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0. Background
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• Lots of candidates for dark 
matter (WIMPs: GeV-TeV, 
QCD Axions: 10  eV – 10 eV)

• We examine the sub-GeV 
mass range of dark matter 
(‘New Technology’ section)

• Requires ultrasensitive 
phonon mediated detectors 

• Energy deposition is too 
small to easily measure with 
scintillation or ionization
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• As mass decreases, energy 
deposited decreases, 
phonons become the 
dominant energy-carriers

• Thus, we look at phonon-
mediated detectors



Interdigitated capacitor and thin meandering 
symmetric coplanar inductor

• When energy (phonons, dark matter, etc) is 
absorbed, cooper pairs break and create 
quasiparticles
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0. Kinetic Inductance Detector

Chip (Si)

Inductor (Al)



Interdigitated capacitor and thin meandering 
symmetric coplanar inductor

• Increase in quasiparticle density changes the 
surface impedance, shifting resonant 
frequency and quality factor

6

0. Kinetic Inductance Detector

Chip (Si)

KID (Al)



7

0. Kinetic Inductance Detector

MKIDs have a combination of kinetic and 
magnetic inductance

Kinetic-inductance fraction

Resonant frequency 
follows definition of LC 
resonator, will depend on 
combined inductance



8

1. Adding Quasiparticle trapping fins

560um

412um

1130 um

KIDsTransition Edge Sensors



1. Adding Quasiparticle trapping fins

Chip (Si)

Fin (Al) Inductor (Al)
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• Phonons transmitted from the chip break Cooper pairs in the fin (Nb) creating 
quasiparticles

• The quasiparticles diffuse about the fins
• Gap energy of aluminum: 0.34meV, band gap of silicon: 1.1eV (no cooper pairs 

exist in silicon



1. Adding Quasiparticle trapping fins

Chip (Si)

Fin (Al)

broken cooper 

pairs

Inductor (Al) phonon

10

• Some quasiparticles diffuse into the inductor, recombine, and emit phonons
• These phonons then go on and break more cooper pairs in the inductor
• When produced, the inductor will be made of a lower gap material



Finding Resonant Frequency and Q factor

● Original 2-port 

method, finding 

the peak of S21 

● 20-hour long 

simulations
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Finding Resonant Frequency and Q factor

● The step size 

influenced how 

precise we could 

estimate the 

resonant 

frequency off the 

image
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Finding Resonant Frequency and Q factor

● 3-port method (Jiansong Gao) reduces computation time to ~20 minutes/sweep

○ only 2 data points required

13

Standard expression for impedance of RLC series circuit

at resonance frequency 

● At the resonance frequency, Im[Zin,3] crosses 0 
○ The first two terms on the right side are imaginary components of the impedance, so 



Finding Resonant Frequency and Q factor
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Resonance frequency is the 

frequency at which Im[Zin,3] = 0
Value of Re[Zin,3] at 

resonance frequency

Quality factor of the kinetic inductance detector

(given in paper)

Slope of Im[Zin,3]

Equation for impedance near series resonance

If                then the second term inside bracket equals 0



The 3-port method 
measures the input 
impedance of the port
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3rd ‘internal’ port inside 
the resonator 
– added where the IDC 
joins meandering 
inductor
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Using the 
3-port 
method, 2 
datapoints 
would be 
sufficient
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current density generated at resonant frequency without 3-port 
- extra port generated asymmetrical current densities



rectangle

fins

560 um
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m

1130 um

1st Design - Rectangle Fins
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whisker

fins

560 um

1130 um

100 um

56 um

1st Design - Whisker Fins
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high current density on the fins
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Fin width 560 um



Changing Circuit Geometry–Decreasing Inductor Volume

Because we’re sensitive to quasiparticle 

density, decreasing the volume of the 

resonator increases phonon collection 

efficiency

(GHz) for KI-TWPA, so 

inductance can’t change

Change length and width by same factor
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Design Choices: 
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● Only constraint in design: fin height (412 um) 
○ To maintain same fin size and the touching border of fin and inductor

● U-shape, decreased length and width by same factor
○ Maximum factor possible = 5.18511



Design Choices: With or Without Fins
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● Goal: Determine the effect of fins on resonant frequency



Extracting Resonant Frequency 
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Design Choices:
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● U-shape: not an inductor but was used to test for resonant frequency changes
● Added meanders:

