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ABSTRACT

This thesis presents a dual-band transition network for balanced and unbalanced
terminations. The network simply consists of a two-section transmission-line transformer and two-
section open-ended line. Based on the lossless transmission line model, analysis and- design
equations for synthesizing the design parameters are presented. Validity of the design equations are
proven via simulation and experiment for two design examples. Applicability of the proposed
network is demonstrated with a wideband tapered loop antenna on FR4 substrate (dielectric
constant of 1.6 and thickness of 4.55 mm), leading to a 0.9/1.8 GHz single-fed tapered loop
antenna. The measured performances of the antenna confirm the validity of the proposed dual-band
transition network. The measured gains of the antenna at 0.9 and 1.8 GH; are 2.75 dBi and 4.28

dBi, respectively.
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1 =—% (2.24%)

1 for asymmetrical steps
2 for symmetrical steps
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(Coplanar Stripline on a Multilayer Dielectric Substrate)
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C fonnuy Infhdenilanitonnueni(Capacitance per Unit Length) Yoscneiidgynyia

v & 1 o o 4 ad a
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1 K(k) rfluwainnmsauﬁmswgﬂw‘s‘uvm&‘mﬁu (Complete elliptic integrals) #1181 1A910

2 de
K= [—L2 (3.11)
5,‘\/1—k2 sin’ @
AN IUVDS K(k,) laqaunsedialden
K(k)
n3dl 0<k<0.707
L(k') =lln 2__1+Jk_ (3.12)
Kk) = 1-k'
n3dl 0.707 <k <1 )
Kk
O z (3.13)

K(ky zn[2(1+ﬁ)(1—ﬁ)]
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Tnssadieves C §1Cuansfagyl 3.5 §93.5m)  Tasldmaiinves n1snenegl
(Conformal mapping) lumseFueriuaunisi 3.11) dewaldldie,, luiweadvadulaeld
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_tek(e ) KBE(E)
=1 2( rl I)K(k)K(kl)
1 K(k)K(k,)
+5(8,z-8r1)m
+l(g _1)M
277 VK(K)K(k)
L, e )K(k)K(k;)
27 k(KK (k)
+1('g . )K(k)K(k;)
207 YK (K) K (k)
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(3.19)

(3.15)

4 . 1 v o o o o ad
Wee, (i=1,2,3,4,5) fio manuduiusanmeey ihduinsuesiaggiusedladidn:

a A a a =] o q’: a i T ' [ Y ~
asnuay K ﬂﬂﬂﬂﬂ‘lﬂﬂ']iﬂuﬂlﬂiﬂzﬂ'Nﬁu‘UUlﬂllﬂu"b'uﬂ 1aumsvimkuask H‘ﬂﬂﬂ\?ﬁ“ﬂ‘liﬂ

4
(3.12) uaz (3.13) dmFumsmal kuaz k', sansovidriddaedl

i=1,2,3,4,5
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k =.1-k>
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e A, Aeanunutvesiagyuses ladidnasa Aegii 3.1

(3.16)
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-y o

cPS _
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— (3.19)

o ar o a (] [Y ad a { °o_ o
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r
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(3.20)
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aumsi - (321)  Aduannssnuuasaduazieusziusgiuussdutasaszualumumsi - (3.22)
L& a Y o a 3 1 a g o a &
Taoia ludBufuaudquanyas Z, sedfusnudadou uder 1¥dufnaudiudauniods

a0 [ Y d o = [ 13 o o A 4 9/
im Z, iy 50 Tevy luviwesdeaduszduduussduvesniuannsenunazaduaziouay

gas uaumsn (3.23)

u =(q, +b1)\/Z—C

u, = (a, +b,)\[Z, (3.21)
i, =(a,-b)W\Z,

i, =(a,~b)Z,

a = +iZ,)/2\Z,

a,=(u, +,2,)12\/Z, (3.22)
b= -iZ,)/2\/Z,
b, =(u,~,Z,)/2\/Z,

b =S,a,+S,a, (3.23)

b, =S, a +5ya,

A =-l—71-a2=0
q

S, =i a=0
a,
b

Sy _zaz =
q
b

Sy, =—22 a=0
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nAMsinnunsiiees S, Taoldaumsi ¢.23) Tanihwunuluaunsi (3.22)
4 v ]
aniuezldaumsnlddmsumssmanm S, uaunisii 3.29)

Z
_ " 1__9)
S _ b _0=S _(ul—lec)/2,/Zc_ 1( Zy _Zy-Z, (3.24)
n="|G=U0=95,= ; = 7 47 :
G (u +42,)12,/Z, u(1+ZCJ wt<4c
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I, Zos¥
-0 O
U, Ze=Ull,=Z,
JL ™
J A4
i J

= L) [y o =) a o 4
31’71 3.7 'N'Di'(T'I‘Hi‘ljﬂ'liﬂ'lu'lﬂlﬂ'lﬂ'lﬂuﬂﬁﬂﬂwuﬂu%

Zc
7 =£ _ Uy cosh(y 1)+ Z,I, sinh(y -l)‘ cosh(y -1)

IN

(3.250)
Io 1 cosh(y-ny+ Y sinh(y-n) —Zc_
Z, cosh(y -1)

U (Zo+Z, tanh(y -1 :
z,, =Y C+Z° D) _, ?:ZZ"ZEZ(}/ 5) T (3259)
U, (1+—Z—Ctanh(y-l)J o+ Zc tanh(y-1)
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3.6 ninfimeimsanszdanszanelnuamnasguuas Tnuanaaveslassa g

