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WHAT IS PHOTONICS?

Manufacturing
* Laser cutting
* UV lithography

Display
e LED

* TV, phones, PC
* Projectors

Communication
* Optical fiber
» Underwater

Sensing
*  Chemical analysis
* Spectroscopy

Detection
° Distance measurement
e Lidar

1111} Imaging
— . *  Microscopy
GHENT
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WHAT IS LIGHT?
Increasing wavelengthA = f=c/A

1019 1016 1014 1014 1012 Frequency f (Hz)

10 nm 400 nm 750 nm
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DNA Concentration

220 230 240 250 260 270 280 290 300 310
Wavelength [nm]

I} Spectroscopy Quantum computing High-resolution microscopy
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COMPACT SOLUTIONS FOR UV BEAM MANIPULATION?

b ~cm
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WHAT IS PHOTONIC INTEGRATED CIRCUITS (PICS)?

Light travels in a straight-line path  Light guided in water jet

—_

I}
pye . Optical fiber Photonic integrated circuits
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ADVANTAGES OF PHOTONIC INTEGRATED CIRCUITS

> Low-cost

3HF§ER5|TY “mmec




CHALLENGES OF UV-PIC PLATFORM

uv Visible Infrared

D | | I I A

0.2 0.4 1.0 3.0 10.0 [um]

e Strong absorption

* High scattering < A
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SEEING THING BETTER WITH OPTICAL MICROSCOPY
~10x (~1 um) ~100x (~200 nm)

’ @ q »Q

T Magnified but blurred
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WHAT DETERMINES THE RESOLUTION?

i1t

Abbe’s resolution limit

A2
- 2nsin(@) 2NA
Wavelength (1)

Visible (400 nm-700 nm) :
1 Objective

d

Refractive index (n)

Air (~1), oil (~1.55)

Maximum angle (6)

ShveRsmy  lMec 13



COMPARISON OF SUPER-RESOLUTION MICROSCOPY

TECHNIQUES

Single fluorophore
molecule (*nm)

Imaged fluorescence
(~200 nm)

gHIE\'I\IETRSITY “mmec

» Single molecular localization microscopy (SMLM)
V high resolution (~10 nm) . .
x Slow (~*min), special fluorescent dye

» Stimulated emission depletion microscopy (STED)

V high resolution (~30 nm), fast (~s) . = o —

X High phototoxicity, complicated optical system
» Structured illumination microscopy (SIM)
V Fast (~s), compatible with conventional dyes

X Relatively low resolution (~¥100 nm)
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WHAT IS STRUCTURED ILLUMINATION?

Speckles Sinusoidal
Objective .
$ Intensity 1 Intensity

5 AN

€

v

(]
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(@)

© Object plane -

Position Position
[} Schematic of two-beam interference
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COMPACT, LOW-COST SOLUTION FOR SIM MICROSCOPES

Present SIM microscope configuration Our approach using UV-PIC
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Laser Scannln?
Confocal Module

Dualyc‘:mera
360 nm
T 200 nm 400 700
T 400 nm 700 nm nm nm
GHENT - [1] https://zeiss-campus.magnet.fsu.edu/articles/superresolution/supersim.html
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WHAT IS PHASE OF LIGHT?

_ i@ _ 4,iCEnx)
E(x) = Ae'?™) = 4e'"7
By knowing the refractive index (n),
we can deduce the thickness of the object (h).

n, 1 h
15
ga 4
HEUES
>
0 = 2mh(ny; —nq) Height monitoring during etching
i A
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INTERFEROMETRIC BASED QUANTITATIVE PHASE IMAGING

Sample Object
Lens ),

Hologram

Beam splitter ~ Condenser wave front

Laser beam

Microscope ~Reference — Image sensor
Reference - objective ~ Wave front
beam _
= Pin hole
Mirror

Phase noise
e Vibration
e Thermal drift

—_
{11111

GHENT -
UNIVERSITY l]].lec https://en.wikipedia.org/wiki/Digital _holographic_microscopy
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ROBUST INTENSITY-BASED QUANTITATIVE PHASE IMAGING

