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1961: STJ detector proposed

VOLUME 6, NumsEn 3 PHYSICAL REVIEW LETTERS Feazvary 1, 1961

SUPERCONDUCTORS AS QUANTUM DETECTORS FOR MICROWAVE AND
SUB-MILLIMETER-WAVE RADIATION®

E. Burstein, D. N. Langenberg, and B. N. Taylor
University of Pennsylvanin, Philndelphia, Penesylvania
{Recelved January 8, 1981

FIG. 1. {a) Quasi-particle
and rgy band diagrams for an
M|B|5 structure and an 5,/ 8|5,
gtructure in whick the two
superconductors are the same.
(b Tannelling of optically ax-
clted carrlers in M| 5|5 and
5,815 atructures under low
bias voltage conditions.




1958: Mattis & Bardeen

PHYEICAL REVIEW VOLUME 110, NUMBER 2 JULY 15, 108K

Theory of the Anomalous Skin Effect in Normal and Superconducting Metals®
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Brief History

1987: McDonald (NIST; APL 50, 775)

— kinetic inductance thermometer near T_ with a SQUID readout for
bolometry

1992: Bluzer et al (Westinghouse; PRB 46, 1033)

— electron relaxation in Nb (normal & superconducting) with laser pulses

1995: Bluzer proposes “QSKIP”
— IR kinetic inductance detector, YBCO, with SQUID readout
— Operating at T<<T,

1995: Gulian & Van Vechten (APL 67,2560)

— microwave dissipation readout (see next slide)

1996: Sergeev & Reizer (IJMP B 10, 635)

— “Our calculations show that due to the exponentially small quasiparticle heat
capacity and exponentially large recombination time, the low-temperature
kinetic inductance response of ordinary superconductors is very promising for
applications in sensitive detectors.”



1995: Microwave dissipation readout

NHonsguilibrium dynamic conductivity of suparconductora: An sxploitable
basis for high-energy resolution x-ray detectors
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1999: First MKID proposal

Proposal to JPL Director's Research and

A Hovad Superconducting Cetactor and Multiplaxed Readout Concapt
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Issues considered in proposal

1. Responsivity (Mattis-Bardeen, expected Q)

2. Intrinsic detector noise
— Random generation & recombination of quasiparticles
3. Microwave amplifier noise
4. Limitation on maximum microwave power
—  Absorbed microwave power < optical power
5. Phase noise of readout system
6. Expected NEP (below 1018 W Hz1/2)
7. Multiplexing:
—  “Digital techniques are especially attractive since in principle
multiple frequency components could be generated or
analyzed simultaneously. However, the efficacy of digital

techniques will depend on the frequency spacing (detector Q)
and the available clock rates”
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Far-IR TIN MKID Array
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Resonator Readout

Cryostal quad rature
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Multichannel Readout Electronics

RF in

RF out
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MUSIC readout at Omnisys AB

Johan Riesbeck, Martin Kores, Anders Emrich




Conductivity Perturbations

Start at T=0 and turn on thermal, optical, and microwave excitation:
o(T =0) = alT) — a(T, Popty Prend)

Then analyze effect of small perturbations o1, dPrend
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K,(E)

Response to Quasiparticles
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A (too?) simple model

lgnore microwave heating of quasiparticles
— Follow Owen-Scalapino: f(E) x ¢ %/¥

— Reduce problem to one variable: x,

c% = - [Sw,T) - jSi(w,T)] 2.:‘:::]::;1/
A )
Si(,T) = =4/ = sinh(hw/2KT) Ko(hw/26T)
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Quasiparticle Generation

* Allow microwave generation of quasiparticles:

ANy,
ki

1 goeu

1 opt
111'1.:}111

| R (should add g-r noise term)
rl.h + Fuu]:l + Fruud
ﬂuiJLIJuIH/A 0< ot & 1

']"i'rln.m.»:i-Er i'cud f' A 0< Hread <1



Quasiparticle Recombination

_ 1
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See Kaplan et al, PRB 14, 4854, 1977



Quasiparticle Recombination
Barends et al PRB 79, 020509 (2009)
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Quasiparticle Recombination
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Calculating MKID Responsivity

e Set generation = recombination
— Calculate N (T, Pyois Preag)

* Analyze small perturbations

— Could include frequency roll-off due to resonator
bandwidth & quasiparticle lifetime, nonzero
generator-resonator detuning, microwave power
feedback, etc.

ﬂupLqudI,

— Keep it simple here: diNy, = A Gl

dNyp  Xe = 4Q?{ Q)i £1
H:]p Xi — Qi/Qi,qp <1

dSa;1 = xt‘fi [1+ jd(w,T))



Noise: Gao et al. 2007
(APL 90, 102507)
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Surface TLS noise reduction with IDC

Noroozian et al. LTD 2009 (AIP Conf. Series vol. 1185)
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* Demonstrates that noise source is “capacitive” rather than “inductive”
e Consistent with surface distribution of TLS fluctuators (Gao et al 2008 a,b)

e Conclusion: develop better (TLS-free) capacitors !



Dissipation Readout

No TLS noise for dissipation readout
— Baselmans et al. approach for NEP < 108 W Hz'1/2

Amplifier noise NEP:

N E.I.:mup = L—-Jnrumi kj:uupj ;:J]:I / XeXiNopt
Achieved when:

Thrond I rond = Hopt 1 ::J]:t
Compare to photon NEP:
— Tomp ~ 2 K'should reach BLIP in submm/far-IR

— Achievable with SiGe bipolar amps (Bardin/Weinreb)
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Titanium Nitride
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EP of TiN CPW Resonator
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Cleland-Benford Plot
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Much higher Q is possible
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Cleland-Benford Plot
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Conclusions

e Good progress in our fundamental understanding

— Key issues remain, e.g. quasiparticle recombination, effect
of microwaves

e Major progress toward system demonstrations

— Readout electronics rapidly approaching reality

 New materials offer very exciting prospects
— Combination of high resistivity and very high Q
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— NEP below 101 W Hz /2 how looks quite feasible



Prospects

e Far-IR absorber-coupled pixels
— Cardiff Lekid design looks very simple & attractive
— GSFC has alternate concept

— Pixel-pixel microwave coupling is a critical issue,
but appears to be solvable

 Antenna-coupled detectors:
— Will be deployed in MUSIC (24x24 x 4 color)
— Conceptual design for uSpec (Moseley)
— Offers considerable volume reduction

 The full potential of TiN should be explored !






Calculating f(E)”

FHYSICAL REYIEW B VOLUME 15. NUMBER 5 | WMARCH 1§77

Kinetic-equation approach to nonequilibrium superconductivity* ®

Jhy:Jiun Chang and D). 1. Scalaping
Deparimend of Fiyocr, Ummvery of Colifornia, Sontr Barborn, Califorma #3706
(Recsived 26 Fuly 157R])

The Popsipsidiclefisjetdsonith energy E changes becdksanon absorption Phonon emission
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