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Figure 2. Examples of advanced packaging technologies using RDL.

3D stacking with TSV

For the last few decades, IC technology has used shrinking gate

dimensions and decreasing operating voltage to improve gate

switching delay and thus device performance. As we look beyond

the 32nm node, we find that fewer and fewer foundries/IDMs can

afford to put <45nm generations of technology into place. In addition,
further scaling has resulted in increased line resistance and capaci-
tance for the smaller cross-section wires. Options to improve perfor-
mance, at a reasonable cost, have become limited.

One solution that has been proposed is 3D Integration, where
multiple layers of planar devices are stacked and interconnected
through the silicon [3]. The resulting decreased chip area results
in much shorter global interconnect, which results in less power
required to drive signals the shorter distance.

Once the infrastructure is in place, it is hoped that 3D IC
technology will reduce both risk and cost through economic benefits
such as: a) reducing the time it takes to design and verify chips at the
most advanced nodes; b) allowing the use of older analog IP blocks
rather than having to develop new IP blocks at the most advanced
process nodes; and c) allowing the mixing of normally incompatible
technologies (heterogeneous integration).

Three-dimensional technology can enable the integration of
current off-chip memory (like L2 cache) onto the processor chip,
thereby eliminating some of the slower and higher-power oft-chip
buses to off-chip memory and replacing them with high-bandwidth,
low-latency vertical interconnections. In addition, on-chip memory
(embedded) can be fabricated on a separate layer and bonded to the
logic functions. Both of these options improve access latency, the
former reducing interconnect length from tens of millimeters to
tens of microns, and the latter allowing optimization of memory
processing on a separate layer.

Thekey enablers of 3D include: 1) fabrication of the through silicon
vias; 2) thinning the die/wafers to 50um or less; 3) align and bond
the die/wafers, usually through some form of metal-metal bonding.
TSVs will be manufactured either in the fab/foundry during back end
of line (vias middle), or after the die has been completed from the
back side of the wafer (vias last-backside) by the foundry or OSAT
(outsourced semiconductor and test). Backside TSV processing
includes insulation and metallization of the TSV, backside RDL and
bump placement. For the TSV last-backside processes, OSATs can
use their standard polymer-based RDL processes, with minor altera-
tions, to fabricate these structures. An example of this is STMicro’s

300mm CMOS image sensor line in Crolle.

While stacking of die, such as memory, is made easier by having
identical I/O, stacking other chips will require an I/O interface
standardization that is not yet in place. In order to mate such die,
silicon interposers with RDL (single or double-sided) are used. It is
expected that interposers will function as a stop gap until standard-
ization is in place to allow full wafer/die stacking. Recent commer-
cialization announcements of 3D stacked memory have come from
Elpida and Samsung. Productannouncements using interposers have
come from Xilinx (TSMC manufacturing the interposer) and IBM
fabricating interposer-based modules for Semtech.
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. Redistribution layers continued from page 19

Conclusion

While the initial use of RDL for fan-in die bumping has indeed
diminished over the years since its inception, RDL technology has
been instrumental in the development of many advanced packaging
technologies such as fan-in and fan-out WLP, and TSV applications
such as CMOS image sensor packaging, silicon interposers for 3D
integration, and 3D integration with backside TSV. u
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