(Standard and Mixed—Mode S-parameter of Differential Structure)

lumsiyeusaidhidroiusenininuad  (Differential-mode) uasInuasay (Common-
. & a’: [V 1 . o s o {
modé) ¥4 InuansaeesmiuiisuSoniiTnuanan (Mixed-mode) dmsugunsaluvy Varwdes
o o’: o o Jdo o 1 o 9/ 4
UseAU  RF  waznssuaiulinnuduiusnunsinudsiy  awisefivedmualandiulais
[] 'Y o ('} a o I's d
(Terminal) ¥o3gUnsaiudasdy MINAMSAIMUA HsIRU AsuE wae BuRuaNT mMsuediualal
Q e 4‘ o 4' Qs . [-] e . 4'
Masuady - awnsedmualdlumsounduuasaevaues  dmsunisilouigenunduss
° ' 4 LR ] [ I .
Amuamsunsnszanwadudsinudi ludgUnselinaaey (Device-Under-Test : DTU) uazes
1 o 1 o H Y] 4 d
lAnan1sAoUAUBINISUNI ATE VBRI INUASY AdgUh 3.8 wamaumuiavesgilnsel 4 nweda
& Y a A & o ' Y A A Voo o s )
nngUweiamsiudunafie wosa 1 was wesa 3 agnIwiloieuAenunesngnsaine 14

nawou lauil wesn 2 uas weosa 4 Wunesaoriyn (42) Sa [44)

¢
WoIA 2

o
noin 1

oA 3 DUT wosn 4

—

3UM 3.8 U™ Single-Ended dm3ugUnsoimadeu 4 wesn

a 4 [y ° (Y ! oW

WisuweInInIziansenwezgadmuald  Tasdandiuvesmsuesuualadueeiige-

4‘{ 0’: o ar ] 4‘{ b @ Q’I’ a o o

nuAAUIIdes  Mnsumsasuduesszgauilasmsioundudnll  sniumesndluaunsi

y ] []

(3.26) Sanandennuiiu 1) 18 anua veamsieusadnAwiuvesmsasuauesiignuiialasns
ﬂ A ¥ lll o a ¢ o [ A& 3

ounawin ) TaohmaTndndn (Column) uansdnvmsnnizveansilouniuuasluusazuas

¥ 4 o o n’: a ar
Row) vz lsumuteu lvdnpazmmzlunsaouaues Fufunndndunsgumsnsesansyo 4

wosnfo B, =S, 4, udasluaumsi (3.26)



(5,1 [Sy S, Sy S e
b2 _ S21 S22 S23 24 || G2
b3 S31 S32 S33 S34 a3 (326)
_b4_ _S41 S42 S23 S44_ | 44 |

lagil B, Aewm3Indn1snouausausenau (Response Wave Matrix)
S.q fowasadmstleunau (Stimulus Wave Matrix)
a [ o
4, fomesadinasgumsnszianszes 4 wesa

. F 4 .
annsauaasldhediudaumsi (3.27) uaz (3.28)

rbl_ Fal—
b a

B, =% 4, =2

std b3 , std a3 (327)
| b, | | 44 ]

S S Sz Sy

S _ = Su S Sy Sy

” Sy Sy Sy Sy (3.28)
| Su Sp Sy Sas

° o L4 L4 @ '
dmsugUnseiuuvauqad (Balance Device) U159AUUAE NTEUTYDI IMUAAIUAL

° 1 4 [ $ v o s U4
Tnuaswannsodmuansl lundazwosaaugadld dagit 3.0 naasruAadmsugnsel

9

_ NATOULULTHUAAI 2 WOTA (Two Port Differential)
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nosa 1 DUT No3M 2

a o o '
71 3.9 urunmgilnsel 2 wesauuueng
wasndnszsanseaoves Inuanay (Mixed-Mode) uaasluaunisi (3.29) Taoh
aunsafszadumaindmsnszinnszneliaeandosiu Single End doudazndnniouniny

unuunutou lvveamistlounauuuudianensaeuausy

de, | FSdldl Saiaz [Saa Sarez ] raa,1 |

by | Sa2ar Saraz|[Sazer Sazes a,

b, - Seat Seraz |Seter Serea a, (3.29)
| b, | | Serar Seran|[Sezet Seaa L4 J

= { a 4 o 1 '
lavh S, u0z S, Taofiij=1,2 Aemndimesmsnszianszaove Tnuasauas Tnuasay

Sa

{ a d o LY
g Wz S, Taoh 4 j =1, 2 HemndmesmsnszianssrivvesTnuandy (Mode

Convertion) itag Tnuaduy (Cross Mode)

a o o P k4 v =Y o Y o o
WITUNBT S Iﬂlﬁ’l i j=1,2 NYUUUATULIY YDINITNANDINITATSIANTLIIUAINTY

didy
TnuanauzamIToUaAIAITUNIST (3.29) seihldmaudeaussouzvesmsileunduuuudig
(Differential Stimulus) (tag A1SABVAUDUIUUAI (Differential Response)
Su (Sag) TN 1, j =1, 2 vzefurwfamsnlaou TnuasinTnuasw ldu Tnuadsves
A a ] v A a o Y
Aautazalasu nuanin Tnuaae Uiy Tnuasiuvesniy WMIHRBINTLIANTLYIVea InuA
s - o’: o =1 o o o A . Y] a 4
maAEasluaumsn - 329) thuzdiuhiinnuduiusifeuiieilasesify  wWisiimedats
Y L4 5 a H 1
NITIANTLNWVOS 4 wosaluaunmsn (3.28) wnsenlugiin 3.8 ilua 1uaz 2 dudvesnesa
. ° v
#1uALY (Single Different Port) uazTnua 3 uay 4 fugueamedndie (Different Port) Aty
Y v d [} s A 1
mduRusITmINMsasuaussiunauntewd I luTnuauag  waz Tnuanauezuaasiy
aumsi (3.30) uazaunsfi 3.31) e q,uae b, Taohi = 1 89 4 BInMINATEL (Measure) 11

nesn 1894 donnisanlugud 3.8 Idwadaaunisd (3.30) uag (3.31)
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1
a, = :/‘5"(‘71 —a3)

1
a, = E(al + a3)

(3.30)
1
a, =7-2"(b1 _bs)
1
a, =$(bl +b3)
1
a; =$(az "‘14)
1
a,, =—\/—_2—(a2 +a,)
(3.31)

1
a5 =$(bz —b4)

