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BYPASS CAPACITOR Ilt U IHBGRA'lBD CIRCUI'I 

FIELQ OF THE INVENTION 

This invention relates to reducing switching noise within 

integrated circuits, and more particularly to methods for 

providing integrated circuits with bypass capacitors to 

improve on-chip power supply bypassing and reduce switch-

10 ing noise. 

BACKGROUND OF THE INVENTION 

Integrated circuits ("ICs") are fabricated layer-by-layer 

on a ·semiconductor substrate, with bond wires coupling 

15 Vss, VDD, and input/output signals between pads on the 

upper surface of the substrate and the IC pac~age. Gen­

erally there will be many Vss and V00 pads on the periphery 

of the IC. For example, an IC having 300 pin-outs may 

have 100 peripheral bonding pads dedicated to Vss and/or 

20 V00 • Bond wires couple these peripheral pads to on-chip 

Vss and V00 power rails. 

With.reference to Figure 1, using techniques well known 

in the art of semiconductor fabrication, metal-oxide-

25 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 

30 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. 

35 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 layers of metal-
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lization, various metal 1 layer traces usually are cou­
pled to the upper power supply V00 , the metal 2 layer 
traces carry signals, and various metal 3 layer traces 
are coupled to the lower power supply Vss (usually 

s ground). For an IC with only two layers of 
metallization, various metal 1 layer traces are typically 
coupled to V88 , while some metal 2 layer traces will carry 
v00 and others will carry signals. These generalizations 
are not absolute, however, and V00 and/or Vss traces may be 

10 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 

15 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. 

20 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 applied in 
liquid form. 

25 

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 using plasma enhanced chemical vapor deposition 

30 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 

35 are depicted as terminating at bond pads 38, 40. It is 
understood that there will be many Vss traces, all of 
which will be electrically coupled toge~her and _to Vss 
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through one or more peripheral Vss bonding pads and bond 
wires. Simi~arly, there will be many VDD traces, all of 
which will be electrically coupled together and to VDD 

through one or more peripheral VDD bonding pads and bond 

5 wires. 

For ease of comprehension, Figure 1 shows bond wires 42, 
44 respectively connecting Vss and VDD to pads 38 anc;i 40. 

and (in this example) to Vss trace 24 and VDD trace 20. In 
10 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 surf ace 

15 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 

20 typically will be coupled to VDD, and that various of the 
metal 3 level traces typically will be coupled to V88 • 

When IC 12 is actually used, power supplies providing Vss 

and VDD will be coupled to connector pins (not shown) on 
the package encapsulating IC 12. Connections from these 

25 pins are made with bond wires 42, 44 to peripheral Vss and 
VDD 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 Vss and 

30 VDD voltage levels seen by IC 12 be as noise-free as 
possible. By noise-free it is meant that ideally the Vss 

and VDD signals on the IC traces are pure DC, with no AC 
transient components. 

35 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 outpu~ state transitions. Further, unavoidable 
inductance (L) effectively in series with IC bond wire 
leads,. e.g., leads 42, 44 can produce ground bounce. 

5 Ground bounce can produce current slewrate (L di/dt) 
changes in voltages coupled to IC 12, including Vss and 
v00 • crosstalk between adjacent signal traces can also 
couple switching noise to traces carrying Vss or Voo• 

10 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 VDD. Several techniques 
for providing on-chip bypassing are described in the 
reference The Close Attached Capacitor: A Solution to 

15 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 O.l" 

2 o ( 1. 3 mm by 2 • 6 mm) • Typically, bond wires 52 , 54 coup_le 
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. 

25 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 Vnn and/or Vss IC traces. 

30 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. 

35 

The present invention provides such a method. 
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SUMMARY OF THE PRESENT INVENTION 

switching noise appearing at integrated circuit VDD and Vss 

metal traces is reduced by minimizing lead inductance 

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

chip bypass capacitor a pair of metal traces coupled to 

V00 and to Vss for the :CC are formed. These traces are 

spaced-apart laterally a distance corresponding to the 

lateral separation of connecting pads on the bypass ca-

10 pacitor. 

Column-shaped openings must be formed through the IC to 

gain access to the pair of spaced-apart metal traces 

coupled to V00 and Vss· These column-shaped openings are 

15 formed through the passivation and inter-metal oxide 

layers of the completed :CC, 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 

20 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 bow the column-shaped openings are formed, 

25 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 

30 by f~lling the openin9s 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. 

35 

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-

5 ing V00 and Vu, 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. 

10 

15 

20 

25 

Other features and advantages of the invention will ap­
pear from the following description in which the pre-
f erred embodiments _have been set forth in detail, in 
conjunction with the accompanying drawings. 

BRIEF PESCRifTION 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 integrated circuit depicting formation of column­
shaped openings to access metal traces carrying Vu and 
V00 , according to the present invention; 

FIGURE 2B is a cross-sectional view of the integrated 
circuit of Figure 2A, depicting the column-shaped open­
ings filled with conductive material to form conductive 
columnar elements having conductive element pads to which 

30 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 

35 · bypass capacitors to conductive element pads coupled to 
metal traces carrying Vnn and V55 , according to the present 
invention. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 
Figure 2A depicts an inteqrated circuit 12 similar to 

s what was described with respect to Figure 1, wherein 
three layers of metal traces 20 1 , 22, and 24' are shown. 
Reference numbers.common to Figure 1, Figure 2A and the 
other figures herein depict similar elements, e.q., layer 
26 is a layer of inter-level dielectric material. Fur-

10 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 VDD pad on IC 12, 

15 and various metal 3 level traces are understood to be 
coupled to at least one peripheral Vss pad on IC 12. 
Thus, bond wires 42 and 44 respectively couple at least 
one peripheral Vss pad and at least one peripheral V00 pad 
to the V88 traces, including trace 24 •, and to the VDD 

2 o traces, including trace 2 o ' •· 

Bond wires 42 and 44 are shown in phantom to depict that 
they need not be located directly above traces 24 1 and 
20 1 , or be directly connected to these traces. It suf-

25 fices that traces 20' and 24' are coupled· to peripheral 
V00 and V88 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 VDD-carrying 

. trace at the metal l level, and a V88-carrying trace at 
30 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 VDD trace and 
35 a portion of at least one Vss trace, e.g., traces coupled 

respectively to a peripheral V00 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 capacito.r•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 

5 portions are 20 1 and 24 1 , which traces happen to be lo­

cated at different levels, namely metal 1 and metal 3. 

As will now be described, these spaced-apart VDD and Vss 

carrying traces 20 1 , 24 1 must be accessed to facilitate 

10 direct electrical coupling to the on-chip bypass capaci­

tor that will be mounted on the passivation layer 32. 

