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Kinetic Inductance Detectors (KIDs) have been proven to 
be an interesting technology for continuum detection from 
the mm-wave to infrared frequencies. Their intrinsic 
multiplexibility makes the fabrication of large arrays 
relatively simple, and a number of instruments have shown 
high quality performance on telescope, while many more 
instruments employing this technology are being 
developed. 

A major challenge in fabricating large KID arrays is the 
frequency scatter of individual detectors, due to fabrication 
imperfections. This frequency scatter inevitably causes 
cross talk when two pixels get too close in resonance 
frequency. This problem can be mitigated at the expense of 
increasing the available frequency bandwidth per pixel, but 
this approach significantly limits the possible number of 
pixels, and is therefore not preferred especially when 
readout bandwidth is a scarce resource. 

In this work, we follow a different approach, inspired by 
the work of Liu et al. [1].  We demonstrate that it is 
possible to improve the frequency scatter and readout 
bandwidth of an existing KID array, by individually 
adapting the on-chip capacitors of the individual pixels. We 
show the viability of this approach on a small (112 pixel) 
prototype array, optimized for detection in the 230 GHz 
atmospheric window.  

After fabrication of the array, we characterize the optical 
response of all pixels using an optical cryostat and a sky 
simulator. This allows us to identify each individual pixel 
with its position on the array and its resonance frequency. 
As shown in Fig. 1 (top), the resonance frequencies show 
an irregular frequency comb, with a scatter of a few percent 
around the design frequency. [2] 

We use these characterization results to define a unique 
adaptation mask. This mask allows to trim the capacitor 
fingers of each individual pixel, such that after this 
trimming, the resonance frequencies form a regular 
frequency comb. The resulting feedline transmission of this 
array, after adaptation, is shown in Fig. 1 (bottom). It can 
be clearly seen that not only the necessary readout 
bandwidth is reduced by ~ 15%, but more importantly, the 
 

1 Institut de Radioastronomie Millimétrique, Grenoble, France 
2 Institut Néel, CNRS and Université Grenoble-Alpes, Grenoble, France 
3 LPSC, CNRS and Univerité Grenoble-Alpes, Grenoble, France 

frequency scatter is reduced by approximately 2 orders of 
magnitude.  
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FIG. 2. (a) Comparison of VNA measured feedline transmission S21 for the MKID array before (red) and after (blue) the trim-
ming process. (b) Design (fdes, purple dot) and measured (fmeas, red dot) resonance frequencies before trimming, determined
using the optical mapping system (upper panel). The resonance frequencies of unidentified resonators (finter/extrapolated, red
cross) are inter/extrapolated based on the smooth variation of the frequency deviation (Fig. 3(a)). The re-designed resonance
frequencies (fredes, orange dot) for trimming and the re-measured resonance frequencies (fremeas, blue dot) after trimming
are plotted for comparison. The bottom panel shows the absolute frequency deviation between fremeas and fredes. The res-
onators with fmeas (green dots) have a mean value of 1.7 MHz and a standard deviation of 0.46 MHz. The resonators with
finter/extrapolated (gray crosses) show a larger deviation. (c) Histogram of the fractional resonance frequency deviation �f/f
before (red) and after (blue) the trimming process. After trimming the deviation is dramatically decreased, even for the
inter/extrapolated resonators. In the inset, the green histogram shows the distribution of the resonators of which the exact
frequency shift was known. The blue points show the resonators that were estimated using the inter/extrapolation described
in the text. A Gaussian fit of the resonance frequencies of the identified resonators is plotted (dashed line), which gives a mean
value of µ = �6.4 ⇥ 10�4 and a standard deviation of � = 1.8 ⇥ 10�4.

frequency collisions happens frequently and decreases the
number of functional pixels. For photon detection appli-
cation, currently this is the main limitation on MKID
array yield6,12.

There are various factors causing the intrinsic res-
onance frequency deviation, such as variation in the
film properties13,14, fabrication process inhomogeneity15

and resonator design16,17. For titanium-nitride films the
sheet resistance, superconducting critical temperature
(Tc) and capacitor etching depth13,15 are the dominant
factors. For thin Al films usually the film thickness vari-
ation is the dominant factor14, however, we find that
for our test array the variation in the inductor width
is dominant. To decrease the deviations, several meth-
ods have been previously explored13,16,18. By perform-
ing post-characterization adaption, we do not necessarily
need to know the causes of the frequency deviation. Liu
et al. 1920 have demonstrated a capacitor trimming tech-
nique to tune the resonance frequency accurately. They
have used a LED mapper, deployed on the same stage
as the sample inside their cryostat, to find the physical
resonators corresponding to the measured resonances19.
This LED mapper should be fabricated depending on the
number and design of the array and cannot be easily used
for a di↵erent array. Also the linear relation of capaci-
tance and IDC finger length cannot be extended to quasi-
lumped element IDC. In this Letter, we present a capac-
itor trimming technique for quasi-lumped element KIDs
using a beam mapping system. Compared with the LED
mapper, the beam mapping measurement is a necessary
characterization for photon detectors and no extra parts

or wires are needed inside the cryostat. Also this map-
ping system is universal for all detector arrays without
limitation on pixel number or design. We also demon-
strate a method to tune quasi-lumped element IDC based
on electromagnetic simulation. Using a NIKA2 test ar-
ray, the comparison before and after trimming is dis-
cussed including the optical properties of the array.

We applied this technique on a prototype NIKA2
LEKID array21, shown in Fig. 1, which was fabricated
from a 21.6 nm thick Al film on a 250µm thick, high-
resistivity silicon substrate. To get dual-polarization sen-
sitivity the inductors are designed in a third-order Hilbert
curve22. The capacitors are designed with 6 IDC fin-
gers. The Al film properties are independently measured
and give a thickness of 21.6 nm, a transition temperature
of 1.46 K and a sheet resistance at 4.2 K of 1.14⌦/⇤.
The sheet inductance of 1.09 pH/⇤ is then estimated
from Mattis-Bardeen theory23,24. A 200 nm Al film was
deposited on the backside of the wafer as a backshort
to maximize the absorption in the 260 GHz band and
serves, at the same time, as the ground plane of the mi-
crostrip readout line. With the measured sheet induc-
tance of 1.09 pH/⇤, the resonance frequency range fdes

is expected from 2.379 GHz to 2.941 GHz with 5.06 MHz
frequency spacing. After the first fabrication the sample
was cooled down to 80 mK in a 3He-4He dilution refrig-
erator with an optical access. The transmitted optical
band is defined by a 169 GHz high pass and 304 GHz low
pass filters, but the detector is only sensitive in the range
from 230 GHz to 270 GHz, as defined by the backshort
distance.

 
Fig. 1.  Feedline transmission of the KID array before (up) and 

after adaptation of the individual pixels. The necessary readout 
bandwidth is reduced from 562 MHz to 490 MHz, whereas the 
frequency scatter with respect to the design value is reduced from 
~ 2% to ~ 0.02 % . 
 

In this contribution, we will discuss in detail the causes 
of the observed frequency scatter, the methodology to 
improve, and the limitations of our current procedures. 
Besides that we will focus on the feasibility of this 
trimming method for larger arrays, such as the NIKA2 1.3 
mm arrays, that currently host 1140 pixels, and can be 
estimated to go up to 2500 pixels per array, using the same 
readout electronics. We will also discuss possible 
improvements on the characterization method and the 
trimming procedure. 
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