1
a., =$(b2 +b4)

msulasuesndluaunsfi  (3.37) Fozdumslasssniesminiimednsnsda
n3zvoves Inuauasgudy Tnuanauds Isunmduiusfunuaunsdandy  Taofidmun
mmnsiimes s ududso i 4, mnwtaniuditlowd 1y Inuanay (Mixed Mode Incident
Wave) aunsafnaamiddeaunsii (3.32), B, mnofensaovaussves Tnuanay (Mixed
Mode Response) amisofuasmiatlddaaunishi (3.33), S mngdauasngmsnszsanszane
vos Inuanauasasamm lddeaunsii (3.36), S, nuwﬁqmm?mﬁmmgmvfwuﬂ 4
wosaluaunisdi (3.28) wasndnissunidoy (Conversion Matrix) M uaz M~ fsaunisi(3.34)

uag qun1sh (3.35) g ey

A,..,=MA,

mm
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0
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fisnshoidy 023 dadwas ndsnminseinnumsuldsunlasmssozyosinavesansy g T
A 1 Ai ° 9 ' ' a a2 P A 1w .a_a
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ninmivezannumsifasunlasmanunieves #,,, 1iises q
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diotmuald W, =0.23 indmas uaz g=0.3 Tadums
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YU BHUNITANUN JU TTLY, £, =2.5 1ad h=0.381 Uaauag

W, ps=0.23 liaduns g=023 laqwng
g Z cps Weps Z cps

@aduas) (Teviu) @adluag) (To¥iu)
-0.1 146.346 0.1 253.822
0.2 178.85 0.2 210.233
0.3 202.525 0.3 188.951
0.4 221.708 0.4 175.869
0.5 238.037 0.5 166.856
0.6 252.338 0.6 160.189
0.7 265.095 0.7 155.008
0.8 276.621 0.8 150.831
0.9 287.138 0.9 147.368
1.0 296.807 1.0 144.431
1.1 305.753 1.1 141.895
1.2 314.073 1.2 139.673
1.3 321.848 1.3 137.702
1.4 329.142 1.4 135.935
1.5 336.012 1.5 134.336
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7 =7 Z,-jZ tan(p¢))

= (4.14)
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(tan(Bt,))" = (4.21)

< |R
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< |R

(4.219)
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Z,

= 437
RL

K=

@ 3 4y a 4 { s @ o do
aaiuidlennsanaunsi (4.30) waznldouzluvvaunis Inildiianuduiusiy

[3 v Ed
fmsiimes K luaumsh @.37) vldaumsi 4.30) dudsil

2
Z, - £(1—K)+\/[£(1—K)] +K3 (4.38)
2a 2c

L

g

a P o P et o g o J a J 4'! 1 a o o
NIITUITUNITN (4.31) NUANNITN (4.38) 1?111?1’J'lllffilWNﬁﬂ‘Uﬂ'lW'li'lmﬂfJi K (WK IA1BUNLAUY

14
' v o do 1 o
Z, uazA1 K Ianuduiusiua UK Asi

4 =£2— (4.390)

RL K=K, ¢lx=1/k,

Z Z

2 = (4.39%)
Llk=kK, 0lk=1/K,

a 4
4.4 ﬂ'liﬂE)‘lm"l-l?)\iﬂlﬂﬂ?d%i!lﬂﬂﬁﬂﬂﬂ!!ﬂu%

8 [] (]
TuiadeiivsimanlSsumesueesutaslnseadienns q # lddnuwudr luiadenruun
° £ { & )
Tagazvinmseonuuuesuadlassaduuvnilaludanueninau 2sesutaslaseadrauuuIna
1 y
for esudaalassadauuinag uazasvsulaslassadanuuaesIna  nasntdussfinm
v o o [ o 4 5 1 [y "o o
anudunusvesamndines K nuanuuanaesulasnstiasamsniaieeialsldsunsy
ADS Momentum' ™ 2003 (WOAANIHANITABLAUDIVBI29INTANVUANAIN LB 15
¥
Tudusnuaiadeiissinsesnuuuiesutaslnseadiesivau 4 2995 Tasdmua i
a a o o P s a a o o o da
2esadunadufiuaugen 50 Teviuliflueanadufiuaud 100 Tevy fuffies1 K = 1/4

8 ¥y
AIIUATWIT TN DS VDI TUAAIAIT



57

R é . . t .
1. neswlaslnssaframuniislufianuonniu Tasfisniwdnan f,=3.5 GHz
2. 2esulaslassadraunnTwag Taofismawdnan f = f,=3.5GHz
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uvy Inag - 35 3.5 707 | 1414 90
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é‘l o - ] Y Jd ar
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et A A o @ a 4
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H 3 =Y g 5 =i :
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Abstract: A microstrip-to-coplanar strip balun transition and its applicability to a single-fed dual-band tapered
loop antenna are presented. The dual-band transition consists of a simple two-section transmission-line
transformer and a two-section open-ended line. Closed-form design equations based on ideal transmission
lines are derived and then verified with the examples of two designs. The application of the transition to a
single-fed 0.9/1.8 GHz dual-band tapered loop antenna is then demonstrated. The measured performance of

the antenna proves the validity of the proposed dual-band transition network.

1 Introduction

Balanced eransmission-line circuirs have received a great deal
of attention for modern wircless aud high-speed
communication systems receatly because of their ability to
support signal propagation with low common mode noise,
resulting in 2 design that provides low dispersion as well as
low radiadon losscs. Balanced circuits and systems are
routincly used in Si-based IC design, for cxample in
mixers, amplifiers, modulators and so on, and ther is
increasingly a need to work at much higher frequeacics
where transmission lines need to be used. With unbalanced
transmission lines such as microstip (MS) or CPW,
routinely used in GaAs MMICs, many of the balanced
circuits {or systems) have been proposed to operate in a
pscudo-balanced mode and are not truly batanced. A circuit
operating in a pscudo-balanced mode bas both unbalanced
and balanced transmission-line modes and needs 2
transition network to interface between balanced and
unbalanced porss [1].

