Development of MKID in the Optical
and Near-infrared Bands for
SPIAKID

Jie Hu
11-07-2023 ‘E(
E
A SP 1D

ssssssssssssssssssssssssssssssssss




SPIAKID-spectroPhotometric Imaging in Astronomy with
Kinetic Inductance Detectors

 Transient astronomy:
 Observation of Ultra Faint Dwarf (UFD) galaxies (main goal)
 Follow-up observations of sources of gravitational waves.
 Redshifts for high-redshift QSOs and galaxies
« High speed photometry.

 To be deployed on New Technology Telescope (NTT) In
2025 In Chile.

« Bandwidth: 1.6um — 400nm. La Sika, N
* Goal energy resolution: /A1 =~ 15 >
« 2 MKIDs arrays with 20,000 pixels

UFD: The lowest end of the galaxy luminosity function

Pl: Piercarlo Bonifacio
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For those for which metallicity is available we know
they are all low or very low metallicity
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MKI1DS-Microwave kinetic inductance detector

« High quality superconducting

IEI

resonator.
] « Single photon resolution in the optical
o e band.
b d
. LM | » Natural frequency multiplexing
L Er owl:  Relatively easy to be scaled into large
array.
O O 7 ;  Easy fabrication
Mazin, 2005 « Can be fabricated with 1-2 layers.
Detectable signal: hv > 2A,(T) * Wideband

Energy gap :A(0) = 1.72kgT,
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Frequency Multiplexing
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» By designing the pixels with different resonance frequency

» Usually by changing the capacitance in the resonator

180

» Resonance frequency usually less than 10 GHz

T T M

» One single line can read out 500-2000 pixels




Why MKIDs in the optical band?

« Single photon detection
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* Arrival time of the photons | — ssom
« Relatively fast response ( ~ 50 us, based on the .
* Intrinsic energy resolution
e Zero dark count )L
* Larger bandwidth compared to the Hmets
conventional optical detector like CCD and

used material)
* Relatively easy to be scaled to a large array 6 Sm——
CMOS.




MKIDs basic parameters
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Difficulty for MKIDs in the optical band

» Superconducting material:

 High quality — to reduce the linewidth of the
resonator

 High resistivity — to improve the photon absorption
efficiency.
»Fabrication:
 Film uniformity - Frequency collision.
 Array yield.

 Defect - any defect on the feedline would lead to

1055 OF 2000 PIXe . | N

T, (K) 0.8~4.6
Lk(pH/EI) > 10
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Why TiN/Ti/TiN?

» Relatively easy to fabricate
» Relatively high quality

» High kinetic inductance

» Tunable critical temperature

Critical temperature (K)
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= The T, of single layer TiN drifts over time
with the Nitrogen flow.
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MKIDs Design for SPIAKID
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Control the Sonnet from Matlab

The parameters changes is the couplingbar , the
fingerLength and the groundbar and the finger gap.

The groundbar and the coupling bar is used to tune
the Qc to the feedline

The fingerLength is used to tune the resonance
frequency.

The finger gap changes from 1.0 to 4.5um to reduce
the sensitivity of the capacitor finger length to the
resonance frequency.
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SPIAKID Detector Layout
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» Array size: 27/mm X 27 mm
» 10 identical 2000-pixel array
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Current Measurement Scheme-Single Pixel
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» Measured with Oscilloscope (HDO6034).
» Pulse Response and noise measurements.
» The readout electronics will be delivered by LISIA around September

this year.
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Measurement Setup in ADR

Heat Switch

LNA

NbTi Cable

Maximum magnetic field: 6T

APRVEGL e Cooling power at 100mK: 150mJ
2.7 K Stage * Minimum temperature: 40mK
1 K Stage

Holding time at 100mK: around > 24h
 Currently, one way readout inside
* Tina = Sk

* One 1550 nm fiber and one 850 nm
KIDs fiber is installed

FC/PC connector

Attenuator

100mK Stage

Nb shield
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Preliminary Measurement Result

= TiN/Ti/TiN - 10/10/10nm
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Array Statistics
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Yield: 75% out of 900 pixels. 201
The array shows a median Qi of about 30k.
The quality factor doesn’t show significant frequency dependence. 0-
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Energy resolution
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Improving the MKIDs Energy Resolution

» Improve the quality factor of the resonator

» Using superconducting material with lower critical
temperature (~1/A?)

» Reducing the volume of the meander
» Reduce the phonon escape to the substrate
» Reducing the readout noise In the system.

aQp Nk
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* « : kinetic inductance fraction
* §,:the Mattis-Bardeen factor
* Nj: the single spin density at

Fermi level

* 7: photon to quasi-particle

conversion efficiency




Conclusion

 The test array shows a yield of around 75% out of 900 pixels.
* The average Qi1 is around 30k for the test array.

« Single photon detection with TIN/TiI/TIN meander has been achieved
at 400 nm, with best energy resolution to be around 2.6

* The 20,000-pixel MKIDs array has been designed and will be
fabricated.
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Cryostat - HEXA-DRY 200 size L

*  Will be installed at APC in September.

« Cooling power:
10uUW@20mK
400uW@100mK
~450mW@4.2K
300K to 20mK: ~32 hours

« Two frames: lower vibration.




Cryogenic Wiring and Optics

Optical Path
from 50K

; Coaxial Cable
assembly

Detector Assembly

» Optics are folded in the cryostat




Detector Response

 The phase change of a resonator is defined as the angle to the center.
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This is the phase response of KIDs when there is
incident photon.
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Wiener Filtering

* [t give @ minimum square root error to a know signal.

* In our case, It is the phase response of the detector to a single photon,

noted as s[n], the input of the filter is w|n], the output of the filter is




Wiener Filtering

 The coefficient of the wiener filter can be obtained by solving the
following Wiener-Hopf equations,
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