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Abstract

The basic design consideration for the physical concept of three different types of
increasing permittivity dielectric lens are considered .



1 Introduction

Three types of increasing permittivity dielectric lens design are considered for a prolate-
spheroidal IRA that is based on [1].

1.1 Description of geometry

Lens b

Dislectric

Figure 1.1 IRA Geometry [1]

The focal point is zg =37.5 cm and the other parameters of prolate-spheroidal IRA is
defined in [2,3].The lens is a half sphere(or half ball in mathematicians terms) and its
radius iS I'mgax -

2. Design Considerations

As discussed in [4] before, the exponential variation of the characteristic impedance of a
transmission line along the line is optimal, provided the speed of propagation is constant
along the line. Some modification may be useful here since the speed varies inversely
with the square root of the dielectric constant.

The lens relative permittivity is

{1 at =Ty
gr(r) = 2.1)

€ rmax atr=0



3. Exponential Variation of €,
One suitable form fore, is an exponential function as

Sr(r):eQ(rmax_r) (3.1

As we know at r =0 the relative permittivity is €,_€,.x SO
€rmax = ecl (Tmax )

1 (3.2)
Cl =—In (Srmax)

rmax
if we substitute (2.3) in (2.1), &, can be found as
In(er max ) (1- )

g (r)=¢e fmax (3.3)

The rise time is estimated as t5 =100 ps so the distance corresponding to this rise time is
ls=cts=3cm (3.4)
in air.

The propagation time of the wave from r =1, to r=0

Imax 1 max 1/2 Imax lln(srmax)(l—i)
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0 0 0 (3.5
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The distance between source and lens is (.375m + 1., ) - The impulsive term has to go an
extra 2x.25m distance between the first focal point to the reflector.

After all of this design procedure we designed a lens that is matched to the target
dielectric €, -

The thickness of the target dielectric material should be
Azn&,n22 (3.7)

'\, 81‘ max

to minimize the effect of the reflected wave on the impulsive term.

4.Compensated Incremental Speed (CIS) form of ¢,

As we mentioned before the exponential form assumes that propagation speed is constant
but it is not constant so we are trying to compensate this assumption. Let us assume we



have a plane wave problem in an inhomogeneous (isotropic) slab with €,(z) and set

relative change in wave impedance over a transit time At
-1/2

Aln( g, )
—_—rr/_C 4.1
AT 2 4.1)
wave impedance Z is proportional to sr_1/2 . Distance based on the transit time can be
written as
1/2
cdt=¢, dz 4.2)

For a given At the Az decreases as sr_l/z. For a given At the change in ln(sr_l/z)is

independent of z and if we substitute (4.2) in (4.1)
-1/2

o 12 dIn( &, )

r =C, (4.3)
dz
So let us integrate (5.3)
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We can define ¢, from (5.4) as

1 atz=7z
g, =(Cyz+Cy)72 ={ max (4.5)
€rmax atz=0
so one can find from (5.5)
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if we substitute (5.6) in (5.5)
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How much time does the propagation of the wave take from r,,,, to focal point in the
lens? So let’s substitute (5.7) in (3.6)

fmax 1/2  Tmax 2 12\
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0 0 max
let us change the variable of the integral as & =r/ 1,5, S0 we will have
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0
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let us change the variable of the integral as g = (1—-¢,,,, )& +¢€ N

rmax



-1/2
dg=(1-¢,1.)dE and we will have

1
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so we can normalized ¢t 18
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S. Linear form of ¢,
Exponential Variation and CIS form of ¢, are two different approaches have some

advantages and disadvantages about focusing. After these approaches we are trying to use
another approach which is linearly increasing form of ¢, . Let us assume we have a linear

g, variation as
e (1) =1/Tpax +8rmax(l—r/rmax) (5.1)

which satisfies (2.1), so we can find the normalized propagation time of the wave from
I =Tpax 0 T=0 as
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Let us change the variable of this integral as £ =1/, so we will have

1
Hens _ (e + 6 pman 1 - 0] 2 (5.3)
0
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We can also change this variable C as

E=C+&ermax[l—C]

(5.4)
dE.\ = dC[l - 8rmax]
so we will have from (5.3)
1
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6.Conclusion

Dielectric exponentially increasing, CIS and linear increasing lens designs are discussed.
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One can see from fig. 5.1 that the wave propagates faster for the CIS form of &,.. We can
see from fig. 5.2 a-d) that If ¢,.,,,, increases the wave propagates slower as expected.

€ max varies from 1 to 81 (corresponding to water which is the highest €, that is used in
biological applications). If we increase €, max from 36 to 81, the CIS design of &, has

the deepest curvature. The focusing property of the lens increases from the CIS to the
linear design, because for the same r/r,,, we have an increase in €, so we expect the

lens to become more effective. Also from [1] if we increase €, the spot size decreases

while the wave impedance decreases and the amplitude of the waveform increases with
1/4
the ratio of €, . This rough calculation has to extend out some distance from the target

for an effective focusing to occur and this requires more detailed computations.
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