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[Abstract/Translation of Japanese]
Abstract: In order to achieve a three-dimensional
interconnect technology with improved moisture
resistance for MMICs, we evaluated the moisture
resistance of the organic films used as insulator films
and of adhesion metal, which is used to improve
adhesion of Au and an interlayer film. Studying and
comparing polyimide and photosensitive BCB with
regard to insulator film found that polyimide, which has
high moisture absorption, has better moisture resistance characteristics than BCB, which has low moisture absorption. This result suggests that, in terms of
moisture resistance characteristics, permeability is
more important than moisture absorption. For adhesion metal, it was found that W and WN have excellent
moisture resistance characteristics, compared to WSi
and WSiN. This result suggests that metal containing
Si is easily oxidized. In addition, a three-dimensional
interconnect was made using polyimide as the insulator film and W or WN as the adhesion metal and was
tested for moisture resistance at 85°C, 85% relative
humidity, with current applied. The result, evaluated
for leakage current and contact resistance, was no
failures after 1000 hours of operation.

[Author’s abstract: The resistance to moisture of
insulator film and adhesion metal in three-dimensional interconnects has been investigated for lowcost monolithic-microwave integrated circuits with
non-hermetic packages. For insulator film, although
polyimide has higher moisture absorption than
benzocyclobutene (BCB), polyimide has better
moisture resistance than BCB. This suggests that the
dominant factor in moisture resistance is not moisture
absorption but permeability. For adhesion metal, W
and WN have better moisture resistance than WSi
and WSiN; metal containing Si is oxidized easily. An
interconnect covered with polyimide passivation film
and using W or WN adhesion metal and polyimide
insulator film did not fail in terms of contact resistance
and leakage current under stress of 85°C and 85%
relative humidity for 1000 h.]
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1. Introduction

2. Interconnect Structure

In recent years the rapid expansion and diffusion of small
mobile communication devices has led to increasingly
strong demands to make monolithic microwave integrated circuits (MMICs) for communications cheaper,
more highly integrated, and more functional. In order
to achieve this sort of MMIC, we developed a threedimensional interconnect technology that combined
planar multi-layer interconnects and vertical interconnects.[1]–[4] Applying this technology to GaAs ICs, we
created various types of three-dimensional MMICs,
mainly single-chip transceivers. In addition, we also
applied it to a Si bipolar transistor and created the first
Si three-dimensional MMIC.[5] Through this, we proved
that three-dimensional interconnect technology is a
universal technology that does not depend on the type
of semiconductor.

Figure 1 shows a sectional view of a three-dimensional
interconnect for a MMIC. This structure consists of planar
multi-layer lines formed atop one another and sandwiching an insulator film for each layer, a vertical metal wall
buried in all the insulator films, and vias connecting the
lines, etc. Using this structure makes it possible to form
multiple passive elements and passive circuits atop one
another in the same region with blocking planes interposed. Also, by intentionally removing the blocking and
utilizing the coupling effect it becomes possible to form
many more vertical-type lines and passive components,
such as vertical blocking walls, small inductors, small
transmission paths, and vertical couplers.

Organic materials such as polyimide[6] and
benzocyclobutene (BCB)[7] have features such as a low
dielectric constant, low internal stress, easy thick film
formation, etc., so they are very suitable as insulator films
for three-dimensional interconnects. However, organic
films have a defect in that they have higher moisture
absorption than inorganic films such as the ordinary
SiO2, SiN films, etc. in semiconductor devices.
On the other hand, the main interconnect metal used in
three-dimensional interconnects is Au, so it has no
problems with regard to moisture resistance. However,
Au has poor adhesion with insulator film, so it is necessary to insert a thin metal layer (adhesion metal) between
the insulator film and Au to play the role of an adhesive.
In conventional technology, WSi is used as the adhesion
metal, but its moisture resistance characteristics are not
well understood.
For these reasons an MMIC that uses conventional threedimensional interconnects uses expensive hermetic
packaging such as a ceramic package, and this interferes with making MMICs less costly.
In this project we evaluated and studied the moisture
resistance of the insulator films and adhesion metals
used in three-dimensional interconnects. As a result, we
developed a new three-dimensional interconnect structure with excellent moisture resistance characteristics
that can be applied to non-hermetic packaging. Here is
our report.
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In practice, the configuration most commonly used in
three-dimensional interconnects has four stacked layers
alternating polyimide interlayer films 2.5 µm thick and Au
lines 1 µm thick (however, the uppermost layer is 2 µm);
each line is formed in polyimide film with total film
thickness 10 µm.
Furthermore, the conventional structure assumes hermetic packaging, so the uppermost layer’s line is peeled
off, but in the new structure which we report on here, the
same polyimide as the interlayer film is deposited
thereon as a passivation film; only the polyimide at the
pad portions is removed.

