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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 

· /ƻƴŎŜǇǘ ƻŦ ŀƴ ŜƴŜǊƎȅ ƎŀǇ нɲ 

· Quasi-Particle 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 

· Instruments using KIDs 

· Conclusion 

 

2 



Useful Literature  

·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 ñIntroduction to 

Superconductivityò 

·T Van Duzer and C.W Turner, ñPrinciples od Superconducting 

Devices and Circuitsò 

·D.M. Pozar, ñMicrowave Engineeringò 

This lecture will cover the basic principles of kinetic inductance detectors more 

information can be found in the following literatureò  

http://www.astro.cardiff.ac.uk/~spxsmd/
http://www.astro.cardiff.ac.uk/~spxsmd/


The quarter wave resonator 
 

Z0 Z0 
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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 in-sensitive to micro-phonics and EMI    



A Brief History of Kinetic Inductance Detectors 
2002 Idea of micro-resonators to be used a photon detector by sensing a change in Kinetic 
inductance (9th Low temperature detectors workshop). 
 

2003 Nature paper (Day et al) released presenting results from observed X-ray pulses and 
expected NEP measurements for mm/submm devices. 
 

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

March 2007 Lumped element Kinetic Inductance Detector (LEKID) first proposed 
 

2007 Caltech demonstrated a16 pixel antenna coupled camera on the CSO. 
 

July 2007 first light on LEKID. 200um cold blackbody detected. 
 

October 2009 antenna coupled MKID and LEKID demonstrate 2mm observations on the IRAM 
telescope. 
 

2009 - 2010 SRON presenting electrical NEPs for antenna coupled MKIDs in the 10-19 W/Hz0.5 

range. 
 

2010 Caltech JPL present TiN material with measured electrical NEP of MKID resonators of 3x10-

19. This material is ideal for  the LEKID. 
 

2010 NIKA team return to IRAM with a 2 channel system (150 GHz 220GHz) and demonstrate the 
best on sky sensitivity of a KIDs camera to date (only a factor of two within the photon noise 
limit)  
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The complex conductivity of Superconductors 

R 

T 
TC 

pure metal  

(e.g. Cu) 

superconducting 

some metals 

(e.g. lead) 

Paired electrons start to form 

Physical properties radically change at Tc but to continue to vary down to 
zero Kevin 9 



The conductivity of normal metals 
(Drude model)  

 ̱is typically of order 10-14s and at practical frequencies, say f=5GHz (=̟3x1010)  
ƭŜŀǾƛƴƎ ˖2 2̱ << 1 and the imaginary term negligible.  

m =  9.1x10-31 

nn å 10
29 
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Conductivity of non-scattering electrons 

The phenomena of superconductivity arises from the non-scattering properties of 
the superconducting electron population ns. 
 
Consider the Drude model where ̱ Č қ ǘƻ ŘŜƴƻǘŜ ŀ ƴƻƴ-scattering electron 
population ns. 
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The first London equation 
We can write the current density J in a superconducting volume as the response to 
the superconducting electrons to an electric field E. 

Consider the response of a superconducting to a time varying (AC) field 

E=E0cos(ɤt): 

 

 

First London equation: 

The electrodynamics of a 

perfect conductor 
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The London penetration depth  

For a non-scattering electron volume 

For a superconducting electron volume 

!ǇǇƭȅƛƴƎ aŀȄǿŜƭƭΩǎ Ŝǉǳŀǘƛƻƴǎ ǘƻ ŀ ǇŜǊŦŜŎǘ ŎƻƴŘǳŎǘƻǊ ŘƛǎǇƭŀȅǎ diamagnitism of AC 
magnetic fields. 
[ƻƴŘƻƴ ŀƴŘ [ƻƴŘƻƴ ǎǳƎƎŜǎǘŜŘ ŀ ǎŜǘ ƻŦ ŎƻƴǎǘƛǘǳǘƛǾŜ ŎƻƴŘƛǘƛƻƴǎ ǘƻ aŀȄǿŜƭƭΩǎ 
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 ˂ L. 

