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SPICA. Space mission for mid-& far-IR astronomy
O TeIescope 2.5 m & <8 K

-Natural backgroundghmned Infrared (IR) observations
— Need ultra= §en5|t|ve IR detectors
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Noise Equivalent Power (NEP)
required by SPICA/SAFARI

Minimum detecfable mpdt power to have
S/N=1 withal = 0.5 sec

H|gher sensmwty = Lower NEP

N
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ISO-Herschel era Q"\ SPICA/SAFARI
~10-¢-10""" W/VHz ,,0° 2x10-19 W/VHz
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Transition Edge Sensors (TESs)
AP = AT —» AR

Resistance
: conductmg

<
Temperature

SRON Toyoaki Suzuki: IR-detector workshop Dec.9, 2015 4



Typical TES pixel for SAFARI/S-band
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Intrinsic noise = phonon noise
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Long-standing questions (1)

SRON-TESs fabricated by KOH wet-etching

Ta absorber SiN legs
-Width (W) =1pum
-Thickness (7)) = 0.5 pm
-Length (£) =400 um

Vacuum )
/BN
/ Si.N, legs Grese = 330 TW/K
NEP, ... = 4.2x10-1% W/VHz (best)
TES

Khosrgpanah, Hijmering+ 2012
— Deep Reactive Ion Etching (DRIE)

[ ™
Q1. Can we achieve lower G and thus NEP values

by making narrower and thinner SiN legs??

. J
di— SAFARI
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Long-standing questions (2)

Suzuki+2014 T

NEP,,../NEP ~2-3 (typ.

Khosropanah, Hijmering+ 09,10,11,12

1 EXxcess noises

1) Extra-phonon noise (£>~10Hz)
CtesN Cisland & CI

1 —--i-.

Y C TES
TES ,
2) Photon noise Gfs;nd
Frequency (Hz) e v
G,
4 N LA

Thermal bath

Q2. Can we reduce the extra-phonon noise
by making lighter SiN island and SiN legs??

3.H K i tup??
\Q ow dark is our setup )
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New TESs fabricated by DRIE

- Deep Reactive Ion Etching (DRIE) process success
- Narrow SiN legs ~0.5-0.7 pm
- Thin SIN legs and island ~0.2 um

TES(TiAu)
20 " Fabricated by Marcel Ridder (SRON)
Small island Large island Large island
without absorber #® without absorber with absorber
- I
200 um 200 um 200 um
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SED 15.0kV  WD12.3mm Std.-P.C43.U0" righvac. X2U,0U



not blow
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SED  15.0kV  WD303mm  Std.-P.C.26.9 HighVac. x43



AC measureme
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FDM readout

: 50 mK Focal Plane Assembly
: Cold part

DEMUX digital electronics
Warm parti

feedback

Firmware

voltage
: & divider 1

EMI iH
filters i

10pix-FDM system

1-3 MHz resonators
df=100 kHz
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Measured NEPs

Tc=94 mK
o T T T rrrr T 1 .....PZ]_]C\/\/@SOmK |
- G=30 fW/K
__}F 1.1x101°W/+VHz
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Measured NEPs
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NEP-evolution track of SRON TESs
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— Legs: x3 mass
Island: x14 mass
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Darkness of current setup

NEP,. . (1019 W/VHz)
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Similar TES properties, \
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Summary
Ultra-low G TESs were fabricated by DRIE

® Without an absorber

We measured an electrical NEP as low as 1.1x10-*° W/V Hz,
which achieved the phonon noise limit, and also
a reasonable response speed (<1 msec).

® With an absorber
We confirmed a higher NEP (~5x10-*°) due to stray light.
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