Antenna coupled Kinetic Inductance Detectors camera
design and performance at IRAM 30m telescope
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KID detector

Principle
Sky signal Pair breaking effect KID Readout
high frequency current createsqp Superconduqtor . Resonance feature @F,
excitations in superconductor In resonance cirquit shape depends on N,
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o P. Day, et al., Nature 425, 817 (2003).
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KID resonators

Capacitive Coupled Distributed resonator
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KID detector

Fundamental and not so fundamental limits of KIDs

Noise Signal
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Array to NIKA

- 42 pixel antenna coupled array, Nyquist sampled
home made Sapphire spherical lenses
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Array to NIKA
Q Design

Qgesign — 80-000 matched to expected sky load
- Q, decreases with power loading

i S21,min :Q/Qi

Dark measurement without any light Looking to the sky
Q =3.7E6 Q, =0.13E6
S21 =-25dB S21 =-9.5dB

Calibrated magnitude (Normalized magnitude - fit)
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Array to NIKA
Testing sensitivity
- Sky loading simulated by temperature increase in dark environment
- NEP = NEP — 2-10-16 W/+\Hz for 100% radiation coupling (0.25K data)
- Expected sky NEP= 6-10-15W/~Hz per pixel

- 10% pixel efficiency

- 30% instrument efficiency
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Array to NIKA

Finding the pixels in the focal plane
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First Light




Constructing an image

- Use sky noise to calculate individual pixel gain
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NET of the system

from Mars data

- SNR = 330/VHz @ 1 Hz NET,c pixel = 27MK/VHZ
= NET=Tguce/SNR 'NEPsys,pixel = 1.6 - 1014 W/\Hz
Tsource:9K per pixel °NEParray,pier = —3 .10+ W/\/HZ

PSD data, phase scaled
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Venus in Jy, 25.6arcsec beam Flux (J K3 _50A, Jy 21.9arcsec
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Magnetic Field effect

- Only marginal shielding

- Clearly visible on telescope slew, max 10° phase shift/80 degree azimuth
- within instrument noise during raster scans

- will cause drift << sky 1/f noise during long integrations (earth rotation)
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Larger arrays

TET ¥ TFTT
LAEEEEEEEIEZIZEIEEEEEE

IIZIEZILE IFTITEEFEEETE




This Run

- 256 central core pixels (16x16) 324 total pixels (18x18)

- +- Spiral core distriution, 4MHz spacing 1 GHz BW (1.2 GHz for 324 pixels)
- Optical coupling: optimized double slot antenna with Si lens array

- Hybrid NbTiN-Al technology

- Air bridges




Batch HS8 test results at 350 GHz (not optimal system)

With Bridges
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NIKA holder with Si-lens array
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F Spacing (J. Kooi)

E Field[Y_per_n

. 0PE@e+006
394D +205
9307e+0085
433k%e+00Y
T276e+00Y
6379e+00Y4
19692+203
1623e+203
3895e+203
1@54e+382
BB27e+002
1788e+002
1795e+201
2758e+001
BEEEe+Ba1

E Field[Y_per_m

. 1. 08688e +806
4, 394Ae+ERS

1.9387e+085
&. 4534e+00Y4
3.7276e+004
1.6379=+004
7.1969e+803
3. 1623e+883
1.3595e+003
6. 1854e+E02
2. 6827e+E02
1.1768e+802
5.1795e+881
2, 2758e+@81
1. BEAAE+AA1

e me o o E e

E Field[¥_per_m
E Field[¥_per_n . 1, PBRAE +ABE
4. 3940e+085

. 1. 1.9307e+085
4. 394564805

L4834 +AAL

1.9387e+0a5
8. 4534e+00Y4
3. 7276e+baY
1.6373e+0aY4
7.1969e+003
3.1623e+0a3
1.3595e+083
6. 185

2. 6B27e+0A2
1.1788e+b012
5.1795e+@01
Z2,2758e+b@L
1. 00GEEe+0a1

8

3. 7276e+AAY
1.6379e+a0Y4
7. 1969e+003
3. 1625e+083
1.3895e+083
6. 1A54E+AA2
2
1
o
z
1

. B827e+202
. 1755e+B02
. 1795e+081
. 2758e+081
. BARAE+AAT

E Field[¥_per_m E Field[Y_per_m

. . BEOAE+BOE - . 1. @BED:+288

334BE+B05 4, 3948e+085
9307e+805 1.9307+685
4334 e+BOE 8. 48344004
727604804 = 3, 7276e+084
63795+804 1. 6379284
13695+803 7.1963+003
16234803 3,16232+083
30950+803 2 2 1.38956+693
185 e 6. 1054e+002
68274002 2.66276+002
1788e+802 1.1788¢+282
1795e+801 5. 1795¢+681
2758e+E0L 4 2.27568+001

e S = v et SlSUHﬁCéVWﬂ124UW1NOzmrbHdges

L R S Ty AT

E Field[Y_per_m - E Field[Y_per_nm
. 1. 0PBRE+AB6 . 1. B0E0:+088 ‘_, ‘_l
4. 3aupevns | |5 ) ) ) 4. 394De+505 ) ) )
1. 9387 e+BES ! 1 ! ™ ! Y 1. 9387 &+305 ! ! L
8. 4a3t i [ [ [ &, 453" L ( " [} ) [ o
3. 7276e+0BY [ J i I I 4 3. 7276e+004 J ] ]
1. 6379e+084 1. 6379e+004
7.1969e+003 7.1989+003
3. 162384003 3.16238+803
1.3895e+083 1.3835+803
5. 18546002 = == —— 5. 105t
2. 682724082 2.6827e+882
1.1768e+882 1.1788e+882
5.1795e+BE1 5.1795e+801
2. 275884881 2.27588+801 4
1. BPBRE+AB1 1. BBEEe+EE1
: bridges
— -



F Spacing (J. Kool)
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Readout

Euvis generator
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50dB SSB
upconvertor
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Next steps

- Several batches with bridges, optimizing coupling, KID volume, Qs, etc (this
run)

- AR-coat lens array (this run)

- F-spacing, M-strip central line and symmetrical M-strip-CPW coupling
- Alternative optics coupling schemes (in progress)

- TIN (in progress)

- Readout
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