Figure 1. Sectional view of three-dimensional interconnect

3. Experimental Method

Figure 3. Main flow of three-dimensional interconnect
process

3.1 Moisture Resistance Of Insulator Film
In this project we studied the moisture resistance characteristics of polyimide and photosensitive BCB, which are
actually used in three-dimensional interconnects. Figure
3 sic shows a sectional view of a sample used in the
tests. It is one in which a WSi metal line formed on a
SiO2/GaAs substrate is covered with polyimide or BCB.
WSi was deposited by sputtering, and a pattern was
formed through RIE using a resist mask and SF6 gas.
The WSi line thickness was 0.2 µm, the line width was
12 µm, and the line length was 1.5 mm.
The polyimide passivation film was formed by spin
coating and curing at 300°C for 60 minutes. With BCB
it was formed by spin coating and curing at 250°C for
40 minutes. The film thickness was 2.5 µm in both cases.
The test was conducted by exposing the samples to
85°C and 85% relative humidity (R.H.) with no current
flowing. After the test, variation in the electrical resistance of the WSi lines was measured.

Under layer
line
(a) O2CF4 ICP etching

(b) Sputtering and plating

(c) Milling

Upper layer
line

Figure 2. Sectional view of moisture resistance evaluation
sample of insulator film

(d) O2 plasma and SF6 RIE

high-speed etching. Also, these features are also suitable for forming a throughhole with a high aspect ratio.
The ICP parameters used in this project were coil power
600W, platen power 200W, pressure 3.5 mTorr, CF4
mixture ratio 10%. The underlayer line beneath the
polyimide was the etching stopper. After etching, the
resist mask was removed by wet etching.

3.2 Moisture Resistance Of Three-Dimensional
Interconnects
Figure 3 shows the main flow of the three-dimensional
interconnect process using a polyimide insulator film.
First, a polyimide interlayer film 2.5 µm thick was spincoated on a wafer formed up to the underlayer line, and
then cured at 300°C for 60 minutes. Next, a throughhole
and groove were formed with inductively coupled plasma
(ICP) etching using a resist mask and O2/CF4 mixed gas.
ICP features are high-density plasma, low pressure, and
excellent ion directionality,[8] so it is suitable for polyimide

Second, a thin adhesion metal (WSi, WSiN, W, or WN)
and seed Au were first continuously deposited by
sputtering on the throughhole and groove side walls and
polyimide surface, and then Au was deposited by
electrolytic plating. High uniformity and excellent coverage were achieved by using a low current density of
1 mA/cm2. The thicknesses of the adhesion metal and all
of the Au were 0.03 µm and 1 µm respectively.
Third, the place where the line was to be formed was
covered with a resist mask, after which the Au on the
polyimide was removed by milling.
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Finally, the photoresist was removed using O2 plasma,
after which the adhesion metal was removed using SF6
RIE. By doing so, a line and interlayer via were formed
simultaneously. Lines up to the uppermost layer were
formed by repeating this process.
Then polyimide 2.5 µm thick was formed using the same
method as the interlayer film as a passivation film atop
the uppermost layer’s line, and the polyimide at the pad
portions was removed using the same method as for
throughhole formation.
In order to compare polyimide and BCB, a line was made
using a photosensitive BCB insulator film and W adhesion metal. The main flow of the manufacturing process
was to first spread BCB on the underlayer line by spin
coating, and then form a throughhole using photolithography. Subsequently, curing was performed at 210°C for
30 minutes, forming a BCB interlayer film 2.5 µm thick.
The subsequent line metal formation method was the
same as for the polyimide version. Also, BCB 2.5 µm
thick was formed by the same method as the interlayer
film as a passivation film atop the uppermost layer’s line.
Finally, it was heat-treated at 250°C for 40 minutes to
completely cure the BCB.

