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Objectives
Our objective is to demonstrate new large format, ultrasensitive kinetic inductance detector arrays 
that demonstrate readiness for future cryogenic far-infrared astrophysics missions, most importantly 
our probe PRIMA. In addition to these conventional, planar arrays for classical spectrometers, we 
are demonstrating a new on-chip superconducting photonic spectrometer with an integrated array 
of high-sensitivity KIDs, this will greatly reduce the of a wideband direct-detection 
spectrometer. Specifically, we aim to:

1) Demonstrate an optical noise-equivalent power (NEP = measured noise over measured response) 
of 2.5x10-19 W Hz-1/2 or better in a direct-absorbing thin-film aluminum KID detector which 
multiplexing suitable for an PRIMA spectrometer.

2) Demonstrate the SuperSpec on-chip spectrometer technology at the Large Millimeter Telescope 
(LMT).

SuperSpec shipment departing JPL for the 
LMT telescope in September 2022.  
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Significance and Benefits to JPL and NASA
We are setting the stage for PRIMA and even greater future far-IR spaceborne astrophysics 
capabilities. Our funded balloon-borne experiment TIM will field large KID arrays, but not at the 
sensitivity required for space. This program builds on that expertise and testing infrastructure to 
demonstrate the sensitivity needed for a cold space telescope.  With the on-chip spectrometer, we 
both demonstrate JPL KIDs in a scientific application, and pave the way to massive imaging 
spectroscopy in the millimeter and long-submillimeter bands. This will be used first on the ground 
in one or more large tomographic intensity mapping experiments targeting the epoch of 
reionization in redshifted [CII] emission, a transformational scientific approach now under 
development by multiple groups. Eventually the technology will open up the longest wavelengths 
(beyond ~500 microns) on future far-IR space missions such Origins. 

Approach and Results 1: Low-NEP Aluminum KIDs

Approach & Results 2: SuperSpec Chip Spectrometer

Development of Aluminum LEKIDs for Balloon-Borne Far-IR Spectroscopy 3

Fig. 2: (A) Diagram of the mask layout for a single resonator. The meandered inductor (green) is sur-
rounded by an optical choke structure (blue). An interdigitated capacitor (red) sets the resonance frequency
of the pixel, and two coupling capacitors (yellow) couple microwave signal onto microstrip feedlines. (B) A
microscope image of a single pixel as fabricated. All pixel elements of the prototype array are patterned out
of 40 nm Al film. (C) A microscope image of the 45-pixel prototype array, as fabricated. (D) The fabricated
array in its enclosure. The back side of the die is bare silicon, and lies flat on the gold-plated package surface.
The full size of the die is 30mm ⇥ 22mm. (E) A CAD model of the detector package. The optical power is
coupled into a feedhorn, and travels through a circular waveguide that is terminated by the inductor of the
LEKID. The final design will have a backside etch providing a backshort. (F) The prototype feedhorn block
installed above the 45-pixel array. (Color figure online.)

3 Device Testing

We have cryogenically tested a 45-pixel prototype detector array, fabricated in the JPL Mi-
crodevices Laboratory. To measure the performance of detectors with different film thick-
nesses we fabricated wafers with both 20 nm and 40 nm thick aluminum, and conducted the
initial testing using an array with a 40 nm thick film. This results in a larger inductor volume
(V = 76 µm3) and higher resonance frequencies than expected for the full STARFIRE array,
which will use a 20 nm thick film. Measurements of the sheet impedances of these films
are in preparation. The array is cooled by a 3He sorption fridge to a base temperature of
210 mK, and exposed to a cryogenic blackbody for optical testing. We use two metal-mesh
filters mounted on the detector package to define the optical band: a bandpass filter transmit-
ting over ⇡ 790�900 GHz, and a 1000 GHz cutoff low-pass filter. We use a ROACH-based
readout system originally developed for use with MAKO [8]. The prototype device had a
total yield of 89% (40/45 resonators), but we focus our analysis on the 11 resonators with
resonances below 250 MHz.