Kramers-Kronig relations (Hilbert transform)

1 e Z(X)
Z; = ——PVj dX Conditions:
T —w (X —x) 1: Causality:
2: Analyticity:

7. = lpvjm 2 oy
7”_7.[ —00 (X—X)

Complex field: E(x) = A - e'(k¥+¢)
Intermediate function y(x) = In(E(x)) = In(4) + i(kx + @)

Imaginary: ;i = kx+ ¢ = Phase

_ Real: xr =In(A)  —— Amplitude

ChversTy  LIMeC
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COMPACT, LOW-COST SOLUTION FOR KK-BASED QPI

( umination-— Our approach using UV-PIC
1 Mirror L1 I
! “ I
: I
T g mmmmmmm
: 1 I'/ \\I
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1 ] I Photonic 1
A | chip |
i I
i I
i I
i I
i I
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\\ ______ /'
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\Nat Photonics 15, 354-360 (2021).  Polarizer
P

T Configuration of the KK- based
ONIERSITY QPI technique
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STRATEGIES TO PROCESS ALO, WAVEGUIDE

Deposition Etching

ALD-AIO, @150°C == + Etchingrate .
Fluorine based = Chlorine based ~ Nonvolatile AlF; 1

AlO, (3~4 nm/min = ~50 nm/min ) volatile AICl T
- . * Etching selectivity
>10; Photoresist mask = SiN, mask
___F (01> 19
Waveguide cross-section * Etching quality BO, |
Gas mixture BCl,~> BCl,/Cl,/Ar < 3Cl0
(loss) _ X T
High purit 530_ * ~7 dB/cm
gn purity @ 20!
ALD-AIO, @300 °C ¢mmm o 10 «n o=,
2] T T T
T S 600 800 1000 1200
SHENT " imec Waveguide width (nm) .




CLEAR IMPROVEMENT OF WAVEGUIDE FABRICATION

UV light propagation in spiral waveguides with a total length of 2.7 cm

gt 4 e £ b i

V laser

UV laser

Before optimization After optimization

—_

ChversTy  LIMeC 24



3 DB/CM AT A WAVELENGTH OF 360 NM
4

S h

N

N

Optical loss (dB/cm)
w

600 800 1000
Waveguide width (nm)

Relationship between the waveguide width and waveguide loss

[T
SNy LIMecC C. Lin, et al., ISTQE, 29(4), p.1-9,2022 5



V-PIC-based label-free super-resolvedii|
structured illumination microscoi)y \‘;
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UNVEILING PRINCIPLE OF SIM wWITH A UV PIC

Input
—

MMI
Heater

\

Grating Adiabatic taper

Diagram of UV-PIC for 1D structured
illumination

GHENT ‘umec C. Lin, et al., JSTQE, 29(4), p.1-9,2022

UNIVERSITY 27



UV BEAM WITH A LARGE FIELD OF VIEW

FOV 170 um x 200 um
Imaging-éox
plane Si02

.0r — Exp.
— Sim.

y o
—
(=)
G
—
[ o

Norm. intensit
& ]
(@) ]

Norm. intensity
o
a1

— Sim.

00—, = Sy 0.0 . .
200 -100 0 "~ 1100 1200 1300 1400

L(um) L(nm)

Beam profile at near field (left) and far field
— (right), 6=11.7°

sy LMec C. Lin, et al., JSTQE, 29(4), p.1-9,2022 g



HIGH VISIBILITY OF FRINGE PATTERN

Measured twobeam 1.0- Y
fringe pattern

>
- k5

> = s = 05
371 nm 8
: E
2

A =360nm 0.0

0 100 200 300 400 500 600
Pixel

UV two beam interference fringe pattern,6=29°

— High Visibility up to 0.93

I
sy LMec C. Lin, et al., JSTQE, 29(4), p.1-9,2022 g



DEMONSTRATION OF CHIP-SIM ON 1D OBJECT
Grating pitch G=300 nm < optical resolution 585 nm