Access to the spac~d-apart traces may be gained after IC 

12 has been fully fabricated, and can even occur post-

15 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 

20 on-chip bypass capacitor(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 VDD and Vss carrying 

25 traces 20 1 , 24 1 , 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 µ.m2 to about 2 O µ.m2 , al though other dimensions may 

be used. The vertical length of columns 62, 64 depends 

30 upon the metallization levels at which the spaced-apart 

Vnn-carrying and Vs5-carryinq 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. 

35 

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 surf ace of the spaced-apart target Voo and Vu 

s traces, here 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. 

10 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 op~nings 

15 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. 

20 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 

25 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 

30 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. 

35 Reference is now made to Figure 2B. Regardless of bow 
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 ~o deposit platinum or tunqsten within the 
openinqs 62, 64 to form elements 66 and 68. Alternative­

ly, openinqs 62 and 64 may be made conductive usinq blan-

5 ket sputterinq and etch-back, or deposition fillinq with 

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. 

10 

15 

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 VDD­

carryinq and Vss-carryinq metal traces 20', 24'. 

As shown in Fiqure 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 

20 to the on-chip bypass capacitor. These pads preferably 
are formed usinq FIB deposition of platinum or tungsten, 

althouqh other known techniques could be used instead, 
includinq sputtering and etch-back. If maskinq layer 69 

was formed, it may now be removed. 
25 

For ease of illustration, Fiqure 28 shows a single metal 
1 V00 trace 20' and a single metal 2 Vss trace 24', al­

though in practice many V00-coupled and Vss-coupled traces 

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

30 phantom) are connected to peripheral Vss and V00 pads, 
respectively, which peripheral pads are via-coupled to Vss 

and VDD 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 

35 pads. Nonetheless, pads 70 and 72 will be electrically 

coupled to Vss pads and V00 pads through conductive ele­
ments 66 and 68, through traces 24 1 and 20 1 and other 
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traces (not shown) that are via-connected to peripheral 

Vss and V00 bo:i:id pads, respectively. 

In Figure 2B, a bypass capacitor 74 having capacitor 
s 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 ac~ieving an elec­

trical connection between the capacitor pads 76 and the 

10 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 

15 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. 

20 

As shown in Figure 2B, on-chip capacitor 74 is in direct 
and preferably low impedance electrical communication 
with the spaced-apart V00 and Vss traces 20 • and 24 •, and 

effectively bypasses V00 to Vss for IC 12. Capacitor 7 4 

25 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 to the typically 2-

30 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 configuration of Figure 1. 

35 Bypass capacitor 74 is typically in the 1 nF to 100 nF 

range, and may occupy an area of perhaps 0.050 11 by 0.111 

(1.3 mm by 2.6 mm), although other sized capacitors may 

A-59960/GSW/MAK [SUN P-607] -11-



\HIS SHEET HAS BEEN 
. 1u:F'LACl;:D 

be used. A planar view of Fiqure 2B would show a sub­
stantial po~ion of the IC 12 surf ace area covered by one 
or more bypass capacitors 74. The lateral distance AX 
separatinq at least portions of the VDD and Vss trace pair 

s (here 20 1 , 24 1 ) 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-
10 tor 74 may be used to provide bypassinq for IC 12. For 

each additional on-chip bypass capacitor, an additional 
pair of appropriately spaced-apart V00 and Vss traces will 
be provided, with additional pairs of suitably spaced­
apart conductive elements and element pads. 

15 

Such a multiple on-chip capacitor configuration is shown 
in Fiqure 3, wherein on-chip bypass capacitors 74, 74 1 

are used with a two metallization layer IC 12. In Fiqure 
3, assume that the VDD-carryinq metal traces are metal 2 

20 trace 22 1 and metal 2 trace 22 11 , and that the Vss-carryinq 
metal traces are metal 1 trace 20 1 and metal 2 trace 20". 
The relevant spaced-apart metal trace pairs are thus 
traces 22 1 and 20 1 , which are spaced apart a distance AX, 
and traces 22 11 and 20 11 , which are spaced apart a distance 

25 Ax•. In Fiqure 3, capacitor 74 1 is shown as beinq 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-

30 tance. 

The column-shaped openings, columnar-conductive elements 
66, 68, 66 1 , 68', and element pads 70, 72, 70 1 , 72 1 may 
be formed using any of the techniques described earlier, 

35 after which capacitors 74, 74 1 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 ~ithout 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 Vm> peripheral pad 

and a Vss 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 Vss 
and a trace carrying VDD, the method comprising the following 
steps: 

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

(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 
electrically 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) 

Hllllll llllll 11111 ltl\11\ \Ill 
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depositing metal along at least an inner surface of each column­
shaped opening, (~i) 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 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 
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. 

s. 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 VDD pad and a Vss pad and at least one level of conductive trac­
es and including a first trace coupled to said VDD pad and in­
cluding a second trace, not necessarily at a same metallization 
layer as said first trace, coupled to said Vss pad, a method of 
mounting a capacitor on said integrated circuit to bypass noise 
between traces carrying Vss and VDD, the method comprising the 
following steps: 

I lllllll llllll lllll lllll II llll -15-
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(a) locatinq a reqion of said first trace and a reqion of 
said second trace _underlyinq a portion of said inteqrated circuit 
whereat first and second connectinq pads of said capacitor are to 
be located, each said reqion· being spaced apart laterally a 
distance AX correspondinq to· a la~eral distance separatinq said 

first and second connectinq pads; 
(b) forminq 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 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 
openinq extendinq from an upper surf ace 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 col'11llJlar electrically conductive elements; 
and . . 

(d) mountinq said capacitor on an upper surface of said 
inteqrated circuit and electrically couplinq said first and 
second connecting pads to an uppermost reqion 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 qroup consisting of (i) 
depositinq metal along at least an inner surface of each said 
column-shaped openinq, (ii) depositing platinum within each said 
column-shaped opening usinq a focussed ion beam, (iii) depositing 
tungsten within each said ·~olumn-shaped opening using a focussed 
ion beam, (iv) depositing a ~onductive layer alonq at least an 
inner surf ace of each said col'umn-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. 

. '. . 

