ij electriéally conductive adhesive, and (ii) conductive bond
material.

9. The method of claim 8, wherein said integrated circuit
includes N capacitors, and wherein:

step (a), step (b), step (¢) are performed produce N pairs
of columnar electrically conductive elements, each of said N
pairs being associated with a said capacitor and being spaced-
apart a lateral distance corresponding to a lateral distance
separating connecting pads for the said associated capacitor; and

step (d) is performed N times to mount and electrically
couple each of said N capacitors to one of said N pairs of
_columnar electricallyﬂconddctive electrodes.

10.. An integrated circuit including a Vp pad and a Vg pad
and at least one level of conductive traces including a first
trace coupled to said Vp pad and including a second trace, not
necessarily at a common metallization level as said first trace, -
coupled to said Vg pad, and further including at least one
bypass capacitor mounted at an uppermost surface of said inte~
grated circuit, the integrated circuit including:

a first columnar electrically conductive element having a
first end in electtical contact with at least a portion of said
first trace and having a second second end eitending upward to at
least an uppermost surface of said integrated circuit;

a second columnar electrically conductive element having a
first end in eleqtriéal contact with at least a portion of said
second trace and having a second end extending upward to at least
said uppermost surface of said integrated circuit;

RO R A
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said second columnar electrically conductive element being
spaced-apart laterally from said first columnar conductive
element by a distance AxlcorreSponding to a lateral distance
between first and second connecting pads on said capacitor;
and - : |

said capacitor having first and second cohnecting pads
spaced-apart laterally said distance AX, and being mounted on
said uppermost surface of said 1ntegrated circuit such that said
first columnar electrically conductive element and said second
columnar electrically conductive element are respectively in
electrical contact with said first and second connecting pads on
saxd capacltor.

}l. The integrated circuit of claim 16, wherein said bypass
capacitor has at least one characteristic selected from the group
consisting of (i) a_capacitaﬁce ranging from about 1 nF to 100
nF, and (ii) a transverse dimension ranging from about 1.3 mm to
about 2.6 mm. ' '
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