The London Penetration depth 
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¢ƘŜ ŎƻƳǇƭŜȄ ƴŀǘǳǊŜ ƻŦ ˋ2   

The conductivity of the non-ǎŎŀǘǘŜǊƛƴƎ ŜƭŜŎǘǊƻƴǎ όˋнύ ƛǎ ŎƻƳǇƭŜȄΦ ¢Ƙƛǎ ƛƳǇƭƛŜǎ ǘƘŀǘ ǘƘŜ 
super-current (Js) is not in phase with the applied field E. Consider a field applied to a 
single non-scattering electron:  

The electron will accelerate with the 
field gaining velocity and 
momentum. When the field is 
reversed the electron must first loose 
this momentum before changing 
direction. The current lags the field 
by 90ϲ due to the kinetic energy 
stored within the electron ς hence 
KINETIC INDUCTANCE. 
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The two fluid model 

In 1934 Gorter and Casimir put forward the concept the two fluid 
model to explain the electrodynamics of a superconductor. 

A a superconductor passes through Tc 
the free electrons begin to pair up to 
form what is know as Copper pairs. As 
the temperature is lowered from Tc to 
zero Kelvin, more electrons from non-
scattering pairs until all of the free 
electron population is paired a T=0  
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The two fluid model 

¢ƘŜ ƴƻǊƳŀƭ ǎǘŀǘŜ ŎƻƴŘǳŎǘƛǾƛǘȅ όˋ1) due nn, reduces rapidly as we cool from Tc 
ǿŜǊŜ ŀǎ ˋ2 ƛƴŎǊŜŀǎŜǎΦ ¢ƘŜ ǇǊŜŦŜǊǊŜŘ !/ ŎǳǊǊŜƴǘ ǇŀǘƘ ǎƘƛŦǘ ǘƻ ˋ2 as we move 
ǘƻǿŀǊŘǎ ¢ҐлΦ 5/ ǊŜǎƛǎǘŀƴŎŜ ƛǎ ŀƭǿŀȅǎ ȊŜǊƻ ŀǎ ŀƴȅ ǊŜǎƛǎǘƛǾŜ ǇŀǘƘ ŦǊƻƳ ˋ1 is shorted 
ōȅ ǘƘŜ ƛƴŦƛƴƛǘŜ ŎƻƴŘǳŎǘƛǾƛǘȅ ƻŦ ˋ2 if =̟0     

ɤ=1010Hz 
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Total Internal Inductance 

{ƻ ŦŀǊ ǿŜ ƘŀǾŜ ŘŜǊƛǾŜŘ ˋм ŀƴŘ ˋн ǿƘƛŎƘ ƎƛǾŜ ǘƘŜ ŎƻƴŘǳŎǘƛǾƛǘƛŜǎ ǇŜǊ ǳƴƛǘ ǾƻƭǳƳŜ ƻŦ ŀ 
scattering and non-scattering electron population. Recall the second London equation: 

This property of a superconductor states that a magnetic field and hence 
current is limited to flow within a thin volume defined by L˂ of the 
surface. Looking at the cross-section of a superconducting strip give us 
the following model:  
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Total Internal Inductance 

We can calculate a value of the Kinetic Inductance (Lk) by equating the kinetic 
energy stored in the super-current to an inductor. 

The Kinetic Energy per unit volume is: 

The current density per unit volume is:  

We can write the kinetic energy 
per unit volume in terms of ˂L 
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Total Internal Inductance 

As stated before the current can only flow I within the volume defined by L˂.  

Recalling that the current density J=I/A we can look at Lk for the following two 

cases of a thick and thin superconducting film of width W: 

(a) t>>ɚL  Area å 2WɚL (b) t<<ɚL Area å Wt 
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Total Internal Inductance 
Equating the energy stored in and inductor with the KE for each case 
gives the kinetic inductance Lk per unit length for the strip.  

For the case where ˂L << t 

For the case where ˂L >> t 
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Square Impedance 
It is useful to write Lk in terms of a square 
impedance. Here we simply look at the 
impedance of a strip where the length is 
equal to its width (a square patch). Is the 
case of calculating resistance the above 
example becomes: 
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Internal Magnetic Inductance (Lm)  

There is also a inductive term associated with the with the magnetic energy 
stored within the current flowing within the the volume defined by L˂. This 
internal magnetic inductance also varies with L˂. 
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Derivation is lengthy but can be found in the literature 



Lk and Lm for practical film thicknesses   
Quite often we are working between the limits of t << lL and t >> lL. In this 
ŎŀǎŜ ǿŜ ƴŜŜŘ ǘƻ ǇŜǊŦƻǊƳ ǘƘŜ ǎǳǊŦŀŎŜ ƛƴǘŜƎǊŀƭǎ ŦƻǊ ŎǳǊǊŜƴǘ ƻǾŜǊ ǘƘŜ ŜƴǘƛǊŜ ŬƭƳ 
cross-sectional area and take into account any variations in current density.  

23 



Total Internal Inductance 

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