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Abstract - A neuronal approach is proposed t@y reducing the width of the line to compensate the

develop accurate and fast CPW models for CAgiwanted capacitance adde by the air-bridge.
The innovent approach is to generate models

simulator. The approach '_S based O_n _the use c%gsidering their standard (constante) parametsrs a
the neural network, f_Or W_h|Ch the training phasgermittivity of the substrate. In the figure 1, peesent the
uses electromagnetic simulation results. Theed approach for this work; it permit to us in tiet, to

validation tests are performed for junctions anefeate models of some discontinuities referringtheir

discontinuities that are usually used in flip-chiljjne characteristic £ and impedance characteristic). The
packaging technology. existing model for this case is the formula of the
permittivity and characteristic impedance.

INDEX-TERMS : CPW , discontinuities, and neural
networks.

Model Frequency ™ Simulation
1. INTRODUCTION F
The

wireless communication and multimedia ANN . R
J

Exi sting Physical PararreteE’ EM

Physical Parameters

applications are growing rapidly. They require hitgw
traffic systems and thus a wide operating band. rideeto Frequency
the millimeter frequency band allows satisfying sthi X
previous need. Error
However, specific technologies are usually required
Coplanar waveguide technologies offer in fact salver
advantages due to its configuration, such as laliatian,
low dispersion, easy of shunts and series conmextibhe i .
absence of discontinuity models with high accurmakes The fixed parameters for the training set age:=12.3
difficult the conception and the optimization ofetie €t H g, = 0.6mm for GaAs substrate, the width of the
structures with CAD tools. Time consuming of EMair bridge is 40um and its height is Sum. The ingata
simulators limits theirs use in the conception flow and their corresponding range of the neural netvesek
The present communication proposes ANN modegiven below in table 1.
(Artificial Neuronal Network) for the coplanar sttures,
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Figure 1:neuronal approach with knowledge input.

where the training set is provided by EM simulatipn Min Max

results. The developed models are validated foformi W (um) 20 120

lines, curved bend, short and open circuit stubs. S (um) 20 60
Frequency 8 80

2. NEURONAL APPROACH (GHz)

The used neural network model is the MLP (multi Table 1 : Training parameters.
layer perceptron) with one hidden layét. This last one
was used for modeling and optimizing microwaveefit A neuronal model allows to acced to the charadiesis

[2-3]. The previous neural network is also employed witbf the propagation of the |ineZ(c,,5‘eff ), in function of the
prior knowledge inpuf9], where existing model (initial) is geometrical parameters and the frequency. Theirigain
used to accelerate the training set of the newdlaTk data are obtained by EM simulation based on thigefin
with a fast convergencé7] used a neuronal approach toglements method (HFSS-Ansoft).

generate and optimize the chamfered 90° CPW bedd a

other discontinuities,[6] optimize the same CPW Béhd
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The training phase is first provided by thirty-five

configurations with ten frequency points. The knedge 500

input is the permittivity and the characteristicpedance

given in [1]. Three different calculations of the 48/

characteristic impedance could be achieved using E

simulator : 460 io 2‘0 3‘0 40 56 éo 76 86
Frequency (GHz)

Figure 3: Comparison EM-ANN for the characteristic

. _p . oo
Zpi: Z, = TV Vadapted for the microstrip lines. Impedance w=80 pm =40 pim.

Zpv : Zp, , adapted for coplanar and slot
lines.

P
2vi: Z,, =\|Z,,Zp , adapted for TEM lines. Ere

Where:P:§EdeS'|:§H'd|,V:§E-d|_ 7.2
S | |

-
In the second step, the created model is compared 6.81 /

ten new EM results that are different of the tnagnones. 6.6, T a3 1 o o o
The obtained error results (ANN model compared b E Losses Frequency (GHz
simulation) are given in table 2. (Np/myg
Zpv 2vi E i losses ol
Training error 0.45 0.8 0.002 0.06
Nr:'-,jg(rjoneI of the 4 4 4 4 i ‘ ‘ | | | | | |
laden layer _ 0o 10 20 30 40 50 60 _70 80
Table.2 : the obtained error between EM and ANN Frequency (GHz)
models.

