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Abstract

The benefits of bumpless interconnects for reducing
the size of 3D systems are described. A bumpless through-
Si-via (TSV) process followed by a wafer-on-wafer
(WOW) process gives no gap between dies and a higher
density than when using bump electrodes. In addition, the
physical lengths of the interconnects and the die pitch can
be reduced to below 10 um by ultra-thinning 300 mm wa-
fers.

By reducing TSV pitch, TSVs with a density higher
than 10%cm? can be allocated on a chip surface. Short in-
terconnects formed at high density have much lower im-
pedance (< 1/10) and thermal resistance. In the case of a
DRAM multi-level stack, the occupation ratio of I/Os at
the device surface becomes small, and heat dissipation oc-
curs through the I/Os.

Therefore, by using a bumpless interconnect process,
large memory capacity and bandwidths as high as 8 TB/s
or greater can be realized without sacrificing power effi-
ciency and thermal resistance.

1. Introduction

Semiconductor devices and computer systems have
evolved as feature sizes have been continuously reduced. Ac-
cording to this trend, system volumes will be 50 mm?*3 and the
power consumption will be 0.5 mW [1][2]. Even in such
small computers, high performance and large memory capac-
ity are desired without sacrificing power efficiency. Conven-
tional two-dimensional (2D) scaling, however, will be forced
to face an economic crisis due to the expensive lithography
processes and facilities required [3][4].

A promising approach to overcome these problems is to
combine 3D stacking with 2D scaling, i.e. co-integration ex-
tended into the third dimension (z-direction). In detail, the z-
height of a multi-wafer stack must be small, meaning that
there should be no bumps between dies, and the dies should
be thin. This paper describes size reduction achieved by using
bumpless TSV interconnects and ultra-thinning of 300 mm
wafers. The technology described here can be used for next-
generation high-bandwidth 2.5D and 3D systems.

2. Bumpless Interconnects

Figure 1 shows a comparison of bump and bumpless in-
terconnects using TSVs, assuming eight dies for a memory
core and one logic controller. Since a chip-level stack needs
a pick-and-place process and bump connections, the die
thickness is limited due to the stiffness requirements and
warpage, resulting in a chip pitch of around 80-100 pm.
Since the WOW process consists of Bonding First using a
thinned wafer and then TSV Interconnects, the wafer thick-
ness is determined by whether thinning degrades the device
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Fig. 1. A comparison of 3D stack structure with and without
bump electrodes, where COC and WOW are Chip-on-Chip and
Wafer-on-Wafer, respectively.

characteristics. There was no damage when a Si wafer for
DRAM was thinned to 4 um [5]. The wafer (chip) stack pitch
becomes around 10 um, which is 1/10 thinner than that of
COC.

3. Short, High-Density TSV Interconnects

The WOW process enables wafer thinning from 775 pm
to 1 um, as shown in Figure 2. Since the physical length of
TSV interconnects becomes the wafer thickness, including
the device layer and adhesive, the total length in the case of
an eight-wafer stack will be <80 pm. Trends of TSV inter-
connects versus the number of stacked chips and/or wafers
are estimated as shown in Figure 3. The total height, based on
the die-to-die pitch, is less than 0.5 mm even for a stack of 60
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Fig. 2. Trend of 300 mm silicon wafer thickness. Ultra-thinning
down to 1 um thickness has been achieved [6].
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Fig. 3. Trends of TSV interconnects as a function of number of stacked layers: a) chip pitch, b) total height, ¢c) TSV pitch, and d) TSV density.
For bumpless process, TSV diameter and space between pads were 9 to 1 pm and 1 pm, varied with misalignment (MA), respectively.

wafers. The TSV density ranged from 10%cm? to 107/cm?,
which is 10- to 100-times larger than the case of TSVs and
bump interconnects.

4. Bandwidth comparison

By using high-density bumpless TSV interconnects, a
large number of parallel channels with low impedance can be
used to implement high-bandwidth memories (HBMs). Be-
cause parallel data transfer realizes a high overall throughput,
the bandwidth increases with the number of channels. For ex-
ample, bandwidths on the order of Terabyte/s or greater can
be achieved, as shown in Figure 4. At the same time, since

10000 =
eu®
o
—_ ade
4 k4
o) \‘\9“‘
O 1000 [
<
[4]

§ 31 B 3
° m_~
c Y
s 100

1. D.U. Lee, et. al, ISSCCDig. Tech. Papers, pp. 432-433, Feb. 2014.
s 2. J.C.Lee,et al, ISSCC Dig. Tech. Papers, pp. 318-319, Feb. 2016.
© 3. K. Sohn, etal, ISSCCDig. Tech. Papers, pp. 316-317, Feb. 2016.
(=} 4. J.H. Cho, etal, ISSCC Dig. Tech. Papers, pp. 208-208, Feb. 2018,

29nm 20nm 20nm -—-====s—-————--- >
10 L L " L L L
2012 2014 2016 2018 2020 2022 2024 2026
Year

Fig. 4. Trend of data bandwidth of HBMs. Bandwidth increases
with multi-stack havine hieh-densitv parallel I/Os.

the high-density TSVs act as thermal tunnels, temperature in-
creases are mitigated in 3D systems [7].

5. Conclusions

We have described a bumpless interconnect process and
its prospects for realizing Terabyte bandwidth without sacri-
ficing power efficiency, counter to conventional TSVs and
bump interconnects. A combination of 2D scaling and 3D
stacking, called co-integration, overcomes the problems asso-
ciated with scaling, and a roadmap towards high-density in-
tegration backed up by production costs can be formulated.
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