1 mE Apmdrt

R

Er ) sV B B T AR R A

Printed Broadband Antenna-for Digital TV

Moy oA EY (Min-Han Liu)

.

hErE T #L (Dr. Yu-De Lin)



B R N EAE B R AL AR

Printed Broadband Antenna for Digital TV

o4 B % % Student : Min-Han Liu

ERE T R EL Advisor : Dr. Yu-De Lin

A Thesis
Submitted to Department of Communication Engineering
College of Electrical and Computer Engineering
National Chiao Tung University
In Partial Fulfillment of the Requirements
for the Degree of
Master
In
Communication Engineering
July 2007
Hsinchu, Taiwan, Republic of China

oE 3 R 4{Lts & =



RN R AR BT AL A

LA EL R TR BL

5 &

L BV E PR ES BRI e SR
PR o B8 S PRTIL e Mol T AR W) 0 75 D LT AR A
Eiprig s o Rgmv o NP REE R T EDVB A ¢ s (470MHz~862MHzZ)
Werer ) 2 TR S v S A 4hDVB X S 5 L

SPER AT £ PR E A S R L A R R
S R R A R R AR R Y
EHTR ML Pk B ERL G

A ¢ g% Ansoft & 7 97 4K e HFSS Hke i d g k3 L B %
MR d N ERIRF L U Ak ¢ A 800MHz T iy A R G R

B o



Printed Broadband Antenna for Digital TV

Student: Min-Han Liu Advisor: Dr. Yu-De Lin

Department of Communication Engineering

National Chiao Tung University

Abstract

The Digital broadcasting system is a new method of transmitting television
signals that gives access to maore channels, better quality of image and sound over
the current analogue broadcasting system.-The digital TV will be more popular and
the analogue TV will be phased out seon:in-this thesis,we study portable printed
broadband antennas  which"“ jare- suitable for DVB broadcasting
system(470MHz~862MHz) and meet the specification of the antenna gain for
DVB broadcasting system.

We choose the meandered line as the feeding structure of the antennas to
reduce the size, use the comb structure to improve the impedance bandwidth, and
then put some parasitic elements to enhance the radiation efficiency. We also use
trapeziform structure as the broadband loading to reduce the size further.

In this thesis,Ansoft HFSS is used to simulate and design every kind of
antenna structure. Because of the restrictions of the measurement equipments,we

only present the simulated pattern below 800MHz in this thesis.
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(Introduction)
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(Brief Introduction of Digital TV System)

2.1 B TALR & % Sk

MEEF RPN R TR RARR $F BB SLangit Nk ALk S ez N
GBL e B RMA AR AR P EFEREAS G R LA L B LB R
foo BARUR AR T USRS TR O REIRETEL G FaEp o
PRF s AE e * P U GRS R AV TR HETT N BE L F e
Bood & - B8 B 4587 3 indicdp A 4 (data broadcasting)
AT A R f A EJRTE o

B RAR BN o35 PR Fhedich s 2o 27250 o Iy k=T AR
oo R R 353 £ R ATSC(Advanced Television Systems Committee) ~
% R DVB-T(Digital Video Broadcasting -~ Terrestrial) » ™ % B &

[SDB-T(Integrated Services Digital Broadcasting - Terrestrial) -

ATSCHE- 2 8 4 1996 & 12 * 4 % WFCC(Federal Communications Commission)
AL F WA T AR 6 R AR £0 1098 F 11 P B a R g Rk

BRALE R o kT A R ATSCHRE R RS e g 4 e ik o

DVB-T # % & & 1997 & 2 *» E ® % M T & % % 2 ¢ (European
Telecommunication Standard Institute;ETSI):a® » = 32 gt #ici= T 4 o B
# 1 % - ® ®British Digital Broadcasting” ** 1998 # 11 » B 4o3% 83
AP o B FHPRIR o RO BRI > R DVB-THR B 0B 7B 5 P R I

e MR OLA




PARA 1997 & 10 * oG H= TR o B354 < anip B R 0 3t 2002
EERERAT AR L EEF RIS EF I P 0 3 p A* [SDB-T

3 -

MR- E AR E R ATSC ks~ B e DVB-T & %uiu 2 p e [SDB-T

2.2 L ATSC & 3

LT HRE R € (Advanced Television Systems Committee ; ATSC) = =
1993 &5 o d 200 EAF AR ES > SR RTRAHFEF LT
£ p R XEMES S KEPTEERMA S o ERATSC © &7 FCC
T2 AR ARIRIEFE L B g (ACATS) 25w » B FCC»+ 1996 # 12 * #  ch%
EEAEL AL P L ARY 5 IR T AR AR

