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1. Antenna

•Broadband dipole-Bowtie

•Bandwidth: 127.5 – 242 GHz

•Sensitive to linear 
polarization (CMB 
polarimetry requirement)

2. Diplexer

• Band Pass Filters: Short-
Circuited Stubs 

• Center at: 150 GHz, 30% 
(127.5 – 172.5 GHz) & 220 
GHz, 20% (198 – 242 GHz)

3.Coupler

• Galvanic contact

• Capacitive coupling

4. MKID

• Quarter-wave 
coplanar waveguide 
(CPW) resonators

• Mixed with 
Interdigitated 
Capacitor (IDC)

• Coupling with 50Ω
feedline.

1. Design

2. Fabrication 3. Test

27/10/2023

Multichroic detectors development at APC 

Materials Parameters

Substrate (Si)
Thickness = 350 - 450 µm
Permittivity εr = 11.9

Dielectric (SiOx)
Permittivity εr = 4.318
Max thickness = 1 µm

Niobium (Nb)
Thickness = 200 nm
Lk = 0.1 - 0.2 pH/□

Aluminum (Al)
Thickness = 20 - 40 nm
Lk = 1.08 - 2 pH/□

Nb

Dielectric (SiOx)

Substrate (Si)

MKID 
inductor (Al)

Feedline + Diplexer + Coupler (Nb)

MKID 
IDC (Nb)NbSlot 

antenna

Vias



DESIGN: Specification
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CMB polarimetry requirement:
• Total bandwidth: Center 184.75 GHz, 60% (Range: 127.5 – 242 GHz)
• Sub-bands: 150 GHz, 30% (127.5 – 172.5 GHz) & 220 GHz, 20% (198 – 242 GHz)
• Polarization-sensitive: Linear
• Return loss: (S11) < -10 dB (> 90% power transmitted)
• Cross-polarization < -15dB at 2 sub-bands 150 & 220GHz

• Gain (with silicon lens) ≥ 20 dB

• Farfield: Symmetrical, sidelobes < -20 dB

• Coupling to Gaussian fundamental modes > 85%

(220 GHz 20%) 198 242
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[1] Paine, Scott. (2022). The am atmospheric model (12.2). 
Zenodo. https://doi.org/10.5281/zenodo.6774378

(150 GHz 30%) 127.5 172.5

[1]

https://doi.org/10.5281/zenodo.6774378


DESIGN: Broadband Antenna
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J. J. A. Baselmans et 
al. 2022, SRON

Jordan Wheeler et al. 
2017, SuperSpec
collaboration

Bandwidth 1:2.5 (85.7%)
→ Not enough to cover
100-300GHz (1:3) 100%

To increase bandwidth:

Similar design idea: H 
Andre et al 2019 IOP 
Conf. Ser.: Mater. Sci. 
Eng. 602 012022

My proposal

Broadband dipole
(Slotted Bowtie)

Increase flare angle

Dual antenna

Dual flare angle



DESIGN: Current results
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S11

Z11

Realized Gain

Cross-pol @ 11 deg

Co-pol vs Cross-pol



DESIGN: Diplexer
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Antenna

T-junction

150 GHz BPF 220 GHz BPF

Diplexer

Antenna

Diplexer

Coupler
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DESIGN: Modeling Superconductor
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𝒁𝒔 = 𝑹𝒔 + 𝒋𝝎𝑳𝒔 = 𝑹𝒔 + 𝑿𝒔
𝑍𝑠: Surface Impedance (Ω/□)
𝑅𝑠: Surface Resistance (Ω/□)
𝐿𝑠: Kinetic inductance (pH/□) → Sonnet
𝑋𝑠: Surface Reactance = 𝑗𝜔𝐿𝑠(Ω/□) → CST

Manually tweaking to make CST ≡ Sonnet [2]
• Sonnet: 𝐿 = 𝐿𝑠
• CST: 𝐿 = 𝑘 ∗ 𝐿𝑠
→ pre-factor 𝒌 = 𝟏. 𝟏𝟗𝟖𝟗𝟓

[2] A. Endo et al., “Simulating the radiation loss of superconducting 
submillimeter wave filters and transmission lines using Sonnet EM,”

Microstrip BPF



DESIGN: Diplexer
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Design steps:
1. Use formula from [3] to design a Band-Pass Filter (BPF) in CST
2. Optimize each BPFs separately by tuning the PEC to Niobium.
3. Combine BPFs to form the Diplexer and optimize T-junction in Sonnet.

[3] Jia-Shen G. Hong and M. J. Lancaster, “Microstrip Filters for 
RF / Microwave Applications”, John Wiley & Sons (2004) 
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Vias

Short-Circuited Stubs BPF [6]

PEC vs Niobium
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DESIGN: Types of Coupling
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Galvanic contact (direct touch)

Capacitive coupling

R. M. J. Janssen et al. (2013), SRON 

Barry et al. (2018), Chicago

Daniel Flanigan.
(2018), Columbia 
University

Shwetank Kumar. (2007) 
MKID CAM, Caltech



DESIGN: Our coupling
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Our expectations:
S11 < -10 dB | 0.31 - Less than 10% power reflected 
back towards the source
S21 > -1 dB | 0.89 – More than 79.4% of input power 
transmitted

S11

S21

[3] Zinieris, M. M., Sloan, R., & Davis, L. E. (1998). 
A broadband microstrip-to-slotline transition.



DESIGN: MKID

127/10/2023

Antenna

Diplexer

Coupler

MKID

MKID design parameters:
• Al length: ≈ 1 mm
• Al thickness = 20 - 40 nm
• Al Kinetic inductance: Lk = 1.08 - 2 pH/□
• Al CPW absorber: 2-6-2 µm
• Nb Kinetic inductance: Lk = 0.1 – 0.2 pH/□
• Nb CPW inductor: 6-6-6 
• 50 Ω CPW Feedline: 6-10-6 µm
• Interdigitated capacitors (IDC) finger: 15 µm
• Resonance frequency: 2 – 6 GHz
• Frequency separation between 2 KIDs: 50 MHz apart
• Physical distance between 2 KIDs: ≈ 2mm
• Resonant tuning (h): 10 µm ~ 10 MHz = 0.01 GHz

tune the 
resonant
frequency (h)

[4] Noroozian, O., Gao, J., Zmuidzinas, J., LeDuc, H. G., & 
Mazin, B. A. 2009, AIP Conf. Proc., 1185, 148

Design follow [4]



DESIGN: 1st prototype
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Photomask drawn in AutoCAD
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Merci pour votre attention!


