4.4 Microstrip dipole

Advanced theory

As a microstrip dipole, we denote an antenna consisting of two

narrow microstrip arms, which are fed by a symmetric source in the B
center. The antenna is placed on an upper side of the dielectric 7 7

substrate. The bottom side of the substrate is fully covered by a
metallic layer and I of zero potential (fig. 4.4B.1). T

Effects of currents flowing on the antenna can be described by
vector potential
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Fig. 4.4B.1 Microstrip dipole plus reflector.
a) global view
b) discretization net for x component of current
density

A(r) = g{GA (rlrg) - I(ro) }dSp.

Effects of charges on the antenna can be described by scalar potential

v(r)= J:g{GV(ﬂro)P(ro)}dSo-

In the above-given equations, A(r) denotes vector potential in the point r, J is current density vector in the point rg, G4 is dyadic Green function
and Gy denoted scalar Green function (see the layer D). The parameter of Green functions rjrg tells us that we compute the contribution of a
current (charge) from the point rg to potentials in the point r. The symbol » denotes charge density.

Current density and charge one are mutually associated by the continuity equation
—jop=Y -J.

If both the vector potential and the scalar one are expressed on the surface of the microstrip dipole, we can evaluate electric intensity of a wave,
which is radiated by the antenna.

ES= - joA-VV.

Applying to the microstrip dipole from fig. 4.4B.1 and substituting from continuity equation to , we obtain the following
relations

Ax (xm, yn) = g{Gﬁx (xm, ,Vn|x’> y')Jx (x’, y')}dx'dy,,
V(xm, yn) = *J-Lw %f{GV(xm’ yn|X', y')p(x,, yr)}dx'dy,’

. oV (xm.yn)
E)?(xm: yn) = 7]wa(xm= yn) 7#'

Here, A, denotes x-component of vector potential and ¥ is scalar potential, G,4** denotes x diagonal element of dyadic Green function and Gy is
scalar Green function, Jy is x-component of sought vector of current distribution and E is x-component of the radiated electric field intensity.
Details are given in the layer A.

Substituting vector potential and scalar one to the relation , we obtain the initial equation for moment analysis of
the dipole

) P - "o 0 yyaJ(x,,y,) b
£ (o ) = = jo G (s s ) (', ¥) 'y + 55 01 == {GV(xm, vl ) [xa—x} }dx v
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Magnitude of electric field intensity on the surface of the microstrip dipole can be computed using a boundary condition if perfect conductivity
of metallic parts is assumed (except of the excitation gap, the intensity is zero). Therefore, x-component of current density Jy is the only

unknown in

In the first step, surface of the dipole is divided into discretization elements. Center of the first discretization element is denoted by 1, center of
the second element by 2, etc. The upper bound of the discretization element is denotes by the same number completed by superscript "+"

(plus), the lower bound by superscript "-" (minus); see fig. 4.4B.1.

Next, points in the center of discretization elements are used for computing x-component of electric field intensity. Since contribution of the
current to the magnitude of electric field intensity is described by vector potential without presence of derivatives (see eqn. ), vector
potential is computed in the center of elements.

On the contrary, contribution of charges to electric field intensity is described by scalar potential performing two derivations according to x. In
numerical computations, derivations are replaced by central differences. Values of scalar potential ¥, which derivatives are used for determining
contributions of charges to the electric intensity of the radiated wave, have to be known at the borders of discretization elements so that the
result of central differentiating appears in the center of the element. Values of charge density are computed from continuity equation deriving
components of current density in centers of discretization elements (derivatives are replaced by central differences again). In order to obtain
values of charge density on the border of elements, we have to differentiate components of current distribution in the center of elements. This

fact suits us very well because the computed values of current density are valid just in these points.

Finally, values of current density components are computed in the center of elements and values of charge density have to be evaluated on
borders of the elements. Therefore, value of components of vector potential and value of components of electric field intensity are valid for the

center of elements, and value of scalar potential for border of elements.