3.1 Dark Measurements

Our first step is to characterize the detectors dark, with the feedhorns blanked off. We mea-
sure the resonator frequency, Q, and noise as a function of stage temperature. We model
our resonators following the standard application of Mattis-Bardeen theory, along with the

Figure 8: (A) Diagram of the mask layout for a single starfire pixel. The meandered inductor (green) is
surrounded by an optical choke structure (blue). An interdigitated capacitor (red) sets the resonance frequency
of the pixel, and two coupling capacitors (yellow) couple microwave signal onto microstrip feedlines. (B) A
microscope image of a single pixel as fabricated. All pixel elements of the prototype array are patterned out of
40 nm Al film. (C) A microscope image of the 45-pixel prototype array, as fabricated. (D) The fabricated array
in its enclosure. The back side of the die is bare silicon, and lies flat on the gold-plated package surface. The
full size of the die is 30mm⇥22mm. (E) A CAD model of the detector package. The optical power is coupled
into a feedhorn, and travels through a circular waveguide that is terminated by the inductor of the LEKID. A
backshort is formed by deep trench etching from the backside to a 27-micron buried oxide layer, then metallizing.
(F) The prototype feedhorn block installed above the 45-pixel array.

‘mesh’ to both polarizations by allowing the various segments of meander line to come close enough to
one another at the corners to create capacitive shorts at the optical frequencies (715–1250 GHz). This
requires a 0.5 µm gap and a 1.5 µm overlap length for each of the intersections. Our measurements,
as well as those with the MAKO devices, indicate that this indeed couples well to both polarizations,
and does not impact yield or readout frequency.

Prototype device testing. We have fabricated 45-pixel starfire prototype sub-arrays and match-
ing feedhorn blocks shown in Figure 8. To demonstrate performance, we use our cryogenic test facility
in which a cryogenic blackbody illuminates the array through with a 350-micron bandpass filter.The
results are shown in Figure 9. We find that the devices meet the starfire target already, showing
photon noise 2.5⇥ better.3 Our characterization is based on the run of noise and responsivity with
stage temperature and optical loading, as well as dark noise measurements. The observed optical ef-
ficiency of the prototype system is 20%, exactly as modeled in HFSS for this backshort-less design.
The same HFSS models indicate 80% once the backshort is incorporated. Our characterization also
shows that the system is well-explained by the superconductivity theory and the simple model for the
quasiparticle recombination rates in the aluminum (see Gao et al. (2008); Zmuidzinas (2012)). The
low-loading (dark) noise floor is due to generation-recombination (GR) of residual quasiparticles at
the 220 mK operating temperature. We refer the reviewer to Hailey-Dunsheath et al. (2018) for more
details. The device yield in the current prototype is 89% (40/45), which exceeds our 80% requirement,
but we expect to improve yield prior to starfire array delivery as we fine tune the fabrication recipe.

3While not required for starfire, we expect further improvements in NEP are possible at lower temperatures and/or
with higher-quality aluminum films which have longer quasiparticle lifetimes.
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Lumped-element KIDs developed by our group for the TIM balloon 
experiment which pave the way for PRIMA. (A) Mask layout for a single 
resonator. The meandered inductor (green) is surrounded by an optical 
choke structure (blue). An interdigitated capacitor (red) sets the 
resonance frequency of the pixel, and two coupling capacitors (yellow) 
allow readout via microstrip feedlines. (B) A microscope image of a single 
pixel. All pixel elements of the prototype array are patterned with 40 nm 
aluminum film. (C) A microscope image of the 45-pixel prototype array, as 
fabricated. (D) The array in its enclosure. The die is 30mm × 22mm. (E) 
The optical power is coupled into a feedhorn and travels through a 
circular waveguide that is terminated by the inductor. (F) The prototype 
feedhorn block installed above the 45-pixel array. 
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Measured sensitivity of TIM devices validates models for 
aluminum KIDs.  Response and rolloff depend on the 
quasiparticle lifetime, which reaches values as high as 300 
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