There are several unbalanced and balanced cransmission
lines and, respectively, MS and coplanar strip (CPS) lines
are of interest w us. MS is undoubtedly the most popular
unbalanced transmission line [2], whereas CPS is one of
the promising solutions for the balanced design because
of the uniplanar structure and compacr size [3]. A number
of CPS-based circuits and systems have been reported with
good pesformance. For cxample, an ultra-wideband mixer
[4), filters {5), recteana [6] and antenna [7-11). Most of
the balanced /unbalanced transitions reported had wideband
parformance [12-17] since they were proposed” for
measurement  systems or other wideband  applications.
However, with the recent demand for multi-standard
communication and  high  competition in  the
tclecommunication market, a low-cost system  which
supports multi-band communication is an attractive
solution. There has been research on integrating a balanced
component to an unbalanced component with a wideband
transition to support multi-band applications [6, 9], but
as yet there has been no rigorous design method for a

g
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dual-band transition. Consequentdy, the theme of our
rescarch  proposes the latter approach and latenlly
demonstrares it successfully with a balanced-fed antenna
design. The MS-CPS transition proposed is operated in
dual band, which is first reported, and will be applied for
multi-band cingle-fed antennas.

The paper is organised as follows. Section 2 presents 2
dual-band transition network for unbalanced and balanced
loads [18]. The fundamental concept of this network is
based on the widcband transition topology proposed by
Simons ¢f /. [12] and Tu and Chang [17). The nctwark
consists of a two-section transmission-line transformer
(TS-TLT) and a two-scction open-ended transmission Kine
(TS-OETL) to- achieve dual-band frequency operation.
The analysis and design of the proposed dual-band
transition network is based on ideal transmission-line
models. The examples of the two designs of the proposed
transition are alko presented. Section 3 peesents the
practical application of the dual-band transition to a
balanced-fod tapered loop antenna, which is 2 wideband
component. This intcgration leads to a single-fed dual-
band tpered loop antenna. The pedformance of the
antenna, including VSWR, gain and radiation pattera, at
two operating bands (0.9 and 1.8 GH2) is determined by
simuladon and experimentally. Finally, conclusions arc
drawn in Section 4.

2 Dual-band transition network
2.1 Analysis and design

The configuration of the proposed dual-band transition is
illustrated in Fig. 1. The nctwork comsists of two
subcircuits, which are a TS-TLT [19] and a TS-OETL.
Here, the field coupling between these two subcircuits is
assumed to be negligible. Let Z, and 7, denote
impedances at the unbalanced and balanced terminations,

I Z: ‘,'34'

Z.9

Figure 1 Schematic of the proposed dual-band transition
network

respectively. Based on the concept of previously proposed
works [12, 17], here, the TS-OETL provides a short-
drauit where the TS-TLT transforms the impedance
from Z, to Zy at two desired frequencies simultaneously

(/4 and fo). :

Designing with the proposed topology leads to a feed
network for matching unbakinced ro balanced terminations.
Let f; = afy and assume that 1 <a <3. Note that a is
upper-bounded by the third harmonic of the fundamental
response, which normally exiss in the frequency response
of any ordinary transmission linc. Assuming that all
transmission lines shown in Fig. 1 are lossless, then dosed-
form design equations for the proposed feed network can
be readily obtained. For the sake of simplicity, the lengths
4 and 4 of TS-TLT shown in Fig. 1 arc assumed to be
equal With the design condition thar the TS-TLT
perfectly match the impedance Z, to Z, at f; and £, which
is relevant to the dual-band transformer [19], the design
parametess of TS-TLT are obtained by

11 = lj = _’_—B‘(] + R) (1)
A
z T (B~ % @
= Zn 0
o [t @- @] +=a
2.5 @)

Zz="zT

where B, is che phase constant at ;. Note that che equations
in (1)—(3) are similar to those presented in [19].

Similar to the TS-TLT ecase, the lengths of two
transmission lines in the TS-OETL are assumed to be
equal for simplicity. The design parameters of the TS-
OETL are analysed with the condition that the TS-OETL
tensform the open-dirauit to a short-circuit at f; and /3
simultancously. Therefore the design parameters of the TS-
OETL arc

z,= 2, wi(F-) @
ki
h=h=ga+a ©

Note that Z3 can be arbitrarily chosen to fit with the availible
fabrication tapability. To summarise the design step, a design
flowchart for this dual-band feed network is presented in
Fig. 2.

2.2 Simulation results

The design flowchart given in Fig. 2 is verified by two
examples presented in this section. For the example of the

© The Institution of Engineering and Technology 2008
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first, a design of a feed network for a transformation of 50 3 FWW";Y (GHz)

(Z.) t0 100 Q (Zy) and operating at 2.45 and 5.8 GHzon a
TTLY substrate from Taconic (g,= 2.5, = 0.381 mm) is
pesformed. The example of the scoond is designed with a
transformation of S0Q (Z,) to 200 1 (Z,), operating at
0.9 and 1.8 GHz on 2 low-cost FR4 substrate (2, = 4.55,
4=1.6mm). The parameters of thesc two designs were
calaulated from the design fow depicted in Fig. 2 and,
subsequently, optimised to attain optimum performances.
Values of the final design parameciers are summarised in
Table 1.

Using Momenturn ™, Figs. 32 and 34 shows the predicted
retum loss performance at the unbalanced part of the first
and second designs, respectively, where the balnaed ports
arc terminated with the design values of Z,. From the

Table 1 Dimensions of the dual-band transition network

Figure 3 Simulated retum loss of the dual-band transition
network at

a 2.45 and 5.8 GHz
b 0.9 and 1.8 GHz

resules in Figs. 34 and 34, a more than 20 dB retumn loss is
obtained at both bands for these examples of the two designs.

