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Fig. 1. (a) Fabrication process of VESOI substrate; (b) ten types of embedded void structures based on VESOI substrates.
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Fig. 2. (a) Backgate-free SOI and GAA devices based on VESOI substrates; (b) transfer characteristics of backgate-free SOI and
GAA devices; (c) subthreshold swing vs. drain current for backgate-free SOI and GAA devices.
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Fig. 3. (a) The maximum depletion layer width (the thickness of top silicon) Xpm vs. doping concentrations N ; (b) stress vs.

strain under tensile load for silicon!'™=19,
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Fig. 4. (a) Hydrogen blistering phenomenon on the silicon substrate surface during ion-cutting experiment; (b) possible positions of

the hydrogen blister with respect to the embedded void structure; (c), (d) simplified schematic of splitting force on top silicon.
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Fig. 5. (a), (b) Schematic diagram of simply supported beam structure and the related bending moment distribution curve; (c),

(d) schematic diagram of fixed beam structure and the related bending moment distribution curve.
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Fig. 8. Finite element stress simulation of square and rectangular voids under uniformly distributed load.
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Fig. 12. Influence of ion-cutting thickness on the top silicon breakage behavior: (a) Relationship between top silicon thickness and

hydrogen ion implantation energy; (b) impact of different peel thicknesses on the top silicon layer damage.
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Fig. 13. Impact of chamber structures on the stress distribution within top silicon: (a) Square chamber configuration; (b) square

chamber configuration with an additional support pillar; (c) circular chamber configuration; (d) circular chamber configuration with

an additional support pillar.
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o L o - M 54.5 pm B9 TE I PR 5 () T ] 78 %5 B AR Y
RyE, RTAEH& T —M & & 8 in VESOI S HE P 2 S B
PG (B 14). iR T2 iEs A AR B 100%, Fig. 14. (a) High quality 8-in VESOI substrate; (b) the
Ejﬁj&ﬁ‘ﬁﬁﬁ SOI %ﬂ‘ﬁ&‘}ﬁ%’ EJ‘ Eﬁ}(ﬁ /@ CMOS T. scanning electron microscope image of a square embedded
*z’j}fﬁ,}%‘%‘%ﬂ? ﬁﬂﬁﬁﬁkmﬁﬁﬁgmjzﬁét*@ void with 54.5 pm side length, where supporting pillars
N T o M A N

were set inside the chamber; (c) dense array of embedded

i}ﬁ*ﬁ]ﬁ)%’ﬁ%ﬂ%%fﬁ%, %:,F‘iz VESOI %ﬂ‘ﬁﬁ, QQIJI_LI, void chambers for possible high-density integration.
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Fabrication technology of void embedded
silicon-on-insulator substrate”
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(National Key Laboratory of Integrated Circuit Materials, Shanghai Institute of Microsystem

and Information Technology, Chinese Academy of Science, Shanghai 200050, China)
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Abstract

Void embedded silicon-on-insulator (VESOI) substrate is a newly developed silicon-on-insulator (SOI)
substrate for advanced complementary metal oxide semiconductor (CMOS) devices and integration technology.
However, in the ion-cutting process for preparing the substrate, numerous hydrogen bubbles aggregate at the
cut interface, which compresses the cavity structure and might cause the thin film above the cavity to be
damaged and delaminated. Therefore, it is necessary to conduct in-depth research on the stress mechanism and
process stability in the preparation of VESOI substrates. This study focuses on a single rectangular cavity
structure and uses the fixed-supported beam theory to analyze its mechanical behavior during fabrication, and a
three-dimensional model of cavity structure is constructed by using the finite element analysis tool. Through
stress simulation, the failure mechanism of the cavity structure is identified, and the weak points are confirmed.
The results show that the short side length (w), top silicon film thickness (¢), and hydrogen bubble pressure are
the main factors affecting the stress state of the top silicon film. When the w/¢ ratio exceeds 4-5, the silicon
film will fracture owing to excessive tensile stress, and the fracture site is along the long side of the rectangular
cavity. By increasing the thickness of the top silicon film slightly and adding support structures inside the
cavity (to reduce w), this work successfully prepares high-quality 8-inch VESOI substrates that meet the
requirements for the CMOS production line. The present study is expected to provide valuable idea for the
development of integrated technologies relying on VESOI substrates.

Keywords: void embedded silicon-on-insulator, ion cutting, stress, finite element stress simulation
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