
 

 

56 
 

Chapter 4  

Investigations on the Higher order HEM21 -like mode of the 
CDRA for cross-polarization reduction 

 

4.1 Introduction  

 

4.2 Eigen Mode Analysis of the CDRA  
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Table 4.1 Resonant frequencies of the CDR  HFSS Eigenmode vs Theory 

Mode 

  Resonant Frequency, 
GHz 

HFSS Theory 

HEM11  3.028 3.12 [eq. (4.1)] 

TM01  4.085 4.20 [eq. (4.2)] 

HEM21  4.204 4.33 [eq. (4.3)] 
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Fig. 4.1 Top view of the E-field and the H-field intensities from the eigen mode analysis of 

the CDR for (a) TM01 mode (b) HEM21  mode 

 

4.3 The Feed Designs 
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Table 4.2 Common design parameters of the two feed geometries 

Parameter Value 

Substrate r, tan  4, 0.02 

Substrate height 1.6 mm 

Ground plane size (LG or WG) 90 mm 

 3.22 mm 

 0.7 mm 

4.3.1 Dual-microstrip feed  

Fig. 4.2. HFSS model of dual microstrip fed CDRA 
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Fig. 4.3 Radiation patterns (HFSS) of the dual-microstrip fed CDRA (a)  = 00 and  = 900 

planes (b)  = 450 and  = 1350 planes 

 

The HFSS model of the above feed is shown in Fig. 4.2. Impedance matching is achieved by 

varying the microstrip overlap length dl identically for both the feed lines as indicated in Fig. 

4.2. For a ground plane size of LG (or WG) = 90 mm (~ 1.37 0), dl = 8.1 mm (~ 0.12 0) gives a 

resonant frequency of 4.583 GHz with reflection coefficient | in| of 30 dB and bandwidth of 

7.48 %. The resonant frequency is close to the value predicted in Table 4.1. Simulated radiation 

patterns in the four planes,  = 00, 450, 900 and 1350 are shown in Fig. 4.3. Almost identical 

peak radiation levels are achieved in the  = 450 and  = 1350 planes, while there is a difference 
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of about 3 5 dB in the radiation levels between the  =00 and  = 900 planes. The above 

difference is thought of as the contribution from the TM01  mode as pointed out in section 4.2. 

The co-polar patterns show boresight-null radiation with peak gain 3.35 dBi as expected from 

the HEM21 -like mode but the pattern asymmetry and the cross-polarization levels are very high 

due to spurious mode radiation [21], . 

4.3.2 Dual-slot feed  

Optimum slot position is found to be l = 5 mm (~ 0.09 0), where the magnetic field lines of the 

HEM21  mode (Fig. 4.1(b)) is aligned in parallel with the slots.  

The slot width is chosen as W = 1 mm (~ 0.02 0) and the slot length is varied from L = 9 mm 

(~ 0.15 0) to 12 mm (~ 0.20 0). It is interesting to note that the stub length  required for 

impedance matching is invariant with L in the above range, giving an optimum value dl

mm (~ 0.08 0). Radiation characteristics for various slot lengths are tabulated in Table 4.3. For 

L = 11 mm (~ 0.18 0), the HEM21 mode is excited at 4.996 GHz with maximum gain of 

~ 3.6 dBi in both principal planes. The resonant frequency is higher than that predicted        

(Table 4.1) by about 700 MHz, as a consequence of the detuning caused by the dual-slots.  

Fig. 4.4 HFSS model of the dual slot-fed CDRA
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Table 4.3 Radiation characteristics of the dual-slot fed CDRA for varying slot length (L) 

(W=1 mm, l = 5 mm, and = 4.4 mm) 

Slot length 
(L) for          

slot width 
(W)= 1 

mm 

f0 (GHz) | in| (dB) 
%Band-

width 

Max. ( = 
450) gain 

(dB) 

Max. ( = 
1350) 
gain 
(dB) 

Max. ( = 
450) cx-

pol. level 
(dB) 

Max. ( = 
1350) cx-
pol. level 

(dB) 

9 5.104 29.54 4.23 3.36 3.13 14 14 

10 5.041 22.79 3.57 3.39 3.34 15 14 

11 4.996 16.90 3.10 3.63 3.60 13 12 

12 4.960 15.48 2.72 3.44 3.51 13 13 

 
 

Table 4.4 Comparison of the performance characteristics of the HEM21 mode of the 

CDRA excited by the dual-microstrip feed (dl = 8.1 mm) and the dual-slot feed (W =1 

mm, L = 11 mm, l = 5 mm, 4.4 mm) 

 

Simulated radiation patterns are plotted in Fig. 4.5, where excellent symmetry in the = 450 

and = 1350 planes are achieved with peak gain of 3.6 dBi and cross-polar levels as low as 

13 dB. This improvement in the  pattern symmetry of the dual-slot feed compared to that of 

the dual-microstrip feed is because of the isolation of the feed lines from the CDR [21], [66]. 