8. The method of clai~ 6, wherein: 

11111111111111111111111111 1111. 
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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 
includes N capacitors, and wherein: 

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 VDD pad and a Vu pad 
and at least one level of conductive traces including a first 
trace coupled to said VDD pad and including a second trace, not 
neces~arily at a common metallization level as said first trace, 
coupled to said Vu 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 elemen~ 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; 

I 1111111111111 11111 11111 II 1111, 
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said second columnar electrically conductiye element beinq 

spaced-apart late~ally from said first columnar conductive 
element by a distance AX correspondinq to a lateral distance 
between first and second connectinq pads on said capacitor~ 
and 

said capacitor havinq first and second connectinq pads 
spaced-apart laterally said distance AX, and beinq mounted on 
said uppermost surface of said inteqrated 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 connectinq pads on 
said capacitor. 

it. The inteqrated circuit of claim 16, wherein said bypass 
capacitor has at least one characteristic selected from the qroup 
consistinq of (i) a capacitance ranqinq from about 1 nF to 100 
nF, and (ii) a transverse dimension ranqinq from about 1.3 mm to 
about 2.6 mm. 

' \11\11\ \1\11\ 1111\ 1\1111\ \111 · 
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HBTKOD l'OR DJ:RBCT A'r'rACKHEllT OP All ON-CKJ:P 

BYPASS CAPACITOR IN AN INTBGRATBD CIRCUJ:T 

ABSTRACT OF THE DISCLQSQRE 

switching noise at integrated circuit V00 and Vss metal 
traces is reduced by minimizinq lead inductance in on­
chip bypass capacitors. ·For each on-chip bypass capaci-

10 tor, a pair of V00-carryi_ng and Vss-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 

15 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-apart metal traces 
carrying Vss and VDD• These openings, w~ich may be formed 
after the IC has been fabricated, preferably are formed 

20 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 

25 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 

30 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. 

35 
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METHOD l'OR D?REC'r A'l''l'ACBMEH or AN ON-cKIP 
BYPASS CAPACITOR IN AN IN'l'EGRA'l'ED CIRCUIT 

FIELD OF THE INVENTION 

This invention relates to·. reducinq switchinq noise within 
inteqrated circuits, and more particularly to.methods for 
providinq inteqrated circui:t~ with bypass capacitors to 
improve on-chip power supply bypassinq and reduce.switch-

10 inq noise. 

BACKGROQND OF THE INVENTION .. 
. . 

Inteqrated circuits ( 11Ics11 ) are fabricated layer~by-layer 
on a ·semiconductor substrate, -with bond wires couplinq 

15 Vss, VDoi and input/output signals between pads on the 
uppet- surface of .the substrate and the IC ·packaqe. Gen­
erally there will be many Vss and VDD pads on the periphery 
of the :re. For.example, an :rc havinq 300 pin-outs may 
have 100 peripheral bondinq pads dedicated to Vss and/or 

20 · VDo• Bond wires .-couple these peripheral pads to on-chip 
Vss ··and Voo power rails. 

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

25 semiconductor ("MOS") transistors, .bipolar transistors, 
diodes and other devices 10 are fabricated and combined 
to form .an IC, shown qenerically as 12, on a snbstrate 
14. Typically, portions.of some of the devices and some 
interconnections are f~equently formed usinq one more . 

30 · levels o-f p~J,.ysilicon. For example, in Fiqure 1, .a MOS 
trans_i~tor g:ate e~ectrode 16, and a resistor. 18 are de;_ 
picted as beinq fabricated from a first layer· of poly­
silicon. · 

35 Other--interconnections·to IC 12 may be made using overly-. 
inq 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-



·( 
2 

lization, various metal 1 layer traces usually are cou­

pled to the upper power supply VDD, the metal 2 layer 
.. . 

·traces carry signals, and various metal 3 layer traces 

are coupled to the lowe·r power supply Vss (usually 

5 ground). For an IC.with only two layers of 

metallization, various metal l layer traces are typically 

coupled to Vss 1 while some metal 2 layer traces. will carry 

V00 and others will carry signals. These _generalizations 

are not absolute, however~ and V00 and/or Vss traces may be 

10 formed at· any level.· of metallization in an IC, including 

a common level of metallization. 

· As shown in Figure t, an inter-level d_ielectric isolation 

("ILD") layer 26· is formed between the metal l layer 20 

.15 and tile uppermost polysilicon layer, here comprising 

·segments 16-and 18. The ILD layer 26 typically includes 

boron phosphorus silicate glass ("BPSG'') an.d insulates 

. the polysilicon layer segments from metal l segments. 

20 Inter-metal oxide ("IMO") layers 28, 30 are formed be- · 

25 

·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 applied 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 using plasma enhanced chemical vapor deposition 

30 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 

35 .··are· ·aepicted as terminating at bond pads 38, 40. It is 

'· ·understood that there will be many Vss traces, all of 

which will be· electrically 'coupled together and to Vss 
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throuqh one or more peripheral Vss bondinq pads and bond 

. . 
wires. Simil.arly I there will be many Voo traces I all of 
which will be eiectri~ally.coupled toqether and to V00 

throuqh one ·or more peripheral V00 bondinq pads a?)d bond 
.5 wires. 

For ease of comprehension'., Fiqure 1 shows bond wires 42, 
44 respectively connectinq Vss and V00 to pads 38 and 40 .. 
and (in this example) to Vss trace 24 and V00 trace 20. In 

10 practice, however, bond wires 42 and 44 will be connected 
to peripheral bond. pads' whereas pads 3 8 and 4 0 ·. may be 
fornied otller than on the periphery of IC 12. Further, 
Fiqure 1 does not show other vias that may be used to 
couple siqnals from various metal traces to the surface 

1S e>f the passivation layer 32, wherefrom t~esignals may be 
coupled elsewhere. 

Thus, in the three metal layer embodiment of Figilre 1,. it 
is understood that various of the metal 1 level traces 

.20 typically will be coupled to V00 , and that various of the·. 
metal 3 level traces typically will be coupled to Vss• 
When IC 12 is actually used, power ·supplies· pr,oviding Vss 
and V00 will be coupled to connector pins (not shown) on . . . 
the packaqe encapsulating IC 12. connections from these 

25 pins are made with bond wires 42, 44 to peripheral Vss and 
V00 bondinq pads and power rails on IC 12. 

Those skilled in the art of circuit desiqn will appreci­
ate that r-elial?.le IC operation dictates that the Vss and · 

30 . Voo voltaqe levels seen by IC 12 be as noise-free as 
possible. By noise..;.free it is meant that ideally the Vss 
and Voo siqnals on the IC traces are pure DC, with no AC 
transient components. 

35 Unfortunately, AC switching noise components are general­
ly present. These noise components can arise from imper­
fect switchinq of coinplementary MOS inverters, wherein 

. . 
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pull-up and pull-down transistors are simultaneously on 
durinq output. state transitions. _Further, unavoidable 
inductance (L) ~ff_ectively in series with IC bond wire 
leads, e.q., ·leads 42, 44 can produce qround bounce. 

