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Introduction

Detection and Readout system for QUBIC Next Gen

My thesis work is focused in the design and fabrication
of theMMB Detector Array.
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Proposed Multiband Bolometric Detector System

Antenna-coupled bolometer

2 20



Proposed Multiband Bolometric Detector System

Antenna-coupled bolometer
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The Magnetic Microbolometer (MMB)

Simulation results of the paramagnetic sensor
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Microfabrication - Bolometer island release

Wet etching of Silicon using KOH solution
KOH and TMAH attack Silicon anisotropically following crystallographic planes and has

large selectivity with dielectric materials
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Microfabrication - Bolometer island release

Sample holder and testing of KOH release

The sample is immersed in a KOH solution with 35% con-
centration in a water bath heated at 80◦C, for a couple of
hours.
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Microfabrication - Bolometer island release

Dry etching of Silicon using Xenon Difluoride (XeF2)

XeF2 gas reacts with solid Silicon by the
following expression:

2XeF2 + Si→ SiF4 + 2Xe + Et

The Linde Group, XeF2 datasheet

Etching is isotropic and can be used to etch
underneath our detectors.

Controlled pulse-etching with xenon difluoride,
Chu et. al DOI:10.1109/SENSOR.1997.613739
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Microfabrication - Bolometer island release

Design and fabrication of our own XeF2 processing machine

CAD design of the complete system

Special thanks to Eng. Pablo Strazzeri and Carlos
Varela for mechanical drawings and fruitful discussions.

Special thanks to German, Andres Pantarotto and
Carlos Piñero for machining the parts.
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Microfabrication - Bolometer island release

Design and fabrication of our own XeF2 processing machine

Special thanks to Eng. Lucía
Sucunza for software and
firmware development.
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Microfabrication - Bolometer island release

XeF2 Front-Side release process
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Microfabrication - Bolometer island release

XeF2 Front-Side release process
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Microfabrication - Bolometer island release

XeF2 Front-Side release process
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Microfabrication - Bolometer island release

XeF2 Front-Side release process
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Microfabrication - Bolometer island release

XeF2 Front-Side release process
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Microfabrication - Bolometer island release

XeF2 Front-Side release process
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Microfabrication - Bolometer island release

XeF2 Front-Side release - First successful results‼
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Summary and Future Work

Summary:
Design of the multiband pixel is defined.

Wet etching release techniques were investigated and tried out.

A dry etching technique for the release of the bolometer islands has been developed and
showing promising results.

H structures were succesfully released by the front-etch release technique, with leftover
v-shaped silicon underneath

Future Tasks:
Optimization of the XeF2 dry etching process using front-side and back-side etching.

Stress characterization of dielectric films in conjunction with the fabricated devices.

First suspended MMB prototypes will be fabricated. Device fabrication is planned to be
done in Germany at IMS and membrane release in Argentina at CNEA DMNT

Working pixels should be produced for testing with the QUBIC Technical Demonstrator
Instrument by November 2024.
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Courses, Lectures

Courses and Lectures:
Introduction to the Finite Element Method (UNSAM - 2020)
School for Nanoscience and Nanotechnology (CNEA - 2021)
Python programming (UNSAM - 2021)
Thin Films, Technology, Physics and Applications (KIT - WiSe21/22)
Single-photon Detectors (KIT - WiSe21/22)
Cosmology (ITeDA - 2022)
School for Nanoscience and Nanotechnology (CNEA - 2023)

KSETA Courses:
Statistical Methods in Data Analysis (March, 2021)
Observational Cosmology (March, 2021)
Introduction toQuantum Physics (October, 2021)
Introduction toQuantum Cryogenic Detectors (October, 2021)
Monte-Carlo Simulations (Feb, 2022)
Introduction to general relativity for experimentalists (Feb, 2022)
FPGA programming / signal processing (Feb, 2022)
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Publications

Suitability of magnetic microbolometers based on paramagnetic temperature
sensors for CMB polarization measurements - accepted for publication on January 2023,
published February 2023 available at SPIE - JATIS (or arXiv...).

Graph built by
https://www.connectedpapers.com/.

