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Detectors for SPTpol



Detectors made in CNM (SPTpol, 95 GHz)
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CLC et al., JLTP June 2012, Volume 167, Issue 5-6, pp 865-871



http://link.springer.com/journal/10909
http://link.springer.com/journal/10909/167/5/page/1

Argonn & 95 GHz Single Pixel PSBs
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& 95 GHz Single Pixel PSBs
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The SPTpol Focal Plane
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Detectors for SPT-3G



Current focus: delivering SPT-3G focal plane

SPT-3G focal plane
16,260 detectors

95,:150,:220 GHz

e
45 cm

at:260.-mK

- Test structures Nb leads
L

e Detector fabrication at
Argonne National Labs on [FENEEEEREREE s S - 4: i

polarized sinvous Bolomater

| 50 mm silicon wafers L [y 55

In-line Triplexer

* Using lenslet coupled, 3-band sinuous antenna ‘ 'f‘ "
coupled TES detector design from UCB (Polarbear2/ 1N

Simons Array, EBEX |0k, LiteBIRD) 1 5/ T Clostolers
* Collaborating with UC Berkeley '

Nb leads
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SPT-3G will use a 3- color . B L7
variant of multi-chroic pixel FUEEL S —

= O'Brient R et al 2013 Appl. Phys.
Lett. 102 063506

i

F Suzuki et al 2014 J. Low Temp. Phys.
“ 176 650-6

Berkeley

gt UNIVERSITY OF CALIFORNIA
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Sinuous antenna gives
polarization sensitivity and good
coupling over large (2+ octaves)
bandwidth.
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Lumped element in-line triplexer
partitions radiation into three
. passbands
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Lenslets
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Expanded PTFE

Index of Refraction: 1.55

RO3035

Index of Refraction: 1.87

RO3006

Index of Refraction: 2.48

Alumina Lenslet

Index of Refraction: 3.11

Seating Wafer

Index of Refraction: 3.22

Detector Wafer

Index of Refraction: 3.22
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Readout
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Digital frequency multiplexing
LC Filters AC Bias

DAC

Carrier PFB Synthesis

DAC

Nuller

DAN Readout

Low Frequency

Integral Feedback G_zl Time
Integration

(T) DAN Gain

DMFD Residual Readout
DEMOD 1

FPGA Control
&
Data Acquisition Computer

\

TES Bolometers SQUID Demodulation &
Feedback
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10 Gb/s x 19
(Backplane)

10 MHz bandwidth

Xilinx Kintex-7 FPGA provides digital signal processing TR ill
Each bolometer bias is individually optimizable ® UNIVERSITY

64X upgrade to 16X deloyed on SPTpol, EBEX, & Polarbear

A.N. Bender et al., Proc. SPIE 9153, Millimeter, Submillimeter, and Far-
Infrared Detectors and Instrumentation for Astronomy VII, 91531A (2014)
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 |LC circuit

e f=1.6MHz-5MHz

e L=60 pH

* ACnin=0.6 pF

e Q~5000(ESR ~0.10)
* 68 devices per chip

* Al on Si substrate
* Fabricated at LBNL+UCB
 Comb design &

characterization at ANL




Integrating Detectors & Readout
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68x LC Chip with
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Directions beyond SPT-3G
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Facilities expansion
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Facility 11,000 sq ft




Move LC filters on to array
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New materials
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= 1100 ppm Mn, 180 C, 10 nm Au
~—— 1100 ppm Mn, 180 C, 20 nm Au
1100 ppm Mn, 220 C, 10 nm Au
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~— 1100 ppm Mn, 270 C, 20 nm Au
~—— 950 ppm Mn, 110 C, 20 nm Au

[ —— 950 ppm Mn, 180 C, 20 nm Au

—— 950 ppm Mn, 20 C, 20 nm Au
= 950 ppm Mn, 270 C, 20 nm Au
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Thoughts on CORE+

.D2=1.08 ym

SEM HV: 20.0 kV WD: 16.61 mm

View field: 20.0 pm
SEM MAG: 6.97 kx | Date(m/dly): 11/07/14

v

VEGA3 TESCAN

Strongest advantage is very large bandwidth

consolidate high frequency channels into
smallest footprint

R&D needed
antenna+lenslet expects flat focal plane
- broadband AR coating to high frequencies (e.g.
thermal spray coating at LBNL/Berkeley)
higher-frequencies require smaller features, can
explore this using Argonne e-beam lithography

fMUX
« high TRL technology
merging LC filters on to array would eliminate
complexity and bulk

Low loading in space
can be addressed with lower Tc films

LiteBIRD baseline plan (fab at UCBerkeley)
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