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TABLE 1. DESIGN DIMENSION OF HYBRID COUPLER 
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(a) MAGNITUDE  PLOT (b) PHASE PLOT
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FIG. 3. SIMULATED S-PARAMETERS OF HYBRIDCOUPLER FOR 5G APPLICATIONS
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FIG. 4 (a). BLOCK DIAGRAM OF CROSSOVER FIG. 4 (b). CROSSOVER FOR 5G APPLICATIONS

TABLE 2. DESIGN DIMENSION OF CROSSOVER FOR 5G PPLICATIONS 
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(a) MAGNITUDE PLOT WHEN PORT 1 IS EXITED
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( c ) MAGNITUDE PLOT WHEN PORT 3 IS EXITED

FIG. 8. SIMULATED S-PARAMETERS OF BUTLER MATRIX FOR 5G APPLICATIONS
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TABLE 3. TRANSMISSION COEFFICIENT OF BUTLER MATRIX

(a)  PHASE RESPONSE OF OUTPUT PORTS WHEN
PORT-1 IS EXCITED
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PORT-2 IS EXCITED
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FIG. 9. SIMULATED PHASE RESPONSE OF THE OUTPUT PORTS OF BUTLER MATRIX FOR 5G APPLICATION



(a) PHASE DIFFERENCE BETWEEN OUTPUT PORTS WHEN 

      PORT-1 IS EXCITED

( c) PHASE DIFFERENCE BETWEEN OUTPUT PORTS WHEN 
     PORT-3 IS EXCITED

(b) PHASE DIFFERENCE BETWEEN OUTPUT PORTS WHEN 

      PORT-2 IS EXCITED

(d) PHASE DIFFERENCE BETWEEN OUTPUT PORTS WHEN 
      PORT-4 IS EXCITED

FIG. 10. SIMULATED PHASE DIFFERENCE BETWEEN THE OUTPUT PORTS OF BUTLER MATRIX FOR 5G APPLICATIONS

Ports 
Port-1 
Port-2 
Port-3 
Port-4 

Port-5 
-64.95 
-137.3 
178.33 
98.31 

Port-6 
-22.92 
101.83 
-39.97 
59.05 

Port-7 
24.67 
-40.04 
101.88 
10.89 

Port-8 
71.25 

179.25 
-137.3 
-40.46 

TABLE 4. PHASE SHIFT BETWEEN ADJACENT 
PORTS FOR EACH INPUT PORT EXCITATION 

3.� MICROSTRIP ANTENNA DESIGNING

The unit cell (microstrip patch antenna) of 1x4 phased 
array is shown in Fig. 11and its dimensions are shown in 
Table 5.Its return loss at 28GHz is -31dB and has a 
bandwidth of 833 MHz as shown in Fig. 12. The 3D 
radiation pattern is shown in Fig. 13. The peak gain at 

o operating frequency is 7.47 dB, the HPBW is 79.3 and 
side lobe level is -17dB.

FIG. 11. DESIGN MICRO-STRIP ANTENNA
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TABLE 5. DESIGN DIMENSION OF MICROSTRIP ANTENNA 
gg 

0.25 
Lg 
1 

Wf 
0.8 

Lp 
3.44393 

Wp 
4.2425 

hs 
0.254 

Ls 
6.88786 

Ws 
6.485 
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TABLE 6. COMPARISON BETWEEN SIMULATED AND 
CALCULATED BEAM STEERING ANGLE. C1: PORT 

NUMBER; C2: PROGRESSIVE PHASE SHIFT CORRESPONDING  
TO BM; C3: CALCULATED PHASE SCAN ANGLE 

FROM Z-AXIS; C3: CALCULATED  PHASE SCAN ANGLE FROM 
BROADSIDE; C4: SIMULATED PHASE SCAN 

ANGLE FROM Z-AXIS C5: SIMULATED PHASE SCAN ANGLE 
FROM BROAD-SIDE  

C1 
1 
2 
3 
4 

C2 
45.35 
-134.5 
134.77 
-46.25 

C3 
104 

41.63 
138.48 

75 

C4 
14 

-48.3 
48.48 
-15 

C5 
100 
52 

128 
80 

C6 
10 
-38 
38 
-10 
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TABLE 1. COMPARISON BETWEEN SIMULATED AND CALCULA
TED HPBW. C1: PORT N UMBER; C2: PROGRESSIVE PHAS

E SHIFT CORRESPONDING TO BM; C3: CALCULATED 
PHASE SCAN ANGLE  FROM Z-AXIS; 

C4: CALCULATED HPBW;
 

C5: SIMULATED HPBW

 

C1 
1 
2 
3 
4 

C2 
45.35 

-134.53
134.77 
-46.25 

C3 
104 

41.63 
138.48 

75 

 
C4 

26.4 
43 
44 
27 

C5 
29 

30.4 
30.5 
29.3 
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TABLE 8. PARAMETERS OF BEAM STEERABLE 
ANTENNA SYSTEM FOR 5G APPLICATIONS
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