2.3 Measured results

The dual-band transition for Design IT, whose parameters ars
summarised in Table 1, was fabricated. To measure for
balance operation, a back-to-back balanced configuration
{8] was adopted as ilustrated in the inset diagram of Fig 4a.
To de-embed the effect of the CPS line and the SMA
connectors, two balanced back-to-back transitions with CPS
line lengths of 75 and 100 mm were measured. The
measured results were callected from the neovork analyser

Dimension | Design {, mm | Design I}, mm and post—p. i on the advanced dcsign system software
W, 0.7 12 for subtracting the effect of the CPS line and the SMA
A 0.35 04 connectors.
W, 2 4 Fig. 42 shows the de-embedded inserdion and returi losses
W, 0.84 04 for two dual-band mransition nctworks connected in a
. - balanced back-to-back configuraton. The results of return
L; 13.5 31 losses are lower than 15 dB where the insertion losses are
Ly 135 20 better than 0.816 and 0.876 dB, at the desised bands of 0.9
- and 1.8 GHz, respectivdly. The 3dB insertion loss
I 121 30 bandwidths are 700 and 695MHz for the 09 and
L 126 31 1.8 GHz bands, mespectively. The results of the de-
' embedded transmission phase are also given in Fig. 44.
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o4 The clecuical leagth of each edge is equal to 270° at the
E associated wavelengths. The loop is gradually tapered to the
E balanced feed lines so that wideband matching performance
g *3 is achicved.
g 3
g 10 . . .
E 3 With the abovementioned design rule, a 200 () widcband
§ 1 0.8-3 GHz tapered loop antenna was designed on a low-cost
15 FR4 substrate. CPS lines with characteristic impedance of
E 200 Q) were used for a batanced feed network. The balun-
20 fed dual-band tapered loop antenna with its dimensions is
05 shown in Fig. 5. The design paramcters for the tapered

loop antenna were initialy obtained from the design rule
given sbove. An optimisation process was performed to
180 ) maximise the antenna bandwidth. The final dimensions of
’ \ the antenna are listed in Table 2. The EM simulated
1 results of the tapered loop antenna without a feed network

obtained from Momentum™ arc shown in Fig. 6a. The

g o0 balanced feed antenna achieves VSWR at a termination of
B 07 200 €, which is <148 from 0.8 to 3 GHz The antenna
5 501 bandwidth with VSWR is very wide, which is in

accordance with the characteristics of a tapered loop
~120— ) antenna characteristic. The antenna achieves gains of
around 3.19 and 5 dBi at 0.9 and 1.8 GHz, respectively.

80— ——r— TP
0.8 1.0 1.5 20 25
Frequency (GHz)
b

Figure 4 Measured S-parameters and insertion phase of
back-to-back dual-band transition network in balanced
configuration

a De-embedded insertion and return losses for two dual-band
transition networks connected in balanced back-to-back

configuration
b De-embedded transmission phase results

3 Application to a single-fed
dual-band antenna design

The dual-band feed network is applied to a balanced-fed
antenna to achicve a single-fed dual-band antenna A
tapered loop antenna is sclected for a demonstration of this
since it is a balanced-fed wideband antenna. It provides
good VSWR, linear polarisation and quasi-omnidirectional
pattern over 2 very wide bandwidth. Applying the proposed
dual-band feed network to a tapered loop antenna leads to
a dual-band antenna with unbalanced feed.

3.1 Balanced-fed design

Here, a simple design rule for a tapered loop antenna taken
from [20] is applicd. The radius of either inner or ourer
edges of a loop antenna (r) is calculated from the lower
and upper operating wavelengths (A;), respectively, as shown

L3
o= A ) Figure 5 Geometry of the dual-band single-fed tapered
7 2ar loop antenna
826 IET Mlcrow. Antennas Propag., 2008, Vol. 2, No. 8, pp. 823-829
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Table 2 Dimenslons of the tapered loop antenna

Dimension | Unit, mm
w 0.5
lg 36.13
Lg 5.25
L, 18.45
Legs 20
M, 126
M, 86

Ky 125.9
K, 106

G 14
6 45’

3.2 Single-fed dual-band design

The balanced-fed tapered Joop antenna presented in Section
31 is fed by 2 single-fed nctwork already prsented as the
example of the second design in Sections 2.2 and 2.3. This
brings about a single-fed dual-band tapered loop antenna.
The balanced CPS line is calculated, providing impedance

L3S0 B N B 0 B L (S e 0 PO S O

.0 0.5 1.0 5 290 28 3.0

Fraquency (GHz)
R ]

lll,'lllllT‘lll‘llllll|‘||l|l'l
60 Qs 1.0 1.6 20 26 10
Frequancy (GHz)
b

Flgure 6 Results of simulated VSWR of the tapered loop
antenna and measured and simulated VSWR of the dual-
band single-fed topered loop antenna

a Simulated VSWR of the tapered loop antenna

b Measured and simulated VSWR of the dual-band single-fed
tapered [oop antenna
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and field continuity. The single-fed dual-band antenna was
fabricaed and wsted at the Rescarch Center of
Electromagnetic-Wave Applications, Mshanakom University
of Technology. All measured results were collected via GPIB
and post-processed with & program written in MATLAB™

Fig. 66 shows the EM modelled and measured VSWR of
the tapered loop antenna with the proposed balun. The
antenna achieves VSWR of 1.1 and 1.2. at 0.9 and
1.8 GHz, respectively. The measured impedance

/_,.A..

500 MHE™ X,
*, ------Haoounz
il AN

Figure 7 Measured E4 -component radiation pattemns of
the dual-band single-fed tapered loop antenna at 0.9 and
1.8 GHz

a XZ-plane
b YZ-plane

IET Microw. Antennas Propag., 2008, Vol. 2, No. 8, pp. 823-829
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applicability of the proposed network. The suthors strongly
believe that the network should find many applications in
dual-band balanced antenna design,
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Figure 8 Measured antenna gain of the dual-band single-
fed tapered loop antenna against frequency

bandwidths (at 1.5:1 VSWR) are ~566 and 884 MHz at 0.9
and 1.8 GHz, respectively. The measured radiation pattems
of the anteana in the XZ- and YZ-plane are plotted in
Figs. 7a and 75, respectively. A quasi-omnidirectional
pattern, which js the inherent radiation property of a tapered
loop antenna, is achieved in the design. Fig. 8 shows the
measured antenna gain against frequencies of 0.5-2.5 GHz.
The antenna cleardy has gain only at two desired operating
bands. From our measusement, the antenna achieves gains
at 0.9 and 1.8 GHz of 2.75 and 4.28 dBi, respectively.
Comparing the results of the simulated gain of the tapered
loop antenna, the gains of the single-fed design are 0.3 and
0.5 dB less than those of the balanced-fed design ar 0.9 and
1.8 GHz, respectively. This is mainly because of the
insertion loss in the balun network.

