
Objectives: 
• Optically demonstrate closely-packed, micro-lens coupled Kinetic Inductance Detector (KID) 

arrays at 25-microns wavelength
• Target NEP, loading and pitch requirements for PRIMA
• Factor of ~10 shorter wavelength than previous FIR KID implementations.

Background:  
• The Astro 2020 Decadal Survey strongly endorsed a line of Astrophysics Probe missions. 
• JPL is developing a proposal for a mission called PRIMA 
• Proposing mid- and far-infrared kinetic inductance detectors (KIDs), a superconducting 

detector technology originally developed at JPL [1]. 

Approach and Results:
• Detector array implementation: 

• Similar design to KID used in the MAKO instrument [2]
• But departs significantly in the resonator design and material used (aluminum instead of 

TiN).
• Resonant absorbers:  

• How do we absorb 25-micron wavelength light in a relatively reflective aluminum film? 
• We developed a resonant absorber concept (fig. 1) that allows for the extension of the 

frequency range of aluminum KID arrays down to as short as 10 micros. 
• Pattern the aluminum absorbing element of the KID into a frequency selective surface 

with resonant characteristics that effectively impedance matches to free space 
• The absorption characteristics of the resonant absorber were tested with an FTS (fig. 1).

• Parallel-plate Capacitors (PPC):  
• Innovative use of multilayer structures with amorphous silicon dielectric in the KID 

design.  97% yield for a kpixel array (fig. 4)
• PPCs with loss tangent d = 10-5 (Q = 100,000), easily large enough for the KID resonator.  
• Very good dielectric fluctuation noise, particularly at low frequency (fig. 3).

Significance/Benefits to JPL and NASA:
• Beyond PRIMA, the Origins flagship mission concept calls for 5x104 detectors spanning 

wavelengths continuously from 10 to 400 microns, with noise equivalent powers (NEPs) of 
4x10-20 W Hz-1/2 
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Fig. 4 Top: Fractional frequency shift noise spectra of one PPC Al KID as a function of audio frequency,
showing low 1/f noise performance. Bottom Left: Responsivity measurements as a function of absorbed power
and model fit. Bottom Right: Optical NEP measurement at 10 Hz as a function of absorber power compared to
photon shot noise, showing photon limited performance down to about 30 aW, with a limiting NEP of about
5.5⇥ 10�19 W/Hz1/2. Data points with the J symbol indicate measurements with the blackbody infrared
source turned off, such that the true absorbed power of these data points is many orders of magnitude lower
than plotted and are meant to illustrate the performance in the zero absorbed power limit. (Nick to add higher
powers to the figure from later cooldown and to correct absorbed power axis given the new cryo FTS
measurements of the Cardiff filters.)

light leak or slowly-cooling component in the cryogenic optical system. Response measure-155

ments were then taken with the MEMS source, which was calibrated using the high power156

blackbody response measurements. Figure 4 Bottom Left shows a compilation of response157

measurements as a function of absorbed power. The measurements fit well to the model158

R = dx

dPabs

= A(1+Pabs/B)1/2 where x = ( f � f0)/ f0 is the fractional frequency shift of the159

resonator from it’s zero loading resonant frequency, and Pabs is the power absorbed in the160

KID.161

Detector noise measurements were also taken at a variety of blackbody and MEMS162

source powers. For the blackbody noise measurements, the temperature of the blackbody163

was allowed to stabilize for a few hours before collecting data. For the MEMS noise mea-164

surements, the MEMS source was flashed at 0.5 Hz, and a portion of the “MEMS-on” data165

was sampled, averaged, and used to compute the noise spectra. Figure 4 Upper shows a166

compilation of noise measurements in fractional frequency shift units for one resonator. The167

spectra have very low 1/ f contributions at low frequencies. The low frequency and TLS168

behavior of these and other far-infrared aluminum devices is discussed further in [6]. Be-169

tween 1 and 100 Hz, the spectra appear to be fairly white even at very low absorbed powers,170

suggesting the possibility of a light leak in the testbed.171

fig. 2  Top : A 44-pixel array of PPC Al KIDs.  Bottom Left : A 
microscope image showing the pixel layout. The 70 μm 
diameter resonant aluminum absorbers are surrounded by a 
pair of PPCs. Bottom Right : A prototype 44-pixel silicon 
microlens array

fig. 1 Left: A scanning electron microscope image of a 70 μm diameter aluminum 
resonant absorber.  The  periodic “hairpin” structure results in resonant 
absorption for both polarizations. Top Right: Polarized Fourier transform 
spectrometer (FTS) data of a silicon sample covered with the absorber 
structure, cooled to 5 K.  Bottom Right: Absorption spectra extracted from the 
FTS transmission measurements.

fig 4.  (Top) 25-micron wavelength PRIMA 2048-pixel array chip. 
(Bottom) VNA trace showing microwave transmission.  Yield of 
detected resonances is 97%.

fig 3.  Top : Fractional frequency shift noise spectra. Bottom Left : 
Responsivity vs. power. Bottom Right : Optical NEP result.
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