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Abstract
As the advanced ULSI has continued to
shrink, the transmission delay between
(Roadmap) devices dominates the performance of the
whole circuit system. The RC time delay of
interconnects will limit the device speed
performance. The two components of the



delay arise from the resistance of the meta
interconnects and the capacitance of the
inter-metal dielectric. This is especially true
in devices with a wiring pitch less than 0.25
u m, which typically has much higher

capacitance due to their long wiring length.
Furthermore, power consumption is also a
concern for high-speed device; such as
microprocessor unit or radio frequency
integrate circuit. By using materials with low
dielectric constant (low-k material) and low
resistivity metal can reduce the RC time
delay in devices. In order to improve the
transmission speed, the resistivity of metal
lines and the inter-level dielectric between
metal lines must be decreased. In the field of
decreasing resistivity of metal lines, the
popular method is copper process in recent
year. In the past few days, the 0.13 um

production line has developed the copper
process successfully. It’s really decrease the
resistance of interconnect meta line
effectively and indeed improve the operating
frequency of the integration circuit chip.
Especially, the "Copper Chip", which is
developed by IBM, is well known. And the
method of decreasing capacitance between
the inter metal lines is to use low dielectric

constant materials as the inter-level didectric.

In estimation, we should apply the low-k (2.0

2.2 dielectric constant) materials to the
back-end process in ULS| before A.D 2004.
The International Technology Roadmap for
Semiconductors (ITRS) point out that the
low-k materials technology in back-end
process of ULSI will meet a difficult
bottle-net. We could not synthesize the
electronic material with the dielectric
constant below 2 for semiconductor industry.

So far various roadmaps in ULS
indicate that maybe air will be used in the
future owing to with the lowest dielectric
constant. However, how to apply air in the
ULSI isstill amessto all the engineersin the
semiconductor field. The research project in
our laboratory is using ar as insulator
between inter-metal lines, and the low-k solid
thin film is still being the insulator between

inter-layer metal. We believe that it will
reduce the impedance of interconnection in
the back-end process and really promotion
the speed of signal transformation.

This project had been executed in passed two
years. In the first year, we developed an
upside-down technique to avoid the
limitation that a thin solid film must be
deposited on solid body. Thus, we can form a
thin insulating layer above the metal lines.
We analyze the effect of the surface tension,
atmosphere pressure and gravity on the air
gap formation. We also study the factors
dominating the formation of the air gaps and
the parameters consideration to get the air
gaps processing reliability. In the second year,
we developed the multi-level air gap
metallization. We combined the copper
metallization and air gap in the back-end
process, and identified the possibility through
some simulation module.

Key words air gap, ar dielectric, low
dielectric constant materials,
RC time delay.
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