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I High Q-factor resonance
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Ref: Chen, K et al. ACS Nano 6, 7998-8006 (2012)
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I Quasi-Bound states in the continuum (QBIC)

asymmetry degree = sin(6)
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Ref: Kosheley, K et al. Phys. Rev. Lett. 121, 193903 (2018)
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I Active QBIC

related papers:

‘ Dynamic bound states in the continuum
Photosensitive chalcogenide metasurfaces supporting bound states in the
' continuum
3. Tunable Bound States in the Continuum in All-Dielectric Terahertz
Metasurfaces
All-optical tuning of symmetry protected quasi bound states in the
continuum
@ All-Dielectric Active Terahertz Photonics Driven by Bound States in the
Continuum
6. Active angular tuning and switching of Brewster quasi bound states in the

continuum in magneto-optic metasurfaces

e e . 7. A Numerical Study of Optical reconfiguration Dynamics of Phase Change
" Opucalpower (m¥) () AN OopingCarrirs ['K Y= Material Metasurfaces.
ospl °9 \ G l 7Z Jos Active Control of Nanodielectric-Induced THz Quasi-BIC in Flexible
: :‘.«o.a\ \,' | = o s Metasurfaces: A Platform for Modulation and Sensing
E fed ‘{'l-f?.,,o‘z e 1% = e 11998 9. Asymmetric all-dielectric active metasurface for efficient dual reflection
= y j’prfif’.iiv. i;g | i/ — ;90 | R 10. Electro-optic lithium niobate metasurfaces
02} g/ —0 —ar A\-f’ — 30 {0.2 11. Symmetry-protected dual quasi-bound states in the continuum with high
s \"74 w =2 y M . tunability in metasurface
12 196 12 124 128 112 116 N 124 128 12. Tunable All-Dielectric Metasurfaces for Phase-Only Modulation of
Frequency (THz) Frequency (THz) Transmitted Light Based on Quasi-bound States in the Continuum

Ref: Fan, K et al. Optica 6, 2334-2536 (2019)
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I Active QBIC - tuning method

* Pumping light

Cheaper, Simpler _
* External voltage > Heating by hot plate?

e Exteral magnetic field
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I Active QBIC - working wavelength

Iff H}

'h \‘ll,

I h”u

* THzrange

* Near-Infrared region N ‘

height (nm)
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Mid-infrared region?
Ref: Rodrigo, D et al. Science 349, 165-168 (2015)
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I Active QBIC - why Ge,Sb,Te: (GST)

1. Non-volatile and high contrast phase change
2. Relatively low loss in mid-infrared region
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Objective

Simulation part:
* Design the active QBIC metasurface using GST and analyse the
unit cell’s parameter dependence of the the active QBIC
* Check the polarization dependence of the QBIC resonance

Experiment part:
* Fabricate the metasurface and tune the QBIC by heating the sample
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Outline

. Simulation

B Experiment

. Conclusions and future work
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Simulation

JLAB | KAIST 11




I QBIC mode check - symmetrical vs asymmetrical

(a) (b)

a=2548nm p, =4940nm GST state: a-GST
b=1105nm p,=2730nm
h=500nm 6=20°, 0°
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I QBIC mode check- symmetrical vs asymmetrical
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I QBIC mode check - a-GST vs c-GST

(a) (b)

a=2548nm p,=4940nm GST state: a-GST, c-GST
b=1105nm p,=2730nm
h=500nm 6=20", 0°
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QBIC mode check - a-GST vs c-GST

1000

500
E o
2
-500
w
Y] -1000
5
Py -2(;00 -1 (;00 0 1 OIOO 2(;00
E X (nm)
E 044 i
l—
1000
0.2 =
500
0.0 . , . , . , . E o
6000 7000 8000 9000 10000 &
Wavelength (nm) 0

-1000

)

T T T
-1000 0 1000 2000

I 0.4800

T
-2000

JLAB | KAIST




I Parameter dependence of QBIC

(a) (b)
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I Parameter dependence of QBIC
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I Rotation angle of unit cell - T spectrum
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I Parameter dependence of QBIC

FWHM: full width at half maximum

f(x)4

Unit cell’s structure design Couple intensity

N /

V. & Radiative decey rate

Yqis &< Dissipative decey rate

/ N\

Material loss Dissipation degree
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I Parameter dependence of QBIC
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I Parameter dependence of QBIC
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I Parameter dependence of QBIC

