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Fundamentals of Phased Array

€+ Antenna Array mmWave beamforming antenna

------------------------------------------------------------------------
*

antenna size X frequency : .
E o )
Y : DCAINS

EX) 5
> ~50mm@3GHz§
] ~5 mm @ 30 GHz An;[“é'ﬁ'ﬁaﬂArray
Mu%diation elements

HiEIEEE ) )
mininin Different Transmit (Tx) /
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Fundamentals of Phased Array Tech.

€+ Beamforming antenna structures

') Switched Beamforming
Beamforming Antenna ®

Configurations

L Phased Arrayabeamionning

SWitchedibeamionmirn Phase matrix is usually passive,
thus passive beamforming

j Y@ S Y
= -ﬂ/ = 'ﬁ/

Switch to select different Switch to provide different
antenna at a time phases to each antenna elements




Fundamentals of Phased Array Tech.

€+ Phased array antenna configuration (1)

Analog beamforming

Digital beamforming

v Variable phase & gain v F BB = FIeleIe &
q _K%%\ - Simplest —é;@«;—( e pngLamtmable
- Highes
- & - Lowest DC Y 4 o e i number of
.‘ ® . F B8 power A le (X), , G' £ beams can be
> oDy < J+{§| consumption < RE . 5 generated
Y ' $ - Requires RF Y ' T - Highest DC
- phase shifters BB power
‘ Q %\ d RF < e consumption
Hybrid beamforming =

v beamforming e +———
<P <L L - Flexible with high number of beams

- Reasonable complexity

Digital
beamforming

- Each beam only benefits from the

.. :_Q_&\ ) subarray
J&%L— )
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€+ Phased array antenna configuration (2) Directivity

1) Beamforming

ATTN PS P, LNA|
| ATTN PS PA/LN‘-\i
71 =A

ATTN PS PA/LNA
[ =2

ATTN PS PA/LNA % 1
RF In/Out —WI—IEI—%’L B
ATTN PS PAgLNA— B q 1 .
M ﬁ [ B 3 ..".' \ 0»0"..'
ATTN PS PA/LNA %
ATTN Ps PALNA= | | 5
o 4 [
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€+ Phase shiftin
9 - Incremental distance to travel
Boresight L=dsin®

? - Time delay between the elements

Electrical d T
%4 Boresight : At = L/c_—cllsmelc
L > — 0=sin"(Atc/d)
°'>(,t ﬁ - Phase shift between the elements
: Ap=2nLlAi=2nfL/c
L - 2ndlsind
— A¢g=2nfdsinb/c A = masin
“ i _ A
0 = arcsin (A—¢ X &)
wie Distance (d) ———* 2nd

S 0=sint(Agc/@2nfd))

- Typically, d:% — |A¢ =mrsinbd

- Electrical boresight steering by A¢

—Apim A i AP im A i— A i— A i— A~
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€+ 1-D Array Factor (AF) (1)

AF — eJ‘fo + ej‘fl_'_ eJ§2 + ...+ ejgN—l
&, are the phases of an incoming plane wave
at the element locationsm =0, 1,...,

AF — 1 + ejkdcos&’ ejk2d0059 ejk(N—l)dcosH
N j cos49
— Zejkmd cosé Z
& =0 - m=0
N-1 _ _ _
- define v =kdcoss, AF = ZeJmV’ — 1+ ey el ... @i(NDy
m=0
- Multiply by e @ @
AF - el = e 1 gl gl 1 .. 4 e (Q —~AF (1—e) = 1-¢/:
- Rearrange ;
_ aiNy ejNy//Z eijz _e—ijz /<
AF = 11 ejw T W2 Wiz _givi2 0 N
° . N sin(—kd sin @)
. /2 sin(Ny / 2) Sln(2 kd COSH) or (AF)N — 2
= iy SNV IE) g - SIS o (AF)y = ——* ’ N sin(: kd sin 0)
sin(y / 2) N sin(y /2) N sm(2 kd cos ) 2
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€+ 1-D Array Factor (AF) (2)

RF In/Out I\’

sin(™ kd sin 9)

AF, (0) = 1 =
N sin(E kd sin @)
~ Aj=- 2ndsing
A
i A
A¢ =msing for d =

. ,Nzd .
sin(———siné@
( 7 )

