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Introduction

The NIKA2 instrument

NIKA2 commissioning
NIKA2 KID arrays

A1 (1mmV) A2 (2mm) A3 (1mmH)

Pixel count 1140 616 1140

Pixel size 2x2 mm2 2.8x2.8 mm2 2x2 mm2

F∙l 1 1 1

f
reso

1.9−2.5GHz 0.9−1.4GHz 1.9−2.5GHz

All arrays are based thin film Aluminium, Hilbert type LEKID

The NIKA2 instrument
THE NIKA2 INSTRUMENT AT THE IRAM 30M-TELESCOPE

THE INSTRUMENT: DETECTORS
▸ Hilbert-type LEKID pixels 

▸ Microstrip feedline 

▸ 18 nm aluminium 

▸ Frequency band determined by substrate thickness (3λ/4 for 1mm = 250 μm)
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The NIKA2 instrument

R. Adam et al., A&A  609, A115 (2018).
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Pluto 1 mm
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Weak Sources (10 mJy)
NEFD
260 GHz: 20 mJys1/2  

150 GHz: 6 mJys1/2

Caveats
Correlated noise observed in the maps
Positive
better than specifications, approacching goals. 

Commissioning Phase : Results
PLUTO@260GHz

PLUTO@150GHz

Opacity = 0.2
Elevation = 60°

NIKA2 Core Team, 2017, arXiv:1707.00908
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Future developments of NIKA2

‣ Optical response of NIKA2 1mm array 

‣ Higher angular resolution 

‣ More working pixels 

‣ A 4” full-frame test array
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‣Floquet port: a plain wave expansion 

‣18 modes for 150 - 350 GHz 

‣Two polarizations 

‣1.6 Ohm/sq for 20 nm Al 

‣250 μm Si substrate

3λ/4  250 μm

Photons
LEKIDs

Back short

Pol 1 (TE00)

Pol 2 (TM00)
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Optical response of LEKID arrays

periodic boundary 



Optical response of LEKID arrays
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Averaged absorption efficiency

inductor area: 1.5*1.6 mm2

filling factor =
inductor area

pitch size2

Absorption efficiency of inductor (230 - 290 GHz)  
                ≈ 100% for Pol 1 
                ≈   70% for Pol 2
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Simulation (Pol 2)

Measurement (Pol 1)

Measurement (Pol 2)

Model

Atmospheric transmission

Average 
absorption 

(230-290 GHz)
Pol 1 Pol 2

All components 
together 73.1% 50.5%

Other 
components 

than the 
inductor

10.9% 9.3%

Inductor 
only 61.7% 41.2%

Model 61.5%

Measurement 
(220-280 GHz) 60.0% 42.2%

NIKA2 1mm Array

• Si wafer thickness:  
250 μm -> 260 μm = 10 GHz shift

Optical response of LEKID arrays



‣ Optical response of NIKA2 1mm array


‣ Higher angular resolution 

‣ More working pixels 

‣ A 4” full-frame test array
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Future developments of NIKA2



Big pixel array Small pixel array

High angular resolution pixel

Big pixel array Small pixel array
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‣ Diffraction limit of the 30-m telescope

‣ Lower the confusion limit

‣ Doubled number of pixel

‣ Smaller inductor volume



wire grid polarizer

cold pupil two arrays50 K “sky”

Distance to window: 0.6 m

cryostat

x

y

300 K “planet”

correction lens
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• the planet image on focal plane <-> point spread function on telescope

• Mapping: move the planet in y-direction at fixed x position

• X step: 1 mm = 0.17 mm on the array

• The metal ball diameter: 4 mm (0.68 mm on the array)

High angular resolution pixel





Mapping of big pixels Mapping of small pixels

FWHM circle
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High angular resolution pixel



Big pixel array Small pixel array
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High angular resolution pixel

=1.7



‣ Optical response of NIKA2 1mm array 

‣ Higher angular resolution 

‣ More working pixels
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Future developments of NIKA2
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Trimming KIDs

• Frequency collision 
• Limited bandwidth
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70.5%



Trimming KIDs

70.5%
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96.7%



Trimming KIDs

• Absolute deviation   fmeas-fdes:        μ=-1.7 MHz  σ=0.46 MHz 
• Fractional deviation (fmeas-fdes)/fdes:  μ=-6.4e-4     σ=1.8e-4

�16Shu et al. (2018) APL, 113(8), 082603



Trimming KIDs
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108 out of 112 pixels: 96.7%



‣ Optical response of NIKA2 1mm array 

‣ Higher angular resolution 

‣ More working pixels 

‣ A 4” full-frame test array
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Future developments of NIKA2



A 4” full-frame test array

New 1mm array 
‣ 4-inch wafer 
‣ 2392 pixels 
‣ 8*500 MHz 
‣ ~300 pixels per 

readout line 
‣ 1.6 MHz spacing 
‣ Filling factor: 51% 
‣ Trimming 

accuracy 0.18-
0.44MHz

Trimming test array 
‣ 1-inch wafer 
‣ 112 pixels 
‣ 1*500 MHz 
‣ 112 pixels per 

readout line 
‣ 4.5 MHz spacing 
‣ Filling factor: 51% 
‣ Trimming 

accuracy 0.25-
0.5MHz
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A 4” full-frame test array

Current 1mm array 
‣ 4-inch wafer 
‣ 1140 pixels 
‣ 8*500 MHz 
‣ ~140 pixels per 

readout line 
‣ 3.6 MHz spacing 
‣ Filling factor: 60%

New 1mm array 
‣ 4-inch wafer 
‣ 2392 pixels 
‣ 8*500 MHz 
‣ ~300 pixels per 

readout line 
‣ 1.6 MHz spacing 
‣ Filling factor: 51% 
‣ Trimming 

accuracy 0.18-
0.44MHz



A 4” full-frame test array



A 4” full-frame test array



A 4” full-frame test array
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before trimming after trimming



A 4” full-frame test array

after trimming



Feedline 1 3 4 All

Number in design 276 312 332 920

Mapped

before trimming 182 228 225 635

Mapping yield

before trimming 65.9% 73.1% 67.8% 69.0%

Mapped

after trimming 210 242 249 701

Mapping yield

after trimming 76.1% 77.6% 75% 76.2%

Readout problem 9 15 21 45

Total resonances 219 257 270 746

Fabrication yield 79.3% 82.4% 81.3% 81.1%

20% pixels are already broken before trimming



Conclusions

‣ Current NIKA2 1mm band pixel has 100% absorption efficiency in one 
polarization and 70% for another polarization. 

‣ Angular resolution 10.9” -> 10.2” with 1mm inductor. 

‣ Optical yield 70.7% -> 96.4% with 0.46 MHz deviation (1.8e-4). 

‣ A ~2400 pixel 4” array is tested: 
• Limited by fabrication yield: 80% 
• Readout board: maximum 250 pixels 
• Film property: aging problem 
• One 4-inch trimmed array = 4 cool-downs  
• 4-week measurement + 1-week analysis + 1-week production = 6 weeks


