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Optically coupled microdisks
& as simple photonic molecules
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Laser: electro-thermo-optical device

“Cold-cavity model” without / with gain
EM field confinement

transport heating
of carries & cooling

Necessary Parts of Comprehensive Simulation
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Reduction to 2D problem in disk plain

Effective index
method

For example, if disks are made of GaAs and disk thickness 1s 0.1 of radius,
a=3.374,1=1.55um

E. polarization = — . . .

<P a, =131 in thin disks, only H, pol.

H .
H, polarization (L, = 263 modes can be studied
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2-D lasing eigenvalue problem
~ cold cavity with gain ~

—

¢ Helmholtz equation off the boundary
(A+k2v2)U(r,q0) =0

\/;=v=aeﬁ,—i7/

1s effective refractive index

1s threshold material gain

¢ Transparent boundary conditions
¢ Sommerfeld radiation condition at infinity

The real-valued (x;, ) are the eigenparameters
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Single microdisk: fundamental features

All modes 1n a single microdisk are double degenerate

periodicity of lasing frequencies:

1
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super-low thresholds:
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high thresholds:
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Geometry of two-disk
photonic molecule
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Four symmetry classes

4,=B,;4,=If4, 4,=B 4, =14, 4,=-B ;4 =(-IV 4, A=-B ;4 =(-y" 4,
C,=D;C =(-1C, C, =D ;C =y"C, C,=-D ;C, =(-1yC, C =-D ;C =(-1)"'C,

Series expansions of the field function in local coordinates
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Coupling leads to quartets of similar non-degenerate modes
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Infinite matrix equations

Sommerfeld radiation
condition at infinit

boundary conditions

ot

Fredholm second kind equation

A gy =D g
" "F (k) (k)
x,=A,I(F,(kv)J, (k), xk=ka;, p,=1/2,ifp=0andpu, =1, ifp=0

(k(w/a+2) £ (=) HY (x(w/a+2))}

m—p

F, () =J, () H )" ()= BET o HD (1), VI (e,v) = T, (xv) ) (1) = 75T (k) ()
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Dependences of frequencies on the distance
between resonators, H, polarization

[¥¥]
t3
]

3,204

=11
=
o
©
-
2
=
il
=
=
o
=
1
s
o
—
=
=]
o
=
=
—-—

ka. normalized frequency of lasing

_ ~ ' 1 v 1 ' 1 v 1 v )
05 _ ?.CI L5 . 02 04 0.6 08 L0
wra, relative distance between resonators wa. relatrve distance between resonators




B Retimanam
Dependences of thresholds on the distance
between resonators, H, polarization
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Thresholds in PM can be slightly lower than in a single microdisk




Near-field patterns, (H,)s 1
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Conclusions

Each mode in a PM of N microdisks splits into
2N new coupled ones

Modes obtain frequency shifts - half are
redshifted and other half are blueshifted

It 1s possible to achieve a threshold that 1s
slightly lower than for an 1solated disk
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