.ad .
N sin(—/-sin @
(7 sino)

AF, (6, Ag) =

sin(wj
2

N sin(M)
2

Element factor: radiation pattern produced by a single element

Array factor: response of an array of isotropic element

Array total'gain

/-—___-

-5 f
= Element Factor (G¢)
10 (Cosine Shape Shown)

— Array Factor (G,)

15 | === Total Pattern(G)
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€+ 1-D Phased array patterns (1)

sin(N—”d[sin 0—-sind,])
AF, () = —2

N sin(?[sin 6—-sing,))

sin(N [Tsin(e) —A2¢D
N sin(”dsin(@)—wj
A 2

AF, (0, Ag) =

sin(N-A¢/2) N

HPBW :

0 X | | 0 1
— 8 Beam Angle n
5 |— N = 16 _| 5 — 5
Side-lobe-level l \ —_— 32 -
-10 —(—SOL!.) -10 = G0
g ® N g grating-lobe A
3 LN A il \ M\ T /n
£ LA AN A ALA AT ,
-30 -30
-35 -35
40 -40
80 -60 -40 -20 O 20 40 60 80 -80 -60 -40 -20 O 20 40 60 80

Angle (%) Angle (°)

1) Main-lobe narrows by 2n/N, 2) # of side-lobe increases, 3) SLL decreases N
AAS
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€+ 1-D Phased array patterns (2)

0 =sin" (A—¢ X &)
21 d

Considering periodicity,

G=Sin_1(m X 2w + A¢ y A
21 d
d>A M2 <d<A
0 n s ;\, This s the. o ' Thisisthe /| 1
. L \/GrﬂtingLa-ht Desired Lobe l‘”m j
‘ Ty ¥

-0 5
§ ® I B o ﬂ
1 E‘ o [ N
§ oA\ l i 1 ;o l I
E -25 | 2 v f

-15
=30
' -20 | | ‘ I
=35 -
- 1l ; L]
=80 =80 =&0 =20 0 20 0 B0 80 -B0 -60 -40 -20 0 20 40 &0 B0
Angle (*) Azimuth Angle (*)
M| -d<n2:nograting lob
= for 6 from 0to +n/2 == - no grating fobe occurs . .
max 1+|Sin gmax| max & - d 2| -d>M2:grating lobe appears at the opposite horizon

Qs
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€+ 2-D Phased array antenna

- Similar to 1-D planar array, but expanded to two-axes
<

A

Arbitrary far-field point

Yy
YA
/ _ SR jk(md, sin@cosg+nd, sin@sing)
AFM,N (9’¢) - ZZ Imne '
n=0 m=0
Here, I denotes the excitation amplitude of the mnth element of the array

- This can be viewed as the product of two linear array factors

_ | plma
| =11 — I =1 o L
mn mx © yn m 0 ina where a, and «, are the phase gradients in the respective directions
I, =1,""
yn 0

M -1 N-1
— 2 : jk(mdxsinecos¢+ax)§ : jk(nd, sin@gsing+a, )
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€+ Key consideration in shaping EM propagation of phased array antenna (1)

0 — T . . 11— Array Factor
/
5F Tl
Element Factor
10k (cosine? shape shown)

/Total Pattern

o
> >

The Phased Array Gain (dB)

Amplitude (dB)
IN ]
o

] Aal '
25 1 | ‘ G(8)=GL8) + G,(0)
-30 | “
-35 ¢ | ..
| This is what
-40 we want to focus on!
-20 0 20

-80 -60 -40 40 60 80
Angle (degrees) ) /

1) The main beam loses amplitude accordingly to the “element factor”
2) The side-lobe have no amplitude loss on the boresight

3) SLL performance gets degraded off boresight
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€+ Key consideration in shaping EM propagation of phased array antenna (2)

B T L L L TSP P,

*Tokyo Tech. Ka-band
LEO SatCom. (2023)
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(J Planar microstrip antenna (Patch antenna)

= One of the most useful antennas at microwave frequencies (f > 1 GHz).

= |t usually consists of a metal “patch” on top of a grounded dielectric substrate.

» The patch may be in a variety of shapes, but rectangular and circular are the
most common.