4 Conclusions

A simple dual-band MS-to-CPS transition for bakanced
termination  has been presented. Based on  the ideal
transmission-line model, the closed-form design equations
for this network have been derved The network can be
designed to march an arbitrarily unbalanced koad to a
balanced load at two arbitrary bands simultaneously. This has
been proved by the simulation and expesimental resulss of the
two designs. The network has been designed with a
conventional rapered loop anwmna, resulting in a dual-band
single~fed tapered loop antenna, Based on the proposad feed
network, a single-fed dual-band (0.9 and 1.8 GHz) tapered
loop antenna has been designed on a low-cost substrate. The
measured gains of the antenna at 0.9 and 1.8 GHz arc 2.75
and 428 dBi, respectivdy. The antenna radiation patterns at
both bands are quasi-omnidirectional, which are the original
patterns of the tapered loop antenna, The VSWR results of
the anteana at these two bands are well below 1.1 and 1.2,
respectively. This demonstration fundamentally supparts the
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Abstract— A 2.4/58 GHz microstrip (MS)-to-coplanar
stripline (CPS) transttion (industrial-scientific-inedical bands) {s
presented in this paper. The transition can operate at two bands
simaltaneously with a stepped impedance transformer and
stepped hinpedance open stub. The circuit is proven with a destgn
on RF060 substrate. Siinulated and experimental results of the
transitions conmected in back-to-back style are in good
agreement. The back-to-back {ransition exhibits retnrm and
insertion losses, which are better than 15 dB and 3 dB,

respectively.

Index terms: Microstrip(MS), coplanar stripline(CPS),
transition, transmission line
I INTRODUCTION

Coplanar stripline (CPS) has a balanced structure_[1]
which ideally supports signal propagation with low common
mode noise. Also, as being a uniplanar transmission line, low
discontinuity parasitic, ease of mounting lumped component
in series and shunt connections, simple to fabrication, high
circuit density, low dispersiou and radiation losses, no need
for via holes are its main advantages. Therefore it has gained
much attention for high-speed and wireless integrated circuit
designs nowadays. In addition, balanced structure in CPS
simplifies the problem of integrating circuits with some
balanced subsystems, such as dipole antenna [2], 2 quasi-Yagi
antenna [3]. baseband CMOS IC (4], singly or doubly
balanced mixer [$), etc. There are several circuits and systeins
designed based ou CPS transmission line which show
impressive perforinances, for example a wideband mixer [6], a
high-Q resonator and low insertion loss filter [7], a wideband
trausition 8], a rectenna system [9], etc.

In a design process of CPS transmission circuit, a
transition is usually employed to interface a CPS based to
different tramsmission line based circuits [8]. [10]. In addition.
measurement the CPS circnit does need a transition to

1-4244-0749-4/07/$20.00 @2007 [EEE.
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interfaice with measurement systems. Among the CPS
transitions, microstrip (MS)-to-CPS transition is widely used
as microstrip transmission line is one of the most commonly
found circuits [12]-[13]. In the past, there are a few MS-to-
CPS transition proposed [8],[10)-[15] but most of the
transitions are designed for wideband application to serve not
only for circuit design but also for measurement system
interfacing. However the wideband performance is sometimes
not suitable for certain applications. For example, applying a
wideband transition to integrate with a dual-band system may
need extra filter for limiting out-of-band noise power for each
band. It is quite obvious that a dual-band transition serves
better for the circuit/system integration than a wideband
transition.

The paper is organized as follows: Section II presents the
design configuration of a MS-to—CPS transition. The circuit
cousists of stepped impedance transmission-line transformer
(TLT) and stepped impedance open stub. The four cross-
section view of the electric field distributions of microstrip
line. coupled microstrip line, coupled microstrip line with
taper ground, and CPS will be described. The MS-to-CPS
transition operated for two simultaneous bands will be
designed. Simulation and measurement of the proposed MS-
10-CPS transition will be presented in Section III. Comparison
of measured and simulated transition performnances will be
discussed in Section IV, followed with the conclusion in
Section V.

II. PROPOSED MICROSTRIP-TO-COPLANAR STRIPLINE
TRANSITION DESIGN

4. Design configuration

Fig.1 shows a configuration of the designed MS-to-CPS
transition. The structure is composed of a stepped impedance
TLT coupled with a stepped impedance open circuit
transmission line. The output for MS-to-CPS transition is a



CPS of width W and gap G, related to the characteristic
impedance of the CPS line (Z ). From Fig. 1, the stepped
impedance TLT bas line width of #; and 7, associating with
length of /, and /,, respectively. The stepped impedance open-
circuit transmission line has line width of % and W,
associating with length of /3 and 4, respectively. Impedance
matching between MS to CPS line modes at both bands is
succeeded with stepped impedance TLT. Stepped-impedance
open-circuit transmission line is used for rotating field
distribution from MS to CPS.

A

Figure 1. Configuration of the dual-band MS-t0-CPS$ transition.

B. Field Matching between MS and CPS mode

The four cross-section views of electric field (E-field)
distribution for different reference planes are shown in Fig. 2.
Fig. 2 (a) shows the MS line mode (plane A-A"). The E-field
distribution from strip plane passes substrate to ground plane.
Fig. 2 (b) shows E-field distribution in coupled between MS
line mode section (plane B-B’). The E-field distributes from
MS coupled to MS and passes substrate toward ground plane.
As shown in Fig. 2(c), the taper ground plane (Section (C-C"))
is used for gradual field distribution from MS to CPS mode.
Finally, the E-field in CPS line mode {(D-D") is shown in Fig.
2(d). As the configuration in the area has no ground plane but
have two strips over the substrate in this mode, then the E-
field distributes across only these two strips.
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substrate’

Figure 2. Cross-section view of the electric distributions: (a) microstrip line,
(b) coupled nii ip line, (c) mi ip line ground taper, and (d) CPS.

