
1. Introduction

With recent bursting weight-reduction and down-
sizing of electronic devices, high-density packaging
technology takes crucial importance. For instance,
three-dimensional (3D) stacking or system in pack-
age (SiP) is proposed for high-density packaging of
electronic devices 1). Fujikura has been developing a
new wafer-level packaging technology based on sili-
con through-hole interconnections for high-density
packaging of the optical devices, RF devices, and
micro electro mechanical system (MEMS) devices 2)-

4). Since the through-hole interconnections are
formed in a Si substrate, their RF characteristics are
one of the most important features. Only few works
that focused on a simulation of the RF characteristics
have been reported before 5) 6). In this paper, RF char-
acteristics of the through-hole interconnections were
examined. Especially, the thickness of the insulation
layer on the surface of the through-hole and resistivi-
ty of the silicon substrate were focused on.

2. Structure and fabrication process

Figure 1 shows a schematic process flow of the
through-hole interconnections. At first, 80 µm diame-
ter via-holes were formed in a Si wafer by deep reac-
tive ion etching (DRIE). The resistivity of the Si
wafers were 10 Ω cm and 1k Ω cm to study its influ-
ence on the RF characteristics. After forming the via-
holes, the SiO2 layer was formed as an insulator on
the sidewalls of the via-holes and on the surface of
the wafer. The thickness of the layers were 1.2 µm
and 0.1 µm. Then, metal filling was done by the
molten metal suction method (MMSM) 7). Because of

the differential pressure between the inside of the
holes and the chamber, the molten metal can be filled
into small holes having high aspect ratio. It has great
advantages such as short process time and excellent
airtightness. In this experiment, gold-tin alloy (80 wt%
Au-20 wt% Sn) solder was chosen as a filling metal.
After metal filling, the backside of the wafer was
ground until the buried Au-Sn solder in Si appeared
on the backside of the surface. The thickness of the
wafer was 200 µm. After grinding, the SiO2 layer was
deposited on the backside of the surface as an insula-
tor. Finally, a patterned copper (Cu) layer was formed
on both sides of the wafer as a conductor. Figure 2
shows a cross-sectional view of the through-hole
interconnections. The Au-Sn alloy was completely
filled into the via-holes without leaving any voids.
Some DC electrical characteristics were examined.
The measured resistance of the through-hole inter-
connection was approximately 9.8 mΩ. On the other
hand, theoretical resistance of the through-hole inter-
connection filled with Au-Sn solder was 6.4 mΩ. This
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Fig. 1.  Schematic process-flow of through-hole 
interconnections.



result indicates that a contact resist-ance existed
between the filled metal and Cu pads, and its value
was approximately 3 mΩ. The leakage current from
the through-hole interconnections to Si substrate was
less than 0.1 nA at 100 V. As a result, the through-
hole interconnections had excellent electrical charac-
teristics. 

3. Results and discussion

3.1. Evaluation procedure

Figure 3 shows a model for RF characteristic mea-
surement of through-hole interconnections. The
through-holes were connected electrically by a Cu
pattern. The length of the through-hole is 200 µm and
the via-pitch is 600 µm. The co-planar transmission
line consists of three of the components as shown in
the figure. The pitch between each pads is 300 µm. At
the center is a signal transmission line and the others
on both sides are ground lines. S-parameter S21 of
the transmission line was measured from 0.1 GHz to
8 GHz. Because measured S21 included both the
through-hole interconnections and Cu pattern, S21 of
the through-hole interconnections can be calculated
by subtracting S21 of the Cu from the measured S21.
Figure 4 shows equivalent circuit diagram of the
through-hole interconnections. In this model, it con-
sists of substrate resistivity RSi and stray capacitance
CSiO2 between the through-hole interconnection and Si
substrate. Although through-hole interconnections
and Si substrate are isolated by SiO2, leakage current
appears at radio frequency as increasing CSiO2.
Therefore, the influence of the thickness of SiO2 and
resistivity of Si substrate on S21 was examined.

3.2. Transmission characteristics and stray capaci-
tance

Figure 5 shows the calculated result of stray capaci-
tance between the through-hole and a Si substrate.
CSiO2 was calculated by regarding the through-hole
interconnection as coaxial cable. When the thickness
of SiO2 was 0.1 µm, the stray capacitance CSiO2 and
reactance Xc at 1 GHz were approximately 17pF and

9 Ω, respectively. This result shows that current from
the through-hole to Si increased as the thickness of
SiO2 reduced. Figure 6 shows dependence of the
measured S21 on the SiO2 thickness at the same 10 Ω
cm resistivity of Si substrate. When the thickness of
SiO2 was 1.2 µm, the transmission loss was 0.86 dB at
1 GHz. On the other hand, when the thickness of
SiO2 was 0.1 µm, transmission loss was 3.7 dB. From
these results, RF transmission performance of the Si
through-hole interconnections became superior, as
the thickness of SiO2 increased.
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Fig. 4. Equivalent circuit diagram of through-hole 
interconnections.



3.3. Transmission characteristics and substrate resis-
tivity

Figure 7 shows the dependence of measured S21
on resistivity of the Si substrate, RSi, at the same 1.2
µm thickness of SiO2. When the resistivity of sub-
strate was 10 Ωcm, transmission loss was 0.86 dB at 2
GHz. When the resistivity of substrate was 1,000Ωcm,
transmission loss was 0.01 dB at the same 2 GHz fre-
quency. It appeared that higher resistivity of sub-
strate drastically improved the transmission charac-
teristics of the silicon through-hole interconnections.

3.4. Comparison with conventional technology

Wire bonding is the most widly used process for
inter-chip connection. Through-hole interconnections
have some advantages compared with conventional
wire bonding. It can reduce package size and wiring
length. Also, as the length of the conductor becomes
shorter, the RF characteristics become better. Figure
8 shows a comparison of the measured S21 between
through-hole interconnections and wire bonding. The
diameter of the bonding gold wire was 25 µmφ and its
length was 5 mm. S21 was less than −3 dB at 4 GHz.

On the other hand, S21 of the through-hole intercon-
nections was around −1 dB at worst, which was much
better than that of wire bonding due to their thick and
short shape of the through-hole interconnections.

4. Conclusion

Through-hole interconnections in Si substrate have
been developed for 3D stacking and SiP, and MEMS
device wafer level packaging. Some electrical and RF
characteristics were studied. As a result, higher resis-
tivity of Si substrate and thicker SiO2 film on the
through-holes improved the transmission characteris-
tics of the interconnections. Also, it was confirmed
that through-hole interconnections were suitable for
higher frequency transmission compared with con-
ventional wire bonding.

We will continue to examine its reliability, and also
try to apply this through-hole interconnection tech-
nology to glass substrate and expect a lot of improve-
ment in RF characteristics with simple process.
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Fig. 6. Dependence of measured S21 on SiO2 thickness. 
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Fig. 7. Dependence of measured S21 on Si substrate resistivity.
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Fig. 8. Comparison of S21 between through-hole 
interconnections and wire bonding.