 AMN: Resonance wavelength o
shift _ E
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I Parameter dependence of QBIC
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I Parameter dependence of QBIC

Ly Ey |Ex|, | Ey]
Po Po L Vrad _ 2 2 ,
— = ID* + D%, (2a)
0 ko | ik
N D_!:._r — = T{S{} (p.l:._r + E"H_Lt + ?{Q.t:.}‘: . (zb)
]’L L T Pz o 1 ,
' —1 D; (k)= — \/ZTD/ dr [e(k,r) —1]E; .(r )e** .

j: index of a resonant state

Asymmetric Metasurfaces with High-Q Resonances Governed by Bound States in the Continuum. Phys. Rev.
Lett. 121, 193903
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I Parameter dependence of QBIC
(a) (b)
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I Parameter dependence of QBIC
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I Parameter dependence of QBIC
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I Parameter dependence of QBIC

(a)

g
&
Px £
e ‘ Py (c)
X £
s

JLAB | KAIST

1.0 T T T T T

0.5 1
Dy (nm)
4300

0.6 _ 4500|
4700
4900

0.4+ — 5100| A
5300
5500

024 ___ 5700| A

la-GsT
0.0 T T T T T
6500 7000 7500 5000 8500
Wavelength (nm)

950 - —=— AA

900 - T

850 - |

500 -

750 4

700 - T

4200 4400 4600 4800 5000 5200 5400 5600 5800

Py (nm)

; (d)

Transmittance

FWHM (nm)

0.8 4
Py (nm)
4300
—— 4500] 7
—— 4700
064 — 4900
—— 5100
—— 5300
—— 5500 ]
c-GST A
0.4 T T T T T T
7000 7500 8000 8500 9000 9500
Wavelength (nm)
T T T T T T T BI:":I
120 —=—aGST
—=—Cc-GST | .,
100 \- I
.\ \\\ - gI_II_IE
.\-\ E
80 T 4503
.“\\-‘l__\_\-\-\-
l-\_\_\:x\
— 400
N S
350

4200 4400 4600 4800 5000 5200 5400 5600 5800

P, (nm)

28




I Parameter dependence of QBIC
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I Polarization dependence of QBIC
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Experiment
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Sample fabrication

. HIN ELE |

GST deposition E-beam lithography Al,O; mask

and development deposition
() CaF,
() GeySbyTes l
® PMMA
) ALO, vln —— microscope image of the metasurface
| )
CF/Ar dry lift-off
etching

fabrication flow
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Measurement facility: FTIR

Fourier-transform infrared spectroscopy (FTIR)
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Results

Experiment result: Simulation result:
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New design

JLAB | KAIST

a=2548nm
b=1105nm
h =500nm
p, = 4940nm
Py =2730nm
6 =20°

a =3000nm

b=1100nm

h=700nm

P, = 4500nm
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6=0", 15° , 225°, 30°
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Results
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Results

Experiment result: Simulation result:
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Results - after heating - original design
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Conclusion and future work
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Conclusion

Simulation:
Study the parameter dependence and the polarization
dependence of incident light of QBIC

Experiment:
Successfully fabricate the sample and verify the QBIC
Experimentally explore phase transfer of GST to tune the QBIC
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Future work

* Optimize the unit cell structure

* Optimize the phase transfer method of GST

* Use measurement system with source at normal
incidence to measure a clearer QBIC and demonstrate

the active QBIC using the optimized heating method
and optimized sample
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Thanks for your attention
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Supporting slides
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I heating method - temperature
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I heating method - temperature

sample: 500nm GST on 500um Si substrate
heating method: 195C, 10min

— ¢-GST — a-GST
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I heating method - time

sample: 500nm GST on 500um Si substrate
heating method: 195°C, 90min 0.5
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I Results - after heating - optimized structure
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Optimized sample:

c-GST 250°C 5min, 8 = 30°
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Original design sample:
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I 2 crystalline states

FCC state: face-centered cubic state. (the result expected)

HEX state: hexagonal phase. (the result really achieved)
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Ref: Julian, M.N. etal. Optica 7, 746-754 (2020)
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