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* Far-IR background limited detector
— Wavelength: 35-600um
— Noise Equivalent Power (NEP) @ 10-8to 1021 W/Hz/2

* Applications
— Cryogenic satellite missions

— Aim: Background-Limited Infrared-Submillimeter
Spectrograph (BLISS) on the Japanese Space Infrared
Telescope for Cosmology and Astrophysics (SPICA)
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* Bolometers

Resistance

— Photons heat absorber

* Temp. measured
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* Superconducting Resonators

— Microwave Kinetic Inductance
Devices (MKIDs)

* Photons detected by resonance shift

— Variable Inductance

* Multiplexable on single feedline

Quantum Capacitance Devices (QCD)
e Same multiplexibility as MKIDs

e 2-3 orders of magnitude more sensitive
* Operating temp. ~100mK
* Large signal to single quasiparticle tunneling event

16x16 pixel MKID array



* Energy resonates “VL-C
between stored
Inductance and
Capacitance at a
specific frequency

POUt

Simplest model
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* Energy resonates
between stored
Inductance and
Capacitance at a
specific frequency

* Can have analogy with
microwave circuits

— If L is fixed, C controls
the resonance
frequency

POUt

MW Feedline

—

AF
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* Need a variable capacitance that depends on
incident power

* Single Cooper-pair Box (SCB)
— Fabricated using superconductor-Insulating-
superconducting (SIS) Junction

— Initially studied for use as a quantum bit (qubit)
* Very sensitive to THz radiation
 Difficult for guantum computing

 Turned around to make a detector for that same
radiation
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* A biased SIS junction

— Sub-pm junction in Lead sland = |
. . 2 q=-2ne
series with gate C, t Ci o O
— COSt tO add one ISuperconductor=
(L)
=/

electron
e SE=E-E /2 >>kgT
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* SIS junction

— Sub-um Insulator junction

— Incoming photon break up
Cooper-pairs
* Number quasiparticles
generated
— ng, = nhv/A

» n=0.57, conversion
efficiency

» A = superconducting gap
energy

Island
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Measurement

* Need:

— Dilution refrigerator
* ~100mK

— RF readout capabilities
 Single feedline
— DC Bias

— Source of Photons

* Black body source

Attenuator

IQ Mixer
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Blackbody source
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Aperture (2 mm dia.)

.............................. . 15THZ band pass
filter, 10% band

Inside Radiation Shield 3THz low pass filter
0.03” Teflon

Bock Black

Hyper-Hemispherical
Si Lens
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* Black body source and filters provide 1.5THz radiation from
4.2 — 40 K. The Bock Black absorbs stray 4K radiation fr1c7>m

the fridge.




/ Still Aperture

g0

* [l[luminates single
pixel

— No response in
surrounding pixels

Hyper-hemispherical Lens _|
E 2 ~ Si Wafer 0-
Sample wafer

T Absorber




Tank Circuit
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Lead = Absorber

Au Antenna

Island

Nb plugs .

Al SIS junction

Nb plugs prevent backflow of Shadow Mack

qguasiparticles into absorber, due Double Angle
to larger energy gap. Evaporation
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e Phase Noise

— Coupling to two-level charge fluctuators on the substrate
and surface
» 1/f noise
e Generation/Recombination (GR) Noise

— Thermal excitation and recombination of equilibrium
qguasiparticles

— Mostly frozen out

* Fano Noise
— Uncertainty of the number of quasiparticles generated

* Telegraph Noise
— Quasiparticle shot noise
— Largest contributionin a QCD

22



IIOISE !QUIV&'EH! !OWEF “!!!;

 The signal power that gives a sighal-to-noise
ratio = 1, within a bandwidth of 1Hz.

— Used as a standard to compare different kinds
of detectors

— Units of W/Hz/2
— Lower values = more sensitive detectors

Noise
NEP =

Responsivity

T dResponse

Responsivity = Power
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WWET-

* Detector density limited by A/2 resonator length
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IIIuminated Pixel
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* 2e periodic QCD phase signal vs. gate voltage for various
black body powers. More photons, smaller signal.



