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Abstract
The Q & U Bolometric Interferometer for Cosmology (QUBIC) Technical Demonstrator (TD) aiming to shows the feasibility of the combination of
interferometry and bolometric detection. The electronic readout system is based on an array of 128 NbSi Transition Edge Sensors cooled at 350mK
readout with 128 SQUIDs at 1K controlled and amplified by an Application Specific Integrated Circuit at 40K. This readout design allows a 128:1 Time
Domain Multiplexing. We report the design and the performance of the detection chain in this paper. The technological demonstrator unwent a campain
of test in the lab. Evaluation of the QUBIC bolometers and readout electronics includes the measurement of I-V curves, time constant and the Noise
Equivalent Power. Currently the mean Noise Equivalent Power is ∼ 2× 10−16W/

√
Hz

Main Goal
Recent technologies advances allows research
to make giant steps in the comprehension of
the Univers. For many years, the Cosmic
Microwave Background has stayed the
best source of information on the primordial
universe. In this objective, the QUBIC instru-
ment is a ground based instrument and it is
dedicated to the measurement of the B-modes
polarization from the CMB.

Figure 1: Cosmic Microwave Background with E and B modes

The detection of these B-modes will give a price-
less amount of information on what happen just
after the Big Bang. Indeed, the detection of pri-
mordial B-modes will give a serious credit to the
cosmic inflation theory.

QUBIC’s Detection Chain

Deployement Site
QUBIC will be installed on the Alto Chorillo
site in Argentina.
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Application Specific Integrated Circuit and Warm electronics
The ASIC is designed in full-custom using CADENCE CAD tools. The used technology is a standard
0.35µ BiCMOS SiGe from Austria MicroSystem (AMS). Use in combination with SQUIDs its allow
a Time Domain Multiplexing system of 128:1

Figure 4: Left: Microphotography of cryogenic ASIC designed to readout 4×32 TES/SQUID pixels. Middle: ASIC module assembly used for
QUBIC experiment.Right: ASIC noise

Superconducting QUantum Interference Devices
The QUBIC detection chain second stage is composed of the Superconducting QUantum Interference
Devices (SQUIDs) maintained at a temperature of about 1 K by an 4He fridge. Each TES is in
series with the input inductance Lin of the SQUID and is voltage biased with a 10mΩ
The main advantage of SQUID is that they are trans-impedance amplifier with a gain of the
order of 100 V/A, meaning that they can be placed close frome the detectors (in hardware).
Reponse of SQUIDS are strongly non linear so we need to find the best Ibiais to improve the signal.

Figure 3: Left: Response of the SQUIDs, Right: Histogram of the 3 best index reponse

There is a total of 90% of working SQUIDs on both of the ASICs.

Transition Edge Sensor
The detectors are Transition Edge Sensors (TES) made with a NbxSi1-x amorphous thin film
working at 350mK with a 410mk critical temperature.
The temperature is maintained with a 3He + 4He fridges.
The curent test campain give us strong results on the TESs. With a great homogneneity of the
TESs parameters, a time constant between 0.04s and 1s.

Figure 2: Left: picture of a quarter of the focal plan, center: graph I-V for a QUBIC TES, right: Distribution of the time constance regarding
VTES

With a 79% yield of working TESs (counting dead pixels and dead SQUIDs) QUIC has the
higher rate for a complete focal plane.