% R ATSC e 8 = 5% 0 AR S 6 S MPEG-2 # 4% ~ § 3 P4% Dolby AC-3
MmN 8-VSB ¥ IQ@?J%EE’:% 6MHZz(19. 44Mbps) - # R ATSC(8-VSB)

BT AR

1. & Z ks
ATSC ¥ £ & HDTV & & » %10t 1 HDTV & 5L2 @5 -

2. P F M
+ VSB 23 % & 1t g en COFDM *» = A& 2 — e S a0 F)pt A dp e
FE T 0 ATSC #rid F PR R EFRRA - &0 703

BE2XE S AEFELA o



3. Dolby AC-3 % »
Dolby Digital 4 »cE% P ¢ B % DVD~ 28 ~CATV $4 % » %

10§ X Bz § ek e
2.3 ®RDVB ik 3t

DVB(Digital Video Broadcasting)te sk = = = 1993 & - d 4z:i& 300 i 4p
MABFEF HWERF - *RFEFFHFTREI RS DR THREK
R AR TR E 2 R o TR DVB A weov B 65 B (European Broadcast
Union ; EBU) #7st & 4] 22 &% > » E® w M T 2 %%+ € (European
Telecommunications Standard Institute ; ETSDe%a#® » 5 p m gty % 1 &
sl = F RIS o 2 DVBAp MR 2 E s hDVB-S ~ 7 SR AR DVB-C

Byo5 B3 DVB-T -

AR SAE > 2N 0 AR R MPEG-2 H b~ 5 307 g 4% MPEG-2 3> @ 24 % = 5% 1y
kg AR L %> 78 (Coded orthogonal Erequency Division Multiplexing ;

COFDM) - # f?&ﬁiﬁﬁﬁi’ﬁ 8MHz(23. 5Mbps) -
DVB-T fediei it sr gt it F BT » gl 5 0T BipgFd .

1. H 45 % (Single Frequency Network ; SFN)
Hapgedp el 20 - RREY BEA5 T3 7 ﬂﬁ*&ﬁ‘@ﬁ?‘] 7R 3
eARo A RE AR R A TR BT £ g
l%ﬁi#@@7ﬁh @ﬁﬁwiﬁﬁﬁﬁo

2. ATt R
AR L 5 Guard Band 33 0 304w 2 5 RS T R Dl

it o Flpt aFE T 4 ARy e



3. Ewids g
2 DVB-RCT g+ @ﬁ%]:}iﬂi?v w3k f? hde % DVB-RCT #4p M f-m e =
1 B0 85 GO 2k S 2 s g

AXTHTREAMIREE L L EE o
2.4 p # ISDB % st

p AL ISDB & sti & § d ge4enDVB & stic i @ % - DiBEG(Digital
Broadcasting Experts Group),fs.ﬂ_.?%‘z FEI99TE QY 55 2 BAA RS
HAPMARBEE RBRARF 2P FTFMP > 2% p 0 A [SDB-T &
[SDB-TSB #=# 4t e 2>+ F o [SDB eimah > 3% » 4 MPEG-2 R HgH 7> @ 23 % 2 5
3 DQPSK ~ QPSK ~ 16QAM ~ 64QAM ~ OFDM &, 7 & ﬁ%ﬁ?ﬁ'a 6MHz (3.7 ~23. 2Mbps) °
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(Meandered Line Feeded DVB Antenna)

3.1 4754 » ;N A5 &

R 53 v pt o R P2 s VS R AR R A g - B

FIEE R 4E -
1. BB s 3 'Tehe S MA L 0 BREI0E E A ATOMHZ 3 862MHz A 1 47 £

FEAE X ROE R 60%) o @ etk % s (log-periodic

antenna) ~ ¥ * = s (spiral antenna)z ® & 5 44 = % (Archimedean
Antenna)[2 822X 30 ¥ i 3] 60%4 FAF BN & Ko 2 FI L G A S MR 0
Flo T R N RN ] AR SRR e

2. LAl ARG B fi ] iR ER T U AT RGEEN B X S eDig S
(Radiation Efficiency)& % & Z.(Antenna Gain) > #7014 3] % &g
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3. 1.1 785 e ~ B if
d %?%g»‘%ﬁ#{fﬁg};\%?:‘ M- G T E L RER LG M N o
fod XRERY ITESARE G FHER DY B OB T SR