5 Ground bounce can produce current slewrate (L di/dt)_ 
chanqes in voltaqes coupled to IC 12, includinq Vss and 
v00 • crosstalk between adjacent signal . traces can also 
couple swi t~hing noise to traces carrying Vss or V00 • · 

10 It is known to reduce switchin9 noise by providing a 
}:>ypass capacitor SO at the surface of an IC, coupled 
between IC pads carrying Vss and V00 • Several techniques· 
for providinq on-chip bypassing are described in the 
reference The Close Attached Capac'itor: A Solution to 

15 · switching Nois·e Problems by s. H. Hashemi, et al. 0148-. 

6411/92 p. 1056-1_063 (1992). 

. . 

Bypass capacitor· 50 is frequently in the 1 nF to 100 nf 
ranqe, and may occupy an area of perhaps 0.050 11 by 0.1 11 

. 2 0 ( 1. 3 mm by 2 .• 6 mm) • Typically, bond wires 52, 54 couple 
capacitor 50 to IC bondinq pads, e.g., 38, 40. Unfort~­
nately, these capacitor bond_ wires have an excessively 
large effective_ series inductance of perhaps 2-5 nH. 

2 5 Thus, the effect! vene_ss of the bypass capacitor is de­
graded by the series inductance contributed by the capac"." 
itor bond wires. As a result, excessive switchinq noise 
can remain on the V00 and/or Vss IC traces·~ 

30 In short, there is a need for· a more effective method of 
providing on-chip capacitor byPassing.to reduce switchi~g 
noise within an integrated circuit. Preferably such 
method.should be implemented usinq standard IC fabrica­
tion processes. 

35 

The present invention provides· such a method. 
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stJMMARy·oF TUE PRESENT INVENTION 
switching noise appeari_ng .at integrated circuit V00 and Vss 

metal trac~s is reduced by minimizing lead inductance 
5 associated with on-chip ·bypass capacitors. For each on­

chip bypass capacitor a pair of metal traces coupled to 
VDD and to Vss for the IC.· are formed.. These traces are 
spaced.:..apart laterally a distance correspondinq to the 
lateral separation of connecting pads on the bypass ca-

10 pacitor • 

. · Column-shaped openinqs must be formed through the IC . to 
·gain access to the pair of spaced-apart metal traces 

. . 

coupled to V00 and Vss• These column-shaped openings are 
. . . . 

15 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 usinq focussed ion beam technoloqy ("FIB"). 
However, FIB is a slow process and on a large. production 

20 run basis, 'the colilmn-shaped openincjs preferably are 
formed.using a.masking layer (that is.later removed) and 
etching, for example reactive ion·etchinq. 

Regardless of how the·columri-shaped openings are formed, 
25 the openings are next converted into column-shaped elec-. 

trically conductive elements. These columnar conductive 
elements preferably-are formed usinq FIB deposition of 
platinum or tungsten.· Alternatively, the openings may be 
converted.intoconductive.elements using.sputterinq~ or. 

30 by· f;i.lling the openin9s with deposition of silver, alumi­
num, or doped polysilicon. ·conductive element pads are 
formed atop the coiumn-shaped conductors, e.g., atop the 
upper surface of the outermost passivation layer, prefer-

35 

· ably using FIB. 

A bypass capacitor is then mounted at the upper surface 
. of the IC. The capacitor's connectinq J>ads are electri 

REP . . 
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callyand 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,;. 

5 ing V~o and Vss, with . substantial reduction in effect! ve 

10 

15 

20 

25 

. capacitance lead inductance. The net result is better 
att~nuation of on~chip switching noise than if prior art 
techniques for mounting an on-chip bypass capacitor were 

used. 

Other features and advantages of tll,e 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 DESCRipt'ION OF THE .. DBAWINGS 

FIGURE 1 is a cross-sectional view of a three metal layer 
integrate" circuit with an on-chip bypass capacitor, 
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 
V00 , according to the present invention: 

FIGURE 2B is a·cross~sectional view. of the integrated 
. . . . 

circuit of Figure 2A, depictinq the .column-shaped open-
inqs filled wit:hcondiictive material to form conductive 
columnar e-lements having conductive· element pads to which 

30 an on~chip bypass capacitor is attached, according to the 
present invention: and 

FIGURE 3 is a cros~-sectional view of a two metal layer 
inteqrated circuit, depictinq attachment.of two cm-chip 

35 bypass capacitors to conductive element pads coupled to 
met~l traces ·carrying V00 and V33 , according to the present 
invention. 

r THIS SHF.ET HAS Bf:;;.;·· .. 
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DETAILED_ DESCRIPl'ION OF THE PREFERRED EMBODIMENT 

Figure 2A depicts an integrated circliit.12 similar ·to 

5 what was described with respect to Figure 1, wherein 
. . 

three layers of metal traces 20 1 , 22, and 24' are shown. 

Reference nWnbers common to Figure l, Figure2A and the 

other figtires·herein depict.similar elements,· e.g., layer 

26 is a layer of inter-level dielectric material. Fur-· 

10 ther, Figure 2A, like· the other figures herein, is not 

drawn to scale. 

In Figure 2A, various metal 1 level traces ar~ understood 

to be coupled to at l_east one peripheral V00 pad on IC 12, 

15. and various.metal 3 level traces are understood to be 

coupled to at least one peripheral Vss pad on IC 12. 

Thus, bond wires 4_2 and 44 respectively couple at least 

one peripheral Vss pad and at least one peripheral VoD pad 

to the Vss traces, including trace 24', and to the V00 

20 traces, includinq trace 20 1 .-

Bond wires 42 arid 44 are shown in phantom to depict that 

they need· not be located directly above traces 24 1 and 

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

a5 fices that traces 20 1 and 24• are coupled to peripherai 
. . 

V00 and Vss 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.VDD-carrying 

trace at the metal 1 level, and a V55-carrying trace at 

30. 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 . forininq ·IC 12, a portion of at least one VoD trace and 

35 a portion of at least one Vss trace, e.g., traces coupled· 

· . respect! vely to a peripheral V00 pad and . to a peripheral 

Vss pad, are spaced-apart laterally a distance AX. The 
r----_;...----·· .. ······-
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distance AX ·corresponds to the separation between an on­

chip capacito_r'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 

portion_s are 20' and 24 • 1 which traces happen to· be lo­

cat.ad at different levels, namely metal 1 _and.metal 3. 

