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Background 2

The Radio Frequency lIdentification (RFID) system
IS composed of the RFID tag and reader.
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Background

The RFID system Is promising for various
applications, such as remote sensing and retall

management.

Optimization of the RFID
antenna and IC chip Is of
Importance.
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Background

Optimization of the RFID tag is difficult because of
analysis of RFID tag.

« Takes into account between RFID antenna
RFID antenna and IC chip IC chip /

+ Requires time domain L‘L/

computation
S = ‘. -4 7
Optimization of the RFID tag x L+ TR
requires high computational cost. .

Example of IC chip



Background

To overcome these problems, we accelerate the
coupling analysis of electromagnetic field and
nonlinear circuit.

TP-EECUI! method is applied to coupling analysis
for acceleration.

[1] Y. Takahashi, T. Tokumasu, A. Kameari, H. Kaimori, M. Fujita, T. Iwashita and
S. Wakao, “Convergence acceleration of time periodic electromagnetic field
analysis by the singularity decomposition-explicit error correction method,” IEEE
Trans. Magn., vol. 46, no. 6, pp. 946-949.
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TP-EEC method

The time periodic explicit error correction method
accelerates convergence to a steady state.
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One dimensional example

Let us consider the following equation

du
Ut = f(t) (1)

Equation (1) is discretized by finite difference In
time as follows:

(C+Du"—Cu"*t=F" (2)
where

C=0-1+" 0<6<1
At

F'=0f"+(1-0)f"*



One dimensional example

Let us consider the following equation

d
u+rdl:: f(t). (1)

Equation (1) is discretized by finite difference In
time as follows:

(C+Du"—Cu"t=F" (2)

It is assumed that convergence to a steady state Is
as slow as follows:

C zi>>1.
At
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One dimensional example I

The stationary solution of (2) is denoted by u*(t). Error
e"=u*(nAt)-u" obeys

(C+1e" =Ce"™"

Therefore, the error e" is given by
o o o1 At g
1+¢ C

We introduce error vectors e defined for each period as

1/(Ql+e) | [ 1-¢ ] 1] —(N-1)]
1/(1+¢) 1-2 1 :

e= (J:rg) el ~ :g eoz(l-gNJrlj. eo—; el
1/1+¢)" | [1-Neg| 1] ON-1
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One dimensional example

The error vectors are composed of the Oth and 1st order
components.

o L (N-1)
ez(l-gNJrlj el _¢ ' e’
2 : 2] N-2
_1_ i N -1 |

Oth order component 1st order component
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One dimensional example

Equation (2) is expressed for each period as

ct o ... CVN]
ct ¢c2 ... 0
_6 CN.—l CON_

ul _Fl_
u2 - F2

- : > AU:F
_UN_ _FN_

Approximate solution u™" is decomposed into fast and slowly
converging components;

u

z is obtained from the E)rthogonal condition W2

ne

—u+wz=u+

(F-—A(u+wz)w)=0

1

- 1z

Span[w]
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TP-EEC method

We obtain the correction equation
w Awz = w'(F — Au)

by solving the correction equation, u is corrected as follows:
u™" = u+w(w'Aw) *w!(F — Au)

Because u=u*+e and F=Au*, we have

e™" =Pe

P=1-w(w'Aw)*w'A
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TP-EEC method

Projection matrix P given by

1 0 --- 0 1 1 --- 1]
0 1 1 1
T e
: : N|: :
_O 1_ _1 1_

This suggests that the bias component in error e Is
eliminated by the correction.

_el—Zen/N_
n

e™" =Pe =

ey — 2.6, /N
n _
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Projection matrix P

P works as an error filter which eliminate the bias component.

(N1
Pe~—2| e
2] N-=-2
_ N_l —
e Pe
——_ NAt
NAt t o t

Similarly the first order component in the error can be
eliminated by the TP-EEC method
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Computational method - FDTD -

En+1

Maxwell equation

gaEg’t) +I(r 1) =V x H(r,t)
yaH(,gtr’t) — _VxE(r,t)

Finite difference in time

l—aAt/ZgEn_l )i At/ g
1+ oAt/ 2¢ 1+ oAt/ 2¢

At/
H r n+1/2:H r n-1/2 /’l VXEH r,t
(r) (r) 1+ oAt/ 2¢ (.

E(r)" = VxH"™2(rt)




Coupling analysis
Ampere law
gaE(r’t)+J(r,t):VxH(r,t) s
ot Z
Integral of Maxwell equation on S %
C08VL+|L(\/L)—| i i
ot E:f - .
Co=¢ AXAY I, =AXAYJ, (E,) R
AZ ' o d E‘X/” ﬁY
Vi, = E,AZ _fas 105 Z — X




Coupling analysis

Coupling equation of FDTD and circuit simulation

I
oV e
C, atL+|L(vL)_|

1 OcF W Circuit
Er
@ ® o t
FDTD 1
method Hn 3/2 Hn—1/2 Hn+1/2
) O—’t
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-1
Circuit Vi I Vi
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Flow chart

TP-EEC method
IS applied to
Circuit simulation.

