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7 B 4g * (Spatial multiplexing )

A & = 7] (Beamforming)
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eMBB

Enhanced Mobile Broadband
~ 10 Gbps

Gigabytes in a second —\_.

3D video, UHD screens
Work and play in the cloud
Smart Home/Building |

Augmented reality

‘ Industry automation
Voice . Mission critical applcation
Solf Driving Car

Future IMT URLLC
<1 mSec

Smart City
mMTC
108/ Km?

Massive Machine Type Ultra-reliable and Low Latency
Communications

Communications

~ FAL kR ¢ ITU-R M.2083-0
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Wavelength 100km 0km 1km 100m 10m Im iDem lem Imm WOum Gum fuym Olpm 00A 1DA 1A
Band  ELF, VLI, LF | MF_; HF | VHE | UHE | SHF | EHF | 4 i ] | : H |
S L o [ S | B WS L W | i i 1 | i | |
1 ! I } 1 I 1 I ] 1 I I & ]
| 1 | | ] ] 1 ] ] i 1 I i Xy "
: : : : : : Millimeter- ! ! ! ! . \ :
| 1 ) | ' | Microwave  wave Infrared Visible Ultraviolet 4 I
! i I 1 1 =ity e e Eyre——— | I
; H H H H H

Frequency

| GHz

3x10' 3x 10" 3

X1 3x10° 3107

2 GHz

4 GHz

8 GHz

3x10° 3x10° 3x10™3x 107 3% 1073007 3x 0" 3x 107 3x 107 3x 107 3x 10"

12 GHz 18 GHz 26 GHz

| L Band I S Band I C Band | X Band |Ku Bamll K Band |

26 GHz

40 GHz

60 GHz

90 GHz

140 GHz 220 GHz 325 GHz

|I\'aBand| U Band I E Band I I Band | G Band I Y Band |

| Q Band l V Band I W Band | D Band |

30 GHz

50 GHz

75 GHz

o i 1 0.3GHz~30GHz
e %} :30GHz~ 300 GHz

T kiR By LM JE X AFHTREAPMEY § 10 2018% T TEHK
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110 GHz 170 GHz

O O L

Carrier Service
38.6 10 40.0 GHz
14 - 50MHz channels

E-Band (Lightly Li
711076 GHz (5 GHz)
811086 GHz (5 GHz)

92 1094 GHz (2 GHz)
94.110 95 GHz (0.9 GHz)

Automotive Radar
76-81 GHz

L4 Tfi 1u:§37‘)§%_"
Tt

=, B4 kiR : Keysight Technologies Inc.
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ATTENUATION dB/km

W=
ﬁ"fjf\/ NS

| H,0.
T To;
A: Sen Level B: 4km
T =20°C T = 0°C
P = 760 mm "H,0 = 1gr/m®
“H0 = 7/5 gr/m®
il Rl L ! \ \
15 20 25 5 6 7 8 9100 150 200 250 300 400
FREQUENCY GHz
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@ SUE 2 30 W9 4 (71 GHz ~ 86 GHz)
o Tk iﬁ»?‘ % (30 GHz ~ 300 GHz)
e 5G /i % (28 GHz, 38 GHz, 60 GHz)
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£3 7T (76 GHz ~ 81 GHz)
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v g ﬁ%l 4 & (Transmit diversity )

v %z B4 * (Spatial multiplexing )
v ik L B2, (Beamforming )
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K4123 » 15 H 12001 Av-t

AL kiR £ 54 % Development of Electromagnetic Science and Technology,
2018% F T REK Y A §
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v(t)
+ — Ay
q moving along
Z-axis
Y ¢ WA T
for t < | for t >> At Regi ‘ _——
| & g4 5
| Electric field lines around lea ot
I . an accelerating charge )
/”\ : - a_snd
I " g r dme ¢
P 2 atz=»4av J
Brons - "‘»,‘Av-t‘mnH 5 o
2 ‘\‘ » )H
Ref: Tessman & Finnel, 1967, Amer. J. Phys., 35, p.523 (o] P
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5 =z v (a)

H, H,

P

i 3% 7 R B

. McGraw-Hill, 1999.

