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Superconducting film 
Inside a microwave resonance circuit
Capable of coupling to radiation

•Q ~104 -106  

•F ~1-10 GHz

MKID principle of operation



Radiation absorption
•Changes resonance feature

Can be read out using 1 frequency tone

MKID principle of operation

Dark
Light



COSMONANOSCIENCE GROUP
superconductivity and photons

COSMONANOSCIENCE GROUP
superconductivity and photons

Implementation
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Lens - Antenna

Al: 
F > 90 GHz

CPW resonator
~ 2-8 GHz

2

NbTiN: 
F <1.2 THz

250 µm

Readout

Radiation	coupling

Radiation	absorption

No	losses

Hybrid antena coupled MKID

Frequency	range	
90	GHz	-	1.2	THz

1 lens per antenna

1 mm



Flexible: Any frequency you want
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Frequency Domain Multiplexing



KID imaging Array

Resonators	have	different	length	
Different	resonance	frequencies

IdenFcal	antenna’s

1	readout	line	connecFng	all	pixels

Flies	eye	lens	array,	1	lens/pixel

800 µm

+	Direc(ve	beam	allows	for	4K	Lyot	stop	
-	extra	complexity	(assembly)	and	cost



SpaceKIDs

8

EU FP7 framework project 2012-2015
Develop MKID technology towards Space applications
- Build 2 large scale demonstrators (TRL 4-5)

-> low background demonstrator



The SpaceKIDs low background demonstrator

961 pixels
1 readout chain, 2 coax cables
1 LNA @ 4K (5 mW power)
1 readout system @ 300K

20 mW/pixel for space version



916 pixel, 850 GHz demonstrator

5.5 cm



0 

-5 

-10 

-15 

-20 

-25 

-30

Lens - antenna coupling

Twin slot antenna + Si lens (850 GHz)
•Sapphire C plane substrate (birefringent)
•Si lens
•Superconducting materials with significant thickness

Very good match simulations - experiment 
•Taper efficiency = 0.8
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idenFcal	Antennas
Resonators	with	different	lengths

1	transmission	line

2 mm

Array Design: 850 GHz



idenFcal	Antennas
Resonators	with	different	lengths

1	transmission	line

2 mm

monolithic	lens	array
4 mm

chip
lens array

Stray	light	absorber	

Array Design: 850 GHz



High fidelity imaging

Stray light mesh is critical

chip
lens array



Array Analysis
• Frequency range 3.67 – 5.3 GHz
• Resonances 926 (96%) out of 961
• used: 896 (93%) 
• <Q> 103.000



SpaceKIDs Readout System: 2 GHz bandwidth, ≤4000 MKIDs
J. Van Rantwijk, et al. IEEE Trans. Microw. Theory Tech., 2016.

1 LNA
5 mW @ 4K

~20 mW/pixel @ 300K

1 line
916 pixels



SpaceKIDs Readout System: 2 GHz bandwidth, ≤4000 MKIDs
J. Van Rantwijk, et al. IEEE Trans. Microw. Theory Tech., 2016.
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selector reduces the output data rate to 21 Mbit/s or 167 Mbit/s 
for the 159 and 1272 Hz output frame rates respectively. 

Our data acquisition system effectively provides a time 
series of the complex amplitude of each carrier at a readout 
rate of 159 Hz. An alternative configuration is supported 
where the frame size is 216 points with a readout rate of 
1272 Hz. That configuration makes it possible to measure the 
KID signals with a larger bandwidth, at the cost of limiting the 
choice of carrier frequencies to multiples of 30.5 kHz. The 
increased readout rate enables observing interactions between 
cosmic rays and the MKID array, given the intrinsic lifetime 
of ~ 1 ms for aluminium KIDs. 

 Table I shows the specified performance of the DAC and 
ADC. It can be seen that the ADC is a dominant noise source, 
producing a noise spectral density of −98 dBc/Hz for 1000 
carriers. 

