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Abstract
Three-dimensional (3-D) device stacking technologies
provide an effective path to the miniaturization of electronic
systems. These 3-D stacks can be envisioned to contain, in
addition to active device layers, interposers with passive
devices. The stackable interposer concept is compatible with
any integratable passive device architecture, but is particularly
well suited to 3-D enabled passives which take advantage of
the bulk of the layer and the connectivity on two surfaces. In
this paper we report on the design, fabrication and electrical
characteristics of a 3-D enabled solenoidal inductor.
Introduction
High performance commercial and military applications
demand more and more complex, multifunctional
microsystems with performance characteristics which can
only be achieved by using best-of-breed materials and device
technologies for the microsystem components. Three-
dimensional (3-D) integration of separate, individually
complete device layers provides a way to build complex
microsystems without compromising the system performance
and fabrication yield. In the 3-D integration approach, each
device layer is fabricated separately using optimized materials
and processes. The layers are stacked and interconnected by
means of area array through-wafer interconnects (TWIs)
[1,2]. These 3-D stacks, shown schematically in Figure 1,
can be envisioned to contain, in addition to the active device
layers, interposers with passive devices, such as inductors,
resistors and capacitors. The placement of passives in the
separate interposer layer preserves costly real estate of ICs
and decouples the process of the fabrication of the passives
from the thermal budget of a completed IC. It also facilitates
known-good-die processing for increased yield.

As shown in Figure 1, the interposer may contain 2-D
passives, but its use also opens the doors to a device
architecture which takes advantage of the bulk of the layer
and connectivity on both surfaces. This device architecture is
enabled by the use of through-wafer interconnects shown in

Figure 1. Schematic of a stackable interposer
containing both 2-D and 3-D passives.

Figure 1.
This paper focuses on an example of a 3-D enabled

passive device, a 3-D solenoidal inductor, following an earlier
report on TWI-enabled inductors [3]. Traditional thin-film
inductors have a 2-D, surface-style architecture, illustrated
schematically in Figure 2. Surface inductors fabricated on
low resistivity silicon common for RFICs have Q's typically
of less than 10 at frequencies up to 5 GHz and inductance
values of 1 to 1OnH [4,5].

Figure 2. Circuit with surface 2-D Inductors.

Figure 3 shows a schematic of a 3-D solenoidal inductor
with windings composed of TWIs and routing lines on both
surfaces of the substrate. The 3-D fabrication approach
allows for potentially better performance characteristics,
coupled with better field control and with connection
opportunities on both sides of the die. One important aspect
is the definitive provision of multiple current-return paths.

t igure 3. I nree-turn solenoia inductor
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