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Over-The-Air Test of Phased Array Antenna Module for 28GHz Band
Y. Tojo, Y. Hasegawa, and T. Takahashi
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In response to the recent demands for devices for the 5th generation mobile communication systems (5G) available
components, we have developed the state-of-the-art 28-GHz band Phased Array Antenna Module (PAAM)
"FutureAccess™", which has the highest performance for millimeter-wave infrastructure applications. The PAAM is a
module that integrates an antenna array, beamformer IC (BFIC), frequency conversion IC (FCIC) and band-pass filter
(BPF). In order to confirm the module transmitting / receiving performances for active devices, we have measured the
output power performances, and the transmitting / receiving patterns in beam forming with the Over-The-Air (OTA) test.
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Fig. 2. (a) Overview of PAAM from antenna side, (b) Overview of PAAM from IC side,

These figures are reproduced from ref.[3,4,5].
[3] A. Paidimarri et al., "A High-Linearity,
24-30 GHz RF, Beamforming and

-~ Frequency-Conversion IC for Scalable 5G

Phased Arrays", IEEE RFIC, pp. 103-106
2021.

[4] X. Gu et al., "Novel Phased Array
Antenna-in-Package Development and Active
Module Demonstration for 5G Millimeter-
Wave Wireless Communication," 2021 IEEE
71st Electronic Components and Technology
Conference, pp. 1144-1149, 2021.

[5] B. Sadhu et al., “A 24-to-30GHz
256-Element Dual-Polarized 5G Phased
Array with Fast Beam- Switching Support for
>30,000 Beams”, IEEE ISSCC, pp. 436-438,
February, 2022.

(c) Cross section image of PAAM, (d) 256 element with 4PAAM tiled and evaluation board™.
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Table 1. Frequency band and covered frequency range of
PAAM.
Frequency BPF Frequency range (GHz)
band type Min. Max.
F1 24.25 26.25
nzo8 F2 2550 2750
F3 26.50 2850
nzo7 F4 2750 2950
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OTA measurement block diagram
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Fig. 3. OT A measurement block diagram for Tx mode and how to calculate EIRP.
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This figure is reproduced from ref.[4].

[4] X. Gu et al., "Novel Phased Array Antenna-in-Package Development and Active
Module Demonstration for 5G Millimeter-Wave Wireless Communication," IEEE
ECTC, pp. 1144-1149, 2021.
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Fig. 4. OTA test measurement system setup”.
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[8] X. Gu et al., "Antenna-in-Package Integration for a Wideband Scalable 5G Millimeter-Wave Phased-Array Module®, IEEE MWCL, Vol. 31, no. 6, pp. 682-684, 2021.

5 BPFDS/ST A — & MR T (a) 24.25-26.25 GHz, (b) 255-27.50 GHz, (c) 26.5-2850 GHz, (d) 27.50-29.50 GHZ"
Fig. 5. BPFs S-parameter measurement results (a) 24.25-26.25 GHz, (b)25.50-27.50 GHz, (c) 26.50-28.50 GHz, (d) 27.50-29.50 GHZ®.
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Fig. 6. Measured beam patterns of 64 element PAAM in Tx mode and Rx mode ((a) Tx g‘:sgo"r‘ﬁ('tfr;f f;g%%%rgesamg"l’égEE

mode H pol,, (b) Tx mode V pol, (c) Rx mode H pol, (d) Rx mode V pol) ?. ISSCC. pp. 436-438, February, 2022.
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%2 IBM/Fujikura PAAMOAHREREEEY &ttt o il & o ™" (AZ : 7 H51A), EL : A4 J571A)

Table 2. Comparison of overviews of IBM / Fujikura PAAM specification ® and reported values of other companies '

(AZ : Azimuth direction, EL : Elevation direction).

This work 1SSCC2017
Reported societ 1SSCC2022 1SSC2017, If&ggg&” 188C2021, TMTT2021, 1S5CC2020
‘;nd “:u . Y IBM Qualcomm Tokyo IT/NEC ucsp Samsung
group [Fujikura ualcomm 15 o i
5
IC Technology 130 nm SiGe BICMOS 130 nm SiGe BICMOS 28 nm RF CMOS 65nm CMOS 180 nm SiGe BICMOS 28 nm CMOS
Unit IC number of elements 2x8 TRx 2x16 TRx 24 TRx 2x4 TRx 4 TRx 16 TRx
Unit tile module array si 64, 64, — 64, 64, _
it tle module array size Dual Pol. Dual Pol. Dual Pol. Single Pol.
I ) 256, -~ 256, -~ _ -~
Scaled tiles module array size Duat Pol. Dual Pel ()
RF frequency 24-30 27285 26.5:29.5 26.529.5 23.529.5 37-40
(GHz)
IF frequency
(GHz) 25 3 6.5 — - 11+02
Yes Yes Yes Yes Yes
SGNR band support (n257, n258, n261) (n261) (n257, n261) (n257, n261) (n257, n258, n261) (n260)
BF-IC dic arca
(mm?), 37, 166, 277, 16, _ 30,
die area / TRx element 12 52 12 2 1.9
(mm?)
56 at Pu (64Tx) 54 at Pus (64T) 35 at P (8Tx) 52.2 at P (64Tx) 54.8 at Puun (64Tx)
Module Tx EIRP at boresight (dBm)
68.5 at Pu: (256Tx) 64 at Pus (256T) (1)
Module Rx oPian ' (dBm) 11 - - - .
Ty and Rx beam sc e AZ 60 AZ 250 AZ 45 AZ £40 AZ 260
X and Rx beam scan range (deg. EL £60 EL £50 EL +45 EL £30 EL 40
Module Tx PAE (%) 20.5 at P 13.8 at Pus 8.6 at Pus
>30,000 OTA measurements
128 (1) Al
Num. of beams supported for fast (beameale mode) not reporte
beam-switching 56

Fast beam-switching speed (ns)

Beam-switching latency (ns)

(beam table mode)
8

200
(beameale mode)
120

4

2)-17)

(beam table mode)

fTFrom IMS18 paper by authors
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T OREBHETH 5.

pol.,
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- FAIFRIR I B 1T 5 2563 FPAAMODEIRPA%685 dBm & 13
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“SIR—ADT ==X FT LA TEOEIMFMEE
(Power Added Efficiency, PAE) ' 20 %
2N H OPAAM® T BE 1, 20224E2H 1297 b 72
International Solid-State Circuits Conference (ISSCC) 2
TIBM & ks L 727

5. € 9§ U
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T A= IV T K BREG/ BN — R L. %
L7:PAAMIE, 5GR ) EEEHT 7 FEY 2 - L
THoBATEETH Y, Mt THEM AR E AT
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