The radiation in the  = 00 and  = 900 planes are unequal for reasons that are the same as that 

for the dual-microstrip fed CDRA. Comparison between the above two excitation strategies for 

the HEM21 like mode is summarized in Table 4.4. As a result of the overall improvement in 

Parameter 
  f0  

(GHz) 

| in|  

(dB) 

%Band- 

Width 

Max. ( = 
450) gain 

(dB) 

Max. ( = 
1350) 

gain (dB) 

Max. ( = 
450 ) cx-
pol. level 

(dB) 

Max. ( = 
1350) cx-
pol. level 

(dB) 
Dual 

microstrip-
fed CDRA 

4.583 38.36 7.48 3.29  10 

Dual slot-fed 
CDRA 

4.996 16.90 3.10 3.63 13 12 
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the radiation performance of the HEM21 -like mode when excited by the dual-slot feed, the 

same is considered for experimental validation. 

 

 
(a) 

 
(b) 

Fig. 4.5 Radiation patterns (HFSS) of the dual-slot fed CDRA (W×L = 1 mm × 11 mm, l = 5 

 = 00 and  = 900 planes (b)  = 450 and  = 1350 planes 

 

4.4 Experimental Results 

Photograph of the dual-slot fed CDRA prototype is shown in Fig. 4.6 which is characterized as 

described in chapter 1. Measured and simulated reflection coefficients of the CDRA are shown 

in Fig. 4.7. Figure shows that the desired HEM21 -like mode is excited at 4.966 GHz in 
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measurement which is in good agreement with the simulated frequency of 4.996 GHz. In fact, 

there appears a resonance at 3 GHz in simulation and 3.4 GHz in measurement as clear from 

Fig. 4.7. From the simulated near-field patterns at 3 GHz, this first resonance is identified as 

the non-radiating mode of the CDR loaded slot, and the 400 MHz difference between the 

simulation and measurement is due to the fabrication errors of the slot. This error however does 

not reflect remarkably in the second resonance which is mostly decided by the properties of the 

CDR ( r, 2a and h) which are constants in both simulation and measurement. Measured versus 

simulated radiation patterns of the dual-slot fed CDRA for  = 450 and 1350 planes are shown 

in Fig. 4.8. 

 

Fig. 4.6 Fabricated prototype dual-slot fed CDRA 

 
Broadside-null radiation as expected for the HEM21 -like mode is observed in the measurement 

also. Measured and simulated peak gain versus frequency of the dual-slot fed CDRA is plotted 

in the Fig. 4.9. Major DRA characteristics are presented in Table 4.5, which show that all the 

measured results are in good match with the simulated results. Small mismatches between the 

measured and the simulated characteristics are due to the errors in the fabrication of the slots 

and in the alignment of the CDR with respect to the slots. 
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Table 4.5 Simulated and measured characteristics of the dual-slot fed CDRA 

 

 

Fig. 4.7 Measured versus simulated reflection coefficient of the dual-slot fed CDRA (W×L = 

1 mm ×  

Parameter 
f0  

(GHz) 
| in| 
(dB) 

%Band- 

Width 

Max. ( = 
450 ) 
gain 
(dB) 

Max. ( = 
1350) 

gain (dB) 

Max. ( = 
450 ) cx-

pol. 
level 
(dB) 

Max. ( = 
1350) 

cx-pol. 
level 
(dB) 

Simulated 4.996 16.90 3.10 3.63 13 12 

Measured 4.966 26.71 4.40 3.45 3.31 12 11 



 

 

66 
 

 

Fig. 4.8 Measured versus simulated co-polar radiation patterns (normalized) of the dual-slot 

 = 450 and 1350 planes 

 

 

Fig. 4.9 Measured and simulated peak gain versus frequency of the dual-slot fed CDRA (W×L 

= 1 mm × 11 mm, l = 5 mm, dl  
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(a) 

 

 

(b) 

Fig. 4.10 Near-field (H-field in A/m) pattern (HFSS) of the dual-slot fed CDRA (W × L = 1 

mm × 11 mm, l = 5 m Slot mode) (b) 4.996 GHz (CDR 

mode) 



 

 

68 
 

4.5 Effect of External Perturber on the HEM21 -like mode  

The DRA being a dielectric body allows loading metallic perturbers in the form of posts, pins 
and strips to manipulate its modes. Use of internal perturbers [27], [40], [41] poses fabrication 
challenges. So in this work, a parasitic metal strip made from a conducting copper tape is 

judiciously wrapped on the CDR to greatly influence the HEM21 -like modes through shorting 
out its E-fields present on the surface of the CDR. This is experimentally demonstrated on the 
dual-slot fed CDRA prototype as shown in Fig. 4.11. The metal strip of width 3 mm is adhered 

on the CDR along the diameter perpendicular to the polarization of the HEM11  mode. This will 

ensure the HEM11  mode minimally affected if it is also present in the DRA (in fact this is true 
in the fundamental mode DRA). Fig. 4.12 shows the measured reflection coefficient with and 

without metal strip wrapping which clearly shows the suppression of the HEM21 -like 
resonance. The new resonance dip is centered at around 5.34 GHz but its magnitude is 
suppressed by 18 dB from that of the CDRA without metal strip. In addition, it is also observed 
from simulations that the strip loading reduces the peak gain in the new band by 2.11 dB 
compared to that without metal strip. Therefore, this design strategy is incorporated in the 

fundamental mode (HEM11  mode) CDRA design using microstrip feed.  