[ Advantages of microstrip patch antennas

— Low profile (can even be “conformal,” i.e. flexible to conform to a surface).
— Easy to fabricate (use etching and photolithography).
— Easy to feed (coaxial cable, microstrip line, etc.).

— Easy to incorporate with other microstrip circuit elements and integrate into
systems.

— Patterns are somewhat hemispherical, with a moderate directivity (about 6-8 dB is
typical).
— Easy to use in an array to increase the directivity.
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€+ Limited coverage by the typical patch-based antenna

conventional planar patch

y

w4

\

Dielectric Grid Layer Antenna

Multipole Antenna

J
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Wide—Angle Antennas
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€+ Monopole or dipole based structure

(@D H. Sheng and Z. N. Chen, "Improving Radiation Pattern Roundness of a Monopole Antenna Placed
Off-Center Above a Circular Ground Plane Using Characteristic Mode Analysis," IEEE Transactions on
Antennas and Propagation, vol. 69, no. 2, pp. 1135-1139, Feb. 2021.

Z,

A Conter : Operation Freq. : 2.45 GHz
2 monopole Off-center '
/‘)’ monopole ,,'
g |
' —w --------------------- Total antenna size (4,°) 1.6x1.6x0.23
; 7 " aw
""i;-) .......... S (b)-
—— Z]_@',- Peak gain (dBi) 3.5
flompel Performance
3dB beamwidth (deg) 360, *
i Impedance bandwidth (%) 81
i S
Gz s
= b Pros. Wide Beamwidth & bandwidth
1 x
Cons High profile , Low gain, Not suitable for array

implementation

el ] J L
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€+ Monopole or dipole based structure

@ A. M. Yacoub, M. O. Khalifa and D. N. Aloi, "Wide Band Raised Printed Monopole for Automotive
5G Wireless Communications," IEEE Open Journal of Antennas and Propagation, vol. 3, pp. 502-510,
2022.

=== T Operation Freq. : 3.5 GHz
— Height (4,) 0.7
Peak gain (dBi) 3.2

Performance  3dB beamwidth (deg) 360, 80

(a) front view (b) back view

Radiation efficiency (%) 74.4

Pros. Wide Beamwidth & bandwidth

......................................................................................................................................................................................

High profile , Complex structure, Not
- suitable for array implementation
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€+ Monopole or dipole based structure

3 Y. Zhang and Y. Li, "Scalable Omnidirectional Dual-Polarized Antenna Using Cavity and Slot-Dipole
Hybrid Structure," IEEE Transactions on Antennas and Propagation, vol. 70, no. 6, pp. 4215-4223, June
2022.

Operation Freq. : 2.45 GHz

Total antenna Size (1,°) 1x0.16 x 0.66

Peak gain (dBi) 2.7

3dB beamwidth (deg) 320, *
Performance
Impedance bandwidth (%) 0.8
Radiation efficiency (%) 83
Pros. Wide Beamwidth, Dual polarization
. High profile, Narrow bandwidth, Not suitable
ons.

for array implementation




Wide—Angle Antennas

€+ Monopole or dipole based structure

@ Z. Zhang, S. Liao, Y. Yang, W. Che and Q. Xue, "Low-Profile and Shared Aperture Dual-Polarized
Omnidirectional Antenna by Reusing Structure of Annular Quasi-Dipole Array," IEEE Transactions on
Antennas and Propagation, vol. 70, no. 9, pp. 8590-8595, Sept. 2022.

Annuls : .
quas"i{‘(‘i'il:;le Ceiteiga] Operation Freq. : 4.6 GHz
array circular
o S, Patch Total antenna size (1,°) 0.8x0.8x0.13
annular _ ~ antenna
strips _
| Peak gain (dBi) 1.8
3dB beamwidth (deg) 360, 83
Z
— p Performance
PR X
@) Impedance bandwidth (%) 20
] r «Mi 3T 1
il STER.L sl 1Y Ihr - .
S—— [ u"‘ml' i ; 4 Radiation efficiency (%) 80
(b) Ly
Isolation (dB) -36
. Wide Beamwidth, Dual polarization, High
Profit . .
isolation

High profile , Complex structure, Not suitable
Weakness f . .
or array implementation




Wide—Angle Antennas
—@

€+ Dielectric resonator (DR) based structure

@ Z. Chen, Z. Song, H. Liu, X. Liu, J. Yu and X. Chen, "A Compact Phase-Controlled Pattern-
Reconfigurable Dielectric Resonator Antenna for Passive Wide-Angle Beam Scanning," IEEE
Transactions on Antennas and Propagation, vol. 69, no. 5, pp. 2981-2986, May 2021.