As· will now be described, these spaced-apart vDD and Vss 

carrying traces 20 1 , 24 1 must be accessed to facilitate 
10 direct electrical.coupling to the on-chip bypass capaci_; 

tor that will·be mounted cm 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- · 

15 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 

20 on-chip_bypass capacitor(s).) 

Figure 2A deplcts.column-shapedopenings 62, 64, spaced­

apart a distance AX, extending from at least the upper 

surfaces of laterally spaced-apart VDD and Vss carrying 
. . . 

25 traces 20 1 , 24 1 , 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 µ,m2 to about 20 µ,m2 , although other dimensions may 

be used. '!'he vertical length of columns 62, 64 depends 

30 upon the metal_lization ievels at which the spaced-apart 

35 

. .. 
. VDD..;carrying and V88-carrying traces are formed, and ·upon 

the thicknesses of the passivation and any inter-metal 
·.·oxide layers 32, 30·, 28. Generally the v·ertical length 

of the col'umns will be in the micrometer range. 

On a prototype or small productiop run basis, column­
shaped openings 62 arid · 64 preferably are forme.d using 
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focussed ion beam ("FIB") technology~ depicted generally 

in Fiql1re 2A ~s 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 V00 and Vss 

5 traces, llere 20 • and 24 1 • Thus, -in Fiqure 2A, -the _col­

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

passivation,layer 32 and, in the case of openinq 64, 

through inter-metal oxide ~ayers 30 and 28. 

10 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 

15 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. 

20 once it is known· where the on-chip bypass eapacitor(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 

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

generically as arrows 60) then occurs through openings 

·defined in the mask, forminq the spaced-apart column­

shaped openings 62 and 64. Mask_69 can define a plurali­

ty of mask opel)ings through which etching occurs-. In 
' ' 

-

, 30 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. 

35 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 

REPLACEMENT~HEET 
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10 ·-
electrically conductive elements 66. and 68. Preferably· 

FIB is used t:o deposit platinum or tungsten within the 

openings 62, 64 to form elements 66 and 68. Alternative­

ly, openings 62 and 64 may be made cond~ctive using blan-

5 ket sputtering and etch-back, or deposition filling with 

aluminum· or silver, or deposition filling wi_th 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. 

10 

15 

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 V00-

carrying and V88-carrying metal traces 20', 24 1 • 

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 

20 to the on-chip liypass capacitor. These pads preferably 

are formed using FIB deposition of platinum or tungsten, 

al thOUgh Other knOWil techniques C_OU1d be USed instead I 

including sputtering and etch-back. If masking layer 69 

was formed, it may now be. removed. 

25 

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

l V00 trace 20' and a single metal 2 Vss trace 24', al­

though in practice many V00-coupled and Vss-colipled traces 

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

30 phantom) are connected _to peripheral Vss and V00 pads, 
. . 

respectively, which peripheral pads are via-coupled to Vss 

and V00 traces. Beca~se 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 

.35 pad~. Nonetheless, pads 70 and. 72 will be electrically 

coupled to Vss pa:ds and V00 pads through ·conductive ele-

· ments 66 and 68, through traces 24'. and 20 1 and other 

1i1iU1i1iHf . 
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traces (not shown) that are via-connected to peripheral 
Vss and V00 bo1_1d pads, respectively.· 

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

. 72 •. This coupling preferably is achieved with conductive 
adhesive (e.q., conductive epoxy) or other conductive 
bonding~ Alternative techniques for achieving an elec­
trical. connection between the capacitor p~ds 76 and the 

10 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 

1s ·doped polysilicon. 

20 

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 Fiqure 2B, on-chip capacitor 74 is in direct 
and preferably low impedance electrical communication 
with the spaced-apart V00 and ·vss traces 20 • and 24', arid 
effectively bypasses VDD to Vss for IC 12. Capacitor 74 

25 makes direct electrical connection to conductive elellient$ 
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 to the typically 2-

30 5 nH inductance preseht in the prior art configuration of 
Figure 1. As a resl,llt, switching noise within the IC.is 
more effectively bypassed, relative to the performance of 
the prior art configuration of Figure 1. 

35 Bypass capacitor 74 is typica11r in the 1 nF. to 100 nF 
range, an~ may occupy an area of perhaps 0.050 11 by 0.111 

(1.3 llllli by 2.6.mm), although other sized capacitors may 

REP . -- ..... ...., 
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12 -
be used. A planar view.of Figure 2B would $how a sub­
stantial port;fon of the IC 12 surface area covered by one_ 
or more bypass capacitors 14. The lateral distance AX 
separatinq at least poJ:tions of the VDD arid Vss trace pair 

5 (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-
10 tor 74 may be used to provide bypassinq for IC 12. For 

each additional on-chip bypass capacitor, an additional 
pair of appropriately spaced-apart VDD and Vss traces will 
be provided, with additional pairs of suitably spaced­
apart conductive elements and element pads. 

15 

such a multiple on-chip ·capacitor configuration is shown 
.in Figure 3, wherein on-chip bypass capacitors 74, 74 1 

are used with a two metallization layer IC 12. rn Figure 
. . 

3, assume that the V00-carryinq metal traces are metal 2 
20 trace 22 1 and metal 2 trace22 11 , and that the Vss-carryinq 

metal .trac~s are metal 1 trace 20 1 and metal 2 trace 20 11 ~ 
·The relevant spaced-apart metal trace pairs are thus 
traces_22 1 and 20 1 , which are spaced apart a dis"tance AX, 
and traces 22 11 and 20 11 , which are spaced apart a distance 

25 Ax•. In Figure 3, capacitor 74 1 is shown as beinq 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 l~ke dis-

30 tance. · 

The column-shaped openinqs, columnar-conductive elements 
66, 68, 66 1 , 68 1 , and element pads 70, 72, 70 1 , 72 1 may 
be formed usinq any of the techniques described earlier, 

35 after which capacitors 74, 74 1 are mounted an~ electri­
cally connected to the relevant element pads. 

AEPLACEMENi SHEET. I . 
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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 cla_ims • 

. · 

Ir--·-..__;·------~-­·r.:.;:s SHtET t-r,t\s SEEN l L . ~EFLACED . . . t 
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WHAT IS CLAIMED IS: 
l. In an inteqrated circuit includinq a Voo peripheral pad 

. and a Vss peripheral pad and at · 1east one level of conductive 
traces, a method of directly attachinq a capacitor on said 
inteqrated circuit to byp~ss noise between a trace carryinq Vss 

and a trace carryinq V00 , ·the method comprisinq the followinq 
steps: 

·(a) forminq a first trace coupleable to said VDD pad, and 
. . 

forminq a second trace, not necessarily.on a common metallization 
layer 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 correspondinq to a lateral distance between _first and 
second connectinq pads on said capacitor; 

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

said flrst column-shaped opening extending from an upper 
surf ace of said integrated circuit downward to at least expose an 

·.upper surface region of said first trace, and said seconq opening 
extendinq from an upper surface of said inteqrated circuit 
downward to at least expose an upper surface reqion of said 
second trace; . 

