Chapter 9
Sensitivity Analysis of Rectangular DRA

Abstract Sensitivity analysis of rectangular DRA depending on dielectric material,
and a, b, and d dimensions. These dimensions decides resonant frequency of
RDRA. The resonant modes are formed when realized with excitation. The resonant
frequency solution is worked with MATLAB and HFSS software. When these
dimensions are changed, resonant frequency of RDRA also changes. Variance
method has been tried out to evaluate error.

Keywords Isolated RDRA - Ground plane RDRA - Resonant frequency -
Sensitivity analysis - Variance « Error minimization

Rectangular DRAs of dielectric material having a, b, and d dimensional length have
been analyzed for frequency and resonant modes. RDRA is shown in Fig. 9.1.
These have been solved based on MATLAB and HFSS. Figure 9.2 presented
rectangular DRA with a, b, and d dimensions. Table 9.1 has shown RDRA
dimensions and their corresponding resonant frequencies. Figure 9.3 indicated
resonant modes with RDRA height. Plot of frequency versus length “a” variation is
shown in Figs. 9.4, 9.5 and 9.6. HFSS simulated modes in RDRA with S;;
parameters are shown in Figs. 9.8 and 9.9 (Fig. 9.7).

da, b, dd are (small change in length) random variables, and computed func-
tions are f (5mnp) and ®,,,. The variance functions are o, 3,, 64. These are mainly
dependent on a, b, and d. Taylor’s expansion is restricted to second-order variable.
Hence, da, 6b, éd are mapped in terms of 6,, 04,04 using diagonal matrix. C,,
Dy, are amplitude coefficients which depend on the RDRA a, b, or d.

Frequency relationship can be determined based on a, b and d length variation
as given below:

0 6 dw(mnpla,b,d)

od’ ob’ oa
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Fig. 9.1 Isolated RDRA
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Fig. 9.2 Rectangular DRA with a, b, and d dimensions

Table 9.1 RDRA dimensions

x (mm) y (mm) z (mm) & Material used
RDRA a=17 b=1 d=10 10 Sapphire
a=6 b=6 d=15
a=5 b=5 d =30
Substrate 20 30 0.5 3.38 Arlon,sN(tm)
Ground plane 20 30 - - -
Microstrip feed line 15 1.11 - - -
DRA dimensions (mm) Resonant frequencies (GHz) simulated
a b d
7 7 10 fi=13.46
6 6 15 f=13.85
5 5 30 fr=14.21
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Fig. 9.3 Resonant mode and RDRA height relationship
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Fig. 9.4 Plot of frequency versus length “a” variation
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g. 9.5 Plot of frequency versus length “b” variation
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Fig. 9.6 Plot of frequency versus length “d” variation

Fig. 9.8 Modes’ pattern

H, and E, fields are expressed based on principle of orthogonality as:

E(x,y,7,1) = Y Re (efw(m"” le (mnp)) Upnp (X, ¥, Z) (9.1a)
mnp

H(x,y,7,t) = » Re (eiw(m"” rc (mnp)) Vinnp (X, ¥, 2) (9.1b)
mnp

Atz =0, E, field

E(1:%.3,0) = S Re (™ Clomnp) )t 13) 92)

d
mnp
and
Hx,Hy = _szajsx

Conp, Dinnp are amplitude coefficients.
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Fig. 9.9 Resonant frequency based on RDRA height
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We have computed

Comp = jai\/b‘_zd Jx(X,Y) sin (?) sin <nf7b7:y> dxdy (9.3)

Now if
a— a+da (aisincreased to a + da)

b— b+ 0b (bisincreased to b + 6b)
d — d+dd (dis increased to d + dd)

We need to compute
C(mnp|a + da, b+ ob,d + dd)

and similarly
D (mnpla + da,b + 5b,d + 5d)

This can be approximated by mean variance method and Taylor’s expansion

N normal distribution with mean zero

o variance function
a2 0 0
~N{0,[0 o2 0
0 0 0'(21

O0C(mnp) O0C(mnp) O0C(mnp)

C(mnp|a + da,b + ob,d + 5d) = C(mnp\a.b.d) + Sa da + b ob + 5d od
1 (3*C(mnp) . 5  &*C(mnp) ., 6*C(mnp)
= ( a2 da” + b2 ob"+ 52

To compute error

da
ob
od

(By Taylor’s expansion)

od?

2

3*C(mnp) 8*C(mnp) 8*C(mnp)
5
+2 5a5h 0adh + 2 Sasd dadd +2 Shod 0bob

(9.4)
Hence, variance or error can be written as

sComp) /.
2 _
<C(mnp|a + da,b + 0b,d+ od) — C(mnp\a,b, d)> = ‘T <|‘)a| >

sComp)f /..