This article is the first to offer a link between the CMB and the MMC communities.
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Publications

Antenna Coupled Magnetic Microbolometers for CMB Polarization Surveys - Poster
presentation at 20th International Conference on Low Temperature Detectors (LTD20), Daejeon,
South Corea, July 2023.

Transfer functions from the source node to 
both incident and reflected power nodes of 
each bolometer yields the total dissipated 
power as:
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A magnetic bolometer inspired in MMC.

Detector architecture scheme:

Scattering parameters from EM Simulations are combined into a single signal flow 
diagram.

Assuming a perfectly matched antenna. Accounting for antenna‘s missmatch 
losses.

Monte-Carlo Simulations of the paramagnetic 
properties of erbium doped metals.

A full simulation framework was developed to account 
for the behaviour of Au:Er and Ag:Er with the 
constraints faced in a typical CMB Survey.

The framework was tested against published data for 
the Specific Heat and Magnetization of a gold sample 
with 300ppm erbium. (Fleischmann et al. Metallic 
Magnetic Calorimeters).

Detailed disscusions about the simulations are 
described and presented in a recently published 
paper:

Detector NEP varying main design parameters

1. Motivation for Magnetic Microbolometers
CMB Survey requires compact detector arrays, for which antenna-coupled multichroic 
polarimetric detectors are an attractive apporoach.

Fully superconducting detector design, non-dissipative nature. 

Possibility of noise-less biasing and low or even negligible Johnson noise associated 
with detector readout. 

The broad and smooth dependence with temperature ultimately translates to a high 
dynamic range and straightforward calibration.

Geria et al.. 2022
doi: 10.1117/1.JATIS.9.1.016002 MP-002

See also: 

MMB Sensors:

Talk-R-1-6

MP-022

SDR Readout:

RP-057

RP-058

RP-059

RP-060

TP-079

Suspended MMB design to achieve a weak thermal link.

Possibility of background limited detection.

4. The Magnetic Microbolometer (MMB)

High-K Lenslet coupled

Radiation lobe

Dolph-Chevyshev

µStrip Impedance

Taper Lumped element filter triplexer

EM simulations of the involved structures

AM was used to estimate atmospheric opacity/transmission at the observing site.

In the case of the planar sinuous antenna shown here, the varying impedance 
appears responsible for most of the loss in coupling efficency.

In these simulations, perfectly matched termination resistors are assumed, further 
reduction in coupling efficiency can be expected. 

The design of this detector pixel is based on the widely known sinuous antenna with 
high-k coupling lenslets.

Combined with an impedance matching taper and band defining filters, a multi-chroic 
and polarization sensitive detector can be produced. 

Antenna Coupled Magnetic Microbolometers for CMB Surveys

Missmatch losses and multiple reflection of the 
power waves through the circuit are taken into 
account in the final pixel frequency response.

2. Antenna coupled CMB detector Scheme and pixel design

5. First MMB devices are under development!

3. Full signal flow analysis using Mason‘s method

Our work was positively recognized by the LTD
community and received two best poster awards

within our group.

Proceedings are currently under review for the LTD
Special issue, Journal of Low Temperature Physics.
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Thank you very much!
Questions??



Sinuous Antenna - A Log-Periodic Planar Antenna

Frequency Range:
80GHz → 300GHz‼!

Key points:
Impedance Matching to the transmision line
in the entire bandwidth.

Radiation Lobe matching to the telescope
optics.

Size: ≈ 3mm in diameter.



Spiral Antenna - Yet another Log-Periodic Planar Antenna

Frequency Range:
80GHz → 300GHz‼!

Key points:
Impedance Matching to the transmision line
in the entire bandwidth.

Radiation Lobe matching to the telescope
optics.

Size: ≈ 3mm in diameter.



Sinuous Antenna - A Log-Periodic Planar Antenna

And it is polarization sensitive!
Each pair of opposing arms act as independent polarized antennas.



Band-Defining Filter Design

Key points:
Lumped element design was chosen.

3rd order Chevyshev passband filters were
designed

Electromagnetic Simulations were performed to
optimize dimensions and geometries.



Persistent Current Injection Scheme



Antenna Impedance and radiation plots with high-K lenslets.
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Impedance Matching

Impedance matching is performed by a microstrip line which is gradually weidend to follow a
Dolph-Chevyshev impedance profile while travelling thorugh the antenna’s arms.
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