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

(d) mounting said capacitor on said integrated circuit and 
electrically couplinq said first and secon~ ~onnecting pads to an 
uppermost region of said first and second columnar electrically 
conductive element-s. 

2. The method of claim l, 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 qroup consisting of (i) . 

This Sheet Has Been Replaced 
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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, (i~i) depositing 

tungsten within each column-shaped opening using a focussed ion 

beam, (iv) depositing a conductiv• 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 meth9d 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 capacito~s·, 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 s·aid 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·wlth a fabricated integrated circuit including 

a V00 pad and a Vu pad and at least one level of conductive trac­

. es a_nd including a first trace coupled to· said V~n pad and in-
. . 

eluding a second trace, not necessarily at a same metallization 

layer as said first trace, coupled to said Vss pad, a method of 

mounting a capacitor on said integrated circuit to bypass noise 

·between traces carrying Vu and V00 , the. method ·comprising the 

following steps: 

111111111111111111111111111111 
* C L M S * 
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(a) locating a region of said first trace and a region of 

said second.trace _unde~lying 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 

ffrst and second connecting pads; 

(b) forming a first coiumn-shaped opening and a second· 

column-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 integrated circuit downward to at least expose an 

Upper SUrfaCe Of. Said·. region Of Said first trace I and Said Second 

opening extending from an upper surface .of said integrated 

~ircuit downward to at l~ast eXi>ose 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; 

arid 

(d). mounting said capacitor on an upper surface of said 

integrated circuit and electrically coupling said first and 

second connecting pads to an uppermost reqion of.said first and 

second columnar electrically conductive eiements. 

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) depositi~g platinum within each said 

column-shaped opening usinq a focussed ion beam, (iii) ·depositinq 

tunqsteri within.eacb, said column~shaped "openinq usinq a focussed 

ion· beam, (iv) depositinq a conductive layer along at least an 

inner surface of each said column-shaped opening usinq sputter- ... 

inq, (v) filling each said column-shaped opening with a metal, 

and (vi) filling each said column-~haped opening with polysilicon 

that is.doped. 

a. ·The method of claim 6, wherein: 

11111111111111 11~11111111 Ill!: 
* C L M S * REPL · ·----·' · 

_AC.EMENT Sf-!c;:·· . 
• • •••••.• ·• • .t... • ··~ 

,..1-.''S. SHE ---···· --·: 
I It J::"T Wf•S f3<"•"o• i 

•• I I:"\ ·.t "t\.' 

f.U!PLACEo· ~-- .. 
l 

I "·-····-....... . 

. ---.. -··--··· .. · .... .. , .. , · .. 



17 

step "(c) includes a further step of using a fociissed ion 
beam to form first. and second conductive element pads at respec­
tive upper surfaces of said first and second colwnnar electrical­
ly conductive elements: and 

step (d) includes attachinq said first and second connectinq_ 
pads of said capacitor to said first and second conductive 

_elementpads.usinq a material selected from the qroup consistinq 
of (i) electrically conductive adhesive, and (ii) conductive bond 
material. 

9. The method of claims, wherein.said integrated circuit 
inclu_des N. capacitors, and wherein: 

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 correspondinq 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 inteqrated ~ircuit including ·a Vno pad and a Vss ·pad 
and at least. one level of conductive traces inc:ludinq a first 
trace coupled to said V00 pad and including a second trace, not 
necessarily at a common metallization level as said first trace, 

· coupled to said Vss. pad, and further includinq at least one 
bypass capacitor mounted at an uppermost surface of said inte-· 
qrated circuit, the integrated circuit including: 

a first ~olumnar electrically conductive element having a 
first end in elec~ical contact with at least a portion of said 
first trace and having a second second.end extend~ng 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 extendinq upward to at least 
said uppermost surfac• of said integrated circuit: 

11111111111111 11111 1111111 1111 : 
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said second columnar electri9ally conductive element beinq 

spaced-apart laterally from saic1 first columnar conductive 

element by a distance AX correspondirtq to a lateral distance 

··between first and second connecting pads on said capa:citor1 

and 
said capacitor havinq first and second conn"ectinq pads 

spaced-apart laterally said distance AX; and beinq mounted on 

said uppermost surface of said iriteqrated circuit such that said 

first columnar electrically conductive element a.nd said second 

coiumnar electrically conductive element are respectively in 

electrical contact with said first.and second conriectinq·pads on 

said capacitor. 

11. The inteqrated circuit of ciaim 16, wherein said bypass 

capacitor has at least one Characteristic selected from the 9.roup 

consistinq of (i)" a capacitance ranqinq from about 1 nF to 100 

nF, and (ii) a transverse dimension ranqing from about 1.3 mm to 

about 2.6 mm. 

11111111111111 11111 1111111 1111 · 
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switchin9 noi•• at integrated circuit vDl> and v88 metal traces is 
reduced by ·minimizing leacS inductance in o_n-chip bypaali capaci­
tora. Por-eaoh on-chip bypass capacitor, a pair ot v00-carryin; 
and v88-carryin9 metal trace• ia foJ:'Jl\eCI having spaced-apart 
ra9iona to whieh·~ypae• capacitor conneatinq pads may be at• 
taahed. For each bypass capacitor, spaqad•apart column-•baped 
opening• are tornad throuqh passivation an4 intar-metal_oxide 
layers, as needed to expose and access regions v88 and Von 

.carrying re9:Lona of the apacec!-apar'I: trace•. 'l'h••• opaninga are 
tormecl into aonduative columnar elementa, pi-aterably using l'IB 
deposition of tungsten or platinum. Conductive elmn.ent pads are 
formecl atop these elements.at the IC paaaivat:ion outer layer, to 
which bypass capacitor conneatin~ pad• are electrically connect-
ed. -. 
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lization, various metal 1 layer traces usually are cou­

pled to the upper p~wer supply V00 , the metal 2 layer 

trace~ carry signals, and various metal 3 layer traces 

are coupled to the lower power supply Vss (usually 

5 ground). For an IC with only two layers of 

metallization, various m~tal 1 layer traces are typically 

coupled to V88 , while some metal 2 layer traces will carry 

V00 and others will carry signals. These generalizations 

are not absolute, however, and VDo and/or Vss traces may be 

10 formed at any levei 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 

15 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. 

