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. — N Motivation

California Institute of Technology

Overview:

—Superconducting Transition Edge Sensors (TES) have demonstrated
excellent performance both as bolometric and calorimetric detection systems. The
basic device is a thin film of either a pure superconductor or more commonly a
normal metal-superconducting multi-layer.
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«Calorimetry: TES based calodmetars have
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“Seeing” inflation via the GW signal encoded
in CMB polarization
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“Seeing” inflation via the GW signal encoded
in CMB polarization
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o Design and Development
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J Develop novel antenna and filter designs in superconducting
Nb microstrip for coupling to direct detectors.

QO Develop and test wide-band antenna, single-polarization,
provides beam shaping, and eliminates coupling optics such
as hyper-hemispherical lenses.

0 Demonstrate single-band dual polarization antenna.

O Integrate RF components into a focal plane array
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= Future Focal Plane Sensitivity & Photon Nois
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Detectors for CMB Polarlmetry
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But... Larger facal planes require a new archltecture
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S Size Matters?
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10 x 20 mm Direct Detector

HFI Bolometer
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Challenges
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. - Direct Detector Fabrication
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(a) Resistor deposition and lift-off

(b) TES (AVTi/Au) deposition and lift off

LTD 10, Genoa, Italy



1

. - R Direct Detector Fabrication
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(¢) The first SiO deposition to protect TES layers

(d) Nb Ground plane deposition and etch. Shunt resistor formation
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. = Direct Detector Fabrication
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(e) SiO deposition and lift-off to form via

(f) E-beam patterning for Nb microstrip and etch back
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= Direct Detector Fabrication
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(g) Front, backside nitride etch and backside deep trench etch

(h) Top-view after final release and cleaning each array and double
antenna-coupled Transition Edge Polarization-sensitive Bolometer
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. - N Direct Detectors
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Single antenna-coupled Transition Edge Polarization-sensitive
Bolometer

Completed bolometer arrays on the 4” Si wafer
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= TES Temperatures
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TES Temperatures Vs. Resistances
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= TES Temperatures
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Figure. TES temperature plot dependence on Al and Au thicknesses
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Statistical Analysis

Tablel . Contribution of the Al (A), Au (B) and interaction (C) effects on TES temperature.

Term DF (Degree of | Sum Square Mean square %
freedom) Contribution
A 2 11106.90 5553.44 84.543
B 2 - 1194.89 597.44 9.095
C 4 835.78 208.94 6.362

15

LTD 10, Genoa, Italy



= TES Layer
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AVTi/Aw/Ti (28 nn/28 nm/28 nm/4 nm)
at room temperature

l03-34=4RT=TivAuW/Ti/Al

AVTi/Aw/Ti processed at 150 °C
for 60 min
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= TES Layer
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A SEM image of voids between Au grains -y

resulting from secondary and non-
uniform nucleation.

SRT=Ti/Au/Al

30.00 nm{

AVAWTi at room temperature 3BT=Ti/Au/Al

AVAw/Ti processed at 150 °C for 6¢
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. = N Future Work
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« Complete characterization and testing of antennas and filters

5 ) :
7 ™~ « ™

25 % BW filter

Wide-band antenna

e Compare performance to model predictions

* Measure optical performance coupled to direct detector

* Identify required materials and process developments required to
produce multifrequency arrays.
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N Summary
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* We have successfully fabricated antenna-coupled transition edge
polarization-sensitive bolometer arrays using micro-electro-mechanical
systems (MEMS) techniques.

* Our AVTi/Au/Ti TES demonstrated excellent physical properties to help
constant transition temperature during the operation.

* Using statistical engineering methods, we show that the factors important
in the TES sensing temperature are, in decreasing order of importance,
Al, Au thicknesses, and interaction between Al/Au layers. The
contribution of Al, Au, and interaction of Al/Au are 84.54%, 9.09 %, and
6.36 %, respectively.

*  We have demonstrated the use of an atomically thin Ti interlayer to
prevent inter-diffusion between Al and Au layers. The Ti layer deposited
at the interface also helps adhesion of a Au layer and avoids void
formation. Ti layer contributes to hold down the change in transition
temperature.

* We are analyzing and testing the Nb microstrip antenna-coupled
bolometer arrays for multi-color polarization-sensitive focal plane.
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