Gate Voltage Driven at 1kHz
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Noise (V{Hz)
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Response (V2/Hz)
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e Calculated NEP from response and noise.
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* Fityields:

— Charging Energy
* Ec=0.51K

— Josephson energy
* E=14K

— Junction capacitance
* C,=0.55fF

— Gate capacitance
* C,=1.26fF

In Ph. sig. (V)

Quad. sig. (V)
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* Tunneling rates comparable to measurement time 1/l

Apply procedure by Naaman and Aumentado -PRL 96, 100201 (2006)
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* Shows extent of quasiparticle poisoning

* Can be used to find Tunneling Rates
— Double check and fit Response

* Physical understanding of detector
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 Si Fresnel Lens

— Compact way to make
a lens

— Fabricated at JPL
* By ebeam lithography

Normal Lens

Fresnel Lens
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Absorber location
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* QCD array is
aligned/mounted to
Fresnel Lens array

— Each lens is focused onto
each QCD antenna

— [lluminates all pixels
— Can scale with QCD Array

* Limited by resonator size
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Black Body Source W

I |
Still Aperture

Smaller
Aperture/Broader
power distribution

— llluminates entire
array

Si Fresnel Lens Array ~ . . . . .
QCD Array —
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Quantum Capacitance Detector

— Optimal operating temperature
= 85-90mK

— Current Cutting Edge
e NEP = 7x1020 W/Hz/2 :

at 9x102° W (200um) 10"k

— Telegraph Signal

* Can find power dependence of [, 20 [,

and I’ 10" 10" 10" 10" 10" 10™
out P(W)

W/H

NEP

O-=+—" BLISS Target
EEETTT] B R R TIT B R SRR T B

— Fits to Response data very well

— Current work

Applied Physics Letters 100, 263509 (2012)

* Fresnel lens array

e Optimizing detector design »
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* Test new geometries

— Copper aperture array —
— Large BB and Still Aperture

* Pulsed Single Filament Black
Body Source

Black Body
'

— Quicker response

Heater

Temp. Sensor Filament
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 New design - Spectroscopy

— Detector density will
maximize detector
absorption by approximating
an index of refraction-
matched thin film.

— Similar advantages to current

QCD design o
Tank Circuit
* Frequency multiplexing e \
* Sensitivity i N2Resonator  subym SIS Junction S8
— Added advantage -
®” Q¥
* Higher absorption rate = : XX KX XX
* SCB/SIS redundancy :['TGZ .
* Able to close the gap in the P YT
long-wavelength bandwidth , § gene &

52

of current detectors.



	Quasiparticle Tunneling Measurements on an Illuminated Quantum Capacitance Detector Array
	Outline
	Project Objective
	Relevance to Astronomy
	BLISS on SPICA
	Outline
	Existing technology
	Other Options
	Microwave Resonators
	Microwave Resonators
	Single Cooper-Pair Box (SCB)
	Single Cooper-Pair Box (SCB)
	Slide Number 13
	Single Cooper-Pair Box (SCB)
	Outline
	Apparatus
	Experimental Setup
	Single Si Hyper-hemispherical Lens 
	Quantum Capacitance Detector�
	QCD Absorber
	Outline
	Noise Sources
	Noise Equivalent Power (NEP)
	Slide Number 24
	Outline
	QCD 5x5 Array
	Resonances
	Results – QCD phase response�Illuminated Pixel
	Results – Noise (85mK)
	Results - Sample Temp. Dep.
	Results – Response (85mK)
	NEP Calculation (85mK)
	Telegraph Signal
	Slide Number 34
	Slide Number 35
	Slide Number 36
	Telegraph Noise - Histogram Peaks
	Telegraph Signal – Dwell Time
	Slide Number 39
	Tunneling Rates – Sample Temp. Dep.
	Tunneling Rates – Power Dep.
	Telegraph Noise
	Outline
	 Si Fresnel Lens
	Scale-up: Fresnel Lens Array
	Signal Amplitude Distribution
	Aperture Adjustments 
	Conclusion
	Acknowledgements
	Thank you
	Future Steps
	Future Steps - Spectroscopy

