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Outline

 Motivation

 Lithium niobate
 LiNbO3 on Insulator (LNOI)

 Geometric phase matching in LNOI microdisks

 Fabrication/microdisk characterization

 Second harmonic generation (SHG) in LNOI microdisks

 Spontaneous parametric down conversion (SPDC)
 Conversion efficiency/pair production rate

 Coincidence spectra

 Conclusion



Motivation

 Low power, chip-scale 
frequency conversion
 Similar system for second 

harmonic generation, etc.

 Linking different quantum 
systems

 Entangled photon generation

3

Neutral cold atoms

Trapped ions

Diamond defects



Lithium Niobate (LiNbO3)

 Many available nonlinear 
materials
 BBO

 KTP

 LiTaO3

 AlN

 GaAs

 LiNbO3

 Large nonlinear optical 
coefficient

 ��� = 31.5��/�	

 ��� = 4.5��/�

 Wide transparency window

 350�� − 5��

4

Bulk LiNbO3* PPLN wafer**

LiNbO3 on Insulator (LNOI) Microdisks

*DFNano

**Deltronic Crystal Industries



Geometric Phase Matching
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E

M = 242
λ = 772.08 nm

Momentum conservation: 

����� = 2 × �������

Energy conservation: 

����� = 2 × �������

Phase matching condition

Pump

Δ� = 	����� − (2 × �������) = 0

Δ� = 	����� − (2 × �������) = 0

����� =
1

2
	�������

E

M = 121
λ = 1544.16 nm

Signal (idler)



Geometric Phase Matching
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E

Pump

• Dispersion is a stronger function of aspect ratio for vertically polarized 
(TM) modes.

Mechanism

E

Signal



Geometric Phase Matching

7

E

Pump

• Dispersion is a stronger function of aspect ratio for vertically polarized 
(TM) modes.

• For a given disk thickness and �����/������� pair, change the disk 

radius to achieve phase matching

Mechanism

E

Signal



Geometric Phase Matching
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Geometric Phase Matching
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Geometric Phase Matching
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Geometric Phase Matching
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Geometric Phase Matching
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Geometric Phase Matching

13

-200

Δ
f 

(G
H

z)

Microdisk Radius (µm)

-100

0

100

200

20.5 20.75 21 21.25 21.5

M=119 M=120 M=121 M=122 M=123

Si
gn

al
 W

av
el

en
gt

h
 (n

m
)

Microdisk Radius (µm)

1543

M=119

M=120

M=121

M=122

M=123

20.5 21 21.5

1544

1545

1546 773

772.5

772

771.5

P
u

m
p

 W
av

el
en

gt
h

 (n
m

)

Phase matching algorithm

Disk thickness = 189.4 nm



LiNbO3 on Insulator (LNOI) Microdisks

1) LNOI wafer 
 200nm/2µm/0.5mm
 LiNbO3/SiO2/LiNbO3

2) Pattern, etch
 Optical lithography
 Argon plasma etch to define disks

3) Undercut etch
 Vapor HF undercut to release disks
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Experimental Confirmation of 
Phase Matching

15

772.06 772.07 772.08 772.09

Wavelength (nm)
SH

G
 P

o
w

er
 O

u
tp

u
t 

(a
.u

.)

0

0.2

0.4

0.6

0.8

1

772.06 772.07 772.08 772.09

Wavelength (nm)

Tr
an

sm
is

si
o

n
 (

a.
u

.)

0

0.2

0.4

0.6

0.8

1

1544.12 1544.14 1544.16 1544.18

Wavelength (nm)

Tr
an

sm
is

si
o

n
 (

a.
u

.)

0

0.2

0.4

0.6

0.8

1

Dimpled 
Taper

LiNbO3 Microdisk

Visible
Photodetector

Laser
λ: 765-781nm 

Polarization Control

Laser
λ: 1480-1640nm 

Wave meter

IR Photodetector

 Energy conservation
 Spectral overlap of pump and signal resonator 

modes

 Momentum conservation
 �����,������� verified from transmission 

spectra, FEM modeling
 ����� = 242

 ������� = 121



 Identical phase 
matching for SHG/SPDC

 1550nm     775nm

 Efficiency = 7.8%

 Ppump = 3.14mW

Second Harmonic Generation
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SPDC Pair Production
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SPDC Coincidence (Forward Direction)
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SPDC Coincidence (Forward Direction)
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SPDC Coincidence (Forward Direction)
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SPDC Coincidence (Forward Direction)
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SPDC Coincidence (Forward Direction)
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SPDC Coincidence (Backward Direction)
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SPDC Coincidence (Backward Direction)
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SPDC Coincidence (Forward + Backward)
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SPDC Coincidence (Forward + Backward)
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Conclusion

 LNOI microdisks for nonlinear frequency conversion
 Geometric phase matching

 SHG
 1550nm 775 nm 

 7% conversion efficiency at 3.1mW input power

 SPDC
 775 nm     1550nm 

 Conversion efficiency = 6 × 10��

 Pair production rate = 27���/��

 Interesting coincidence behavior due to coherent backscattering



Thank You!
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