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1. Introduction

To increase production throughput and yield in 3D
chip stacking, we have developed a 3D integration
technology based on reconfigured wafer-to-wafer
alignment and bonding [1]-[3]. A reconfigured wafer
consists of many KGDs (known good dies) and a carrier
wafer on which the many KGDs for the 1 layer are as-
sembled and temporarily bonded in chip-to-wafer stack-
ing manner. The many KGDs on the reconfigured wafer
are then transferred to another target LSI wafer in batch
processing after wafer-level alignment and bonding to
give 3D LSI wafers with the many KGDs. Finally, the
2" and 3"-layer KGDs are stacked in layers by repeating
the chip assembly, temporary bonding, and chip transfer
processes. Fig. 1 shows the conceptual schematic of re-
configured wafer-to-wafer 3D integration scenario.

The key technology of reconfigured wafer-to-wafer
3D integration is temporary bonding and debonding of
KGDs. A number of research groups have reported
temporary  bonding/debonding  technologies using
high-heat resistant polymeric adhesives [4]. However,
their debonding processes by thermomechanical release
[5], solvent release [6], and laser ablation release [7] are
complicated. In the present paper, we employ an electro-
static clamping force in order to temporarily bonding
chips that are assembled onto an electrostatic carrier. We
demonstrate via etching for TSV formation in a Si chip
that is temporarily bonded on the electrostatic carrier,
and then, transferred to another carrier wafer using a
new reconfigured wafer technology.

2. Experimental

Fig. 2 shows a cross-sectional structure of an electro-
static Si carrier wafer used in this study. The electrostat-
ic carriers were prepared by standard photolithography,
CVD, and RIE techniques. First, B-doped p-type Si
(100) wafers with a resistivity of 10-15 Qecm were
thermally oxidized to form a 1-um-thick SiO, layer on
them. Then, an Al/W layer was deposited on the thermal
oxide by sputtering. After pattering with a photoresist,
Al/W electrodes were formed, and then, 6-um-thick
plasma-TEOS oxide was deposited on the electrodes,
followed by contact etching. Si chips with a SiO, layer
on their top surface are assembled on the electrostatic
carriers. After that, high DC voltage 100 V or 200 V was
applied between the chips and Al/W electrodes on the
electrostatic carriers, as shown in Fig. 2.

Fig. 3 shows a process flow from chip assembly to
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deep Si etching for TSV formation through chip transfer
from an electrostatic carrier to another glue carrier. We
call these carriers “Reconfigured Wafers”. First,
5-mm-square chips with a thickness of ~100 um were
assembled on the electrostatic carrier. After chip tempo-
rarily bonding by electrostatic force, the chips were me-
chanically or electrically debonded and then transferred
to the corresponding glue carrier on which a
20-um-thick thermally stable temporary adhesive was
coated. The followings were photolithography processes
with the chip-on-wafer structure. The chips were etched
to give deep Si vias by ICP-RIE with SFs and C4Fg gases,
followed by photoresist removal.

3. Results and discussion

Fig. 4 shows voltage loss depending on time and ap-
plied temperature. The voltage between chips and AI/W
electrodes indicates electrostatic chip clamping force,
which is expressed as the following equation:
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where F' for clamping force, A for chip area, d for
space/gap between the charges, ¢, for relative dielectric
constant, and V for applied voltage. Therefore, the
clamping force increase with an increase in surface
voltage differences between the chips and electrodes. In
addition, the electrodes formed on the carrier wafer hold
the chips without the continuous presence of power sup-
ply. Compared with bipolar-type electrostatic carriers,
unipolar-type ones are easy to design and to manufacture
and realize higher clamping forces than the bipolar-type.
As shown in Fig. 4(a), initial DC voltage (100 V or 200
V) dramatically decreases by half within 10 min when
the chips are placed upside down on the electrostatic
carrier, in short, the 100-nm-thick thermal oxide layer
formed on the chips is not contacted to the P-TEOS lay-
er on the electrostatic carrier. After 10 min later, the
voltages are slightly decreased. In contrast, Fig. 4(b)
shows that initial applied DC voltages (200 V) are kept
constant at around 200 V over 15 min, indicating that the
clamping force can be maintained continuously after
applying DC voltages to the chips. Here, the thermal
oxide layer formed on the chips is contacted to the
P-TEOS oxide layer. The clamping force seems to be
not affected by annealing temperatures at 100°C and
200°C after electrostatic temporary chip bonding, as
shown in Fig. 4(b). However, the 100-pum-thick chips
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that are placed on the carrier wafers in a oxide-up bond-
ing manner can be transferred to glue carrier wafers with
temporary adhesives. As shown in Fig. 5, Si deep vias
with a diameter of 20 um and a depth of approximately
30 um are successfully formed in the transferred chip on
the reconfigured wafer.

4. Conclusions

Si chips were able to be assembled and temporarily
bonded on electrostatic carrier wafers and transferred to
another glue carrier called “Reconfigured Wafers” with
temporary adhesives. In addition, deep Si vias were
successfully formed in the chips that would be trans-
ferred again to target wafers to give 3D stacked chips.
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Fig. 1 A conceptual schematic of reconfigured wa-

fer-to-wafer 3D integration.
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Fig. 2 High-voltage power supply system with unipo-
lar-type electrostatic carrier (left) and photo of a pro-
to-type electrostatic carrier (right).
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Fig. 3 A process flow of TSV formation on
self-assembled chips temporarily bonded on an electro-
static carrier wafer.
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Fig. 4 Effect of initial applied voltage (a) and tempera-
ture (b) on surface voltage on chips temporarily bonded
on electrostatic carrier wafers as a function of holding
time.
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Fig. 5 Cross-sectional SEM images of Si vias formed on
a chip transferred to a reconfigured wafer after tempo-
rarily bonding on an electrostatic carrier.