C. Digital Readout Integration 
The DAC and ADC boards both require a 2 GHz sample 

clock. We use a custom clock distribution board to generate a 
single 2 GHz signal and distribute it to both converters. The 
use of a common sample clock ensures that the DAC and 
ADC convert at the exact same sample rate, which is 
necessary to align each carrier with a single FFT bin. In 
addition, close-in phase noise in the clock source will be 
highly correlated between the DAC and ADC clocks. The 
correlated part of the noise will thus be canceled in the final 
demodulated signal. 

The clock board is based on an AD9520 clock generator 
with a separate on-board voltage-controlled oscillator, which 
achieves lower phase noise than the internal oscillator in the 
AD9520. The clock runs in phase-locked loop with an external 
10 MHz reference derived from the LO. White phase noise in 
the sample clock is the major contributor to the total RMS 
jitter. In a system with single carrier frequency ωc and jitter σt 
the SNR determined by the clock alone equals 20×log10(ωc σt). 
In our multicarrier system we can make a worst case estimate 
for the total allowed jitter by assuming a carrier frequency of 
1 GHz and a minimum SNR of 54 dB for the clock alone, 
which results in a maximum jitter of 300 fsrms. Combined with 
the clock source of 2 GHz, the white phase noise in the clock 
signal should be below 148 dBc/Hz. Close-in phase noise will 
be attenuated because it correlates between DAC and ADC. 
However, high-Q filters or MKIDs in the signal path can 
reduce this correlation. Simulations of the MKID transfer 
function indicate that close-in phase noise must be less than 
−50 dBc/Hz at 1 kHz in order to stay below the intrinsic phase 
noise of the KID. This is easy to obtain from a 10 MHz 
reference source; our system has −80 dBc/Hz phase noise at 
1 kHz offset from the carrier, i.e. 30 dB margin. 

The two FPGA boards with DAC and ADC daughter 
boards, as well as the clock distribution board are mounted in 
a 3U 19-inch subrack. The rack also contains power supplies 
and forced air cooling. The sample clock is distributed from 
clock board to the converters via short semi-rigid coax cables. 
The FPGA firmware is controlled by software running on a 
Linux PC. The boards communicate with the PC via Ethernet, 

using an application-specific protocol based on raw packets. 
An Ethernet switch board is mounted in the rack to provide a 
1 Gbit fiber link to the controlling PC and 1 Gbit backplane 
links to the two FPGA boards. The PC is responsible for 
further analysis and visualization of data, as well as 
monitoring of temperatures and voltages in the electronics. 

V. RF ELECTRONICS 
The RF electronics consist of an upconverter chain, 

connected between the DAC ouput and MKID cryostat input, 
and a downconverter chain connected between the MKID 
cryostat output and the ADC. The system enables tuning of the 
carrier power at the MKID level by 30 dB, to support readout 
of the MKIDs at their optimal level. The entire RF system is 
implemented on a single card with RF drop-in components on 
the card surface and all control and bias wiring in one of the 7 
buried device layers. Large copper thermalisation structures 
are used to efficiently cool the card. The final board is shown 
in Fig. 3, a block diagram is shown in Fig. 2. 

A. Upconverter 
The upconverter is based upon an IQ mixer (Hitite 

HMC525LC4), where the I and Q port are each connected to a 
single DAC. We use low pass filters (Mini-Circuits LFCN-
1000) to reject spurious from the DAC. We make the 
connection to the mixer I and Q port using a 100 nF capacitor 
in parallel with a 49.9 Ω resistor to ground. This ensures AC 
coupling and a good IF match since the IF ports of the mixer 
are not matched to 50 Ω. The advantage of using an IQ 
modulator is that it enables the correction of the phase and 
amplitude imbalances of RF hybrid inside the mixer by 
changing the phase of the I and Q input signal (see section VI) 
The LO signal is generated by a commercial, low noise 
synthesizer (Agilent E8257D) and is split between the up- and 
downconverter channel using a 3dB power divider (GP2X1). 
We use a gain block (HMC619LP5) to reach +17 dBm LO 
power required for maximum gain flatness over the entire 
frequency band. After the mixer we us a gain block consisting 

 
Fig. 3.  RF upconverter/downconverter electronics board. 
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Fig. 3.  RF upconverter/downconverter electronics board. 