e RABSCARMBATEHHE
\ SGRRARMEAHERD 1

P ELT 358 T/4P
ﬂ‘; > ﬁ 7 v“;.
Direction of propagation FE (T ) s

741 %% : J. D. Kraus and D. A. Fleisch, Electromagnetics with Applications, 5™ ed.,

S EC AL

Tmnsxmsmon e ety

O=27) >> <<<\—MT

Reoewm'

Transmitter

o TMAFNE ﬁfﬂ(@%ﬁi FhE)EASZRLE
LRV AP A e Rl |

o T N BHL (Webers Dictionary ) : A usually metallic
device (as a rod or wire) for radiating or receiving waves.

IEEE Standard Definition of Terms for Antennas (1983): A
means for radiating or receiving waves.

1% i %42 > Introduction to Modern Antenna Design, 2018% F % B % ¥
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> ARHEEAT o X RS » % =+ (lIsotropic)

AL S 2 SR ™
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S » 2 » £ (Omnidirectional )
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£~ Half-power be
vidth (HPBW) -3 dB

am width betwe
irst nulls (BWFN

(a) (b)
e i # (Mainlobe) e X% 4% (Half-Power Beam-Width, HPBW
e % ¥ (Side lobe) )

% - % gk 4 % (Beam-Width between First
Null, BWFN )

74 %k ¢ J. D. Kraus and D. A. Fleisch, Electromagnetics with Applications, 5" ed.,
. McGraw-Hill, 1999.
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o 4% ¥ (Backlobe) ®

SGEMMAHMEERER D

2 RFAE (F)

Aperture = wh

h = ag
Field
pattern
A
P
Rectangular
. —
waveguide

=
N7

E-plane 33 : & 7 3T 6 2 37 (y-z T 5

o
—

e H-plane #-%| : ¢ z BH T a “rip it 2. F4) (x-z T

7L %k + J. D. Kraus and D. A. Fleisch, Electromagnetics with Applications, 5" ed.,
McGraw-Hill, 1999.
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2 SEE ()

Broadside = s
P

End-firex s
Lo E 4R AR

LR AR

e Broadside= # : i A ¥ p L 3e F X MPT G

e End-ffirex & : 3 A #3 b A

744 kR ¢ W. L. Stutzman and G. A. Thiele, Antenna Theory and Design, John Wiley
w, &Sons, 1981.
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X zﬂﬁgl » FE

No reflection r=7 /Vo+ _ (Zm 2 ) Z,0r +Z, Full reflection
0 | |F| , reflection coefficient 1
return loss =—20log|T] dB N
o dB ‘ Return Loss / 0dB
V
VSWR =V, /¥y, = (1+/1)/(1-|r])
1 ‘ VSWR, voltage standing wave ratio ©

ALk ,&;rg /&2 it %32 > Introduction to Modern Antenna Design, 2018% % ¥ g%
51488734

v
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e dpw it (Directivity) : % > wfg st 2973 > v g sfdin2 TIOE 0 @
e HF (Gain) ! F- P e EHFREREEE e SR B

o % (Efficiency) :fgits T r 2 s Feant i@ > G=yD

FAL kR x> Introduction to Modern Antenna Design, 2018% % R &k ¥
SIARF R ¢
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T it

Linear Elliptical Circular
polarization polarization polarization
|¥ v | ¥
| | TRANSMITTING ANTENNA RECEIVING ANTENNA
Plane wave
|E2 |Ez |E Tapered £ lines Etines") [~ Tapered
transition transition
Transmission line Guided (TEM) wave
(o) - ceee ne
2 Generator Receiver
(out) o transmitter
—
Guided (TEM) wave ‘—'—’T S
One-dimensional wave | 2"S1ON Transition region
AR = = AR =1 redion  Ereg.space wave or antenna

orantenna  radiating in
three dimensions

()

e i&i- (Polarization) : % Migs4pE s F ¢ X B T FafLph
o B RATT MR F TR 0 F RGP R

78 %k ¢ J. D. Kraus and R. J. Marhefka, Antennas for All Applications, 3" ed.,
McGraw-Hill, 2002.
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