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Going on chip…

Improves scalability and efficiency.  
Improves stability (less aligning, and 
aligning again).

Qudits@UQBrings quantum photonics closer to 
applications.

Moody et al., J Phys Photonics 4, 012501 (2022)
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Loss has to be very low…
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Generation Processing Measurement and 
detection

Free-space

On-chip

Spatial light 
modulator (SLM)

Multi-plane light 
conversion
(MPLC)

spontaneous 
parametric 
down-conversion 
(SPDC)

Transverse modes as qudits

Spatial light modulator 
and single photon 
detection
(mode filtering + single-
photon detection)



Multiplexer for transverse modes on-chip

Jiang, et al. Scientific Reports 2019 9:1, 9(1), (2019). 



Design by specification (just like MPLC)
 
User defines input and desired function and 
algorithm finds optimal design

Can increase device performance and 
robustness and decrease footprint

In comparison to traditional methods of tuning 
a handful of device parameters, inverse design 
utilizes entire parameter space

L., et al. Applied Physics Reviews, 7(1), 011407 (2020)

Photonic inverse design



Su, L., et al. Applied Physics Reviews, 7(1), 011407 (2020)

Optimisation of device topology with respect to some figure of merit by repeatedly 
performing 2D / 3D electromagnetic simulations. Uses gradient descent-based 
optimisation using the adjoint method.

Fabrication constraints can be set. Robust to fabrication error.

Overlap between electric field ! 
and target mode "

! – parameterisation vector which controls the 
permittivity distribution " !  of the design area

min# 	%$%& & = (') & − + (

Objective function

Target 
transmission

Design area with permittivity " !

Simulation 
boundaries (PML)

Input 1

Input 2
Output

Eigenmode Sources
Field Monitor

Jamika Roque

Photonic inverse design

Daniel Peace



Mode (De)Multiplexer

Design Area

Multimode 
waveguide
1	µm wide

Single mode 
waveguide
500	nm wide

Peace et al., FiO 2024



Mode (De)Multiplexer
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Mode (De)Multiplexer
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where,  0 = 0,1 (input waveguide)
  2 = 0,1 (output mode)

Objective function

34-
34-

34.
34-

Design area = 3	µm×3	µm
Simulation area = 7	µm×7	µm

Runtime: ~8 hours for 100 iterations 
with a 40	nm mesh resolution
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Peace et al., FiO 2024



Mode (De)Multiplexer
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Port 1: TE0 to TE0 93.4% Transmission, -29.1 dB Crosstalk
Port 2: TE0 to TE1    91.2% Transmission, -30.1 dB Crosstalk 

Simulated

Air

Si

Peace et al., FiO 2024



Mode (De)Multiplexers

Run 1 Transmission Crosstalk

Port 1 93.4% -29.1 dB

Port 2 91.2% -30.1 dB

Run 2 Transmission Crosstalk

Port 1 96.5% -33.7 dB

Port 2 92.4% -30.2 dB

Run 3 Transmission Crosstalk

Port 1 92.8% -28.8 dB

Port 2 88.9% -30.1 dB

Simulated

Air

Si

Air

Si

Air

Si

Run 2Run 1 Run 3

Peace et al., FiO 2024



Mode Beamsplitters

!"- 50: 50
!"-: !".

!". 50: 50
!"-: !".

&'/ Input 
TE- 47.8%  TE. 48.2%

&'0 Input
TE-	46.1% TE.	46.8%

SimulatedAir

Si

Peace et al., FiO 2024



Hong-Ou-Mandel (HOM) Interference

+ − −

RT TT RR TR

Hong, Ou, Mandel, Phys. Rev. Lett. 59, 2044 (1987) Joshi et a., Phys. Rev. Lett. 124, 143601 (2020)

Mohanty, A., et al. Nature Communications, 8(1), 14010. (2017)

170	µm

Visibility= 95 ± 0.02%
 

Inverse design can  reduce 
this footprint. 
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1µmMODE 
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grating couplers

fibre array

Hong-Ou-Mandel (HOM) Interference

20	µm

Peace et al., FiO 2024



775nm 
Ti:Sapph laser
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Coincidence 
Logic

s
i

s

i

Testing Hong-Ou-Mandel (HOM) Interference

HOM 
device

Nora Tischler Farzad Gharafi Peace et al., FiO 2024



On-chip HOM interference

Peace et al., FiO 2024

Good HOM visibility, no degradation 
from the measured source visibility.

Good HOM visibility across different 
designs and devices. 

We can model the visibility.



Fabrication bias simulation

>90% visibility for 5 nm bias

>50% visibility for >10 nm bias
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Take home…

• Hong-Ou-Mandel interference is a quintessential quantum optics 
phenomenon, very important for linear optical quantum computing.

• We have made some huge strides towards fault-tolerant quantum 
computing, very active field.

• Inverse design can be a reliable way to design components for 
quantum information processing. 



Thank you!
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