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Who are we..

Alntegrated Optical Systems (I0S) @ University of Twente (Netherlands)

Sunwe

<y 3
£ ;o Hamburg e
Wilnelmshaveno Breme(;i\aven Stade, o= HH
Emden
s
Gr'?vnvtl,ngen
(4]
| sz |
| 232 |
m-;ga= o
m Zwolle
O
Amsterdam P
@
b "U lersiteit Twente
> S | ersiteitiTw
/ Netherlands S
The %ague ;
Rott%rdam 1] Murés1
2 Gl |
] 43 ] o
[ 2 ]
Dortg\und
Elndlgoven Esseno
Bruges ‘ Ant\gerp €3 | Drussg‘ldczg
e thnt
) T ; CoI%gne
| Brgs.sg‘ls - % ‘
2 ER Bonn
- Lo}
Liege
B 222 R
Belgium
25 3
Charleroi =
m 3 >

11-04-2024 UNIVERSITY OF TWENTE. n.chahir@utwente.nl




MESA+ Nanolab

1 (ISO 5/1SO 7)
ized equipment

Research areas:
A Electronics

A 3D nano shaping ¢VP).

A MEMS/NEMS M étching,
A Eluidics XRD, annealing
A Photonics
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PHOTONIC INTEGRATION

“"‘__‘" \,\: 1“ \n,i

Photonic Integration

——)

A Energy efficiency

A Increased speed

A Reduced size and
cost

* A Scalability

- A Novel functionalities

[1] https://lwww.eurekalert.org/news-releases/738849
[2] https://lwww.lionix-international.com/photonics/photonic-integrated-circuit-development/photonic-integrated-circuit-design/
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Al203 AS A PHOTONIC MATERIAL

ALarge transparency window: UV-mid-IR
ALow propagation losses: 5 dB/m

AModerate refractive index: 1,72@1550
nm

AWafer level deposition
AHigh rare-earth ion solubility

AlIn the Nanolab A RF reactive
sputtering
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Deposition techniques Monolithic integration

Al,O, Integrated
Photonics

[Review: Hendriks et. al. , Advances in Physics: X, 6 (1), 1833753
(2021)



INTEGRATED PHOTONIC PLATFORM
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Tm3*
Ho3*
Pr3*

Ce3+

— Rare-earth ions




BROADBAND OPERATION
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Fabrication

W

Prism Coupling \

636 nm ’ + AR-PC 5091.02 (60 nm)

R e

J 5.

* Negative electron beam sensitive
resist AR-N 7520.18 (350 nm)

» Layer of 100 nm thick of Al,04
¢+ 8 um thermal oxide on silicon

+ Electron beam Raith EBPG515
system

aperture 300 pm)

AJAATC 1500:
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Cross-section view

Substrate

Al,O; layer deposition

EBL + RIE

Cladding
Thermal SiO, Er-doped Al,O,

Top view

PECVD SiO,
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Recent Demonstration

Erbium doped Al,O; for LIDAR

Recent record results of ~34 dB internal

femTO Thulium doped Al,O, for
Chlp Q-switched lasers

. | Input:
Y .- $ 2.5 ps chirped pulse
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11-04-2024 UNIVERSITY OF TWENTE n.chahir@utwente.nl I@S 10



ALUVIA
PROJECT

ATechnology maturation of low-loss 8 o
Al203 waveguides for UV - n ‘%4 "
wavelengths E 5 <

= phi
é o Technology development
" \ UNIVERSITY OF TWENTE. z ﬁaDch(aj;\:\egk:::;ztlogy/ /
AValidation in UV waveguide- N |
UV Raman spectroscopy lon-trap quantum computer N
enhanced Raman spectroscopy z . o
(WERS) and surface ion traps for 3 ?’5~*§‘\<-—"=:~'
qubit generation S e 3% —
COMMERCIALIZATION
o Foundry service (RSDPhotonics) o Dissemination activities
o Market analysis o Detailed business plan
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/ Packaged low-loss Al,0,-on-SiO, integrated photonic platform for \

operation in the uItravuolet (UV) wavelength range




Waveguide propagation loss (dB/cm)