Operation Freq. : 3 GHz

DR = e ;
l Total antenna size (1,°) 0.7 x 2.25 x 0.38

Substre{txcmmlarpmc_lA1 e Array size 1x4
\h S oSS - %1
Ground — 7 Performance Peak gain (dBi) 3.5
+ -
Main lobe angle (deg) _‘é; ((f_lpp))’
Impedance bandwidth (%) 3.3
Phase ) ]
shifter Pros. Wide 1-D beam scanning
Power divider
Cons. High profile , Low gain, High SLL

(a) (b)
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€+ Dielectric resonator (DR) based structure
(2 Z.Wang, Y. Dong, Z. Peng and W. Hong, "Hybrid Metasurface, Dielectric Resonator, Low-Cost,
Wide-Angle Beam-Scanning Antenna for 5G Base Station Application,”" IEEE Transactions on Antennas
and Propagation, vol. 70, no. 9, pp. 7646-7658, Sept. 2022.

Operation Freq. : 3.5 GHz

Total Antenna Size (4,°) =~ 2.45x0.5x0.11

Array size 1x5
Peak Gain (dBi) 10.5
3 - POIFOIIMANCE et
2"“’"@” Main lobe angle (deg) +70 (E-p.)
Impedance Bandwidth (%) 14.1
D ST TSI
5 . o] N RO " ]k *' o Radiation Efficiency (%) 90
I3 a 'Z] :

Pros. Wide 1-D beam scanning & bandwidth
High profile, Complex structure, Diode power
- consumption
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€+ Dielectric resonator (DR) based structure

@ Z.-L. Su, K. W. Leung and K. Lu, "A Shaped-Beam Antenna for Wide-Angle Scanning Phased
Array," IEEE Transactions on Antennas and Propagation, vol. 70, no. 9, pp. 7659-7669, Sept. 2022.

Operation Freq. : 10.5 GHz

Total Antenna Size (1,°) 1.1x4.3x0.4

Array size 1x9
....................... PeakGam(dBl)Ml
............. MamIObeangle(deg)in(Hp)
....... ImpedanceBandWIdth(%)sz
.......................... I SOIatlon(dB)lg

Wide 1-D beam scanning

High profile, Complex structure, High SLL

Qrgunee
AAS
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€+ Dielectric resonator (DR) based structure

@ Z.Wang, S. Zhao and Y. Dong, "Miniaturized, Vertically Polarized, Pattern Reconfigurable Dielectric
Resonator Antenna and Its Phased Array for Wide-Angle Beam Steering," IEEE Transactions on
Antennas and Propagation, vol. 70, no. 10, pp. 9233-9246, Oct. 2022.

Operation Freq. : 3.5 GHz

Mushroom DC+
! Total Antenna Size (1,°) 1.87 x1.87 x 0.09
\ ‘/
o Array size 4x4
»I_ |
w1 | Peak Gain (dBi) 14.8
z - Baluii_, 7 2eme} gy ’i:"/
}\?- iy - - 7y gm Performance 160 (E-p.),
T @) o) Main lobe angle (deg) +60 (H-p.)
Impedance Bandwidth (%) 10
Isolation (dB) -15
Pros. Wide 2-D beam scanning

High profile, Complex structure, additional

Cons. .
power consumption
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€+ Dielectric resonator (DR) based structure
® Z.Wang, S. Zhao and Y. Dong, "Metamaterial-Based Wide-Beam Dielectric Resonator Antenna for
Broadband Wide-Angle Beam-Scanning Phased Array Applications,” IEEE Transactions on Antennas
and Propagation, vol. 70, no. 10, pp. 9061-9072, Oct. 2022.

