
of the proposed structure is the same as that of a conventional 50 R 
line. The reflection loss of the proposed structure is observed to he 
less than 10 dB; this can he controlled by adjusting the dimensions of 
the periodic structure. Fig. 3 shows the slow-wave factor of this 
oerforatcd microstrio in coniunction with that of a conventional 

Type of micmstnp 
Conventionul micrustnp 
Modulated microstrip 
Perforated microstrip 

microstrip. The slow-wave factor of the perforated microstrip is 1.2 
times higher than that of the conventional microstrip. The slow-wave 
is generated because inductance of the transmission is increased. We 
believe that the slaw-wave factor can be enlarged further by control- 
ling the inductive section in the periodic structure. The quality factor 
of the perforated microstrip is compared with that of the conventional 

2, (n) ioss (dB/cm) , factor 
50 0.030 1.400 
76 0.100 1.725 
61 0.048 2.030 

microstrip in Fig. 4. The quality-factor (= /JIZZ) is 1.17 times higher 
than that of the conventional microstrip at frequencies lower than 
I GHz. The high Q-factor is generated because the slow-wave factor 
of the perforatcd microstrip is increased. 

1.70r 

matching condition. The perforated microstrip can be applied to a 
delay line and microwave passive device packages in order to reduce 
the physical length. 
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Fig. 3 Slow-wave factor ofperfomred slow~-wove S I ~ U C I U I C  compared wirh 
conveniionul micms1rip 
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Fig. 4 Quoliry factor of perforated slon.-wve sriucture compared wirh 
con~~eenrional microstrip 

We analysed the proposed perforated slow-wave microstrip and 
compared the results with a conventional microslrip and periodic 
geometry modulation microship in Table 1. The proposed perforated 
slow-wave microsmn shows a mod  matchine condition (Zn =hO R) 

~ ~ , .. 
compared to the periodic geometry modulation microstrip (Z, = 75 a). 
At 7 GHz, the perforated microstrio shows a high slow-wave factor of 
2.03 compared to the conventional microstrip (1.40) and has improve- 
ment of the propagation loss compared to the periodic geometry 
modulation microstep. 

Table 1: Calculated characteristics of various microstrips at 7 GHz 

I I Equivalent I Amnuation I Slow-wave 1 

Conclusions: We have orooosed a oerforated slow-wave microstrio . .  
and characterised it theoretically and experimentally up to 7 GHz. The 
proposed structure shows 1.2 and 1.17 imnrovement ofthe slow-wave 
~~ 

factor and quality factor, respectively. The proposed sIow-wave 
perforated microstrip shows good transmission characteristics and 
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Using buried capacitor in LTCC-MLC balun 

Ching-Wen Tang and Chi-Yang Chang 

A novel chip-rype ceramic balun designed in the 2.4 GHc ISM band 
hequcncy is presented. A huned capacitor is included in the balun, so 
that the length of the coupled innmission lines can be reduced and 
cdn be designed very easily. A meander or spiral broadside caupled- 
line is adopted IO rcalise the proposed LTCC multi-layer balun. w e  
measured performanccs of phase and amplitude balance for this 
LTCC-MLC balun show a good match with computer simulation. 

Inlrodsction: Law temperature co-fired ceramic (LTCC) multi-layer 
ceramic (MLC) technology is widely used to realise a high perfor- 
mance RF front-end for wireless applications because it is suitable for 
the realisation of integrated passive components and for interconnec- 
tion with active devices. It enables the miniahxisation of RF tele- 
communication devices for portable ' and battery-powered 
applications, reduces size, weight, cost and power consumption and 
is becoming essential in the current trend. Among those passive RF 
components used in modem wireless communications, the balun is 
one of the most important, since it can bc used in double-balanced 
mixer and push-pull amplifier design. It  provides balanced outputs 
from an unbalanced input. 

Many types of balun have been proposed such as the active [I], the 
lumped-type [2], toroid-type [3], and magic-T hybrid baluns 141. 
Howcvcr, for various different reasons, these baluns do not meet the 
requirements described previously. In contrast, the LTCC balun [5-71 
can. 

In this Letter, we propose new multi-layer structure to realise the chip 
type LTCC balun. By using a bueed capacitor in the LC resonator, the 
length of a coupled ship-line can be shortened accordingly. This new 
multi-layer balun exhibits a.good balanced characteristic. The calcu- 
latcd and measured response ofthe proposed LTCC-MLC balun shows 
superior performances. 

Design procedure: There are several methods to shorten the trans- 
mission line [5-9]. Fig. i shows the new multi-layer structure to 
realise the proposed LTCC-MLC balun. Its equivalent circuit is shown 
in Fig. 2. The input and output resonant circuits are both formed by a 
transmission line in parallel with a capacitor. The length of the output 

mailto:gyeanl@uci.edu


transmission line is longer than the input transmission line and the full 
length a f the  input transmission line is coupled to a part of the output 
transmission line via the broadside coupling structure as shown in 
Fig. 1. The design procedures are described in [7]. 

balanced output 
balanced output pori 2 

ground plane 

Fig. I Propored multi-layer structure of LTCC-MLC bulun 

8 
balanced pori 

unbalanced pan 
- parasitic capacitance between ground plane 
o coupled-line 
0 strip line 