We are building the space qualified version of this 

hardware using only rad-hard components

Design is nearly finished



SpaceKIDs Readout System: 2 GHz bandwidth, ≤4000 MKIDs
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Array in cold box (100 mK)
aperture in BB radiator assembly to illuminate part of the array 

sensitivity measurements

Cold Box

aperture

Black Body 
radiator

THz
Filters

(define band)



increasing TBB

KID vs FIR illumination



Background limited performance @ relevant sky load

Sensitivity vs. FIR illumination

P. J. de Visser et al., Nature Communications, vol. 5, pp. 1–8, Feb. 2014.

Readout tones tuned to MKID Fres

CMB	mission



Optical efficiency - central pixels

@ 50 fW we evaluate the optical efficiency
0.9 ± 0.1 compared to the calculated value

•Due to assembly method (solved)
•68% of theoretical limit

- Sapphire substrate



Cosmic Rays (K. Karatsu)
55x55x0.35 mm chip of Si 
Ground: CRY (http://nuclear.llnl.gov/simulation/)
L2: http://www.sciencedirect.com/science/article/pii/S0168900212005554
Energy deposition simulation (incl. cryostats/shields etc): GEANT4

• https://geant4.web.cern.ch/geant4/

Ground
247 counts/m2/sec

L2
3.8·104 counts/m2/sec

http://nuclear.llnl.gov/simulation/


Cosmic Rays - lab tests
At negligible absorbed power

•Single glitches with time constant ~ 1 msec
•fractional dead time (>5σ): 3.2·10-4 

- negligible effects on integration: Catalano, A.,et al. 2016b, A&A, 592, A26
•L2 estimation (ignoring energy effects): 4%

At 100 fW loading
•fractional dead time (>5σ): 9·10-5 
•L2 estimation (ignoring energy effects): 1%



System yield

NEP < 5 ·10-19 W/√Hz
cross talk < -30 dB
Cosmic ray dataloss <10%

83%⎬⇒



A-MKID arrays 
World’s largest submm camera,  

with ultimate sensitivity from ground

HFA 

2	FPA’s			
25120	MKIDs	
15	arcmin	x	15	arcmin	field-of-view

350	GHz	
4	x	880	pixels	
3520	pixels

850	GHz	
4	x	5x	1080	pixels	
21600	pixels

12	cm



How it looks during assembly (April – May 2016)

Detector	chip	under	
alignment	
microscope	(left)	and	
aligned	lens	array	
before	gluing	(right)

Gluing	of	lens	array	(left),	cleaning	protective	backside	layer	(middle)	and	wire	bonding	(right)



A-MKID arrays
large area reliability

12	cm

All Si system
350 GHz band arrays delivered
~85% yield
Background limited sensitivity

95% of theoretical efficiency
3520 pixels

Cryostat 
background 

limit



SRON - TU Delft 
THz sensing

Large, ultra sensitive imaging arrays

25 µm

High Q superconducting striplings

A. Endo et al., 2013. Appl. Phys. Lett. 103 032601http://arxiv.org/abs/1609.01952

http://arxiv.org/abs/1609.01952


SRON - TU Delft THz sensing

Measurement of amplitude and phase of direct detector beams

K. Davis et al., accepted for IEEE trans of THz theory and Techn.



We have demonstrated 
•kpixel arrays of MKIDs + readout system 
•background limited performance + high efficiency
•the antenna design determines the radiation coupling

- very well under control 
- flexible system in terms of radiation coupling and bandwidth 

•antenna coupling + (existing) stripline technology allows for multi 
colour/dual polarisation pixels using planar OMT

Concluding Remarks

http://arxiv.org/abs/1609.01952



Thank you 


