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Microwave Kinetic Inductance Detectors
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m We've built a superconducting
optical/near-IR detector array
that can count individual
photons and determine their
energy without filters or

gratings
m On a pixel for pixel basis, these
Day et al., Nature, 2003
are the Most pOWGrfUl UVOIR Maz?n et al., Optics Express 2012
detectors in the world Mazin et al., PASP 2013

Szypryt et al., Optics Express
2017

m \We're going to use these
detectors to revolutionize
astronomy by taking spectra of
EVERYTHING, but especially
extrasolar planets

m We also make X-ray detectors
using the same technology
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m Astronomers typically use CCDs and CMOS detectors in the
optical/near-IR range to convert photons into electrical
signals

m Photoelectric effect means at nF# , Al 0toN

- CccD
- Mosaic

Hawaii2rg HgCdTe Array
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m A superconductor is a material where all DC resistance disappears
at a “critical temperature”. 9 K for Nb, 1.2 K for Al, 0.9 for our PtSi

m This is caused by electrons pairing up to form “Cooper Pairs”
m Nobel Prize to BCS in 1972

1000-10000x lower than in Si

m SO instead of one electron per photon in a semiconductor, you get
~5000 electrons per photon in a superconductor — much easier to
measure (no noise and energy determination)! We call these
excitations quasiparticles.

m However, superconductors don’t support electric fields (perfect
conductors!) so CCD tricks of shuffling charge around don’t work

m EXxcitations are short lived, lifetimes of ~20-50 microseconds
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Kinetic Inductance = extra inductance from stored kinetic
energy in Cooper Pairs
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We use a square microlens array to improve effective fill factor to

~92%
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m Each resonator (pixel) has a unique resonant frequency in the GHz
range

m A comb of sine waves is generated and sent through the device

m Thousands of resonators can be read out on a single microwave
transmission line (FDM)
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m Software Defined Radio (SDR) Overview

m Leverages massive industry investment in ADCs/FPGAS

m Generate frequency comb and upconvert to frequency of interest

m Pass through MKID and amplify

m Downconvert and Digitize

m “Channelize” signals in a powerful FPGA

m Process pulses (optical/UV/X-ray) or just output time stream (submm)

Local Oscillator (4-8 GHz) Q
All Clocks Referenced |J-|

to a 10 MHz Rubidium Network Switch Control PC
Frequency Standard = ‘ 10 GbE
RF/IF Board 1 GbE (fiber)
—————————— | ADC/DAC Board CASPER ROACH?2
2 GSPS P : Cryostat | B 2G5Ps L Xilinx Virtex6 1 GbE
16-bit D/A I 12-bit A/D - 1024 Channel Channelizer
— (LA ! I t X (ERE) Xilinx Optimal Filterin (FPGA)
> GSPS QMixer | | ! 1Q Mixer Virtex 7 ptima 9
6 bt D/A N\ - | | | 26 Tnlggenpg Joncker 1 GbE
i | J | .
L! 5] | | Q 12-bit A/D Calibration and Packetization (PPC)
- _ o ___ [ (LPF) I
DDR RAM Clock Gen
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Designed in collaboration with
Fermilab

Based on Casper ROACH2 (Virtex 6)
Uses dual 2 GSPS 12 bit ADC
Reads out 1024 pixels in 2 GHz

2 boards per feedline in 4-8.5 GHz
band

m scalable to 30+ kpix
Air to Water/Glycol heat exchangers

Cost: ~$5-10/nixel. excludina HEMT
and ' 4

Vlrtex-6
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Funded to build 3 10-20 kpix instruments
DARKNESS for Palomar (NSF):
Commissioned!
MEC for Subaru (Japan): Installed
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m New 20 kpix PtSiI MKID
array for Subaru SCExXAO-
MEC

m 140x146 pixels, 150 micron
pixel pitch, 22x22 mm
Imaging area

Array fabricated at UCSB by P. Szypryt
and G. Coiffard.

Szypryt et al. 2017, Optics Express
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% Variation in Sheet Resistance from Center

m Three main issues need

Improvement:
m Pixel Yield .
/™ 75%in ARCONS
ms DARKNESS/MEC: Req. 85%; :
95% goal

Y di

m Spectral Resolution
Ve R=8 at 400 nm in ARCONS

m DARKNESS/MEC: Req. R=8 at ., . &
1000 nm; R=15 goal

m Quantum Efficiency

m ARCONS TiN: 40% at 400 nm, =
v/ 15% at 1000 nm ’

s DARKNESS/MEC PtSi: Req. = °

100 —

[%]

15% at 1000 nm; >25% goal |
m Attempting to increase R now as
it has the biggest impacts on the commsn |
exoplanet science we want to do ; AR SN
L mm==- SiO2 (100nm) + Ta205 (50nm) + PtSi (60nm) on sapphire - simulation

Wavelenght [nm]
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Absorber .Cross Section | FEEEEE

Capacitive : | " Niobium
Region Aluminum

Feedline Hafnium

Cross Section View TT
| | A l
__ﬂ - : Apbsorber AMKID
—J " Quasi-particle | X
Energy Gap View

Absorber Dimensions: 2000 um x 200 um x5 um : LXW X T

Slides courtesy Miguel Daal H
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Using two or more MKIDs to collect quasi-particles
 allows for larger absorber

