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ABSTRACT

Heterogeneous integration is a must for
future mmWave, sub-THz communica-
tion systems: there is fierce competition
to develop components and systems with
high data communication bandwidth.
Combining III-V high speed/low-noise
technologies with ultra-dense smart
CMOS/BiCMOS technologies is a prom-
ising and exciting approach to investi-
gate. Many technical challenges need to
be addressed in different areas of phys-
ics: mechanical, electromagnetic, ther-
mal. The solutions to these multi-physics
problems must be cost-effective with a
reasonable environmental impact in order
to have a chance to be in pockets, cars,
communication infrastructures, and oth-
ers in a few years. CEA-Leti is investi-
gating different 3D integration solutions
that have been mastered in-house for tens
of years, from the most mature one to
the most advanced: chiplet copper pillar
assembly and die to wafer direct hybrid
bonding. This presentation focuses on

Fig. 1.

3D assembled demonstrators: (a) cop-
per pillar assemblies; (b) direct hybrid bonding
assemblies.

different issues raised by mmW/sub-THz
heterogeneous integrated systems and is
illustrated by concrete examples.

A passive silicon radio frequency (RF)
interposer was designed and manufac-
tured. It is the basis of many different
passive and active RF-3D objects and
demonstrators as shown in Figure 1.
Top dies of different technologies can be
reported on different bottom footprints,
dedicated to RF measurements and char-
acterizations, using different CEA-Leti 3D
assembly techniques. Some passive struc-
tures, such as transmission lines in 2D and
3D contexts and their RF performances,
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Fig. 2. Transmission line propagation in 2D and
3D contexts.
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Fig. 3. DC and RF measurements of 2D vs. 3D
GaN-High Electron Mobility Transistor (HEMT).

have been investigated (Figure 2). Several
III-V devices were also assembled on the
passive RF interposer: a GaN-RF HEMT,
on which some electrical measurements
are shown in Figure 3, and other indium
phosphide (InP) Double Hetero-junction
Bipolar Transistor (DHBT) using a sim-
ilar 3D copper pillar assembly strategy
will be presented. These different dem-
onstrators allow evaluation of issues and
optimizations to address to reach the
electrical performances needed for future
heterogeneous RF systems. The envi-
ronmental impacts of the evaluated 3D
assembly technologies are also studied
and compared (Figure 4).

If the chiplet copper pillar assembly
shows interesting results for short- and
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Fig. 4. Impact assessment comparison of hybrid
bonding and CuPi.

medium-term 3D RF applications, opti-
mizations and enhancements will allow
the direct hybrid bonding process to
open up new fields of possibilities for
3D RF systems in the medium and long
terms.
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