START

Setting initial values for
Eand H

A

Computation of H" in
FDTD process

l

Computation of I" form H"

A

n=n+1/2

v

A

A

Computation of E" at
antenna gap from V_

A

4

Computati

on of EM in

FDTD process

Computation of node voltage
V,_ in MNA process

n:n+1/2




Analysis model
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f=1GHz
E,=20V/m

AX=AY=AZ=3mm
NX=NY=NZ=120
Open boundary condition : PML

out



Nodal equation

\{3,>| VOUt
v, [CTy, &7
¢ ~ R
I C6: N C::: C R out

Cockcroft-Walton circuit

C =10pF
R =1kQ
|, (v) =10 {exp(-40v) —-T}A

-

Nodal equation of CW circuit

( d d
|-C,—V, +C—
| o

Cdt(VL =Vp)+ (V1) = 14(V; -V,)=0
d
|d(V1 _Vz)—Cd,[Vz - Id(VZ —V3):O

d
(VL =Va)+ 14(Vy =V3) = 14(V3 Vo, ) =0

d
\4 —VL)+Cdt(V3 -V)=0

C

dt
d V
\Id(VS _Vout)_CdtVout _CF)\,Ut =0



Numerical results
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The TP-EEC method provides convergence to the steady state
4.9 times faster than for non-corrected computation.
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Optimization of patch antenna =

The shape of patch antenna is optimized by u-GA
based on coupling analysis accelerated by the TP-
EEC method.

Example of patch antenna Example of optimized patch antenna



Optimization method

We use m-GA and on-off method for the topology
optimization of patch antennas.

Advantages of u-GA

- Small individual

- Reinitialization

- Global solution search.

Advantages of On-off method
- Representation of topology shape

1101010
111(0]0O0
0O0]0]0]1
111101

Genotype of u-GA

=)

Phenotype of u-GA



Optimization method

To obtain optimized solutions that are robust

against shape changes, we introduce a moving
average filter.

Moving average
Ny | N, [ Ng filter
N, | Ns | N >
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Problem definition

C nag
LA I
- v
I % COZZ AN C:: C__ |:R:| out

AX=AY=AZ=3mm
NX=NY=NZ=120
Open boundary condition : PML

f=1GHz
E,=20V/m

Vout + W(l— j —> Max

max
N denotes number of cells whose states are ON.
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Results

Optimized shape without filter Optimized shape
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Results

Optimized sh ithout fil .
ptimized shape without filter Optimized shape
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Maximum and expected output voltage

Vout (V) E[Vout] (V)
No filtering 3.8 1.6
filtering 3.1 1.9

E[Vout] is evaluated by the Monte Carlo
method where the statuses of 5% cells
are varied randomly.



Results

40 4

A :
35 Maximum and expected output voltage
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E[Vout] is evaluated by the Monte Carlo
Time evolution of output method where the statuses of 5% cells
voltage are varied randomly.
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Conclusions

M The convergence to a steady state of coupling
analysis Is accelerated by the TP-EEC method. It is
shown that the TP-EEC method effectively eliminates
slowly converging components in error.

M The patch antenna is optimized by u-GA and
accelerated coupling analysis. The computation time
for the optimization is reduced to 1/2 that of the
conventional optimization method.

B The patch antenna obtained by optimization with a filter
has high robustness.



Recommended questions

1.  Can the error correction eliminate higher error
components?

2. Does the efficiency of the error correction depends on
the type of circuit?

3. Do you have different antenna shape when you
change the random seed?

4.  How long does it takes to obtain an optimization
result?

5. Why do you need the regularization term in the
objective function?



Higher error components

The error vectors are composed of the Oth, 1st and 2nd order
components.
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TP-EEC method
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The TP-EEC method provides convergence to the steady state
128.1 times faster than for non-corrected computation.
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Computation time

Conventional optimization

:> Approximately 1 week.

Presented optimization

:> Approximately 3 days




Regularization term

Objective function

Vout + W(l— Nj —> max

max

N denotes number of cells whose states are ON.

Regularization term prevents shape of patch
antenna from scattering.



TP-EEC method

Let us consider one dimensional problem

du
Uu+7— = f(t
re =1

r=0.01
f(t)=1+sin(10xt)

UDHER UDERE




TP-EEC method

Let us consider one dimension problem

The TP-EEC method provides convergence to
the steady state *** times faster.



Computation of performance of RFID tags

The RFID tag is composed of RFID antenna and IC chip.

Analysis of the IC tag requires coupling analysis of the
electromagnetic field and nonlinear circuit.

.

We use the FDTD method for the electromagnetic field
analysis, and perform modified nodal analysis, MNA for
nonlinear circuit simulation.