In the next step, we substitute piecewise constant approximation of current distribution to initial relations and we replace partial derivatives by
central differences. Exploiting continuity equation, charge density on the upper edge and on the low one of the discretization element is

expressed

+ _ -1 Jx (mx + 1 ) = Jx (mx , nx)
)= 7% - ,

plmy’ . nx

- _q ey, ny) = (my — L)
P(mx ’nx)ij_a) - )

Symbol a height of the discretization element (see fig. 4.4B.1), Jy(my, ny) corresponds to a constant value of x-component of current density

vector on the surface of the element containing the central point m,, ny) and  is angular frequency.

On the basis of equations and , we compute contribution of charges, which are represented by charge density p, to the
x-component of electric field intensity vector. Considering charge densities of the upper edge p(my, ny) and on the low one p(my, ny), scalar
potential on those edges can be computed. Moreover, substituting partial derivatives according to x by central differences, we obtain
contribution of charges to x-component of electric field intensity.

Now, charge densities on borders of discretization elements are known and we assume that those values are valid not only on the borders but
too over the whole surface of charge elements (they are of the same size as discretization elements but they are shifted so that borders of
discretization elements can be in the center of charge ones as depicted in fig. 4.4B.1). Then, charge densities can be described by the following

piecewise constant functions

p(x, ¥) = pty s v ) (xy s yulx, ¥) X € (xm xps1), v € (s v ),
p(x, ¥) = p(tm s v ) (xp s vplx, ») x € (vp—1. xm), ¥ € (v s v )-

In these relations, T1(x,, ", vul x,y) denotes a function, which is unitary in the rectangular region with the center in Com™ Vn), a is height of the
element and B is its width. The similar situation is for points (x,,’, y,). Values of charge density p(xm+, yp) and (x,,, y,) in the center of this

rectangular region are given by relations
If charge density on the microstrip dipole is known, we can substitute the distribution to

/(5 = =5 TGy o ey

and we can compute scalar potential on respective charge elements. For the charge element, which center lies on the upper edge of the element

(my, ny), we get

Vimd, ne) =~ %‘:{GV(’";’ nxlx, y')qu lo(ps s a)(py aclx's )] }dx'dy' =
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+al/2
1
= _j_a) 2 p(px aqx) J GV(mx Px > Nx qx|x y )dx dy
p,q
—al2
~B/2
and similarly for V(my", ny).
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Fig. 4.4B.2 Validity region of charge density value p(2x+, 1) i.e. validity region of scalar

potential Vet 1. Validity region of scalar potential contributions to the
magnitude of electric intensity of wave, radiated by antenna

Before continuing, let us discuss the relation . Rearranging it, we swapped integration and summation, and the integral of the product of
the unitary pulse IT and the scalar Green function Gy over the whole dipole was substituted by the integral of the single scalar Green function

over the surface of this charge element, where m is non-zero.

Dealing with indexes, (m, n) determines position of the observation element, over which the value of scalar potential is computed, and indexes
(p, q) specifies position of the source element, whose charges contribute to the scalar potential of the element (m, n).

Scalar Green function Gy is the only continuous function in , and therefore, the integral has to be evaluated for this function only.
Evaluating this integral for various distances between the source element and the observation one, position of the observation element is changed
only, and the source element stays in the origin of the coordinate system. Therefore, integration limits stay the same in all the cases (from -a/2
to +a/2 for the coordinate x' and from -B/2 to +B/2 for the coordinate y').

Now, constant values of scalar potential are known over all charge elements. Therefore, we can compute contribution of charges, which are

represented by scalar potential, to the values of x-component of electric field intensity

V(mx+ ,”x)_ V(mx_ ’"x)
7 .

n

VE}?(mx, ”lx) = _g_z

Here, a denotes height of the element, B is the width of the element, and values of scalar potential V" over charge elements are given by the

relation

As already said, we are aimed to express an approximation of electric field intensity of the radiated wave on the surface of the dipole as a
function of current density on this dipole. Hence, we substitute for scalar potential 7 on the border of elements, which enforces

to be a function of charge density 7 on edges of elements

VES (my. nx) :Jﬁ{ Y oo ax)y(md = e =)l = X lo(py s ax)Ty(my = pesnx - qx)]}-

p.q p-q

In the above-given relation, @ denotes height of element and B is its width. Angular frequency @ corresponds to the frequency, on which
antenna is analyzed. The symbol VExS denotes a contribution of scalar potential /" to the magnitude of x-component of the vector of electric
intensity of the radiated wave. Finally, Gy represents integral of scalar Green function Gy over the surface of the element
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+B/2

