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Overview:

The Cosmology Large Angular Scale Surveyor (CLASS) Is a ground-based instrument that will measure the polarization of the cosmic
microwave background to search for gravitational waves from a posited epoch of inflation early in the universe’s history. We are currently
developing detectors that address the challenges of this measurement by combining the excellent beam-forming attributes of feedhorns with
the low-noise performance of Transition-Edge sensors. These detectors utilize a planar orthomode transducer that maps the horizontal and

vertical linear polarized components Iin a dual-mode waveguide to separate microstrip lines. On-chip filters define the bandpass In each
channel, and the signals are terminated in resistors that are thermally coupled to the transition-edge sensors operating at 150 mK [1,2].
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Silicon membrane with TES

= Four silicon legs route Nb microstrip and bias lines to the TES and isolate
_ TES from the thermal bath.
p Magic-T, a ke_y component of  On-chip filtering Si membrane for thermal » PdAu resistors terminate the microwave signal in the TES.
the OMT, differences the conductance control »MoAu TES with targeted 150 mK transition temperature.
signal from opposite antennas

= Additional Pd provides added heat capacity in minimal area to maintain

Bond to a low resistivity wafer which will function

 Detector consists of a planar Orthomode Transducer (OMT) that separates the Irfw?é?cfv:g\i ltT;emn:il?]raelatri]Oentemperature. Also functions as part of the via-less
as an integrated silicon waveguide. horizontal and vertical polarizations into individual microstrip lines. e . .
. . : . =»The length and width of each silicon leg have been designed to meet the
* Once separated, each polarization is filtered for passband definition and terminated in .
. . required thermal response.
| a resistor that s thermally-coupled to a TES. » Gold normal metal bar banks to suppress excess noise in the form of
—— / « Added PdAu grid structure to suppress stray out of band signal. Pb

« Dark TES added for calibration. resistance fluctuations, vortex noise, etc.

Silicon Backshort
Remove the SOI handle layer and buried oxide. Fabrication and Assembly Detector Integration
The 5 um SOI device layer functions as the OMT Z

membrane, TES thermal isolation membrane and
microstrip dielectric.
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Detector Chip

0.875 mm
Interface

1.16 mm spacer
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Backshort cap
Complete MoAu TES, niobium microstrip, and

silicon thermal isolation processing on the device
layer side.
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Silicon sidewall profile etched
by DRIE

Backshort integration to detector chip

Backshort Assembly

Flip-Chip Bond Backshort
- > = EESE s | Assembly to Detector
Temporary bond to pyrex wafer (not shown) and SiSis ==== y LV A W \\
deep reactive ion etch (DRIE) to define OMT and === = === ma -

release silicon thermal isolation membranes.
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Silicon Cap e san s o e CLASS 40 GHz Detector i
R semmsssEss Etched relief to prevent Etched relief with silicon Waveguide cavity metalized e, /
Silicon Spacer shorting detector pillars isolate the OMT and after Au-Au thermo- \
Wafer microstrip TES from out of band compression bonding — —
Silicon Interface leakage Interface chip
Water SSTESEEREE saunssnnns " olliCON backshort assembly consists of 3 low resistance wafers: Detector integrated with backshort and interface chip
Detector Chip =875 um interface
sEsssssmEs SEEsEEEEEn 1160 pm spacer * The detector and backshort chips are epoxy bonded at room temperature
Interface Chip =325 pm cap with a flip-chip bonder.
* 875 um interface and 1160 um spacer wafer create the quarter-wave delay - A metalized silicon interface chip is integrated with the detector/backshort
_ _ - section. assembly by flip-chip bonding.
A Au therm.o compression bona separa?e_ly * 325 um cap wafer terminates the waveguide delay in a short. - The interface chip is formed by DRIE to provide registration structures for
fapricated silicon spacer, interface, and silicon cap . wafers are micromachined using deep reactive ion etching. accurate alignment of the detector to the feed horns in the focal plane.
wafers to create the backshort assembly. Epoxy - Interface wafer incorporates a 50 um deep etched relief to prevent shorting of
bond backshort assembly and detector chip as well  the detector microstrip.

as interface Chip. * The 10 um silicon pillars along the top of the relief contact the detector around
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