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Scope of this lecture

An introduction to the Kinetic Inductance Detector

A brief history of Kinetic Inductance Detector

Complex Impedance in Superconductors
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QuastParticle Lifetimes

Basic concepts in microwave theory

Resonator Theory

The Lumped Element Kinetic Inductance Detector (LEKID)
Optical coupling to a LEKID

Optimizing a practical LEKID geometry

Measuring performance of a LEKID

Readout Electronics and multiplexing

struments using KIDs




Useful Literature

This lecture will cover the basic principles of kinetic inductance detectors more
I nformation can be found in the foll ow

Lumped Element Kinetic Inductance Detectors , Doyle PhD
thesis http://www.astro.cardiff.ac.uk/~spxsmd/

Course notes to follow

A.C Rose-Innes and H.E. Rhoderick il nt roducti or
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TVanDuzerand C. W Turner, ANPrinci
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The quarter wave resonator
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The Lumped Element Kinetic
Inductance Detector
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Why use KIDs

Very easy to fabricate, in some cases single deposition and
etch step.

Very sensitive and should reach the photon noise limit for
most applications

Can be very broad band

Highly multiplexed in the frequency domain so making large
arrays is simple

Relatively irsensitive to micrephonics and EMI



A Brief History of Kinetic Inductance Detectc

2002 Idea of micr@esonators to be used a photon detector by sensing a change in Kinetic
inductance (9 Low temperature detectors workshop).

2003Naturepaper (Day et abeleased presenting results from observeda) pulses and
expected NEP measurements for nambmmdevices.

2005MazinPhD thesis published first in depth study of Kinetic Inductance detectors.

March2007 Lumped element Kinetic Inductance Detector (LEKID) first proposed
2007 Caltech demonstrated al6 pixel antenna coupled camera on the CSO.
July2007 first light on LEKID. 200um cold blackbody detected.

October2009antenna coupled MKID and LEKID demonstrate 2mm observations on the IR
telescope.

2009- 2010 SRON presenting electrical NEPs for antenna coupled MKIDs intve/H2°->
range.

2010Caltech JPL preseniNmaterial with measured electrical NEP of MKID resonators of 3
19, This material is ideal for the LEKID




The complex conductivity of Superconductol
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The conductivity of normal metals
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Conductivity of norscattering electrons

The phenomena of superconductivity arises from the-soattering properties of
the superconducting electron population.n

Consider theDrudemodel where. C kG 2 R S y-&dtt&ring-elegtr@ny
population n.
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The first London equation

We can write the current densityin a superconducting volume as the response to
the superconducting electrons to an electric fiéld

J=0cE

Consider the response of a superconducting to a time varying (AC) field
E=E,cos(¥ 0:

I = nee? £ nee? . .
s = I el J Lo COS W
dJ 2 - |
Nne € First London equation:
— E The electrodynamics of a

dt m perfect conductor




The London penetration depth

Free space e e For a nomrscattering electron volume

B(a)

0'ts

For asuperconductingelectron volume

B=B(a)exp(-x/i.)

=

x B(x)=B(s)exp ( Jm/;xn ez)
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equations so that both DC and AC fields as expelled from the bulk of a
superconductor,

The field decays to 1/e of its value at the surface within the London penetration
depth <.

The London Penetration depth
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The conductivity of thenod OF § § SNAY 3 St SOGNRYa&a O HO )
supercurrent () is not in phase with the applied fielel Consider a field applied to a
single nonrscattering electron
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The electron will accelerate with the
field gaining velocity and
momentum. When the field is
reversed the electron must first loos
this momentum before changing
direction. The current lags the field
by 9@ due to the kinetic energy

| | : stored within the electrorg hence
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Time (s)

Electron Velocity (m/s)

E Field (V/m)




n./n

The two fluid model

In 1934Gorterand Casimimput forward the concept the two fluid
model to explain the electrodynamics of a superconductor.

4
E:l_(l) Ngp =N — Ny
n T,
1o } A a superconductor passes througih
081 the free electrons begin to pair up to
06l form what is know as Copper pairs. As
: the temperature is lowered fronicto
04T zero Kelvin, more electrons from non
ool scattering pairs until all of the free
ool electron population is paired a T=0




The two fluid model
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Total Internal Inductance
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scattering and nosscattering electron population. Recall the secdanddon equation:

B(x)=B(s)ex ( A ) A = m
P \/m/,uonsez L Vuonsez

This property of a superconductor states that a magnetic field and hence
current is limited to flow within a thin volume defined kyof the

surface. Looking at the crosection of a superconducting strip give us

the following model:

(a)

- Current flow - No field penetration




Total Internal Inductance

We can calculate a value of the Kinetic Inductamgeby equating the kinetic
energy stored in the supesurrent to an inductor.

. . - 1
The Kinetic Energy per unit volume is: KE = > MM
The current density per unit volume is: Jo = —n.evs
m
A =
LU0 ‘uonsez

We can write the kinetic energy

per unit volume in terms im o, 1 o5
oh KE = .62 J§ = E.LLOAL]S




Total Internal Inductance

As stated before the current can only flow I within the volume defineg, by

1 1 1
J2 = S uolf)Z KE = = L I? = —ﬂoﬂ%f Js ds
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KE = 1 m
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Recalling that the current density J=I/A we can look at L, for the following two
cases of a thick and thin superconducting film of width W:
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(@) (b)

. Current flow . No field penetration
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Total Internal Inductance

Equating the energy stored in and inductor with the KE for each case
gives the kinetic inductandg per unit length for the strip.

1 2 1 2
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Sguare Impedance

It is useful to writel, in terms of a square
Impedance. Here we simply look at the
pedance of a strip where the length is
equal to its width (a square patch). Is the
case of calculating resistance the above

t example becomes:
W
. L  Lii=w W 1 0
P TPy TPy T PY (Q/sq)
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Internal Magnetic Inductance ().

There is also a inductive term associated with the with the magnetic energy

stored within the current flowing within the the volume defined QyThis
internal magnetic inductance also varies wih

\

w
(a)

A

- Current flow - No field penetration

Derivation is lengthy but can be found in the literature
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L, and L, for practical film thicknesses

Quite often we are working between the limits of t kkand t >3 |. In this
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crosssectional area and take into account any variations in current density.

A Superconducting Medium y
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Total Internal Inductance

Typical film thicknesses used for
KIDs are of the order of 40nm or
less. Kinetic inductandek
dominates in this regime and Lm
can generally be ignored.