* 3 ;}’ﬁ—%;\ e L] ;\4 °

FHENIRE G - BEAPEOREE D N EN IR BN E R A
(Resonant Antenna) - 47 #Ehit & & § & & 2 £ R eif 5 g8k 4 - Bl 3-1(a)~(d)
A 4 BEF A RITHERE R PITHE H B R (Meandered_Line Monopole
Antenna) > ¢ B 3-2 ehreturn loss BT ¥ F IR eI g o ¥ b d S H 3T R
Henhd 0o £ A B2 B G 3 AR & il o B 3T HESS U i B Ap AR 2 T

FETHELE FRE Y AT e ¥ {F F}_ﬂﬁ-:}@. etk s RIS H Z 4 hd dRAE

e T A fﬁ”']é@iﬁ;-. 1‘1, A e s [3]04] -
5"“.}.

(a) (k) (c) (d)

Bl 3-1(a)~(d) 4 B2 k& AERIITHESHE B R




Return Loss (dB)
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200 400 500 500 700 200 500 1000
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B 3-2 : B 3-1(a)~(d)#r¥ & = Return Loss
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3.1.2 3754 » N 4151 A

Al EATE R SULY - b TS BB AU~ B AR £ R 3 A 5]
B TR N SR A Mo B 3-3 5 BRI R REETE chd i @ R 34
SHFITE . £ 31 HAEFITEM AR M2 f¥ciE o

Ao ¥ A chl S FRAF - R fde™ A3 ¥ (e, ) 4.4 5 F 4

**7(tand ):0.02 ; %48 £ & - 4F (copper) > 5.88x10" S/m ¥ +# 5 A& : 0. 8mm e

FHED B EGFETF TR AR LY S A A
(MeanderedLme)@«*%]%JF”"‘ FHOBRTCFAAFITBRAEAIRFALR
RAg &2 T 0 B2 SR BRI A A L AR o S HR AR 2
A FETH R G R TR AR £ R %o F17 e ahk T A
BZMET AL R b hT IR BT A & PR F S 4 AR g Sl T o 7
A b F AT AR AN AR ke T A R R Y 2 K

EETH R R AR E T R TSR R T ez P oo
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L1 58
L2 56
L3 32
W1 1.53
W2 1.53
W3 46.5
Sl 1.53
S2 1.53
h 2

F3-1 0 TR AT O SR Ah ik
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3.1.3 e ERE%

-10 4

Feturn loss (dBE)

-17 4

214 4

=16

-18

300 400 500 Goo Too a00 oo 1000
MHZ

== hleazurement
Simulation
-6 dB Re®rence

B 3-5 : 3744 » N 453 2 s Return Loss sk £ R B

Ame P oo it * Agilent ESOTIAE P = 2% » HP 8530A € Bl = &gl -

J B35 7 f R RIS b A B R R £ (470~862WHz) 4% & 6dB 11 T <
B 3-6 T/ 3-9 & % Aenig 5357 o

d 2> HP 8530A £ Ik & 1 ') o S Maip S gEE A £ R T 800MHz - #r v
Am e P e 800MHz T arom ] G B R o
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(a) ¥Z-Plane (h) vZ-Plane

® 3-8 : XZ & YZ Plane@660Miz st 353

A srntnsd —— v poanzan
{a) ¥Z-Plane (b)) vZ-Plane

B 3-9 : XZ &2 YZ Plane@500Miz 4 353
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Antenna power gain specification

2
2 2
c
= 4
g
g 8 y_______‘_._-—-—4i
Q . ————F
o k_)*_)—-«-——)*‘—"
10 ¢——2—1
-12
470 510 550 590 630 670 710
Frequency / MHz
B 3-10 : DVB-H % s & e
-4
5 4
5
%
o 10
T
i
12 4
14 4
-16 . . . . . .
300 400 500 B0 D 700 20D a00 1000

MH=z

—=&— Gain of the designed antanna
—a— specof OWE antenna

B 3-11 @ 33+ en® s $ DVB = A6 i ¥ 00
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020

