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Epitaxial strategies enabling low energy optoelectronics Mir

antenna enhanced LED photodetector

/j/ Si photonic waveguide /
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Thrust 1: Optimization of LED stack

Thrust 2: Layer transfer technology for heterointegration
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ch stop optimization

Calibration of InGaAsP (A =1200nm) etch stop

Assuming distribution coefficient remain constant with incremented flowrates
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Negligible shift in the distribution coefficient was observed, target composition was achieved in updated recipe

Increase in PL peak intensity was attributed lower contamination in InGaAsP layer due to prior effort to decontaminate chamber before
growth



Strategy to interointegrate nano-LED on Si: Remote epitaxy
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Application: 2D material-based layer transfer (2DLT)
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Monolayer graphene + Wafer

= Copy Machine (Film producer)

Y. Kim et al., and J. Kim., Nature 544, 340 (2017)



Polarity governs remote atomic interaction through 2D materials Hhr

DFT thermodynamic calculation
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Polarity of 3D materials determines field penetration

Polarity of 2D materials determines field screening

W. Kong,...and J. Kim*, Nature Materials, Vol. 17, 335 (2018)
S. Bae..., and J. Kim*, Nature Materials, Vol 18, 550 (2019)

Exotic electronics

Cost-effective method produces semiconducting films from
materials that outperform silicon.




Remote heteroepitaxy: Dislocation-free heteroepitaxy
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Bae et al, and Kim*, Nature Nanotechnology (2019) under revision



New critical thickness on slippery graphene
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Bae et al, and Kim*, Nature Nanotechnology (2019) under revision
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Remote epitaxy for complex oxides
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Heterointegration of complex oxides

Magnetostatic + electrical coupling of freestanding oxides (YIG + CFO)
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Kum et al, and Kim*, Nature (2019) under revision



Potential of remote epitaxy
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Challenges in remote ep

1. Weak field penetration due to 30% ionicity
2. Native oxide formation during graphene transfer



Key to succeed on remote epitaxy: Graphene transfer
Wet transfer of CVD graphene on GaAs (Generation 1, 2016)
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Crystallinity of GaAs completely depends on graphene transfer methods
CVD graphene wet transfer does not allow complete single-crystallinity



Key to succeed on remote epitaxy: Graphene transfer |I]ii’

Dry transfer (LRGT) of epitaxial graphene on GaAs (Generation2, 2017 Nature)
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on SiC Dry transfer
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Growth of graphene on GaAs (Generation 3, since 2018)
Direct growth in furnace SEM
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Wafer reusability: Manual graphene transfer creates holes in graphelull

Micro-spalling!

Defect (holes) formation after graphene transfer
- Micro-spalling marks on GaAs form after 2DLT
- Challenging to perform 2"d graphene transfer on GaAs wafers

Direct growth of graphene eliminates holes
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Plan B: Graphene-free mechanical transfer
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Future Direction for E3S: Transfer for advanced heterointegration |[1]j1°

lll-V optoelectronics on Si

Remote epi of InGaAs LED
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With Prof. Ming Wu



Nanoelectronics Group at MIT

Freestanding semiconductors
GaAs (lll-V) GaN (IlI-N) InP (11I-V) SrTiO; (Oxide)

el
4 Es.uu

Nature (2017), Nature Materials (2018), Nature Materials (201 9)
Nature Nanotech (2019)

LiF (fluoride)

Wafer-scale 2D Materials Group

Layer resolved
split

Growth of Removal
Thick from substrate

2D materials
o»‘»¢\
\
o8& .~
Heterostructures
o».»‘ ~

PL intensity « a0,

)

Al hardware

e Edge (vertical) Edge (horizontal)

"'llJLl

Nature Materials (2018)

Science (2018)

T 2ineh

\ |

Heterointegrations

I ——

Human brain vasculature

Fluorescent
proteins
o0 0 O
° O O O

LED
Fifter

Brain
capillary

Nature (2019)




