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Transition Edge Sensors
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R - resistance of active region

T - temperature of active region

C
Energy resolution: AE = 2.35 /ZkBTZE
kg - Boltzmann constant

Heat capacity: C = yVactivel
v - Sommerfeld coefficient
Vacive - Active region volume
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Tuning T, via Inverse Proximity Effect

Al/Cu bilayers with constant Al thickness and variable Cu thickness

Courtesy of N. Ligato
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The Tc decreases with
increasing Cu thickness
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Device Structure

L=2um

w =100 nm
ty = 10.5 nm
tc, = 15 nm

thanks = 100 Nnm

VActive - I—*\I\rk(tAI'|'tCu) -
=5.1x1021 m3 =5.1x10°3 um?3

Andreev Mirror:  Agyper> Aactive

Heat is confined in the active region |
Appl. Phys. Lett. 63, 3075 (1993)

S

- Low critical temperature;

- Low critical current;

- Limited proximity effect from
banks;

- High heat confinement.
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R(Q)

TES Critical Temperature
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Tuning T, by Current Injection

~
<
3

q = 2mvg/h V. superfluid velocity

Nat. Nanotech. 13, 802 (2018)

_'i._‘:_(l;» and ne(0)/n.d0)

Minimum critical temperature is ~0.6T ,

Phys Rev. B 86, 174521 (2012)
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R(Q)

Tuning T, by Current Injection

Sample A Sample B
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R(Q)

Tuning T, by Current Injection

Sample A Sample B
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Tc =50 mK -> f=1.04 GHz

Frequency resolution o, ~ 1-2 GHz
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Bolometer

Electron-phonon thermal exchange in metals: N
Andreev Andreev
]e—ph = LVactive (Tes - Tbsath) l

Mirror Mirror
Rev. Mod. Phys. 78, 217 (2006)

Super Active Super
Determine the volume of the active P P

region V,.., Dy solving the energy

T Tbath
balance equation: él Je-ph

Tbath

Jnw = Je-pn =0 Substrate phonons, T,
Rev. Mod. Phys. 78, 217 (2006)

Considering
L=2um
w =100 nm Je—pn = Je—pncutle—pnai = 1.87 x 10718W+2 x 1071°W =

ty =10.5 nm = 2.07 x 10~ 18w
tc, = 15 nm

T, = 50mK

Considering the superconductor electron-phonon
Tpn = 10mK

coupling the minimum detectale heating is on the order of
10-1°-10-20W
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Calorimeter

Jp
Power of single-photon: Jry~1072°W Andreev ' Andreev
Phys. Dark Universe 12, 37 (2016) Mirror l Mirror
Super Active Super
Thatn T Thatn
él ‘]e-ph

Substrate phonons, T,

2 _
Tdiff = L /D ~ 10 1OS

con D ~ 100 cm?/s
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0.2
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Phys. Rev. Appl. 9, 054027 (2018) 0.100 0.4
0.09
: . . 10 10 10 10"
Suitable for single photon detection L (H)

Phys. Rev. Appl. 9, 054027 (2018)
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Resume of Results

Fabrication of TES without antenna
T tunable in the range 50 — 103 mK
Sensible to 1 GHz

Energy resolution 1-2 GHz
Bolometer: sensitivity 10-19-1020 W

Calorimeter: suitable for a few GHz single photons
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Future Work

* Include heaters and thermometers

Al banks
Cu/Al active

Rev. Mod. Phys. 78, 217 (2006)

« Active region made of Ti/Cu?
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