20 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 applied in 

liquid, form. 
25 

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 using p~asma enhanced chemical vapor deposition . 

30 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 

35 are depicted a~_ terminating at bond pads 38, 40. It is 

understood that there will be many Vss traces, all of 

which will be electrically coupled together and to Vss 
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throuqh one or more peripheral Vss bondinq pads and bond 
wires. Simi~arly, there will be many VDD traces, all of 
which will be electrica1·1y coupled toqether and to V00 

through one or more peripheral VoD bonding pads and bond 
5 wires. 

For ease of comprehension, Figure 1 shows bond wires 42, 
44 respectively connecting Vss and VDD to pads 38 and 40. 

. . 

and (in this example) to Vss trace 24 and VDD trace 20. In 
10 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 l does not show other vias that may be used to 
couple siqnals from various metal traces to the surface 

15 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 variou~ of the metal 1 level traces 

20 typically will be coupled to V0.o, and that various of the 
metal 3 level traces typically will be coupled to Vss. 

When IC 12 is actually used, power supplies providing Vss 

and VDD will be coupled to connector pins (not shown) on 
the package encapsulating IC 12. Connections from these 

25 pins are made with bond wires 42, 44 to peripheral Vss and 
VDD bonding pads and power rails on IC 12. 

Those skilled in the art of circuit desiqn will appreci­
ate that r-eliab.].e IC operation dictates that the V55 and 

30 . VDD voltaqe levels seen by IC 12 be as noise-free as 
possible. By noise-free it is meant that ideally the Vss 

and VDD siqnals on the IC traces are pure DC, with no AC 
transient components. 

35 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) 
change~ in voltages ~oupled to IC 12, including Vss and 
V00 • Crosstalk between ~djacent signal traces can also 

couple switching noise to traces carrying Vss or V00 • 

10 It is known to reduce switching noise by providing a 
bypass ·capacitor 50 at the surface of an IC, coupled 
between IC pad~ carrying Vss anQ. V00 • Several techniques 
for providing on-chip bypassing are described in the 

15 

refe.rence The , Close Attached capacitor: A Solution to 
Switching Noise Problems by-s. H~ Hashemi,·et al. 0148-

6411/92 p. 1056-1063 (1992). 

Bypass capacito~ 50 is .frequently in the 1 nF to 100 nF 
range, and may occupy. anarea of perhaps 0.050 11 by 0.1 11 

20 (1~3 mm by 2.6.mm). Typically, bond wire$ 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. 

25 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 V00 and/or Vss IC traces. 

30 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 implemen~ed using standard IC fabrica-

· tion processes. 
35 

The present invention provides such a method. 
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SQMMARY OF THE PBESENT INVENTION 
Switching noise appearing at integrated circuit V0o and Vss 

·metal traces is reduced by minimizing lead inductance 
5 associated with on-chip bypass capacitors. For each on­

chip bypass capacitor a pair of metal traces coupled to 
V00 and to Vss 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-

10 pacitor. 

Column-shaped openings must be formed through tne IC to 
gain access to the pair of spaced-apart metal traces 
coupled to V00 and Vss• These column-shaped openings are 

15 formed through the passivation and inter-metal oxide 
lay~rs 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 ~arge production 

20 run basis, the col~mn-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, 
25 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 

30 by f:illing the openin9s 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. 

35 

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-

5 ing V00 and V88 , 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. 
10 

15 

20 

25 

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 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 integrated circuit depicting formation of column­
shaped openings to access metal traces carrying Vss and 
V00 , according to the present invention; 

FIGURE 2B is a cross-sectional view of the integrated 
circuit of Figure ·2A, depicting the column-shaped open­
ings filled with conductive material to form conductive 
columnar.e-lements having conductive element pads to which 

30 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 

35 bypass capacitors to conductive element pads coupled to 
metal traces carrying V00 and V88 , according to the present 
invention. 
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DETAILED DESCBIP'l'ION OF THE PREFERRED EMBODIMENT 
Figure 2A depicts an integrated circuit 12 similar to 

5 what was described with respect to Figure l, wherein 
three layers of metal traces 20•, 22, and 24 1 are shown. 
Reference numbers 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-

10 ther, Figure 2A, like the other figures herein, is not 
drawn to scale. 

In Figure 2A, various metal 1 level traces are understood 
to pe coupled to at least one peripheral V00 pad on IC 12, 

15 and various metal 3 level traces are understood to be 
coupled to at least one peripheral Vss pad on IC 12. 
Thus, bond wires 42 and 44 respectively couple at least 
one 'peripheral Vss pad a~d at least one peripheral· V00 pad 
to· the Vss traces, including trace 24 •, and to the V00 

20 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 1 and 
20 1 , or be directly connected to these traces. It suf-

25 fices that traces 20 1 and 24' are coupled to peripheral 
V00 and Vss 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 V00-carrying 
trace at the m~tal 1 level, and a V88-carrying trace at 

30 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 V00 trace and 
35 a portion of at least one V9 trace, e.g., traces coupled 

respectively to a pe~ipheral Voo 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 capacito_r•s connecting pads. (This spatial rela­
tionship will be described more fully with reference to 
Figure 28.) In Figure 2A, these two spaced-apart trace 

5 portions are 20 1 and 24 1 , which traces happen to be lo­
cated at different levels, namely metal i and metal 3. 

As will now be described, these spaced-apart Voo and Vss 

carrying traces 20 1 , 24 1 must be accessed to facilitate 
10 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-

15 packaging. If IC packaging has occu~red, 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 

20 on-chip bypass capacitor(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 V00 and Vss carrying 

25 traces 20 1 , 24 1 , 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 µm2 to about 20 µm2 , although other dimensions may 
be used. ~he vertical length of columns 62, 64 depends 

30 upon the metal.lization levels at which the spaced-apart 
V00-carrying and V88-carrying traces are farmed, 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 •. 

35 

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 ~s 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 VDD and Vss 

5 traces, here 20 1 and 24 1 • Thus, in Figure 2A, the col­
umn-shaped openings 6_2, 64 are FIB-drilled through the 
passivation layer 32 and, in the case of opening 64, 
through inter-metal oxide layers 30 and 28. 

10 However, FIB-drilling openings 62 and 64 is time consum­
ing,· especially if multiple pairs of such openings are to 
be formed for mult1ple on-chip capacitors. FIB-drilling 
forms each opening, one at a time, with a back-and-forth 
milling type operation. However, FIB-drilling openings 

15 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. 

