
Abstract — Kinetic Inductance Detectors (KIDs) offer excellent 
sensitivity in the THz region combined with ease of operation. 
The SPACEKIDS project is working on developments needed to 
enable this technology for space. It includes development of 
antenna-coupled and lumped-element KIDS, and of the necessary 
readout electronics.  KID arrays have been developed for both 
low-background (astrophysical) and high-background (Earth-
observing) applications. Two laboratory demonstrator systems 
are now being used to evaluate kilo-pixel array characteristics 
and performance in an environment representative of both 
astronomy (low background) and Earth observing (high-
background) applications. 

I. INTRODUCTION  
uperconducting detectors operating at sub-kelvin 

temperatures are currently the most sensitive detectors of 
THz radiation. Instruments using transition edge 

superconducting (TES) sensors and kinetic inductance 
detectors (KIDs) are already in use in ground-based 
astronomical instruments, but have yet to be flown in space.   
SPACEKIDS is a European Union FP-7 project with the 
objectives of developing advanced KID arrays and 
demonstrating their suitability for space applications in both 
astronomy and Earth observing.  

 KID detectors [1, 2] are based on superconducting 
resonant circuits. Absorbed electromagnetic radiation breaks 
Cooper pairs in the superconductor, changing the quasiparticle 
density and hence the kinetic inductance, so modifying the 
resonant frequency. Arrays can be fabricated with high Q-
factors and resonant frequencies in the GHz region, meaning 
that thousands of pixels can be read out through a common 
coaxial cable and a single low noise amplifier. KIDs also have 
a high dynamic range and are easy to fabricate, consisting of 
only a few patterned metal layers. This makes them robust, 
reliable and easy to manufacture as large-format arrays.   

II. SPACEKIDS OBJECTIVES 
SPACEKIDS includes the following activities:  

(i) review and analysis of the scientific requirements for future 
astrophysics and Earth observing missions, and derive key 
specifications for different applications;  
(ii) development and evaluation of suitable pixel and array 

designs using both antenna-coupled and lumped-element KID 
(LEKID) architectures;  
(iii) development and manufacture of 2-GHz bandwidth 
readout electronics suitable for use with kilo-pixel KID arrays;  
(iv) fabrication and comprehensive testing, in representative 
laboratory test-beds, of prototype kilo-pixel arrays operating 
in both low and high photon background, in order to 
demonstrate some of the key performance parameters relevant 
to future space missions. 

III. CURRENT STATUS AND PLANS 
SPACEKIDS is now in the third and final year of its three-

year programme. An in-depth study of future mission 
requirements has been carried out to define detailed 
performance specifications for the SPACEKIDS arrays and 
the demonstrator systems, including electromagnetic radiation 
bandwidth, background power levels, sensitivity (NEP), 1/f 
noise, speed of response, crosstalk rejection, dynamic range 
and linearity. Table 1 summarises the ultimate detector 
requirements for possible future astrophysics missions: a 
double-Fourier far infrared interferometer such as FIRI [3], a 
camera and a grating spectrometer for use on a space telescope 
with a telescope temperature of 5 K such as SPICA or 
CALISTO [4, 5] or 25 K, such as Millimetron [6], and a 
mission to study the polarization of the Cosmic Microwave 
Background, such as COrE+ [7].  
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NEP  

(W Hz-1/2 
x 10-19) 

1.1 – 4.6 1.2 – 3.8 
(3.9 – 52) 

0.05–0.16 
(0.16 – 2.2) 19-51 

Time 
constant 

(ms) 
0.2 30 100 5 

No. of 
pixels 202 3002 3002 3002 

 
Table 1:  Detector requirements for future low background 
astrophysics missions 
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 The SPACEKIDS demonstrator systems are not intended to 
achieve quantitative compliance with all of the performance 
requirements of these possible future missions, but to 
demonstrate significant advances with respect to current state 
of the art and the potential for KIDs to be considered as the 
technology of choice for such future missions with appropriate 
future technology development. The requirements for the low-
background demonstrator are summarised in Table. 2.  

