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General background

An issue with the split-ring homogenization ?
The weak formulation
Model discretization
Simulation results

Conclusions
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Retrieve the S parameters.

Compute g+ and p with
the Nicholson-Ross inversion.

The incident wave on the

Operating in the 6-18 GHz frequency ;};ﬂg:ﬂre Is assumed to be

range —

Metamatarials simulation would permit to define their
dimensions for a resonance between 6 and 18 GHz.
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(_First small parameter s

Homogenization is the exploitation of translational symmetry of the [E&
periodic structure. Instead of solving the problem over the whole §
structure, we only study the symmetry cell.

The incident wave « sees » the material as homogeneous when

o << A.

The computation time, needed memory and the mesh number of
elements becomes reasonable.
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| I

The split-ring array is immersed in a periodic field Be't

The Bravais lattice T is the set of translation vectors -
{T=2tVj}

The fields and the electromagnetic parameters are C-
periodic  p(X+1)=p(x) (foreachtinT)
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B, the ‘fBriIIouin V.- wj — 9 6'
zone”, 1s the dual cell %
of C vol(B) vol(C) = (2m)

$]{(X) — VOI(C) E éilﬂ -(T +X)(p(x + 'E)

C—periodMv )

(p(X): (2175)3 deK eh{ X(/ﬁ K(X) ,/

Bloch analysis consists in throwing ¢(X) into the equation M_T
to be solved, which results in a family of subproblems of
the same kind, one for each wavevector .

The homogenization simplification permits to solve all
these subproblems in one stroke.
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lim (/\“(X)) = §(x)

a—0

C, =aC  (homothety) (po' N (p

de
h" “(y) = £ h (o) = : _
hi(x) = hK()dOL) g —
N C,
C

rot h'(x) =—rot h{(y)

y =x/a

To study the o = O limit, one must be able to compare
the 1’{2 for different o.. "Pull back” to common domain C, by
scaling, to let them all live on the same reference cell.
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—iwd_ +(rot+ixx)h_ =]

j
=0 L&aakimmimmm@_lwb +(rot+ixx)8_ =0

CII\K:gé\K, b = uh_

14 o def. Aa -
Scaling: hK(y) == hK((XY), ete. ;
_i(l)(ldi +(rot + 10K X)hi _ ajz I‘ H

d"=¢ce”“ b =uh" =

K K? K h K
: o ' L
1(1)0'.bK_.‘|‘ (I‘Ot + 10K x)e‘r{ = ()
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divb=0 <(b)=B
b and h C-per.

d <<a=<<A1
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Liwd(x) + ik xh(i) = (k)
d(10)= £ &(x)

iw'/b;(K)JriK X g(K) =0
b= U h(x)

If we only assume that o << A , the
homogenization gives the static effective
parameters . Therefore, no negative
iIndex could be obtained.

Introducing a second small parameter,
the slit's width d solves the previous
problem.




j iouhh' + j _i(rot(h)— j)-rot(h') + j _i(rot(h)-n).(rot(h')-n)=o Vh'test field
uop 1E@ s lew

u-1

Scaling: Gives rot(h)=0

- .

o j iouhh' + o j @((rotﬂa/cx)h“—a i) (rot +iaxx) -

+a I—((rot+|az<><)h“ n)-((rot+iaxx) h*“.n)=0 Vh'test field -
PN :-_-——_

Maintains the balance between the inductive and
capacitive terms.
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having Vxh=0
= d¢ locally as

Instead of meshing the small split, we introduce a cutting surface ==

h=Veg

We model the slit by a
surface > that bears a
capacitive layer.

¢ Is a multivalued
magnetic potential.

¢ have a jump [o]=I.

S through which the magnetic potential has a jump.
Fewer tetrahedra are needed to mesh the unit cell.
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J.,quDVgo'dV + j%Vnggo’dS —
= ar
c_[£
I

Solve this linear system where
the potential ¢ is defined on each
node of the mesh.

Several constrains for the nodes
on the faces of the unit cell and for
the nodes on the cutting surface

Energy of the equivalent cell
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Dya — Pxo = L
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Pra —Pyo =y ‘
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== PN The geometry and the
‘ periodic mesh are created

Hales wreas 0.0
,/"’ o
B

Bmpnmnc 0.1

N

\@/

The mesh is then
transformed by a QT4
program to detect the unit
cell periodicity and to
double the nodes on S.

. N
Photonics Europe

SOLUTIONS The Square Col

CONNECTING MINDS FOR GLOBAL

= o under a COMSOL interface.




Periodic structure: The
opposite faces are meshed
identically.

Each node on a face of
the unit cell is identified
with a node on the opposite
face.
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The nodes on the cutting B=
surface are doubled an the
connected elements to the
cutting surface are
transformed.

The nodes are reordered.
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Potential on the

other nodes Conditions over the
/ magnetic potential :
i ] _(Dm ] _81_ Dya = Pyxo = Cx
: : Do S, Pya — Pyo = Cy
...... Mii Mij ¢)y0 \83 ¢Za_¢zo :CZ
: : (DSH\ = SS o ”
: . Dy i A
...... M e o e My e Do S, \ r L,
: f 28 S Potential of the unit N
: : A cell faces x=0 and
where : M ij :tmji ] x=a nodes —

Potential of the cutting surface nodes

V

New linear system with the following unknowns : @n ?.0 @0 ?0 ¢ €, C, C, |
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— Pya — Pyo = Cx

The matrix M being hermitian : G Mo="5's Vo

M_11 M, My P Sy -
[talm t(leo tgglxa] t|\£12 NI_ZZ M23 ¢X0 = [talm talxo t(Z'xa S2 f_\
tMl3 ‘M 2 Mg Dya S3
M, My, + My, %;,Mrs o, s, .
tM12+tM13 M22+tM23+M23+M33 ZM23+M33 P | = |S27+S;
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Copper cubic ring resonance at 6.25 GHz. Unit cell is 1cm?3 and
the slit’s width is 0.1mm.

The permeability and the current tends to infinity if the ring’s is
very conductive.
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Complex parmeability
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The resonance frequency slightly decreases while the ==
conductivity does.

We assume a skin depth 6 much smaller than the slit's
width d.
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At the resonance 1 10° o — o, p <1,Diamagnetic material
1 .

05t 1L
02 0.5 .
F o4 p——

L 106 0 |

-0.8

-1.2

0 0:5 1 - = ——
00 0.5 1 —

The magnetic field flows through the ring.

The magnetic potential has a jump when passing through the
cutting surface S.
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» The effective permeability, with a negative real part, is
obtained with a minimal computational cost.

» The skin effect is taken into account while the number
of the mesh elements is still reasonable.

» The automated creation of geometries and the short -
time simulation open the way to geometry optimization. 99

» A complex implementation with several mesh
transformations. =

»The ring Is closed and the slit disappears. Therefore this
model is not adapted to the simulation of double split-ring

resonators. O
—
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