018 ~

016 ~

012 ~

010 4

005

Radiation Efficiency

006

004

00z

0.ao

1 1 1 1 1
300 400 500 00 foa Soo 900 1000
hHz

B 3-12 @ 3% 3+ % Auerdf Mok o7 5 2 B 4R
B 3-10 % %t DVB-H = s 5 en2ge (6] o d B 3-11 7 v gt T S+ 300
SRR F R 2 TR 310 T HDVB A Ry F gk R H gt
Farad R o 4o Bl 3-12 fE o B RAES T 2 ped s ] A M
(electrical small antenna) &3 ¥ 225 S5 JLAL 3 4 > feid & gt X 4 ehif &
PR 4Fend FIE AR M IR TR £ BT o R 3-13 PR A G
TG R IR AR S AT T AR T R AAR F e 1 R H i 5
NPT BT IR G A g 2 7 Mg E o
B R GHEOER A A N e KA NesisF 5 0 & B 4 Return Loss e}

e gk o At R R AR A E T AR S AR f § (broadband loading) -

EA - - R A F AR B L e M4 v ] 3-11

& 3-12 chd I 7 A
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A mlaamaan o o
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SEERE] | i
P i P SR EEE
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B3 L2& Y AT ESNE MR M d A BT £ B T
R TS A Al AR T B A SR > erl A L E R peE A B i Sk
FARFERY HRETARAIL AR J B 313 HTINA G T v w e
S kRN T h A 5 AGE e s B B i s kR o & B e

S ESREESESFSE S N S S Ea sk

AAlEY g 2 AT ENEERRZIBFOT R - B F 4
i+ (parasitic elements) > 4B 3-14 #77 > B 3-15 5 & wmnene + £ 8(L

LWiHER3-147) B 3-16 5 27 (TH > & & 3-2 SR AT hddkc
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L1 56mm S3 6. 97mm
L2 35mm S4 1. 03mm
L3 36mm S5 1. 5mm
L4 36. 18mm W1 1. 53mm
L5 50mm W2 Jmm
L6 52. 02mm h 6. 5mm
L7 55. dmm W 60mm
S1 4mm L 120mm
S2 8. 06mm

4 3-2 1 X Aent ~ 2k
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(b)# &

B 3-16 : s 2 X A (FH
3.2.2 BB EREE
B 3-17 5 #-# 22 £ Blh Return Loss ** #& R > 7 Bl ekt & 8.6 & 480MHz
41437 -6dB o B 3-18 1 B 3-21 Z H B R[] o d B 3-22 ¥ & BAE
£ (470MHz = 862MHz) 3% 7% X_DVB % sendf & 4= 2 # & T 32 & (Gain flatness)
% 3dBi e i i o ] 3-23 & H i Sfan S SR S ehE (R 0 & B 3-12 v |

'Jé iR 7 LAl R A A
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Radigtion Efficiency

0.45

0.40 4

0.5

0.30 -

0.25 4

0.20 4

015 4

0.0

0.05 T T T T T T
00 400 s00 Gon Yoo ao0 aon 1000
MHz

Bl 3-23 @ #C 2 % edg Mok 2 ag 5 2 B 4R
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3.3 ¥ - AW 4 hDVB =
B32& Y FITEY FA AR REDRAFI I AR E 0 R AL
(RS RNS ST E R RS R CEE AR Li
A FENTHNET AR L o A HERNT - FET AT R

(Ultra-Wideband Antenna) & #F 537 kK ¥ - 8] & ff lici= T AR X & o

3.3.1 FI* A FHE X MRANFHE LR 3T 4k ~ DVB = &

Yo 3-24 4o o p R R Ade 2 W R A ARk S - B [T

BRI R AFIE R ALY § AL 5 LI ki s gt 2

4 1% P 4e P bhi ground #E]j p

@325W7m“m‘**&@ Aﬂg&&%%ﬂ’@3%6éﬂ?ﬁ@’a

'--\.,-"" 18! L8
l'-\.

£03-3 ARG mkﬁc?%w A

w

r“ (3) IEE (b) &E “ﬂ

X X

1 3-24 1 38 % 4 BAF = AR ILENT S
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(a) @ w

(b)#

Bl 3-26 1 % ROF (TR
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Wi 1. 53mm L9 42mm
W2 Jmm Sl Amm
W3 29. 2mm S2 Smm
L1 H6mm S3 1. 97mm
L2 45mm S4 1. 03mm
L3 40mm S5 15mm
L4 36. 18mm d 1 3mm
L5 50mm f Jmm
L6 25. 235mm h 2. 5mm
L7 5 6mm I; 90mm
L8 26mm W 60mm

# 3-3: 2 Mehr - flck

3.3.2 B ERIE%
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(Conclusion)
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