+al2
Ty(m=p,n-q)= J Gy(m—p, n—glx', y)dx'dy"
—al2
-B/2
As the next step in expressing electric field intensity as a function of current density, values of charge density from are substituted to

VEZ (my, nx) = + a,zlaz P {lx (px + Lax) = Jx (pxs @) [Ty (m = ne —gqi) ) =

7(021‘12 qu{[Jx (px, Qx) —Jx (px - I’Qx)]FV(mx_ ~Px s hx 7qx)}'

The relation describes the contribution to the component of the vector of electric field intensity using unknown values of the component of
current distribution vector Jy and known coefficients I'y, given by . From the point of view of scalar potential, the aim was reached,
and therefore, the attention is turned to the vector potential.

In order to evaluate the contribution of the current to the electric field intensity, we have to compute vector potential substituting piecewise
constant approximation of current density to

Ay (my, ny) = %T{Gﬁx (m, nelx's ¥') S [ (s @) (s axlx’s ¥)] }dx'dy'

p.q
+B/2
+a/2
=2 1% (px’ qx) J ij (mx  DPx> Mx 7‘1x|x" y')dx'dy'
p.q
—al2
-B/2

- {2 (Pes 0 )T (mx = s mx = 4) }
In the above-given relation,

+B/2
+a/2

I3 (m=p,n—q)= J GY (m—p, n—qlx’, y')dx'dy’.

—al2
-B/2

Next, a is height of the discretization element and B is its width. G4 denotes x diagonal component of dyadic Green function. Function
(px, x| x',y") is unitary over an element with the center in the point (py, ¢x) and is zero elsewhere. Values Jy represent piecewise constant
current density in the element mesh (py, gx).

During derivation, integration and summation were swapped, and integral over the whole dipole surface S was replaced by the integral over a
single element (due to multiplying by II the integrand is non-zero over a single discretization element only).

Finally, substituting vector potential to and replacing derivatives of scalar potential by contributions , we obtain the final

equation

EZ (my, ny) = *jprq (e (Prs @ )T (mx = Py e =)} +
w21a2 pzq [-]x (px + 1>qx) —Jx (px’ qx)]FV(mx+ _Px+, nx —qx)} -

*wzlaz qu{[Jx (P> ax) = Jx(px = Lg )| Ty (me = pe s nx —ax) ).

+

Since eqn. is rather complicated, we rewrite it into a matrix form
Ux = Zxx Iy.

Here, Uy is column vector of voltages in the direction x over elements. Voltages are computed by multiplying x-component of electric field
intensity by x-dimension of the discretization element

Ux (m, n) =Ex (m, n)a.

The symbol a denotes height of the discretization element (i.e. the element dimension in the direction x).

Since the microstrip dipole is assumed to be fabricated form perfect electric conductor, the vector of voltages consists of zeros only (except of
excitation elements).
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Next, I is column vector of unknown current in the direction x. Elements of I, are related to current density J, by the equation

Iy (m, n) =Jx (m, n)B

(B is width of the dipole, and therefore, even the width of the discretization element). Impedance matrix Z, describes contributions of currents
Ix and contributions of charge densities » to voltages Uy over elements. Single elements of the impedance matrix Zy, are obtained comparing
to

1
jowaB

Zyx (m, n) :%ij(m, n)+ [ry(m®, nt)=ry(m™, n™)=Ty(m™, n” )+ Iy(m =, n7)].

In order to evaluate impedance matrix Zy,, we have to know values of integrals of Green functions over the surface of the discretization element
for different distances between source elements and observation ones. Numerical computation of those integrals is described in the layer D.

The Matlab program for the analysis of the microstrip dipole by the moment method is described in the layer C from user's point of view.
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