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Post-Si materials, such as I111-V semiconductors or Ge, have been considered as alternative channel
materials to Si, thanks to their higher intrinsic carrier mobilities. It is therefore necessary to form
high quality Ge and I11-V compound semiconductor layers onto large-scale Si wafers for the
realization of Si and post-Si composite devices. Layer transfer technology using bonding techniques
is a practical solution while the epitaxial growth of different materials on Si is extremely difficult.
We show that high quality Ge and GaAs epitaxial thin films can be grown on lattice-matched GaAs
single crystal substrates using MOCVD technology. In the case of semiconductor-on-Insulator wafer
fabrication processes, an Al,Oz insulator is initially deposited on the epitaxial thin film by atomic
layer deposition (ALD). In conjunction with low-temperature bonding and patterned Epitaxial Lift-
Off (ELO) techniques, we achieved high quality Ge or 111-V layer transfer on the full-wafer scale.
The thin epitaxial film can be chemically lifted-off by selectively removing a sacrificial epitaxial
layer grown between the epitaxial film and the substrate. We characterized the crystalline quality of
transferred GaAs and Ge layers following the wafer-bonding and wet ELO processes, and find no
significant difference compared with the as-grown epitaxial layers. To enlarge the transferred area,
Ge layer transfers with multiple chip-to-wafer bonding and thin epitaxial film transfer onto 300 mm
Si wafers were demonstrated for large-scale production. Low temperature layer transfer technology
using the ELO technigue provides a flexible opportunity to elaborate upon Ge and IlI-V based
substrates for post silicon CMOS as well as for monolithic heterogeneous integration in a cost
effective manner.

Keywords: Post-Si materials, layer transfer, Epitaxial Lift-Off (maximum 5 key words)



4t International Symposium on
Energy Challenges & Mechanics
‘ - working on small scales
' s 11-13 August 2015
’ Aberdeen, Scotland, UK
REVR PRk 5 775 B PRaffint i B ARAR

John Smith'", =2, Z=Jy3

1School of Engineering, University of Aberdeen, Aberdeen AB24 3UE, UK
2Department of Mechanical Science and Engineering, University of Illinois at Urbana-Champaign,
Urbana, IL 61801, USA

S tf1[F7] JLiyEEA TR # &, 5100084

SCASE ST B ARG Sy, AR AR, DARENMERE BT SRAL FRAT
HERTRLESHLNE . AEFH SR PSR R SRS . A ZSEE R E XM, BT R 3
TRANBUK BB AN S P TR IR 745, A5 8O RE

i EORE LA SO0 IR & SCEE B SEaUR e oe s, i A m s vh SO A mT . A
] LR S0 i SO0E CEIE) JEACH2E, W AW RIS SCRRAS, AT S e S 2
(AR SCRI I o AESESCRRAS (A 28, SR B LA JiAE 250 21 350 2 1]

WO E R TAFE o AL 2 A PR A mA PR 2R R AE R T L

KRB WE; Bl 0 I (w5 AR