* increases energy collection efficiency

* enables position sensitivity
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xperiernce wi r'np peteclors

APPLIED PHYSICS LETTERS 89, 222507 (2006)

Position sensitive x-ray spectrophotometer using microwave kinetic
inductance detectors

Data From:

m 200 nm thick Al
m 600 nm thick Ta
m °°Fe source

m OE=62eVath.9
keV

Benjamin A. Mazin,” Bruce Bumble, and Peter K. Day
Jet Propulsion Laboratory, California Institute of Technology, 4800 Oak Grove Drive, MS 169-504,
Pasadena, California Q11098000

Megan E. Eckart, Sunil Golwala, Jonas Zmuidzinas, and Fiona A. Harrison
Physics Department, California Institute of Technology, 1200 E. California Bivd., Pasadena, California
Qr12s
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m Long quasi-particle lifetime
m ~ 3 msec (J. Baselmans et al, AIP Conf. Proc., 2009.)
m Long diffusion length
m ~2mm (M. Loidl, et al. NIMA, Jun. 2001.)
m Easy to obtain in high purity
m Dark matter event rate « normal conductivity, g,

m Rate (Y. Hochberg et al, PR D, 2017):
m 50 ;= effective kinetic mixing parameter (coupling to normal matter)

1
R = PDM K]gﬂ‘o-l

Pabsorber TNA’
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goof- " " "t [ ottt re ettt
: - 0.9, 1.3, 1.5 eV Infrared Photon Dat 12346 |-
m Generally want low T, materials | poenmar oo oon DA cmen 265 |
because | aplane ALO; i |
= Higher sensitivity (Smaller Tc, - (o= Tee |
A=1.72 T kg) _ o
m Finer Energy Resolution 200]- | OB/E=11%at1.5eV_
OF FranoA I \ = 0E=0.17 eV |
BN By [ (goal is to -
_ T improve)
m Hafnium happens to work: :
m Produces high Q resonators (~ ool .
500K) -
m Elemental material (easy to deposit !
& good uniformity) s0l- ]
m Film Tc =450 mK @ 125 nm
thickness = High L, ~ 20 pH/O[] _ ;
m High normal state resistivity = high 70 s s
L Photon Energy (eV)

m measured 7,, ~ 30 usec
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Proposing 5000

MKID Strip
Detectors
= 10,000 MKIDs
=10 mm3Al
=2 x 4” wafers :
6 months :

10" 147 === Stellar constr. (Stueckelberg) : =
1,10,1200 | T===== High mass DM expt. (recast) \ ,I N
Background | ===== Proposed LC expt. \_/
events r—0,000 Strips

1 strip m DM/eV

1002 101  10° 101 102

All questions on this should go to Dave Sutherland and Nathaniel
Craig!



Mazin Lab at UCSB
http://mazinlab.org

We are estimating backgrounds
from. dN/d In E

m Radioactivity
m Cosmic Rays (expt above ground) 10741
m Coherent Photon Scattering off

Atoms
m Stray Light 1075} y (1 MeV)
m Vibrations N Solar v
m [pp — Neutrinos] 108!
..Pulse shape/timing/energy
spectrum discrimination 10710}

0010 0400 1 E/eV 10
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m \We can use MKIDs to sort the G gratng_
orders coming off an Echelle

m No read or dark noise even into
the near-IR

m Huge benefits for faint objects!
m No cross disperser
m Compact, high throughput

m Long linear arrays of MKIDs are
pretty easy

m Making 5 x 2048 arrays with 20
Lm pixel pitch now!
m Can make a R>20k multiobject
spectrograph G o
m 100+ simultaneous fibers? \

m Looking at this for “High
Dispersion Coronography”

m Earth analogues from TMT? MKID Detector

{
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m There are a significant number
of other potential applications:

Satellite-based reconnaissance

X-ray beam line studies

Semiconductor process debugging

(XRF)
Laser communications
Quantum Key Distribution

Biological Imaging (FRET, etc.)

Fundamental Physics/Dark Matter

m Light Scalar Dark Matter!

D

Homodyne
detection




Mazin Lab at UCSB
http://mazinlab.org

5
10 ? I I n I I I I I I I I I I I n I I I I I n I I I I I n I
- /
[ PR /7
R L7 /8 VEecC
10 = Scuba ll@ 7 DARKNESS
- p e 7 NKA2
[ ACT T
g o7 Mg arcelis
g 103 - Scuballjlnltlal)l - SF’? -
© - L7 W SPT (initial) 3
0o - l,Sharc ' @1 aboca & Apex SZ
s i Bolocam .
< 10° b Scuba® ™ @y ambo i o -
Q 3 7’ Q E
o : ‘ 2 =
= - _ @Mambo z ﬁ ]
2 - B Sharc | _2 @ 7
1 7/ T o e
AN S
10 B P 5 =0 a -_
a s 9 2 I8c o 3
- E ot S99 a .
[ < < ]
[ o . E =2 3338 = i
7’ (%) O
10°F ®m -mUKT14 W e 7 -
- 1 1 1 I 1 1 1 1 |T 1 1 1 1 I 1 1 1 1 I 1 IOI 1 I 1 1 1 1 3
1990 1995 2000 2005 2010 2015
Year

Original plot from J. Zmuidzinas