IH. RESULTS AND DISCUSSION

A. fmplementation

The proposed dual-band MS-CPS transition is designed for
operating at 2.45-and 5.8~ GHz, cover WLAN (2400 ~ 24835,
5725 ~ 5825 MHz) and HIPERLAN (5150 ~ 5350 MHz ). The
bandwidth of each band was designed for supporting
information bandwidth for each band application. The dual-
band MS-to-CPS transition are designed and implemented on
TACONIC RF-60A. The parameters of substrate are as
follows:- dielectric constant (&, ) of 6.15, thickness (k) of
1.52 mm, loss tangent of 0.0028, and the conductor thickness
(f) of 18 mmn. This transition was designed for 50 Ohm MS to
100 Ohm CPS.

In the initial design stage, the lengths of all transmission
line sections were chosen at 0.1485 wavelength at the
geometric mean frequency of upper- and lower-band center
frequencies. The characteristic impedances of stepped-
impedance TLT are 76.35 and 65.48 £ where those of the
stepped impedance open stub transmission line are 81.03 and
43.69 £ .The tape ground angle are selected at @ =45 degree
to attain good matching for both bands.

With these initial design parameters, the circuit was

- simulated on Advanced Design SystemrM (ADS) platform and
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optimizer process was performed to obtain good return loss at
two simultaneous frequencies. In our simulation setup, the
number of cells per wavelength used is equal to 25 at 7 GHz.



This is the pumber compromising between speed and
accuracy. Final design parameters associating with the circuit
shown Fig.1 are listed in Table 1.

B. Measuremnent and Result

The dual-band MS-to-CPS ftransition with dimensions
listed in Table I connected in back-to-back style was
. fabricated. Measurement was performed with an HP8710A
network analyzer. The TRL (Thru-Reflected-Line) calibration
method with a 3.5 mun calibration standard kit was done from
1to 7 GHz.

The print circuit board (PCB) photograph of the
experimental dual-band MS -to-CPS ftransition connected in
back-back style fabricated on TACONOC RF-60A is shown in
Fig. 3 (a) top view and (b) bottom view. The circuit size is
around 3.5x5.5 cm®.

TABLE!
DIMENSIONS OF THE TRANSITION
Dimension Unit(mm)
w 36
w1 12
w2 0.6
w3 2.8
w4 0.77
w3 0.45
Lt 8.96
12 85
L3 75
L4 8.5
Ls 15
G 09
e 4s°

Fig. 4 (a) and (b) show the measured and simulated
results of the return loss (S11 and S22) of the proposed
transitions connected in back-to-back style. Good agreement
between EM simulated and measured results are obtained.
More than 15 dB of the measured return loss (S11 and $22)
are obtained at both bands.

Fig. 5 shows the insertion loss of the transition
connected in back-to-back style. The effect of loss in CPS line
is excluded by measuring two pair of back-to-back transition
with 10-and 20-mm-long CPS as well as losses from two
SMA connectors, which is around 0.1 dB at 5 GHz band. The
measured loss performance agrees very well with the
simulated results. From the back-to-back transition measured
results, the insertion losses at desired bands are around 0.55
and 3 dB at 2.45- and 5.8-GHz, respectively.
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Figure 3. PCB photograph of the dual-band MS40-CPS tranasition
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Figure 5. Comparison of measured and simulated insertion Iosses.

IV. CONCLUSION

In this paper, a 2.45/5.8 GHz microstrip-to-coplanar
stripline transition is presented. The circuit is rather simple as
it composes of a stepped impedance transmission line
transformerfor impedance matching and a stepped impedance
open stub for field rotation at both bands. The taper ground
plane is employed for attaining good field matching between
microstrip to CPS mode. Experimental results validate the
technique proposed. It is believed that this transition will be
found very usefuil for CPS communication circuits.
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¢t —This paper first presents a tri-band microstrip
-oplanar stripline (CPS) transition. Rather using a
| transition for tri-band circuit integration, a triple band
i is proposed as the noise power of each band can be
‘he proposed transition is simple to implement thus suits
us applications. A MS-to-CPS transition design for
: at three simultaneous bands on a low-cost substrate
performed. Simulated and experimental results are in
eement. The proposed transition exhibits excellence
loss performance at three bands, which are 0.36, 0.78,

1B, respectively.

terms: Microstrip, coplanar stripline, transition,
iion line.

L

slanar stripline (CPS) has a balanced structure [1]
eally supports signal propagation with low common
ise. Also, as being a uniplanar transmission line, low
uity parasitic and ease of mounting lumped
nt in CPS circuit are its main advantages. Therefore it
ied much attention for high-speed and wireless
i circuit designs nowadays. In addition, balanced
in CPS simplifies the issue of integration with some
subsystems, such as dipole antenna [2], baseband
= [3], singly or doubly balanced mixer [4], etc. There
ral circuit and system designs based on CPS
don line which show impressive performances, for
a wideband mixer [5], a high-Q resonator and low
loss filter [6], a wideband transition [7], a rectenna
3], ete.
leveloping and design process of CPS transmission
transition is usually to interface a CPS transmission
nother transmissior line circuit [7],[9]. In addition,
nent the CPS circuit does need a transition to
with measurement systems. Among the CPS
s, microstrip (MS)-to-CPS transition is widely used
nicrostrip transmission line is one of the most
iy found circuits [10]-[11]. In the past, there are a few
PS transition proposed [7},[9],[12}-[13]. Most of the
is are designed for wideband application to serve not

INTRODUCTION

only for circuit design but also for measurement system
interfacing. However the wideband performance is sometimes
not suitable for some certain applications. For example,
applying a wideband transition to integrate with nmlti-band
system may need extra filter for band separation to limit noise
power in each band. It is quite obvious that a multi-band
transition serves better for the circuit/system integration than a
wideband transition.

The paper is organized as follows: Section II presents the
design configuration of the MS-to—CPS transition. The circuit
consists of coupled MS lines and dual-section open stub. The
three cross-section view of the electric field distributions of
microstrip line, coupled microstrip line, and CPS will be
described. The MS-to-CPS transition operated for three
simultaneous bands will be designed. Simulation and
measurement of a tri-band MS-to-CPS transition will be
presented in Section III. Comparison of measured and
simulated transition performances will be also discussed and
followed with the conclusion in Section IV.

