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Implementation of a Three-Dimensional Analog Beamforming System Using
Stacked Rotman Lenses at 28 GHz
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Abstract

Future radio industries such as the commercialization of 5G mobile communication services will gradually increase in frequency,
starting from millimeter waves. Accordingly, beamforming technologies must be developed to efficiently utilize public radio frequencies.
Beamforming technology is classified into three types: fully digital, hybrid digital, and analog. In this study, we designed and im-
plemented analog beamforming systems. A system of three-dimensional beam tilting was implemented. The Rotman lens was stacked,
and a 3 x 10 Vivaldi array antenna was constructed. A switch controlled by wireless connection was configured for beam selection;
therefore, the system could be accessed and operated remotely. Three-dimensional radiation patterns of nine beams were measured using
a multi-probe near-field measurement system. The experimental results were similar to the simulation results. Notably, the beamforming
system implemented in this study could contribute to various communication services.
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Fig. 1. Block diagram of a system of 3-dimesional beamforming antenna.
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Table 1. The simulation results of 3><3 Rotman lens.

Port 1(deg) 2(deg) 3(deg)

4 173.6 —60.4 30.0
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6 28.7 —60.7 174.4
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22 3x10 ZEQH A= 3 H|LC| QHH|Lt AlS20|M

A

O

Agt Wz U= 94Ee 3x3 ZET X 37
9] 3x10 W& &Eﬂﬂr3 g AJu= 945 ¢
t}. 310 St & 19 49} 7ok 310 ot

= HfFAE 229 Tvﬂ 10mil PCB 7] %o 2 AA =]
o} Al Ed o] A& AnsysAlS] Designer® 33 3™ A4
S AABIA A, HFSSE 3449 B3 AlEdoldS 83}
A

AAEE PV 713 9] 3 98 10 &8
7H ZERF Al 29F 7)5 o] 110 vl BT Qe
Uz FAEH, 3715 100 mmx 120 mme| Tt} 107] 2] H]
gt okl 4" 2ET A2 o) ulel 9F
gk kol o] 9 AT E WAbete] RIEHE FEETE 3x
109 RET A28 F2E= 3709 AHXES 10719 &

HYE 9 g7 T XER TAHL 3x109 ZEW
A=) AlEg ol Azs 1Y 5o T2 EAIES
ot F 309 JYEE d& 22k 109 9 AdE
HolEoh 7t XE 7+e] 94 Apole oF 2770IH, =%

m’m‘ (i

9}

rkﬂ

341 7842 543
—— S, ——S,, 180 — —=— Sy
180 \_._ . r . e
F3 Sl = ol \_'_ S| B T B
% 120 s = 3 120
2 = 2 ] [ .\—-
8 T, 8 8 —
& o 120} o
60+ 60}
'\ \
.\.
0 . . . -180 . - - 0 - : -
27.8 27.9 28.0 28.1 282 27.8 27.9 28.0 28.1 282 278 27.9 28.0 28.1 28.2
Frequency (GHz) Frequency (GHz) Frequency (GHz)
(a) Port 1 (b) Port 2 (c) Port 3

J8 3. 33 RER A= A& oA 4 Aledold 23
Fig. 3. Simulation results of the phase of 3<3 Rotman lens.
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Table 2. The simulation results of 3><10 Rotman lens.

Port Input 1(deg) | Input 2(deg) | Input 3(deg)
Output 1 43.54499 —110.154 75.8123
Output 2 —54.4267 —127.942 162.3808
Output 3 —128.342 —124.939 —138.068
Output 4 146.132 —98.7251 —67.6652
Output 5 70.12808 —144.278 —12.0932
Output 6 —11.7404 —144.643 69.56612
Output 7 —67.1879 —99.228 145.9268
Output 8 —137.623 —125.322 —128.151
Output 9 162.4212 —128.079 —53.8228
Output 10 75.63112 —110.341 4428165
Phase gap —76.4 0.0 76.5
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