20 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 

25 32. Etching, for example reactive ion etching, (shown 
generically as arrows 60) then occurs through openings 
defined in the mask, forming the spaced-apart col.umn­
shaped openings 62 and 64 •. Mask 69 can define a plurali­
ty of mask openings through which etching occurs. In 

30 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. 

35 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 ~o 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-

5 ket sputtering and etch-back, or deposition filling with 

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. 
10 

15 

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 spa~ed-apart VDD­

carrying and V88-carryinq metal traces 20', 24 1 • 

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 

20 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. 

25 

For ease of illustration, Figure 28 shows a single metal 

1 V00 trace 20 1 and a single metal 2 V88 trace 24 1 , al­

though in practice many V00-coupled and V88-coupled traces 

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

30 phantom) are connected to peripheral V88 and V00 pads, 

respectively, which peripheral pads are via-coupled to Vss 

and VDo 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 

35 pads. Nonetheless, pads 70 and 72 will be electrically 

coupled to Vss pads and V00 pads through conductive ele­

ments 66 and 68, through traces 24 1 and 20 1 and other 

:..' .. 
'· 

l· 
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traces (not shown) that are via-connected to peripheral 
V88 anc;i V00 boi:id pads, respectively. 

In Figure 2B, a bypass capacitor 74 having capacitor 
5 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 

10 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 

15 doped polysilicon. 

20 

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 V00 and ·vss traces 20' and 24', and 
effectively bypasses V00 to Vss for IC 12. Capacitor 74 

25 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 to the typically 2-

30 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 configuration of Figure 1. 

35 Bypass capacitor 74 is typically in the 1 nF to 100 nF 
range, an~ may occupy an area of perhaps 0.050 11 by 0.1 11 

(1.3 mm by 2.6 mm), although other sized capacitors may 



'1.-·::;;~CEMENT SHEET \ 
I • ,,_i , I 

~ ~ ' ~ I 1 .... ~ I ; 
t I - Lt JUL 19:Ju i · 

12 \ ~ -· ··----···· •' ···- ... - ..... 

,, ...... -..................... ,, .· .. ~····"· 

be used. A planar view of Figlire 2B would show .. a .... ;~b-
stantial port;ion of the IC 12 surf ace area covered by one 
or more bypass capacitors 74. The lateral distance AX 
separating at least portions of the V00 and Vss trace pair 

s (here 20 1 , 24 1 ) 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-· 
10 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 V00 and Vss traces will 
be provided, with additional pairs of suitably spaced­
apart conductive elements and element pads. 

15 

Such a multiple on-chip capacitor configuration is shown 
in Figure 3, wherein on-chip bypass capacitors 74, 74 1 

are used with a two metallization layer IC 12. In Figure 
3, assuine that the V00-ca:r;:-rying metal traces are metal 2 

20 trace 22 1 and metal 2 trace 22 11 , and that the V88-carrying 
metal trac~s are metal 1 trace 20 1 and metal 2 trace 20 11 • 

The relevant spaced-apart metal trace pairs are thus 
traces 22 1 and 20 1 , which are spaced apart a distance AX, 
and traces 22 11 and 20 11 , which are spaced apart a distance 

25 Ax•. In Figure 3, capacitor 74 1 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-

30 tance. 

The column-shaped openings, columnar-conductive elements 
66, 68, 66 1 , 68 1 , and element pads 70, 72, 10 1 , 72 1 may 
be formed using any of the techniques described earlier, 

35 ·after which capacitors 74, 74 1 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 ~ithout departinq from the subject and spirit 
of the invention as defined by the followinq claims. 
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1. In an i~teg~ated circuit including a VDD peripheral pad 
and a Vss 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 Vss 

and a trace carrying VDD, the method comprising the following 
steps: 

(a) forming a first trace coupleable to said V00 pad, and 
forming a second trace, not necessarily on a common metallization 
layer 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; 

s~id 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; 

(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 
electrically coupling said first and second connecting pads to an 
uppermost region of said first and second columnar electrically 
conductive element~. 

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) 

111111111111111111111111111111 : 
. C L M S * 
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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 column-shap~d opening with a metal, and (vi) filling 

each column-shaped opening with polysilicon that is doped. 

4. The meth9d 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 sa~d capacitor to said first 

and second conductive element pads. 

Sw 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·wltli a fabricated integrated circuit including 

a VDD pad and a Vss pad and at least one level of conductive trac­

es and including a first trace coupled to said VDD pad and in­

cluding a second trace, not necessarily at a same metallization. 

layer as said first trace, coupled to said Vss pad, a method of 

mounting a capacitor on said integrated circuit to bypass noise 

between traces carrying Vss and VDD, the method comprising the 
following steps: 

I lllllll llllll lllll Ill" 111111, 
* C L M S * 
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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 late~al distance separating said 
·first and second connecting pads 1 

(b) forming a first column-shaped opening and a second 
column-shaped ·opening spaced-apart said distance Ax from said 
first column-shaped opening1 

said first column-shaped opening extending from an upper 
surface.of said integ~ated circ~it downward to at least expose an 
upper su~face 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 elements1 
and 

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

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.eacb 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 satd column-shaped opening with a metal, 
and (vi) filling each said column-shaped opening with polysilicon 
that is doped. 

8. The method of claim 6, wherein: 

111111111111111111111111111111 
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step (c) includes a further step of using a focussed ion 

beam to form firs~ and second conductive element pads at respec­

tive upper surfaces of said first and second columnar electrical­

ly conductive elements1 and 

step (d) includes attaching said first and second connectinq 
• J 
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 

includes N capacitors, and wherein:· 

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 capacitor1 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 VDD pad and a V88 pad 

and at least one level of conductive traces including a first 

trace coupled to said VDD pad and including a second trace, not 

necessarily at a common metallization level as said first trace, 

coupled to said Vss 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 ~oiumnar electrically conductive element having a 

first end in eleet"rical 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 circuit1 

a second columnar electrically conductive elemen~ having a 

first end in electrical contact with at least a portion of said 

second ~race and having a second end extending upward to at least 

said uppermost surface of said integrated circuit1 

11111111111111 11111 1111111 1111 
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said second columnar electrically conductive element being 
spaced-apart late~ally 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 ~aterally said distance AX, and being mounted on 
said uppermost surface of said integrated circuit such that said 
f i~st colUinnar electrically conductive element and said second 
columnar electrically conductive element are respectively in 
electrical .contact with said first and second connecting pads on 
saiq capacitor. 

fl. 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 l nF to 100 
nF, and (ii) a transverse dimension ranging from about l.l mm to 
about 2.6 mm. 

I lllllll llllll lllll lllll II llll 
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