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L.Intmduction

Recently, threedimensional (3D) integration technology has

attracted much attention since it offers the possibility of solving tlre
serious interconnection problems in funre LSIs. To rffilva
high-performance and highly parallel processing LSIs, we have

develo@ a new 3D integration technology using a novel wafer level
stacking technique. we fabricated 3D stacked innge sensor and 3D
shared rnemory by sacking bulk device wafers I l-2].

However, one of tlre major concems in such 3D LSI with bulk
devices is an increase of toal power consurnption. Then, we riod to
fabricate 3D LsI by stacking fully depleted sol device wafers in order
to reduce the power consumption. Fully depleted SOI devices are very
useful to rcduce the power consumption and to increase the speed.

Frnthermore, 3D I-$ with sol devices allow us to dramatically
reduce the length of vertical interconnections which elecrically
connect an upper layer and a lower layer. This also leads to the

decrease of ttre powerconsumption in addition to the increase of speed.

In tlris paper, we describe a new 3D infgration trchnology using fully
depleted SOI device wafers.

2. New 3D hrtegration Tirclurology Using SOI Wafem
Thecross-sectional view of 3D IsI with soldevices (sol-based 3D

LSI) is shown in Fig. 1. Key technologies developed for 3D LSI wirh
bulk devices (bulk-based 3D ISI), such as formation of micro-bumps,

wafer alignnrent and wafer bonding, were applied to realize such

Sol-based 3D I,SI" However, the npchanical wafer thinning
method such as a mechanical grinding and CMP which can be

employed to tlre fabrication of bulk-based 3D I-SI cannorbe applied to
thin sol wafer because this rnethod causes the degradation of the

device characteristics. Then, we examined to use dry etching and wet

etching for thinning SoI wafer after stacking it. The fabrication

sequence for SOl-based 3D LSI is shown in Fig. 2. Afur *re device

fabrication(Fig.2 (a)) Ir/Au microbumps were forrne-d on rnetal

wirings 'firg.z (b). The two wafers were face-to-face bonded through
mioobumps. After that, the liquid epoxy adhesive was injected into
ttr gry benveen nvo wafers in a vacuum chamber to reinforce the

bondability (Frg.2 (c)). Then, tlre upper wafer was thinned from the

backide to exposure tlre bwied oxide (BOX) using rwo kinds of
rrrethods. SF6 gas and TMAH (Ietra-Methyl-Amnnium-Hydrooxide)

were used for &y etching and wet etching respectively, in a wafer

thinning process to rcmove the Si subsfiate of upper SOI wafer (Fig.Z

(d). The BOX was used as a Si erch stop. Fig.3 shorvs tlre
photomicrographs of SOl-based 3D LSI rest chip. Fig.3 (a) and (b)

show tlre photomicrographs of MOSFETs in lower and upper layers,

respectively. Vias were fonrpd through the BOX layer to expose the
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rnetal pads on the frontside of the upper layer and the rrpal wirings

was fornred to connect the nreal pads on BOX layer (Fig.2 (e)). By
repeating these process steps, Sol-based 3D LSI can be fabricated.

Fig.4 shows an SEM cross-sectional view of 3D LSI test chip with
two device layers. It is clearly observed that two wafbr layers are

face-to-face bonded ttrough the micro-bumps and the insulating

epoxy adhesive and fully depleted SOI devices with SOI film
thickness of 5(hm are fornred in both lavers.

3.Result and Discussion

Fig.5 shows the subtlneshold characteristic of nMOSFET with the

gate lengttr of 1.5 p m in the lower layer before stacking (2D LSI) and

after stacking (3D LSI). The device characteristic of nMOSFET in the

lower layer was measwed tluough the metal micro-bumps to

elecrically connect the upper wafer with lower wafer. As is obvious in

Fig.5, the subttneshold characteristic of nMOSFET in the lower layer

is not degraded even after staking. Fig.6 shows tlre subthreshould

characteristics of nMOSIiETs in SOl-based 3D I,SI rest chip. When

the Si substate of upper SOI device wafer was renroved by plasma

etching using SF6., gas, the subtlueshold characteristic of nMOSFETs

in tlre upper layer is significantly degradod as shown in Fig.6 (a).

Meanwhile, when it was removed by wet etching using TMAFI, ttre
degradation of subthreshold characteristic is less as shown in Fig.6 (b).

It will be possible to further reduce tlre degradation by a careful

surface cleaning and by the formation of the passivation film on the

BOX layer after removing the Si substrate"

4.Condusion

We developed a new Sol-based threedimensional integration

technology. We fabricated ttre SOl-based 3D I^SI test chip with two
layers and evaluated the basic characteristic of fully depleted

SOI-MOSFET in tlris test chip. We demonsrated that the device

degradation can be minimized by employng wet etching instead of
plasmaetching forremoving the Si subsuate of upper SOI wafer.
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Fig.4 SEM cross-sectional view of 3D ISI.
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Fig.1 Cross'sectional structure of 3D stacked chip.

Fig.2 Fabrication process sequence.
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Fig.3 Photomicrographs of 3D stacked testchip.
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