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% Gallium Nitride

iV

= Binary IlI/V direct band gap semiconductor

= Wurtzite crystal structure (a=3.18 A, c=5.18 A)

= Uniaxial birefringence material for c-axis

= Tunability of wavelength with combining In, Al

= Wide band gap: 3.4 eV (300 K, direct)

= Large exciton binding energy : 26 meV (Bulk)
= Small Bohr radius : 3.4 nm

= High oscillation strength

m_wv v

Cl| Ar

Br | Kr

At |Rn

Photon energy (eV)

Middle Near  Visible UV UV iy
_- %100 -IRl' IIR X | T Il e I|B | T c lo' J
: i Cdg'sg an an AIN
- B - - CdTeZ"TeaI e GaN)
b E 1¢ - iﬂN Oﬂms(,_.
) O N nD
|
- o -
- £ % -
NN I B = o @ NIV
25 35 .g E¥Insb @ v ]
8
APL 107. 092104 (2015) Band gap Eg (eV)




1)
c>§ Sio,
(&) ITiO,
Cavity
_QW
AlGaN
/AlINnN

llI-nitride cavity
(planar cavity)

~

1) Low quallty of Bragg mirror - Lattice misfit
- Thermal expansion coefficient misfit
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- Piezoelectric polarization : Py, A
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- As-grown
- No complex fabrication
- Spontaneously formed hexagonal shape
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2) No built-in field _ Nature Mater. 5, 810 (2006)
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[ Photon ] [ Exciton ]
v' Whispering gallery (plane wave model) v E-k dispersion relation
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:[ Photon ]

v Planer cavity (2D)
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Ensemble SEM image

GaN microwires
grown by MOCVD

A /]

1. No Bragg mirror
2. No built-in field (no QCSE)
3. Larger spatial overlap

: Sapphire
Si0, GaN Substrate
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2. Giant Rabi-splitting of GaN/InGaN core-shell microwire

GaN/InGaN
core-shell microwire
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General equations

e(r)|E(r)|?dr3

le == Zh ZGLT(J)O * faCtive

fcavity e(MIE@)|2dr3

1. QWs in planar cavity

Rabi splitting

I Cavity

2. Whispering gallery mode for bulk wire

Rabi splitting

QW h = Zhg = 2h aLT(UO .

Lactive

Lers

hQ = Zhg = 2h @LT(UO .

3. Coreshell QWS in microwire
Rabi splitting

S active

Seff

h.Q - Zhg - Zh 6LT(1)0 °

S active

Seff

Parameters determining coupling strength

fa_ctive e(M|E(M)|?dr3
fC_avity e(MIE()|?dr3

F = and ajLT

@, - Longitudinal-transverse splitting of QWs
2m he? f

Eoo Mowo V
Longitudinal wave : (Dipole+E-field) + (Lattice)

thT -

Transverse wave : (Lattice)

w,o: Resonance of both exciton and photon
Lactive - Total QW thickness

Lesr : Effective cavity length

Sactive - Total GaN area

Sess - Effective cavity area

Sactive - Total QW area

Sesr - Effective cavity area




® Spatial overlap (FDTD modeling)
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Parameters determining coupling strength

[ =

Refractive index

Refractive index

factive

e(M|E@)|?dr3

fcavity

e(r)|E(r)|?dr3

Q (E_Lc, TE)= 120
Q (E Il ¢, TM)= 280

Spatial overlap
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» 2~4 times higher
spatial overlap than FP
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® Non-polar quantum well
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» ~10 times higher radiative decay rate

Intrinsic radiative decay rate is related to oscillator
strength per unit area (w s X Lgy) L, Thickness of QW
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Dispersion of whispering gallery modes
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® Position dependent micro-PL 1um step movement
Laser spot size ~1um?
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® Position dependent micro-PL
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Cavity

Qw
VS.

» Nitride MQWs in planar microcavity » GaN/InGaN core-shell microwire

hQ =9.1~50 meV hQ =130 meV
INL 13,2376 (2014), APL 81, 071107 (2006), PRB 77, 085310 (2008)]

e(M|E(r)|*dr3
B~ B |25y, Jactive SIEC )|2d 3
Jeaiey EOINE@)|2dr
High quality non-polar multi-QWs Core/shell Whispering gallery modes
» 10 times higher w; than planer » 2~4 times higher T than planer

v' 4~6 times higher Rabi-splitting than planer
v Giant Rabi splitting ~ 130 meV

S. H. Gong, Y. H. Cho et al, Nano Letters 15,4517 (2015)
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Main challenge on Nitride based cavity polariton system Y anobio

ﬁ hotonics

MQW

» Large lattice mismatch of Bragg mirror
» High defect density
= Quantum confined Stark effect

(large built-in field)

v" Whispering gallery modes
» High spatial overlap (I")

v High quality non-polar multi-QWs
» No built-in field , high LT-splitting (w; 1)
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< E™r | v' Giant Rabi-splitting is confirmed by
g, =N angle resolved and position
= 10+ .
2 ol dependent micro-PL
o I
2 °r v" Further improvement is expected
§ T with high-period MQWs at well-
2t defined spatial overlap.
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