. . igure 4: € . and losseEM-ANN w=60pum s=40um.
Figures 3 and 4 present comparisons between the ANI\]:g eff H H

model and EM simulation for Zpv, Zvi, losses and

permittivity £, . The ANN model is in a good agreement3 OPEN AND SHORT CIRCUIT MODELS

with the EM results. Itis to be noticed that thcpédance Short and open circuit stubs represent the most use
Zvi* of the line has less frequency dependenceapsieh. discontinuities in many circuit designs. The geamelf

This last one confirms the choice definition of the[ ; LT S
o s - ) he considered circuits is shown in figure 5. Thespnt
characteristic impedance "Zpv" used in the EM satar development is justified by the no validity of thgisting

commercial models. Figures 6 and 7 give a compariso
between the available commercial model and the EM
simulation. One can see that the observed differenc
become significant in the millimeter wave range.isTh
insufficiency is also observed for the phase beajravi
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Figure 6: return loss of short circuit (sc)

W=20 pm S=40 pm.
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Figure 7: return loss of open circuit (oc2)

W =60 pm S=60 pm.
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Figure 5: CPW structures of the short and the open

circuits.

The generated ANN model has for inputs the geooatri
line parameters, the frequencyZ, and & ; the

corresponding range data are given in table 1.othput
responses of the ANN are S parameters for which the
reference planes are placed at the physical discityt
ones (Fig. 5). For each circuit, EM simulation Heeen
performed on 18 structures over 8 to 80 GHz frequen
range. During the training phase, the number ofor&uin

the hidden layers is firstly optimized and therefixin a
second step to 4 neurons, which gives to the mimmu

error.

Finally, 10 structures are used to check the model
accuracy. The resulting errors for the training dest
procedures are given in tables 3 and 4:

Syl 0S.(9)
Training Error 0.0028 1.1
Neurone of the hidden
4 4
layer

Table.3 : Training Error between simulation and ANN

model .for the short circuit.

0cC1 0c2
Syl [0S,(0] [Sul [0S,09
Training Error 0.0008 0.45 0.0026 0.46
Neurone of the
hidden layer 4 4 4 4

Table.4 : Error results between simulation and ANN
model .for the open circuit.

To validate the capability of the developed modeils,
present in the next figures 8-10 some comparisons
between the EM simulation and the obtained ANN rhode
A good agreement between the two results could be
observed and the obtained accuracy is in the btgiairor

range.
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Figure 8: Comparison EM-ANN for a short circuit
W=80um S=40um.
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Figure 9: open circuit (oc 1) EM-ANN comparison
W=100pm S=60um.
Ne_urone of the 4 4 4 4
hidden layer
d - n
Bof —— EM Table 5 : Error results between simulation and AN
o —— ANN model. of the curved bend.
al In figures 12 and 13, we present a comparison t&sa
example between the ANN models and the EM simuiatio
15 \ \ \ \ \ \ \ \ Again, a good agreement between this model anékhe
0 20 30 40 %0 FrZ;%uencyB?GHz) simulation can be observed and confirms the validit
angle (31 the proposed model to describe the discontinuity EM
o behavior.
-10r
157 4B ot % ANN
. ) ) . . . . . —— EM
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Frequency (GHz)
Figure 10: open circuit (oc 2) EM-ANN comparison 201
W=120pm S=20um. -25¢
-3 L L L L L L L
4. COPLANAR CURVED BEND ang|e(=)% 2030 4050 60 b f&ney &)
The developed ANN model is now proposed to handle -90f
more 3D complex discontinuity as a curved 90° CPV ;40!
bend with air-bridges (fig. 11).
The neuronal network has for input parameterswih -10r
and slot of the CPW line, the frequency, the peivitiy -120f
&, and the characteristic impedance, the correspondi 134 20 ” w0 = 0 Frei}%ency (é%z)

range of data are given in table 1. The air bridg
dimensions are 40um length and 5um height.

Using the symmetry of the structure, the outpupoases
of the ANN model are limited to the reflection,;Sand

Figure 12: Curvechend EM-ANNcomparison S11
W=40pm S=20um.

the transmission,,g parameters. As for the previous case,

the training and test phases use respectively et
and ten structures. The
training/test phases are given bellow (Table 5):

resulting errors from the
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Figure 13:Curvedbend EM-ANNcomparison S21
W=40pm S=20um.

6. CONCLUSION

We develop a procedure to create ANN models for
coplanar technology. The proposed model could kdyea
extended to other technologies. Validated
electromagnetic simulations, the studied discoitigsl
confirm the utility of the neuronal approach in weihg
simulation time that constitutes a paramount acgatn
CAD tools.
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