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What is 
“microwave photoluminescence

on-a-chip”
?



Once upon a time….

Edge magnetoplasma excitations in quantum wire arrays
W. H. Hsieh et al APL85, 4196 (2004) W. H. Hsieh et al  Physica E 40,1681 (2008)
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To put your 
devices in the gap

7200 quantum wires
in Prof. Suen’s expt. 

Microwave

We proposed to
study single JJ 
array



Cavity vs. waveguide
Cavity Waveguide

Single mode photon

Enhanced coupling

J.-T. Shen and S. Fan, PRL 95, 213001 (2005)

Of great success

Not widely studied

Continuum of photon modes



A recent breakthrough



More optical ideas can be tested 
in this way…



A broadband photon transistor 
can be demonstrated…



Why 1D arrays?



Arrays with tunable Josephson coupling energy

1E+10

1E+4

1E+5

1E+6

1E+7

1E+8

1E+9

0.50.0 0.1 0.2 0.3 0.4

R
0

(�
)

�����

�

The SQUID structure renders 
a EJ-tunable 1D array 

EJ minimum

EJ maximum

0

0

cosJ JE E ��
�

�

The zero-bias resistance becomes 
minimal when EJ is maximal.

EJ0=325 20�eV
EC= 45 5�eV



Superconductor-insulator transition

� Tunable 1D superconducting 
system Josephson coupling 
energy(EJ), charging energy(EC) 
and dissipation

� Exhibiting Superconductor-
insulator phase transition tuned by 
dissipation or EJ/EC value

W. Kuo and C. D. Chen PRL87, 186804(2001)
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Direct detection using 1D arrays
21 0

0
(2 ) ( cos )dc acG G V V u du

�
� �� �	Classical detector model

Long array short arraymodel

S. Liou, W. Kuo et al, NJP 10, 073025(2008)
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1D arrays as parametric amplifiers 

M. Castellanos-Beltran and K. Lehnert, APL 91, 083509 (2007).



1D arrays as meta-materials

M. A. Castellanos-Beltran, K. D. Irwin, G. C. Hilton, L. R. Vale, 
and K. W. Lehnert, Nat Phys 4, 929 (2008).

A. Rakhmanov, A. Zagoskin, S. Savel’ev, and F. Nori, PRB 77,
144507 (2008)



Characteristic energy scales

Josephson coupling energy (charge hopping) EJ0~ 100�eV

Charging energy (on-site repulsion) EC~ 100�eV

Photon energy 1GHz ~ 4�eV

Temperature 50mK ~ 4�eV



Experimental setup
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To probe 
photon coupling strength…
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The screening interpretation
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Ground

Superconducting state

Eext Ein
Charges are mobile so as 
to screen the external 
electric field

The charge screening is 
weak



Polarization dependence
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Effective coupling strength

The coupling strength is related to the ground state properties of the array
Obviously beyond the scope of impedance matching

Size-dependence:
For the long array the effective coupling is significantly larger than that of the 
short array 

Flux-dependence:

Reflects the standing waves in the waveguides, but also indicates specific 
absorption bands for arrays

Frequency-dependence:



Microwave scattering 
parameters…



Weak coupling
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Strong coupling
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RF/MW transmission
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Frequency dependence (strong)
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Frequency dependence (strong)
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Frequency dependence (strong)—
effect of standing wave
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Sensitivity
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Bias dependence (strong)
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As a next step, to probe 
quantum levels…
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Resonance structure--field scan
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Hysteretic behavior
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Summary

• 1D array can be used as a tool for studying 
microwave photon coupling strength.

• Microwave PL is an ideal approach for investigating 
the quantum levels of superconducting devices

• Photon absorption may be used to probe quantum 
phase transition 



More devices are ready for 
cooled down….

2D JJ arrays Single SQUID



Ongoing projects

• A microwave PL study on single SQUID.

• Microwave cavity for single artificial atom detection

• Microwave meta-materials engineered from 1D arrays, 
Slow light, EIT etc

In cooperation with Academia Sinica and NCUE

Fail to observe any resonance

SQUID



Collaborators

IOP Academia Sinica

Prof. C. D. Chen

NCUE Physics

Prof. C. S. Wu

NCHU Physics

Prof. Y. W. Suen

Mr. Saxon Liou (PhD student)
Mr. W. C. Jian (PhD student)

Prof. C. C. Chang

Thanks for your attention
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Theoretical modeling

Large charging energy Large on-site Coulomb repulsion

low energy physics of the hard-core model can be treated by using an 
effective soft-core boson model with a 2-particle running coupling 
constant

The total field is reduced by the induced field by the non-uniform 
charge density

Introduce the long-wavelength external excitation

Evaluate the induction field by single particle Coulomb potential

The coupling strength is obtained

In cooperation with Prof. C C Chang
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