○ 1. length/width reduced by same factor means the number of least squares is maintained and the inductance shouldn’t change
○ 2. Arbitrary choice of length to maintain meanders
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● Resonant frequency remains in 5-6 GHz range
○ without fins and changed inductance design raised resonant frequency to above 6 GHz



● Resonant 

frequency 

remains in 5-6 

GHz range





Changing Circuit Geometry–Increasing Capacitor Volume

Decreasing the volume of the resonator 

increases phonon collection efficiency

(GHz) for KI-TWPA, so 

inductance can’t change

In series

In parallel
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● Tripling the number of inter-
digited capacitor teeth and 
adding 2 more fins
○ 9 → 27

● Resonant frequency: 3.18 GHz

● Decreasing the distance between 
inter-digited capacitor teeth by a 
factor of 3
○ 20um to 6um

● Resonant frequency: 5.3 GHz
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● Real component of 
impedence is nonlinear 

● Step size impacts 
calculated Q factor

● Raises the question if the 
3 port method is still valid 
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● Decreasing the meandering 
inductor length by 2

● Resonant frequency:  5.238 GHz

● Decreasing length of meandering 
inductor by 2

● Resonant frequency: 5.563 GHz



2. Redesigning KID box mount–Motivations

● Most phonon energy loss is due to mounting
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Comparing the energy a substrate deposits to the 
energy the resonator absorbs



Original Design
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O-ring clamp KID resting

on platform



Glue results in high mounting 
stress (green region) at low 
energy depositions

3-38 ev: 
- 2-3 mag. diff. due to mounting stress 
- (GE varnish contraction relative to HS crystal → stress relaxes through 

microfracture → eV scale broken bonds → phonon energy released) 
38-86 ev: 
- due to stress in QET thin films 
- (from thermal contraction during cooldown & film deposition 
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Design Iterations
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Design Iterations
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3D Printed Trials
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Final Design
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Video Demonstration



Next Steps

● Machine the box 

● Test suspended wire bond chip

● Produce chip with modified geometry (fins with higher phonon collection efficiency)

44



A special thank you to 

● Professor Sunil Golwala for giving us the opportunity to work in this lab, 

supporting our research interests, and providing guidance 

● Our mentors Brandon Sandoval and Osmond Wen for their patience in taking 

the time to work through all the design iterations and physics with us.

● The Golwala Group and ObsCos

45



Feedback is appreciated!

46



References

● Chang, Yen-Yung (2023) SuperCDMS HVeV Run 2 Low-Mass Dark Matter Search, Highly 
Multiplexed Phonon-Mediated Particle Detector with Kinetic Inductance Detector, and the Blackbody 
Radiation in Cryogenic Experiments. Dissertation (Ph.D.), California Institute of Technology. 
doi:10.7907/jswx-ad33. https://resolver.caltech.edu/CaltechTHESIS:05212023-152144355

● R. Anthony-Peterson, A.Bierkert, et al. (2024) A Stress Induced Source of Phonon Bursts and 
Quasiparticle Poisoning https://arxiv.org/abs/2208.02790

● Aralis T. B. SuperCDMS SNOLAB, HVeV Run 3, and Development ofKIPM Detectors, 2024.
● Ramanathan K. et al. Identifying drivers of energy resolution variationin a multi-KID phonon-mediated 

detector, 2008.
● R. Ren, C. Bathurst, et al. (2021) Design and characterization of a phonon-mediated cryogenic 

particle detector with an eV-scale threshold and 100 keV-scale dynamic range. Physical Review D. 
doi: 10.1103  https://journals.aps.org/prd/pdf/10.1103/PhysRevD.104.032010

● T. Dylan, W. Osmond, R. Karthik, et al. (2024) Performance of a Kinetic Inductance Phonon-
Mediated Detector at the NEXUS Cryogenic Facility. Doi: 2402.04473. 
https://arxiv.org/abs/2402.04473

47

https://resolver.caltech.edu/CaltechTHESIS:05212023-152144355
https://resolver.caltech.edu/CaltechTHESIS:05212023-152144355
https://resolver.caltech.edu/CaltechTHESIS:05212023-152144355
https://arxiv.org/abs/2208.02790
https://journals.aps.org/prd/pdf/10.1103/PhysRevD.104.032010
https://arxiv.org/abs/2402.04473


Thank you for listening!
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