Operation Freq. : 3.5 GHz

0.49x2.13
Total Antenna Size (103) 0x09 X
Array size 1x5
: Peak Gain (dBi) : 9
Performance ..................................................
~ Main lobe angle (deg) = 60 (E-p.)
Impedance Bandwidth (%) 14.1
Isolation (dB) -10
Pros. Wide 1-D beam scanning
Cons High profile, Complex structure
Aot
AAS
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€+ Dielectric resonator (DR) based structure
® Z. -K. Chen, L. Zhang, Z. Weng and R. -Y. Li, "Wideband Wide-Beam Hybrid Dielectric Resonator
Antenna Using Uniaxial Material," IEEE Antennas and Wireless Propagation Letters, vol. 22, no. 1, pp.
124-128, Jan. 2023.

Operation Freq. : 3.5 GHz

Total antenna size (103) 1.1x1.1x0.15

Performance 3dB beamwidth (deg) 250, 162

Radiation efficiency (%) 80

Pros. Wide beamwidth & bandwidth

Cons. High profile, Array not suitable, Low gain

Qrgunee
AAS



Wide—Angle Antennas

€+ Magnetic dipole or magneto-electric dipole based structure

@ C. -M. Liu, S. -Q. Xiao, H. -L. Tu and Z. Ding, "Wide-Angle Scanning Low Profile Phased Array
Antenna Based on a Novel Magnetic Dipole," IEEE Transactions on Antennas and Propagation, vol. 65,
no. 3, pp. 1151-1162, March 2017.

Operation Freq. : (5.8GHz)

Total antenna size (1,°) 1.5x4.8x0.02

e m o e m ot e e e e e e A A AR R E A e e R E AR RN AN N AR R RN R R

Array size 1x9
Peak gain (dBi) 6.3
Plrformance
~ 3dB beam scanning (deg) 152, 128
Impedance bandwidth (%) 4.4
Pros. Planar type, Wide beam scanning

High resolution of via process, Narrow
- bandwidth

Attt

AAS




Wide—Angle Antennas

€+ Magnetic dipole or magneto-electric dipole based structure

@Y. -B. Kim, S. Lim and H. L. Lee, "Electrically Conformal Antenna Array With Planar Multipole
Structure for 2-D Wide Angle Beam Steering," IEEE Access, vol. 8, pp. 157261-157269, 2020.

sdule front-view gms
N g e .
=N «8 =F xh

mat
"y |

=¥
k- ]

Ll | |0 [N [

R NN
"EEEE
iE SE NE N
18 | B /N |
I NENE N

A /R |N BN B [
I8 NE AE ME AN AE ©

‘B I8 | R [N [N |]

B NENE NE NE N

Type-B 8x8 Arra

Operation Freq. : 5.9 GHz

Total antenna size (1,°) 4.25 x 4.25 x 0.02
Array size 8x8
Peak gain (dBi) 21
Performance
3dB Beam scanning (deg) 154, 149
Impedance bandwidth (%) 11.7
Radiation efficiency (%) 85
Pros. Planar type, Wide beam scanning& bandwidth
Cons. High resolution of via process
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€+ Magnetic dipole or magneto-electric dipole based structure

(3@ H. Yang, X. Cao, J. Gao, H. Yang and T. Li, "A Wide-Beam Antenna for Wide-Angle Scanning Linear
Phased Arrays," IEEE Antennas and Wireless Propagation Letters, vol. 19, no. 12, pp. 2122-2126, Dec.
2020.

Operation Freq. : 10 GHz

Metallic
Through

Poles Total antenna size (1,°) 0.7 x 6 x 0.12

Array size 1x12
Performance Peak gain (dBi) 21
3dB Beam scanning (deg) 180, 140
Impedance bandwidth (%) 9.34
Pros. Planar type, Wide beam scanning

High resolution of via process, difficult to

Cons expand to 2-D array
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€+ Magnetic dipole or magneto-electric dipole based structure

@ W. -H. Zhang, Q. Xue, S. Liao, W. Che and W. Yang, "Low-Profile Compact Microstrip Magnetic
Dipole Antenna With Large Beamwidth and Broad Bandwidth for \ehicular Applications," IEEE
Transactions on Vehicular Technology, vol. 70, no. 6, pp. 5445-5456, June 2021.

