Optimization of Transition Edge Sensor Arrays for Cosmic Microwave Background
Observations with the South Pole Telescope

J. Ding?, P. A. R. Ade?, A. J. Anderson?, J. Avva*, Z. Ahmed>, K. Arnold®, J. E. Austermann’, A.
N. Bender?, B. A. Benson?, L. E. Bleem?, K. Byrum?9, J. E. Carlstrom??, F. W. Carter?, C. L.
Chang'?, H. M. Cho?3, J. F. Cliche!4, A. Cukierman?, D. Czaplewski®, R. Divan'®, T. de Haan?,
M. A. Dobbs?®, D. Dutcher?’, W. Everett8, A. Gilbert4, R. Gannon?, R. Guyser!®, N. W.
Halverson?’, N. L. Harrington?, K. Hattori%}, J. W. Henning??, G. C. Hilton’, G. P. Holder®, W. L.
Holzapfel?, J. Hubmayr’, N. Huang?, K. D. Irwin>, O. Jeong?, T. Khaire?, L. Knox?3, D. Kubik??, C.
L. Kuo®, A. T. Lee®, E. M. Leitch?®, S. S. Meyer?’, C. S. Miller>, J. Montgomery'4, A. Nadolski®,
T. Natoli?®, H. Nguyen??, V. Novosad?, S. Padin®?, Z. Pan'’, J. Pearson?, C. M. Posada?,

A. Rahlin?%, C. L. Reichardt??, J. E. Ruhl®°, B. R. Saliwanchik3, I. Shirley*, G. Simard*?, G.
Smecher3?, ). T. Sayred, J. A. Shariff3C, E. Shirokoff?®, L. Stan®>, A. A. Stark®?, J. Sobrin'’, K.
Story33, A. Suzuki4, Q. Y. Tang?®, K. L. Thompson?®, C. Tucker?, K. Vanderlinde34, J. D. Vieira®>,
G. Wang®?, N. Whitehorn?, W. L. K. Wu?, V. Yefremenko®?, K. W. Yoon®

!Argonne National Laboratory, Material Science Division, Argonne, IL 60439, USA
2Cardiff University, Cardiff, CF24, United Kingdom
3Fermi National Accelerator Laboratory, Batavia, IL 60510, and Kavli Institute for
Cosmological Physics, University of Chicago, Chicago, IL 60637, USA
4Department of Physics, University of California, Berkeley, CA 94720, USA
>Kavli Institute for Particle Astrophysics and Cosmology, and Department of Physics,
Stanford University, Stanford, CA 94305, SLAC National Accelerator Laboratory,
Menlo Park, CA 94025, USA
®Department of Physics, University of Wisconsin,
Madison, WI. 53706, USA
’NIST, Quantum Devices Group, Boulder, CO 80305, USA
8Argonne National Laboratory, High-Energy Physics Division, Argonne, IL, 60439 and
Kavli Institute for Cosmological Physics, University of Chicago, Chicago, IL 60637,
Fermi National Accelerator Laboratory, Batavia, IL 60510,
Kavli Institute for Cosmological Physics, University of Chicago, Chicago, IL 60637 and
Department of Astronomy and Astrophysics, University of Chicago, Chicago, IL 60637, USA
Argonne National Laboratory, High-Energy Physics Division, Argonne, IL 60439,
Kavli Institute for Cosmological Physics, University of Chicago, Chicago, IL 60637,
Enrico Fermi Institute, University of Chicago, Chicago, IL 60637,
Department of Physics, University of Chicago, Chicago, IL 60637,

Argonne National Laboratory, High-Energy Physics Division, Argonne, IL 60439, and
Department of Astronomy and Astrophysics, University of Chicago, Chicago, IL 60637, USA
2Argonne National Laboratory, High-Energy Physics Division, Argonne, IL 60439,
Kavli Institute for Cosmological Physics, University of Chicago, Chicago, IL 60637,
Department of Astronomy and Astrophysics, University of Chicago, Chicago, IL 60637, USA
13SLAC National Accelerator Laboratory, Menlo Park, CA 94025, USA
¥ Department of Physics, McGill University, Montreal, Quebec H3A 2T8, Canada
B Argonne National Laboratory, Center for Nanoscale Materials, Argonne, IL, USA 60439
6pepartment of Physics, McGill University, Montreal, Quebec H3A 2T8 and
Canadian Institute for Advanced Research, CIFAR Program in Cosmology and Gravity,
Toronto, ON, M5G 178, Canada



7Kavli Institute for Cosmological Physics, University of Chicago, Chicago, IL 60637,
Department of Physics, University of Chicago, Chicago, IL 60637, USA
18CASA, Department of Astrophysical and Planetary Sciences,
University of Colorado, Boulder, Colorado 80309, USA
BAstronomy Department, University of Illinois, Urbana, IL 61801 USA
20CASA, Department of Astrophysical and Planetary Sciences, and
Department of Physics, University of Colorado, Boulder, CO 80309, USA
21High Energy Accelerator Research Organization (KEK), Tsukuba, Ibaraki 305-0801, Japan
22Kavli Institute for Cosmological Physics, University of Chicago, Chicago, IL 60637, USA
ZDepartment of Physics, University of California, Davis, CA 95616, USA
24 Fermi National Accelerator Laboratory, Batavia, IL 60510
ZSUniversity of California and Lawrence Berkeley National Laboratory, Berkeley, CA 94720.
26Kavli Institute for Cosmological Physics, and Department of Astronomy and Astrophysics,
University of Chicago, Chicago, IL 60637, USA
27Kavli Institute for Cosmological Physics, Enrico Fermi Institute, , Department of Physics,
University of Chicago, and Department of Astronomy and Astrophysics, University of
Chicago, Chicago, IL 60637, USA
28Dunlap Institute for Astronomy & Astrophysics, University of Toronto,
Toronto, ON, M5S 3H4, Canada
29School of Physics, University of Melbourne, Parkville, 3010, Australia
30physics Department, Case Western Reserve University, Cleveland, OH 44106.
31 Three-Speed Logic, Inc., Vancouver, B.C., V6A 2)8, Canada
32Harvard-Smithsonian Center for Astrophysics, Cambridge, MA 02138, USA
3Kavli Institute for Particle Astrophysics and Cosmology and Department of Physics,
Stanford University, Stanford, CA 94305
34Dunlap Institute for Astronomy & Astrophysics and Department of Astronomy &
Astrophysics, University of Toronto, Toronto, ON, M5S 3H4, Canada
35Astronomy Department and Department of Physics,
University of lllinois, Urbana, IL 61801 USA

E-mail: dingj@anl.gov

Abstract—In this paper, we describe the optimization of transition-edge-sensor (TES)
detector arrays for the third-generation camera for the South Pole Telescope (SPT-3G). The
camera, which contains ~16,000 detectors, will make high angular-resolution maps of the
temperature and polarization of the cosmic microwave background. Our key results are: (i)
scatter in the transition temperature of Ti/Au TESs is reduced by fabricating the TESs on a
thin Ti(5 nm)/Au(5 nm) buffer layer; and (ii) the thermal conductivity of the legs that
support our detector islands is dominated by the SiOx dielectric in the microstrip
transmission lines that run along the legs.
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