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Motivation
• Next generation Stage-IV ground based CMB experiment, CMB-S4,  will make a definitive measurement of CMB 

polarization with O(500,000) detectors
• Commercial micro-fabrication foundry’s high fabrication throughput enables this order of magnitude 

increase in detector count
• CMB-S4 recently selected horn antenna-coupled TES bolometer detector for the base line detector technology

• Seeqc have successfully fabricated sinuous antenna coupled TES detector arrays previously. We adapted most 
of the fabrication processes to fabricate horn coupled detector arrays 

Commercial TES bolometer detector fabrication
• Seeqc Inc. (https://seeqc.com/) is a company based in New York state that specializes in development and 

fabrication of superconductor electronics 
• Engineers at Seeqc have extensive expertise and experience in superconducting microfabrication
• Seeqc Inc. recently procured DRIE etcher for through wafer fabrication process
• Every fabrication steps was done at Seeqc Inc. 
• Seeqc also has multiple dilution refrigerators for cryogenic characterization of devices
• Seeqc uses industrial-scale fabrication method to increase throughput and reduce cost per wafer
• Commercial techniques for stringent quality assurance improve uniformity, repeatability, and yield by using 

high throughput fabrication and metrology equipment

Pixel details XeF2 released TES bolometerSinuous antenna detector array
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Horn couple detector fabrication
• Fabrication steps for lenslet+sinuous antenna coupled detector and horn 

coupled detector are identical except for how silicon substrate is etched to 
release TES bolometer

• Lenslet coupled detector: XeF2 etch
• Horn coupled detector: DRIE etch 

• We made two changes to the fabrication process:
• Thicker low stress silicon nitride to survive DRIE process
• Back side lithography for DRIE process

• We used stealth laser dicing technique offered by GDSI to dice large 
hexagonal arrays without breaking released membranes

• TES bolometers successfully operated
• We fabricated prototype detector arrays for the CMB-S4 project

Dual Tc TES bolometer
• We have also developed a design to achieve TES sensors with 

two different superconducting temperatures (Tc) without 
changing the fabrication process. 

• We modified Tc using a superconducting proximity effect 
between Nb and AlMn alloy. TES material, AlMn alloy, 
sandwiched between Nb gaps (1 um ~ 4 um) to raise its Tc.  

• Dual-Tc TES sensors are useful when same the detectors are 
required to operate under different incoming power. 
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Small-scale Clumping at Recombination and the Hubble Tension
Earlier recombination (〈n2〉 > 〈n〉2) ⇒ smaller sound
horizon rS ⇒ higher H0 at θs = const.
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But different damping scale: comov. rD and angular
θd = rD/r∗, clearly detected with CMB-S4 precision.
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Recent Progress on Frequency Domain Multiplexed Readout of TES Bolometers

● Demonstration of lowest readout noise to 
date with DfMux

● ~5x reduction in residual superconducting 
resistance

● TES operation with inductive bias element
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