Operation Freq. 2.45 GHz

Total Antenna Size (4,°)  0.65x0.45x0.02

Peak Gain (dBi) 3.63
A ............... 3dBBeamWIdth(deg) ................. 99'180 .................
.......... I mpedanceBandWIdth(%)Mg
RadlatlonEfﬁCIency(%) ............ ....................... 88 .......................

Planar type, 1-D Wide Beamwidth, Compact

- size

High resolution of via process, not suitable for
- array implementation

Qrgunee
AAS
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€+ Magnetic dipole or magneto-electric dipole based structure

® H. Cho, H. -W. Jo, J. -W. Kim, K. -S. Kim, J. -I. Oh and J. -W. Yu, "Shorted Trapezoidal SIW
Antenna With Quasi-Hemispherical Pattern for 2D Wide Scanning Planar Phased Array Antenna," IEEE
Transactions on Antennas and Propagation, vol. 70, no. 8, pp. 7211-7216, Aug. 2022.

Operation Freq. : 5.8 GHz

Total antenna size (4,°)  9.6x9.6x0.03

Array size 8x8
.......................... P eakgam(dBl)214
3dBBeamscannmg(deg) .......................... 143’168 ................
ImpedancebandWIdth(%) ......... ...................... 13 .......................

Planar type, Wide beam scanning

High resolution of via process, Large size,
- Narrow BW

Angtn

AAS



Wide—Angle Antennas
—@

€+ Lens based antenna
@ K. Liu, S. Yang, S. -W. Qu, C. Chen and Y. Chen, "Phased Hemispherical Lens Antenna for 1-D
Wide-Angle Beam Scanning," IEEE Transactions on Antennas and Propagation, vol. 67, no. 12, pp.

7617-7621, Dec. 2019.
Operation Freq. : 27.3 GHz

7
’ Array size 1x8
Peak Gain (dBi) 19
Performance Main lobe angle (deg) 160 (H-p.)
Impedance Bandwidth (%) 3.57
Beamforming components Feeding network
Pros. 1-D beam scanning
C High profile, Narrow bandwidth, Additional
ons. .
feeding
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€+ Lens based antenna

@ Z.Qu,S. -W. Qu, Z. Zhang, S. Yang and C. H. Chan, "Wide-Angle Scanning Lens Fed by Small-
Scale Antenna Array for 5G in Millimeter-Wave Band," IEEE Transactions on Antennas and
Propagation, vol. 68, no. 5, pp. 3635-3643, May 2020.

gradient-index
structure |

gradient-index

e
: ) structure 11

glue ——» ¢

gradient-index

. structure 111
ACMA antenna

array (5x11) —» _ammeane

Operation Freq. : 28GHz

Array size 6x5
Peak Gain (dBi) 21.2
Performance Main lobe angle (deg) 158 (H-p.)
Impedance Bandwidth (%) 7.14
Beamforming Feeding network
components
Pros. 1-D Wide beam scanning
Cons. High profile, Complex structure, multi-step

integration
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€+ Lens based antenna
@ E. Gandini et al., "A Dielectric Dome Antenna With Reduced Profile and Wide Scanning Capability,"

IEEE Transactions on Antennas and Propagation, vol. 69, no. 2, pp. 747-759, Feb. 2021.

Operation Freq. : 13 GHz

- " Array size 16 x 16
Peak Gain (dBi) 24
Performance Main lobe angle (deg) +70 (H-p.)
Impedance Bandwidth (%) 15
Beamforming components Feeding network
Illuminating array [15] Pros. 1-D Wide beam scanning
Cons. High profile, Additional feeding, 1-D extension
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€+ Lens based antenna
@ L. Xiao, S. -W. Qu and S. Yang, "3-D Printed Dielectric Dome Array Antenna With +80° Beam
Steering Coverage," IEEE Transactions on Antennas and Propagation, vol. 70, no. 11, pp. 10494-10503,
Nov. 2022.

Metallic ] ) .
Operation Freq. : 20 GHz
Array size 8x38
Peak Gain (dBi) 19
Performance Main lobe angle (deg) +80 (E-p.), +80 (H-p.)
Impedance Bandwidth (%) 16
Beamforming components Feeding network
Pros. 2-D Wide beam scanning
Cons. High profile, Integration with IC not proven
®) e (c) Qe
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€+ Lens based antenna

® B. Nie et al., "Fully Metallic Gradient Index Lens Array Antenna for Wide-Angle Scanning Phased
Array," IEEE Transactions on Antennas and Propagation, doi: 10.1109/TAP.2023.3296198.