 

Parameter Requirement 
(goal)  Parameter Requirement

(goal) 

Wavelength 
λ (μm) 150  

Electrical 
crosstalk 

(dB) 

20 
(30) 

λ/Δλ 3  No. of 
pixels 

500 
(1000) 

NEP  
(W Hz-1/2  
x 10-19 ) 

5 
(1)  Pixel size 

(mm) 
1 

(5) 

Time 
constant 

(ms) 

1 
(5)  Cosmic ray 

dead-time 
< 30% 
< 10% 

Detector 
absorption 
Efficiency 

0.5 
(0.7) 

 Linearity 5% 
(1%) 

Dynamic 
range 

500 
(1000) 

 
1/f knee 

Frequency 
(Hz) 

0.5 
(0.02) 

Array 
yield 

60% 
(70%) 

 Max source 
power (fW) 

5 
(100) 

 

Table 2: Low-background demonstrator parameters  
 
For the Earth-observing (high background application) we 
have adopted a new instrument concept, based on the science 
requirements for the approved Ice Cloud Imager (ICI) 
instrument on the MetOp-SG satellite [8], to characterise the 
detector requirements.  The corresponding requirements for 
the high-background demonstrator are listed in Table 3. 
 
 

Parameter Requirement 
(goal)  Parameter Requirement

(goal) 

Frequency 
ν  (GHz) 350  

Electrical 
crosstalk 

(dB) 

20 
(30) 

Resolution 
(ν/Δν) 

100 
(1000)  No. of 

pixels 
500 

(1000) 
NEP  

(W Hz-1/2  
x 10-17 ) 

3.8 
(1.2)  Pixel size 

(mm) 
1 

(2) 

Time constant 
(ms) 

15 
(7)  Cosmic ray 

dead-time 
< 30% 
< 10% 

Detector 
absorption 
Efficiency 

0.5 
(0.7) 

 Linearity 5% 
(1%) 

Dynamic 
range 

2 
(10) 

 
1/f knee 

Frequency 
(Hz) 

0.1 
(0.05) 

Array 
yield 

60% 
(70%) 

 Background 
power (pW) 

1.8 
(0.2) 

 
Table 3: High-background demonstrator parameters  
 

 There has been a wide range of modelling and experimental 

activity, with considerable progress made in all respects. Both 
antenna-coupled and lumped-element KID array designs have 
been developed which can meet the performance 
requirements.   Modelling of KID-KID cross-coupling has 
quantified the degree to which it depends on inter-pixel 
distance and on the differences in resonant frequency, leading 
to the development and verification of an array design strategy 
to minimise the effects, and showing that KID arrays can be 
made with negligible cross coupling.  KIDs based on 
aluminium films have been shown to meet the sensitivity 
requirements, with photon noise limited performance down to 
background power levels of 0.1 fW. For antenna-coupled 
KIDS, a novel dual-band leaky-wave lens-coupled antenna has 
been developed [9], as has a fabrication and integration 
scheme for silicon lenslet arrays. 
 A method of lowering the susceptibility of the detectors to 
glitches caused by cosmic ray impacts has been modelled and 
experimentally proven.  
 The necessary electronics to read out a kilo-pixel KID array 
with 2 GHz total bandwidth has been developed and tested, 
and the cryogenic test-beds for array evaluation and 
demonstration have been built, one located at SRON, Utrecht 
for low background tests and one at Cardiff University for 
high background testing.  Following fabrication of the final 
demonstration arrays, full testing of both high- and low-
background arrays is about to start.  

In parallel with the experimental demonstrations, the 
SPACEKIDS team will carry out conceptual studies of KID 
based space instruments for astrophysics and for Earth 
observation.  On completion of the project, results will be 
presented at an open community workshop in early 2016.  
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