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Introduction

The splitting process in conjunction with wafer
bonding is one of the major approaches to formauhm
film SOIl. Especially, the SOI-Epi Wafét named
ELTRAN® (Epitaxial Layer TRANsfer) ® has potential
advantages to form uniform thick ultrathin SOI les/both
in the whole wafer surface and among adjacent
MOSFET$ because the epitaxial Si layer defines the SOI
thickness uniformity. In this bond and split SOt, i$
crucial to lower the interface energy at the dpiittplane
than that of bonding plane for controlled splittifxy
water jet within double porous Si layers. It haserbe
reported that the stress confinement around trexfade
between the first and second porous layers is resiple
for the splitting mechanist?. In this paper, the
splittablity such as the interface energy betweba t
double porous layers is discussed with the porcesits
the internal stress. In addition, the split surfase
investigated in terms of the splittability.
Processes

The double porous Si layers were formed in seed
wafers by anodization with two step current control
resulting in the 1st porous Si layers with a lowqgsity of
~20 %, that was responsible for the epitaxial dqualnd
porous etching, and the 2nd porous Si buried layitsa
higher porosity. In this paper, two types of thel 2ayer
with different porosity were fabricated. That leatts
modification of the stress in the 2nd layer. EgahSi
was grown on the surface of first porous layerthefseed
wafers, followed by oxidizing the epitaxial surfacehe
seed wafers were bonded with handle wafers. Thddzbn
pairs were split at the interface within the doup&gous
layers by water j& Finally ELTRAN® wafers were
fabricated by preferential etching of porous Si and
subsequent surface smoothing byatnealing.
Stress in porous Si

Pore configuration and stress in the porous layers
were evaluated by scanning electron microscopexand
ray diffraction (XRD), respectively. Porosity was
measured as 33% for the low porosity in the 2neray
and 38% for the high porosity. Figure 1 shows XRD
rocking curves from the double porous layers. High
porosity in the 2nd layer moves the diffraction lang
toward the lower that corresponds to the higheasstrin
this case, the internal-stress difference betweerouble
layers was evaluated as 3.8E8 dyrf/éon the porosity of
33% and 6.4E8 dyn/chior 38%.
Splittability

From the viewpoint of splittabilitythe interface
energy between double porous Si layers and the spli
surface roughness were evaluated by the crack-ogeni
method andstylus surface profiler, respectively. Figure 2
shows the interface energy as the strength of fihitirsg
plane. In case of the high porosity 2nd layer itswa
measured as ~3500 erg/crthat was reduced from that of
the low porosity as ~4000 erg/énit is quite lower than
the interface energy dhe bonding plane that exceeded

the upper limit of the measurement (4000 erg/ah
least).Figure 3 shows the roughness in root-mean-square
value on the split surface with the scanning leraftB00
pm. The roughness of the higher porosity is reduced
one third of the lower porosity. The low interfageergy
of 3500 erg/crhconfines the splitting plane within the
thinner region around the interface. This redudes t
splitting error, that is the crack of the wafer aplitting
elsewhere except the porous layer.
Summary
The stress and the splittability in the porous Si
can be evaluated by XRD and crack-opening method,
respectively. The 2nd layer with higher porositdunes
larger stress difference between the double layEnat
contributes to lower interface energy between thebte
porous layers well below the bonding strength. As a
result, the splitting plane is confined within exxrely
thin layer and the splitting errors can be compete
avoided. Moreover the smoother splitting plane can
improve the quality of SOl wafers such as LPDs,
especially in the ultra thin SOI.
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Figure 1. X-ray diffraction rocking curve dependent
the porosity in the 2nd porous layers
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Figure 2. Interface energy at the splitting plane
in two types of porous Si
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Figure 3. Surface roughness after splitting