FILM STATUS & LOSS COMPARISON

A Layer uniformity 1-4% A Slab losses of 0.4 dB/cm @ 377nm
A Refractive index uniformity <1% A Lowest loss of 1.3 dB/cm for TM @ 369nm & 1.1 @ 405nm

Performance comparison high confinement (100 um bend possible)

UV/VIS PICs
7
6 m Aluvia TE
5 A MIT AI203 TE
4 e LigentecSINTE
Colombia Lipson
3 A
- « SiN absorption limit
2 . » AMF TE PECVD
L -3 o . * AMFTELPCVD
0 ¥ —SiN absorption limit fit
350 450 550 650 750 850

Wavelength [nm]

UNIVERSITY OF TWENTE.




13

i
¥ /4
gt
‘x.. o A\\\
e A
2V AP
3 %\4 =
NNz P
N (.W‘\\k
el < ot .
LR e
) Sy i

~
e
7

——_ /
w,/// _ ;
S ——

n.chahir@utwente.nl

[/ / \\\\\\“
i
17
o 4 §
.ag\\\\

.\
i
ﬁ \ 7
7z

wosz024 UNIVERSITY OF TWENTE.




Why a PEC?

~__—"Beam Size: 2-100nm ’

* Current
| * Voltage

A Different CDs in the same layout

(Forward Scatter: 1-10nm '

A tapers : ﬁ;iilff:j:toe?i:FgaTg}iL'krless 2
A WavegUIdeS | Backscatter: 10-30pm

. Acceleration Volfrago
A coupled lines and gaps b et
A gratings

A Correction of all CDs in one exposure

https://www.genisys-gmbh.com

A Exposure A Scattering A Absorbed

A Dose depends on lines dimension and pattern
energy A Feature

density

A Effective blur A CD variation
A Beam size
A Scattering
A Process
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Exposure with wrong dose

600 nm lines

1042022 YJNIVERSITY OF TWENTE. n.chahir@utwente.nl

unstable grating lines



Calibration Process

A PSF simulation (Monte Carlo Simulation)
A Data-prep (test pattern, resist contrast)

A Exposure

A Resist development

A Pattern transfer
A RIE etching

A Inspection
A SEM A find base dose

UNIVERSITY OF TWENTE.



Dose correction

A Base dose
Dose with PEC

A Dose factor i

Uniform Dose

UNIVERSITY OF TWENTE. RS
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Test pattern + Exposure

Local pattern density variation from isolated to fully dense
A Filling factors:
0%, 25%, 50%, 75%, 100% L:1 / Siz:200 / Dens:0% L:1/ Siz:200 / Dens:25% L1 / Siz:200 / Dens:50%

(MM

L:1/ Siz:200 / Dens:75% L:1/ Siz:200 / Dens:100%

A Dose range: 250 -1150 * 6/c8 ~2
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Measurements

Resist contrast curve Linewidths
400 Base Dose
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Results

21

's wrong?

What
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200 nm lines
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Test pattern + Exposure

I | _|_ | _ punnnnn
A Filling factors: "l"
0%, 25%, 50%, 75%, 100% "I" QO NEEER |
111 LI

EEEEEEEER
A Dose range: 601 400 * 6/Gt ~2 ]l‘
L
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Measurements
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Resist contrast curve
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600 800
Dose (* 6/c8 /2)

UNIVERSITY OF TWENTE.

1000

CD [nm]

1200
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Linewidths
Base Dose
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T = x
' L
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Results

under dose on dose over dose

RN TIHHT
""l 25% FF ||I|| 75% FF

111 T
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Dose correction

Dose correction

1,63

0,85
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