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Example:
Photons from CMB only

Nopt = 90 %, Av/v =30 % I

TES bolometer with S =5

Sensitivity Relative to Photon Noise

No bunching term

With bunching term
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NTD Ge bolometers have Johnson noise,
but more dynamic range due to rebiasing

Slightly better for this optimization
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vl Bolometers
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Av/v 30 % Aviv = 30 % Detectors for CMB Polarimetry
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Absorber size the only issue f
for v <75 GHz =
10 L 100
What can we do today? 1o b oo
250 feeds @ 40 uKvs per feed Frequency [GHz]

System NET = 2.5 uK+s
10 times more sensitive than Planck

But... Larger focal planes require a new architecture
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Individual Corrugated Feeds

Lithographical
Filter

Planar Slot-array
Antenna

10 x 20 mm Dir ect
TES Bolometer Detector

Discrete Filters

Bolometers
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Background-limited filled array
vs. 2fA feedhorn array:
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Filled array (0.5 0r 1 EA)
~3X better mapping speed

16 times more detectors
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© 25 \ e Simpler operating modes
o .  Requires straylight control
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= \ T Millimeter-wave case:
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a .y « Skyis 2.7 K

O , [2F/fccdhorn « Need extreme control of beams

even in a 2 K environment
e Sub-K re-imaging optics? Or
e Directed beams

\\.

1'.'...'4 ey 0.01 0.1 i See Griffin, Bock & Gear
Applied Optics 2002
Astro-ph 0205264
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Challengesfor Microstrip-Coupled
M m-wave Bolometers Bolometers
* Need directed beams * Antennae defined beams
» Massivefocal planes « Eliminate feedhorn optics
e Largepixels » Largeantennae, small active area

Absorber volume reduced by > 10°

Straylight and filtering  Integrated filters& phase switches
* Flexible planar architectures

o Compatiblewith new concepts
TES bolometer
Kinetic inductance
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(a) Resistor deposition and lift-off

(b) TES (Al/Ti/Au) deposition and lift off
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= Direct Detector Fabrication
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(c) Thefirst 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 vias

(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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Completed bolometer arrayson the4” Si wafer Single antenna-coupled Transition Edge Polarization-sensitive
Bolometer
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TES Temperatures Vs. Resistances
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—e— AUTV/AU = 220/280/220
6 4.
—e— AITi/Au = 340/280/280
W AUTI/Au = 280/280/340
51| —x— AlTi/Au = 340/280/220 | ***

Resistance

0.25 0.3 0.35 0.4 0.45 0.5

Temperature

Figure. Transition temperatures as a function of Al/Au thicknesses
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B: Au Thickness
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A: Al Thickness

Figure. TEStemperature plot dependence on Al and Au thicknesses
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Al/TiI/AU/Ti (28 nm/28 nm/28 nm/4 nm)
at room temperature

03-34=4RT=Ti/Au/Ti/Al

L AUTIAUTI processed at 150 °C
for 60 min
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A SEM image of voids between Au grains

resulting from secondary and non- -

uniform nucleation. o >
b
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3RT=Ti/Au/Al

Al/Au/Ti at room temperature

o 3BT=Ti/Au/Al
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 We have successfully fabricated antenna-coupled transition edge
polarization-sensitive bolometer using micro-electr o-mechanical
systems (MEM S) techniques.

o Our Al/TI/AU/TiI TESdemonstrated excellent physical properties
to help constant transition temperature during the oper ation.

« Using statistical engineering methods, we show that the factors
Important in the TES sensing temperature are, in decreasing or der
of importance, Al, Au thicknesses, and interaction between Al/Au
layers. We have demonstrated the use of an atomically thin Ti
interlayer to prevent inter-diffusion between Al and Au layers.
TheTi layer deposited at the interface also helps adhesion of a Au
layer and avoidsvoid formation. Ti layer contributesto hold down
the changein transition temper ature.

« Wearetesting the Nb microstrip antenna-coupled bolometer
arraysfor multi-color polarization-sensitive focal plane.
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