4. Results And Discussion
4.1 Insulator Film’s Moisture Resistance
Figure 4 shows the insulator film dependency of WSi line
resistance variation. In samples with the line peeled off,
resistance increased rapidly after 24 hours; this was
attributed to WSi oxidizing easily in a high-temperature
high-moisture environment. On the other hand, the
increase of resistance in WSi covered by an insulator film
was greatly suppressed. In samples with a BCB passivation film the first sample resistance increase occurred at
200 hours, and resistance increased in all the samples at
832 hours. Furthermore, in the samples with a polyimide
passivation film we observed no resistance variation
even after the passage of 1000 hours. Microscopic
examination found line discoloration at many sites in
samples with a BCB passivation film.
Figure 4. Insulator film dependency of WSi line resistance
variation

Also, in order to examine the passivation film effect, we
made a sample in which the uppermost layer’s metal line
had no covering whatsoever, i.e., a conventional version.
The sample was mounted in a 24-pin DIP, and then a
moisture resistance test was conducted. After testing,
variation in contact resistance and inter-line leakage
current were measured.
Contact resistance evaluation used a sample in which
62 via contacts were connected in series. The sample’s
line width was 12 µm, line thickness was 1 µm, line
length was 1.5 mm, and contact diameter was 6.5 µm.
The test conditions were 85°C, 85% R.H., current density
1.3 × 103 A-cm2. A failure was considered a variation of
20% or more from the initial resistance value.
Inter-line leakage current evaluation used two parallel
lines with line width 3 µm, spacing width 3 µm, and line
length 5 mm. The test conditions were 85°C, 85% R.H.,
and inter-line voltage 10V. A failure was defined as
leakage current of 1 × 10–9 A or higher.
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Figure 5 shows a sectional SEM photograph of WSi metal
after testing. No shape changes were observed in the
polyimide sample shown in Figure 5(a). On the other
hand, Figure 5(b) shows a sectional photograph of the
site of a discoloration in a BCB sample; the WSi metal
swells to about 5× at the center, and cracks are visible in
places. Also, there are cracks in the BCB at the line’s
edge portion, and metal coloring is visible at that portion.
Figure 6 shows the Auger depth direction distribution in
WSi metal after testing. Before analysis, the insulator film
was removed by ICP. In polyimide samples impurity
atoms such as oxygen do not appear in the WSi metal.
On the other hand, many oxygen atoms were observed
in WSi metal in the BCB samples, which clearly was
oxidized.

Figure 5. Sectional SEM photograph of WSi metal after test

(a) WSi interconnect covered by polyimide (after 1006 hours)

BCB film’s moisture absorption is about 0.2%, which is
clearly lower than polyimide’s approximately 3%. However, in the BCB samples the WSi metal clearly oxidized;
this result is thought to indicate that moisture was able to
easily penetrate the BCB film, i.e., that BCB film’s permeability is high. Therefore, when considering a line’s
moisture resistance, the passivation film’s permeability
is more important than its moisture absorption. Based
on these results, we used a polyimide insulator film in
a three-dimensional interconnect for high moisture
resistance.

4.2 Moisture Resistance Of A Three-Dimensional
Interconnect
(a) EFFECT OF PASSIVATION FILM

(b) WSi interconnect covered by BCB (after 832 hours)

Concentration (at %)

Figure 6. Auger depth direction distribution in WSi metal
after test

Covering the uppermost layer with a passivation film
is mandatory from the perspective of achieving high
moisture resistance. In this study we used polyimide
in the passivation film that was the same as in the
interlayer film.
Figure 7 shows variation in inter-line leakage current due
to the presence or absence of a passivation film; when
there was no passivation film, all of the samples failed by
8 hours, but with a passivation film there was no current
variation even after 1000 hours. Microscopic examination
found line discoloration and peeling in the samples with
no passivation film, even after the very short time of
8 hours, and the moisture resistance of the peeled
WSi/Au line was very low.

