cribes b t e te h cal results and al ectiv ight be expressed in -
th pp d not n Iy epre ant the views fth usopnm nt of Ene gy ot the Un tdStt Government. SAND2022-12288C

Assembling semlconductor tW|stron|c superlattices through
dry transfer printing of single-crystalline semiconductor

I ILLINOIS nanomembranes derived from bulk wafers
Bao Lam?, D. Bruce Burckel?, Ping Lu?, Wei Pan3, Qing Cao’

T Materials Science and Engineering, University of lllinois at Urbana-Champaign, IL 61801, United States I-ab Oratorles
2 Sandia National Laboratories, Albuquerque, New Mexico 87185, USA

3 Sandia National Laboratories, Livermore, California 94550, USA 2.0

ABSTRACT lll. RESULTS AN F

Sandia
National

Our goal is to develop a wafer-scale transfer technique that enables: 1) twistronics a. Ultrathin-single crystalline Si - | Q\/’\/
made of dissimilar single-crystalline semiconductor bilayers that are difficult to grow nanomembrane R T
by Molecular-beam epitaxy (MBE) method; 2) semiconductor twistronic superlattice 14l 1 a) Silicon consumption rate Distance(nm)
structures that are beyond the epoxy bond and stop-etch (EBASE) capability. Our €12} Y| as afunction of UV Ozone-
h 1 t to f twist : t t £ b d t E 10 |- , HF cycles. b) Cross-section
approach will create a new way to form twistronic structures far beyond curren C af p STEM bright field image of
approaches and allow us to explore more exotic quantum phenomena. S 6Ff . the formed freestanding
c 4 B silicon nanomembrane.
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(a) Schematic representation of artificial graphene
(AG). The blue dots form a honeycomb structure, as
indicated by the yellow lines (b) Formation of flattened
mini-band with a narrow band width. (c) Twisted bilayer
AG with a twist angle of 15°. (d) Expected flat miniband
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Spatially varying interference pattern : of patterned sub-5nm 500um). SEM image of the patterned Si channel b) 100
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B Lloyd’s Mirror setup utilized in interferometric IV_ FUTU RE
X (um) lithography.
o [T - - - Exposed resist *+ Refine transfer process to improve the transfer yield.
Resist |__ i i i ) dissolves in developer < Characterize the unique electrical and optical
Acknowledgement: properties of generated artificial graphene.
gzggttive:_ T o o o _": ‘Unexposed resist This work was funded by Sandia National Laboratories ¢ Fabricate the twistronic device structures and
oL cissolvesindeveloper under the Sandia Academic Alliance Partnerships. characterize their novel quantum phenomena.

Sandia National Laboratories is a multimission laboratory managed and operated by National Technology & Engineering Solutions of Sandia, LLC, a wholly owned subsidiary of Honeywell International Inc., for the U.S. Department of Energy’s National Nuclear Security Administration
under contract DE-NA0003525. This paper describes objective technical results and analysis. Any subjective views or opiniane that minht ho avnraegad in tha nanar dn nat mmeeagl\,@hnfmrdﬂsent the views of the U.S. Department of Energy or the United States Government.

subsidiary of Hon waIIt t nal Inc fth e U.S. Department of Energy's National Nuclear Sec tyAdmlntt under contract DE-NA0003525.



	Slide Number 1