II. A TRI-BAND MICROSTRIP-TO-COPLANAR STRIPLINE

_ TRANSITION

Fig.1 shows a configuration of the proposed tri-band MS-
to-CPS. The structure is’ composed of a dual-section
microstrip line coupled with a dual-section open circuit
transmission line. From Fig. 1, the dual-section transmission
line has line width of W, and W, associating with length of J,
and ), respectively. The dual-section open circuit transmission
line has line width of W) and W, associating with length of /;
and /,, respectively. The input of the transition is a 50 Q feed
line of width W and length Lg. Note that a function of a 50 Q
feed line is only for signal launching, not regarding to
transition function. The output of MS-to-CPS transition is a
CPS of width ¥ and gap G. Triple band operation in transition
is succeeded with multi-band matching operation in dual-
section MS line and open circuit MS line. The cross-section
views of electric field (E-field) distnbution for different
reference planes are shown in Fig. 2. Fig. 2 (a) shows the MS
line (plane A-A’). The E-field distribution from strip plane
passes substrate to ground plane. Fig. 2 (b) shows E-field

ECTI-CON 2007
The 2007 ECTI International Conterence

4875



distribution in coupled MS line section (plane B-B’). The E-
field distributes from MS coupled to MS and passes substrate
toward ground plane. For E-field in CPS line (C-C") shown in
Fig. 2(c), since the configuration in the area has no ground
plane but have two strips over the substrate, then the E-field
distributes across only these two strips.

Cc
|
i
;
!
l

g
|
i
§
C

Figure 1. Configuration of the MS-to-CPS transition.

Figure 2. Cross-section view of the electric distributions: (a) microstrip line,
(b) coupled microstrip line, and (¢) CPS.
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1II. RESULTS AND DISCUSSION

The proposed tri-band MS-CPS transition is designed
operating at 1800/1900 GSM band, WiMAX, and Wirel
LAN. The bandwidth of each band was designed
supporting information bandwidth for each band applicati
In this paper, a low cost FR4 substrate is used to prove
concept. The parameters of substrate are as follow
dielectric constant (&, ) of 4.55 at 10MHz, thickness () of

mm, loss tangent of 0.02, and the conductor thickness (1) of
um. In the design stage, we assume that substrate
nondispersive media; that is its dielectric constant
independent with frequency.

In the initial design stage, the lengths of all transmiss
line sections were chosen at quarter-wavelength at
geometric mean frequency of upper- and lower-band cer
frequencies, i.e. 3.3 GHz. The width of each transmission |
was initially selected at 115 ohm, which is equal to
differential impedance of the CPS line. With these ini
design parameters, the circuit was simulated on Advam
Design System™ (ADS) platform and optimizer process 1
performed to reach the triple band operated. In our simulat
setup, the number of cells per wavelength used in is equa’
25 at 7 GHz. This is the number compromising between sp
and accuracy. The final design parameters associating with
circuit shown Fig.1 are listed in Table 1. The lengths of
ohm line feeds at input and output ports are equal to quar
wavelength at 3.3 GHz. It should be noted that the d
number in millimeter dimension is one due to some limitati:
in our in-house fabrication process.

The MS-to-CPS transition with dimensions listed in Tab
connected in back-to-back style was fabricated. Two S}
connectors from RADIAL were used for launching sigs
Measurement was performed with an HP8710A netw
analyzer. The LRRM calibration method with a 3.5 1
calibration standard kit was done from | to 7 GHz. 1}
measured data was collected via a GPIB port. The line fe

and connectors were de-embedded on ADS™ software.
TABLEI
DIMENSION OF THE TRANSITION
Dimension Unit(mn1)
w 3
w! 1.8
w2 3
w3 14
wd 0.9
wF 3
Ll 8.8
L2 1.2
i 8.1
L4 113
LF | 20.
G 0.9
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(a) top view

(b) bottom view

Figure 3. PCB photograph of the triple-band wmicrostrip-to-coplanar stripline

The print circuit board (PCB) photograph of the
experimental MS-CPS connected in back-back style fabricated
on FR4 is shown in Fig. 3 (a) and (b). The circuit size is
around 8.5x3 cm’® Fig. 4 (a) and (b) show the measured and
simulated results of the return loss of the transitions connected
in back-to-back style. The designed transition operates at three
simultaneous frequencies of 1.8, 3.5 and.6.5 GHz. The
measured result at the third band somewhat differs from the

electromagnetic (EM) simulated result. Apart from the result-

in the third band, the measured return loss performances of the
transition are agreed very well with the EM simulated results.
The distinct difference occurs at high frequency region is
expected to produced mainly from dispersive in FR4 substrate.
It is well known that &, of the FR4 substrate decreases with
an increase in frequency. The impact of s, decreasing in FR4
substrate to the retum loss behavior at, especially, high
frequency region is taken into account. Fig. 5 shows the retum
loss responses of the transition from 5 to 7 GHz for three
different &, values. It is shown that the matching frequency is
shifted to higher frequency when s, is smaller. The simulated
results obtained in Fig. 5 supports that a frequency shift of
matching at high-frequency band is possible came from a
dispersive nature in FR4 substrate [14]. Another possible
cause is the tolerance from our in-house fabrication process.
The comparison of EM simulated and measured insertion
losses of the proposed transition are shown in Fig 6. Note that
the effect of line feed and connector were excluded. The
measured loss performance agrees with the simulated one very
well. From measured results, the insertion losses at three
desired bands are around 0.36, 0.78, and 0.82 dB.
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Figure 4. Simulated and measured results of the transition connected
in back-to-back style (a) S11 and (b) S22
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Figure 5. Impact of &£, to return response of-the tiansition
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Figure 6. Comparison of ed and simulated insertion losses

IV. CONCLUSION

A simple triple-band microstrip-to-coplanar stripline for
nodem communication application has been presented. The
sircuit rather simple as it composes of a dual-section
ransmission line and a dual-section open stub. The proposed
gple band transition was demonstrated with the design
»perated for GSM, WIiMAX, and Wircless LAN applications.
[he experimental results confirm the technique proposed. The
Tequency shifting at high-frequency band is expected to come
Yom dispersive nature of the substrate used combination with
he limitation in fabrication process. In fact this can be simply
sorrected without any difficulty.
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