Uniform illumination Structured illumination

Moiré fringe Gyis
giit1iTE

em)

S—
Il
II! I

Fluorescent object

Fourier space

K,(4nNA/2,

: 0 1
K (4nNA/ML_ )

K(4nNA/L, )

C. Lin, et al., JSTQE, 29(4), p.1-9,2022 3



RESOLUTION ENHANCEMENT CHECKED BY SEM

SIM image of dye SEM image of metal lines
filled groove
= Super-resolution SIM using photonic chip is

GHENT ‘umec demonstrated on 1D object

UNIVERSITY 31



CIRCUITS DESIGN FOR STRUCTURED ILLUMINATION

Visibility>0.9

Optical images of the profiles of the
Optical image of the fabricated UV-PIC generated structured illumination

3HIE\;\IETRSITY - umnec C. Lin, et al., Nature communication, 13(1), p.1-9,2022 32



QUANTIFYING THE PERFORMANCE OF PIC-BASED SIM

Ti/Au
A A
4 _ LY

slide

h om0 munmm
slide
\ 2 00 kV A-A
SEM image of metallic Schematic of fluorescent
spoke target spoke target

—_
{11111

g:IE\;\IETRSITY - umnec C. Lin, et al., Nature communication, 13(1), p.1-9,2022 33



X1.8 TIMES BETTER WITH UV-PIC SIM

WF and SIM image of the spoke target

NA,,=0.5

x1.6

GHENT
UNIVERSITY

“une

C. Lin, et al., Nature communication, 13(1), p.1-9,2022

Intensity profile along the circle at r=1.9 um

,, 80 A=192nm r=2.2 um
a
5 40
(@]
O — WF — SIM

0 1 1 1 1

o 3 6 9 12
Position (um)
4000
a
c
>
(@]
© 2000 - - -
0 4 8 12

Position (um)
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SUPER-RESOLVED AUTOFLUORESCENCE IMAGES OF YEAST
CELLS

Microscope
objective

Microscope

z

UV-PIC chip
on PCB

Schematic of the UV-PIC-based
SIM technique

WF and SIM image of yeast cells
e oty Enhancement factor: x1.6

—_
{11111

GHENT ‘ umec C. Lin, et al., Nature communication, 13(1), p.1-9,2022
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UV-PIC-based quantitative phase imaging
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CONFIGURATION TO IMPLEMENT KK-RELATIONS

laser sample Qpjective  camera
\ Conditions:
9 1: Causality:
2: Analyticity:

1. Vanish one of the half planes
in k-space, NA,,, = NA,,

2. Work in bright field
condition, NA,, < NA_,

NA,, = NA,,

P

i
GHENT

OhversTy  LIMEC 37



HIGH ACCURACY ON BEAM MANIPULATION VIA UV-PICs

GHENT
UNIVERSITY

0.50 -
] - = NA=0.45
0.48 - —e— filling factor 0.8
’ —a— filling factor 0.6
0.46 1
< e
Z 0.44 4
0.42 -

181 182 183 184 185 186
' _ Grating pitch (nm)
Schematic of grating out-coupler Relationship between numerical aperture
NA,, and grating pitch at filling factor of

0.8 and 0.6, respectively.
ANA,,= 0.005

“mmec
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UV-PIC FOR QUANTITATIVE PHASE IMAGING

Height nm | nm
80 4
40
0
0
-40
-6
1500+
~ % 1000
Optical image of fabricated & °
= X ]
UV-PIC for KK-QPI g & 0
0 10 20 30 40 0
_ o 6 4 2 0 2 4
@ Position (um) Height (nm)
gnlE\;‘lETRSITY “mec C.Lin, et al., CLEO, 2023, accepted 3



PROSPECTIVES

« Low spatial noise QPI using on-chip switching
approach

 Large-field-of-view SIM (0.2 mm-> 0.5 mm)

« UV-PICs for multi-modal advanced microscopy (SIM
and QPI)

« AIO,/SIN, hybrid platform operating for UV/Vis

_ wavelengths

SNy LIMeC 40



Q&A
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