Concentration (at %)

Figure 7. Variation in leakage current between
interconnects due to presence or absence
of passivation film

Sputtering time (min)
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Figure 8 shows cumulative failure probability in contact
resistance samples due to the presence or absence of a
passivation film. When no passivation film was present,
all samples failed in 238 hours. On the other hand, when
a passivation film was present, about half the samples
failed in 1000 hours, which was an improvement. The
contact portion with WSi metal interposed was covered
by polyimide and Au in the conventional version too and
did not come into direct contact with the atmosphere.
Therefore, the difference in moisture resistance characteristics due to the presence or absence of a passivation
film was small, we felt, but in actuality a clear difference
appeared. Without a passivation film the end face of the
adhesion metal in the upper line is exposed to the
atmosphere so it oxidizes easily, we felt. The oxidized
WSi swells, cracks occur, and the insulator film separates. Therefore, a line atop polyimide peels off, and
because of this the contact portion peels off, or moisture
easily invades from WSi cracks and gaps between the
interlayer film and WSi, and the contact portion’s WSi is
oxidized.
These results confirmed that a polyimide passivation
film is effective in improving moisture resistance
characteristics.
(b) ADHESION METAL
Au’s high moisture resistance is well known. However,
Au’s adhesion to the insulator film is poor. Therefore, a
metal layer is needed between Au and the insulator film
to improve adhesion. In this project we studied four
types of W metals (WSi, WSiN, W, and WN) for which
there are actual results in conventional three-dimensional
interconnects.
Figure 8 shows the relationship between adhesion metal
and cumulative failure probability in contact resistance
samples. The figure shows that the four metals are
divided into two groups. In the WSi and WSiN samples,
failures began to increase after 200 hours. On the other
hand, no failures occurred even after 1000 hours with
W and WN. This result suggests that metal that contains
Si oxidizes easily.
Figure 9 shows leakage current variation when using
W adhesion metal. There is no increase in leakage
current, even after 1000 hours. Also, the same sort of
excellent result was obtained with the WN samples.
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Figure 8. Relationship between adhesion metal and
cumulative failure probability in contact
resistance sample

Figure 9. Variation in leakage current between lines in
sample using W adhesion metal (polyimide
insulator film)

Figure 10. Variation in leakage current between interconnects in BCB sample (W adhesion metal)

(c) COMPARISON WITH BCB
Inter-line leakage current was also evaluated for samples
that used a BCB film and W adhesion metal. Figure 10
shows the results. An increase in leakage current first
appeared at 96 hours, and after 716 hours the leakage
current increased in all. Microscopic examination found
that lines on the positive-electrode side discolored, and
metal coloring was visible in places toward lines on the
negative-electrode side.
Based on these results, we can say that to achieve high
moisture resistance one needs not only W or WN metal
but also a polyimide insulator film.
Table 1 shows a summary of the results of these tests.
The test times were always 1000 hours, except for items
whose time is shown in ( ). Moisture resistance characteristics were greatly improved in a conventional threedimensional interconnect that used WSi adhesion metal
by introducing a polyimide passivation film, and in the
leakage current evaluation there were no failures in 1000
hours. Furthermore, by using W or WN as the adhesion
metal we achieved 1000 hours with no failures in both
leakage current and contact resistance evaluations.

a polyimide insulator film and W or WN adhesion metal,
and the uppermost layer’s metal line is covered with a
polyimide insulator film. This line achieved no failures at
1000 hours under conditions of 85°C, 85% R.H., and
current flowing. Based on these results, we believe the
new three-dimensional interconnect is suitable for use in
non-hermetic package applications.

5. Conclusion
We evaluated insulator film and adhesion metal’s moisture resistance in order to achieve a three-dimensional
interconnect with excellent moisture resistance. For the
insulator film, we found that polyimide is better than BCB.
The dominant factor affecting moisture resistance is
thought to be permeability, not moisture absorption. As
for adhesion metal, we found that W and WN are better
than WSi and WSiN. The cause of rapid oxidation of WSi
and WSiN is thought to be attributable to their containing
Si atoms. The new three-dimensional interconnect uses
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Table 1. Three-Dimensional Interconnect’s Moisture Resistance Test Results
(number of failures/number of tests)*
Passivation film
Insulator film
Adhesion metal
Via-contact resistance
Leakage current

None

Polyimide

BCB

Polyimide

Polyimide

BCB

WSi

WSi

WSiN

WN

W

W

10/10 (238 h)

8/20

6/17 (800 h)

0/20

0/20

—

10/10 (6 h)

0/8

2/10

0/9

0/10

10/10 (716 h)

*Items with no time label are all the results after 1000 hours.
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