+‘ S (jovl?) +
SC(mnp)|?
da

od
é)\C(mnp){2
ob |

5C(’"”p)'2<\ad\2>

_ 2
=0,

2
+ 0y

6C(mnp)‘2
od
9.5)

2
+ 0y



9 Sensitivity Analysis of Rectangular DRA 205
Similarly, we can compute:
<a)(mnp|a+5a,b+5b7d+5d) - CO(mnp|a7b7d)>
Error value
O (mnp) + OO ) — <\5w\2>
Error or variance:

_ ‘(M(H’Hw)r 2 ’5w(mnp)‘262 N '5w(mnp)‘262
oa

The change in frequency based on RDRA change in dimension in x, y, and
z direction is given below:

8(0 7m2n

e (9.6a)

Oa gz

dw i

TR e (9.6b)
VE+E+E

aw 71727.[

& (9.6¢)

o4 \Jmim+E

This gives the complete solution of RDRA sensitivity analysis. The higher-order
modes of a rectangular DRA were used to produce radiation patterns with enhanced
gain. The advantage of this approach is for enhancing gain. The maximum
achievable gain on mode m = 1, n = 7 to increase Directivity to 13.7 dBi.
Such DRA designed at 11 GHz with height 35 mm, this investigation focused on
rectangular DRAs, for excitation of the appropriate higher-order modes in RDRAs.
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9.1 MATLAB Simulation

Matlab Program for Sensitivity Analysis

clear all;

clc;

close all;

c=3*10"8;

p=1;

E=10;

a=5*%10"-3:.1%107-3:30*10"-3;

b=10*%10"-3;

d=15%10"-3;

for i=1:length(a)

£(i)=c/(2*pi)*sqrt(E)*sqrt((m*pi/a(i)) A2+(n*pi/b) 2+(pp*pi/(2+d)*2));

end

al=15*10"-3;

b1=10%107-3:.1%10"-3:40*10"-3;

d1=20*10"-3;



9.1 MATLAB Simulation

for k=1:length(bl)

£1(K)=c/(2*pi)*sqrt(E)*sqrt((m*pi/al \2-+(n*pi/b1 (k) 2+(pp*pi/(2+d1)A2));

end

a2=10*107-3;

b2=5%10"-3;

d2=10%107-3:.1%¥10"-3:50*%10"-3;

for t=1:length(d2)

f2(t)=c/(2*pi)*sqrt(E)*sqrt((m*pi/a2)"2+(n*pi/b2) " 2+(pp*pi/(2*d2(t))"2));

end

subplot(3,1,1);plot(a,f);title('plot a vs f when a is varying');

subplot(3,1,2);plot(b1,f1);title('plot b vs f when b is varying');

subplot(3,1,3);plot(d2,f2);title('plot d vs f when d is varying');

9.2 HFSS Simulations

Now using HFSS software, we shall verify.
This gives the complete solution for RDRA sensitivity analysis.
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It has been observed that resonant modes have been increasing based on increase

in dipole moment, i.e., modes are proportional to the height of RDRA.
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9.2.1 HFSS Result

See below Figs. 9.10, 9.11, 9.12, 9.13 and Table 9.2.

Model 1 Model 2 Model 3
7,7,10mm 6,6,15mm 5,5,30mm

Fig. 9.10 HFSS models of RDRA

TIFee ldn v Pwed Bpomi W Tesh Windew S -0 N
Ioea/ i ne & x= E: v Ano |eesR o Blamvwaw sy [Harmn

lew |B s &3
les lnae as aayp

it Mg
=l =0 o=
= HFSEDesige] Mriverd ]
Ml
]
= y— a0 —
I ]
Yo
.Eu..' =
[=<El 4
= ]
P T 1
BT R
i Paaion Pt
[ - = 7
Fiskd Domlags = .
- F adton ?mn__
=T —
280 ]
P ]
Tt e T
= ks B E
Somciy N [ 7]
] 750 —|
rhm T E
Pamary 5 s ]
|-Compure. ]
e ——— a0 s noe B o
e e
= Beba Mg
. 'y "
i - s
o A e ) e gy

L] a In 1

Fig. 9.11 Return loss versus frequency with dimensions ¢ =5 mm, b = 5 mm, d = 30 mm shows
Return loss 18 dBi at f = 10.95 GHz
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Fig. 9.12 Return loss versus frequency with dimensions ¢ = 6 mm, b = 6 mm, d = 15 mm shows
return loss 24 dBi at f = 10.95 GHz
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Fig. 9.13 Gain = 5.5 at f= 11 GHz for DRA 1

Table 9.2 Dimensions table

x (mm) y (mm) z (mm) & Material used
RDRA a=17 b=1 d=10 10 TMM10i
a=6 b=6 d=15
a=5 b=5 d =30
Substrate 20 30 0.5 3.38 Arlon,sN(tm)
Ground plane 20 30 - - -

Microstrip feed line 19.2 1.1672 - - -
Lumped element 1.1672 0.5 - - -
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9.3 Radiation Pattern

See below Figs. 9.14 and 9.15.
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Fig. 9.15 Gain = 9.5 at f = 11 GHz for DRA 3
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