— - Operation Freq. :28GHz
Feeder Array p MIRNN e .
Array size 1x4
Peak Gain (dBi) 20.3
. Lo Performance Main lobe angle (deg) +65 (H-p.)
' 3 -
Impedance Bandwidth (%) 14.2
Port 1 Port 3
Beamforming components Feeding network
Port 2 Port 4
Pros. 1-D Wide beam scanning

High profile, Additional feeding, 1-dimensional
extension

Cons.
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o.
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Wide—Angle Scanning Phased Array Antennas

1) Multipole based antenna

2) Dielectric grid layer based antenna




Wide—Angle Scanning Phased Array Antennas

€+ Single element multipole antenna fundamentals
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Wide—Angle Scanning Phased Array Antennas

€+ Single element multipole antenna bandwidth

Reflection coefficient (dB)
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Wide—Angle Scanning Phased Array Antennas
T

€+ Single element multipole antenna radiation patterns
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Wide—Angle Scanning Phased Array Antennas

€+ 1 x 4 Multipole-based PAA scanning performance
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Wide—Angle Scanning Phased Array Antennas

€+ 1 x 4 Multipole-based PAA scanning performance (64-QAM)
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Wide—Angle Scanning Phased Array Antennas
T

€+ 1 x 16 PAA Implementation
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Wide—Angle Scanning Phased Array Antennas

€+ 1 x 16 Conventional patch-based PAA scanning performance
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IHMBDIDDDD[

88mm (b

‘/- RF out
L 1x4 Power divider

A0

15 4

ku ‘;
"* ’u»'V
S e L ‘h ,l ;3«' “
"4V Co-polarization ’ i
J ——Peak@ 0° ,,, M'Hg
1 —O—Peak@ -24°) ,' “’M

—/~—Peak@ +24° ','1, “.’

bt
g’l’" !J' Mu‘ ‘ f:cisP::ll(gzau:n
I!ll,\l n' i f\ ’L ,' S Vel P

il
.‘ | “ "f I wr il \u,r ¢ | -

—¥—Peak@ -48°

Normalized gain (dBi)

-25

—/— Peak@ -48 ‘ |
| —&—Peak@ +48°

@ 1x16 Array antenna - — g 30

—(O— Peak@ +48° ‘1 w “
—P —<4— Peak@ -69°
(2 ——— h BFIC: Anoki ; —D—P:::@ :: h“ )h ' i“l‘ " N ,ml M‘” ” +Peak@ +69°
OGN gam o B -35 ulwluunnu-unwmm I ”l | 'l Il lll I
oy -%0 60 90
W bo'?!‘rd Steerlng angle (deg)
Qg



Wide—Angle Scanning Phased Array Antennas

€+ 1 x 16 Multipole-based PAA scanning performance

1x16 proposed antenna
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Wide—Angle Scanning Phased Array Antennas

€+ Dielectric Grid Layer (DGL) based antenna

____________________________________________
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Wide—Angle Scanning Phased Array Antennas

-  ®

€+ DGL-based antenna design & simulation
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Wide—Angle Scanning Phased Array Antennas

€+ DGL-based antenna fabrication and verification
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€+ DGL-based array antenna fabrication and measurement
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Wide—Angle Scanning Phased Array Antennas

€+ DGL-based 1x16 array impedance bandwidth in E/H planes
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Wide—Angle Scanning Phased Array Antennas

€+ DGL-based 1x16 array scanning performance in E/H planes (1)
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€+ DGL-based 1x16 array scanning performance in E/H planes (2)
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€+ DGL-based 1x16 array scanning performance with modulated signals
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Conclusion

€+ Successful adoption of mmWave/above spectrum by choosing right antenna structure

Array antennas at mmWave ‘

\

Antenna Elements Frequency Shift Up ‘
ﬁuby‘dule ro e gub-@ ‘
)N

O “Beamforming” as a key technology

O Antenna element “integration with driver ICs”

O Planar integration (potentially for
semiconductor process)

O Low-profile configuration

O Scalable configuration

v Integration efficiency must be
considered as well as the performance!
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