 

 

 

Fig. 4.11 Prototype of the dual-slot fed CDRA with metal strip wrapping on the CDR 
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Fig. 4.12 Measured reflection coefficient of the dual-slot fed CDRA (W×L = 1 mm × 11 mm, 

 

 

4.6 Microstrip fed CDRA with Metal Strip Wrapping  

The DRA geometry is shown in Fig. 4.13 (a) and (b). Basic design parameters of the microstrip 

fed CDRA is identical to that in chapter 3.  

 

 

                                             (a)                                                          (b) 

Fig. 4.13 Microstrip fed DRA designs (a) Without strip (b) With strip (Only the top side of the 

substrate is shown) 
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As shown, the CDR is partially wrapped with a conducting strip of width w leaving a gap g 

between the strip end and the CDR as indicated in Fig. 4.13 (b).  

For the basic DRA without the strip or w = 0 (Fig. 4.13 (a)), a resonant frequency of f0 = 

3.44 GHz with reflection coefficient | in| = 39 dB is achieved. When the strip is loaded on the 

CDR as shown in Fig. 4.13 (b), the operating resonance of the DRA is detuned proportional to 

the strip width w, as w is tangential to the co-polarized electric (E) field of the HEM11  mode 

on the top surface of the CDR. Thus w = 3 mm is chosen for which f0 = 3.37 GHz and | in| = 

30 dB, indicators of very less deterioration compared to w = 0. Now the strip gap parameter g 

which decides the total strip length 2(h+a g) as in Fig. 4.13(b) is varied. However, the above 

resonant frequency because, the strip length along the CDR side 

wall of height h g (w.r.t Fig. 4.13 (a) & (b)) causes ideally no perturbing effects on the HEM11  

mode, as there is zero tangential E-field along h at  = 900 with respect to the feed point. 

However, for any other mode polarized in the orthogonal plane such as the HEM21  mode, the 

strip length will have a significant shorting effect. The H-plane radiation patterns for various g 

are shown in Fig. 4.14, which indicates that, for g = 2 mm, the peak cross-polar radiation is  

 

Fig. 4.14 Simulated H-plane radiation patterns for the CDRA without and with strip loading 

(dl = 2 mm, w = 3 mm). Without strip DRA (w = 0) pattern is plotted at 3.44 GHz and all 

others at 3.37 GHz  
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Fig. 4.15 Simulated reflection coefficients of CDRA without and with strip loading (dl = 1.7 

mm, w = 3 mm, g = 2 mm) 

 

Fig. 4.16 Simulated H-plane radiation patterns of CDRA without strip at 3.44 GHz and with 

strip loading at 3.37 GHz (dl = 2 mm, w = 3 mm, g = 2 mm    
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Fig. 4.17 Photograph of the fabricated prototypes of CDRA with strip loading 

 

 

Fig. 4.18 Measured reflection coefficients (| in|) of CDRA without strip and with strip loading 

(dl = 1.7 mm, w = 3 mm, g = 2 mm)  
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reduced by about 9 dB with respect to the basic DRA. For the optimized design (g = 2 mm), 

the reflection coefficients of the DRA are compared in Fig. 4.15 and the H-plane radiation 

patterns in Fig. 4.16. In the radiation patterns, about 9 dB reduction in the peak cross-polar gain 

is clearly observed for the DRA with strip loading. Photograph of the fabricated prototype of 

the strip loaded DRA is shown in Fig. 4.17. Measured reflection coefficient plots are shown in 

Fig. 4.18. The resonant frequencies are 3.41 GHz and 3.36 GHz respectively for before and 

after strip loading, which are in very good agreement with the simulated results (3.44 GHz and 

3.37 GHz respectively). But, the simulated improvement in the cross-polarization was not 

observed in the measurements. It is true that the cross-polar radiation is highly sensitive to 

alignment and positioning errors that arise in antenna measurements [64], [67].  

In the present design, the parasitic strip parameters such as the strip gap (g) and its alignment 

with respect to the center of the CDR which were decided manually, could have been the reason 

for the mismatch. Therefore, a better cross-polar reduction technique that does not interact 

directly with the CDR, but with its radiated fields is discussed in the next chapter.  

4.7 Conclusion 
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