Fig. 2 Equivalent circuit of LTCC-MLC balm 

Simulated and meorured result.?: This chip type balun is designed to 
operate in the 2.4 GHz ISM band frequency. This structure requires 
two LC resonators to realise the multi-layer balun. The proposed 

and a 10 pm thick A$ metal pattem. The overall size o f  the balun is 
3.2 mm x 1.6 mm x 0.8 mm. The unbalanced input impedancc 
R l  = 50 R and the balanced output impedance R2 = 50 R. 

r-----l 
--0 I -i' 

I O C M 1 1  

Fig. 3 Photograph of/obricnted LTCC-MLC bolun of Fig. I 

The simulated (based on perfect conductor and lossless dielecmc 
material) and measured results of the balun are shown in Fig. 4.  The 
insertion loss and the r e a m  loss arc less than -1.3 dB and -13.2 dB, 
respectively for simulation, -3.2 dB and -12.6 dB, respectively for 
measurement over the frequency range of 2.3k2.54  GHz as shown in 
Fig. 40. The amplitude and phase imbalance between balanced outputs 

are within 2.1 dB and I .4", respectively for simulation and 3.4 dB and 
2.9", respectively for measurement over the operating frequency rangc 
as shown in Fig. 4h. Excellent matching between theoretical and 
measured results is obtained except for insertion loss. The measured 
insertion loss is higher than the simulated result because substrate and 
metal loss are not included in the simulation so as to increase speed. 

-25 " " " ' ' I  

2.0 2.1 2.2 2.3 2.4 2.5 2.6 2.7 2.6 2.9 3.0 

frequency, GHr 

~ 
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frequency, GHL 
b 

Fig. 4 Simulated and measured resirltr of LTCC-MLC balun of Fig. 1 
a Insertion loss and re" loss 
b Amplitude and phase difference between balanced ourput 

Conclusion: A new LTCC-MLC balun has been developed and 
demonitrated. The design method and the cquivalent circuit of this 
balun have been given. This balun is compact, and measured perfor- 
mance agrees well with computer simulation. The designed chip type 
balun has been fabricated with a multi-layer configuration. The 
simulated and measured results show the validity of the proposed 
design method and the equivalent circuit of the balun. 
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Vertically periodic defected ground 
structure for planar transmission lines 

.I.-S. Lim, C.-S.  Kim, Y.-T. Lee, D. Ahn and S. Nam 

A vertically petiadic defected ground shuchlre (VPDGS) for micro- 
smp. VPDGS has additional vertical pecodicity of defects plus the 
Conventional horizontal prtiodiciry on the ground plane. The slow- 
wave factors and the predicted and measured p e r f o m a n f e s  are 
presenred. 

Inrroducrion: There has recently been an increasing interest in micro- 
strips combined with periodic struchlres such as photonic bandgap 
(PBG) [I] and defected ground structures (DGS) [2]. There have been 
applications of periodic smuctuu~cs to microwave circuits such as filters 
[2], power amplifiers [3, 41, and dividers [ 5 ] .  Onc of the important 
properties of PBG and DGS is the increased slow-wave effect, which 
is caused by the equivalent inductance and capacitance. Hence, 
transmission lines with ver i  high impedance can be realised and 
circuit size can be reduced using these properties [5] .  

The representative feahm of the proposed vertically periodic 
defected ground srmcture (VPDGS) is that it is possible to organise 
the periodicity along not only horizontal but also vertical directions, 
while conventional periodic structures have the only horizontal array [2 ,  
61 or spread stmcture all over the ground plane [l]. Owing to the 
vertically periodic smcfllre, a much higher slow-wave factor can be 
obtained than existing periodic stmchlres for the same physical length 
of transmission line. 

. . . .  . . . .  

respectively. The VPDGS is the extended DGS along the vertical 
direction from the basic structure, which was presented in [2]. The 
unit DGS element can be expressed as (Nx, N,) =(I, I )  if the position 
and the number of DGS elements are expressed as a matrix farm for 
convenience. All dimensions shown in Fig. 1, N,, and N y ,  are 
determined from the required frequency response. 

Slow-wave factors: The slow-wave factors (SWFs) of the microstrip 
combined with the proposed VPDGS are expected to  be greater than 
those of standard lines because of the additional equivalent L-C 
components. Fig. 2 shows the SWFs of the microstrip lines with the 
VPDGS and those of the standard lines with the same physical length 
up to the first resonan'ce frequency. It is observed that the SWFs have 
increased greatly by VPDGS. Fig. 2 also shows that the VPDGS with 
larger Ny for fixed N, (= 1) has lower cutoff frequency and higher 
SWF. 

3 ...... ...... & ...... L ........................... & ...... 
, I  , . I  

, ,  , ,  
'0 015 110 l k  2:O 215 310 315 4.0 

lrequency. GHz 

Fig. 2 Slow-wovefoctorr ofmicrosfiip lines wirh VPDGS and standard 
lines 

a b 

e f 
Fig. 1 Micmsirip lines with VPDGSs on groundplone 
u Microstnp 
Fr4,&=4.6,H=0.75, W50=1 .4 ,G=S=5 ,D=?,SW=0.5 ,SL= I .5  
All units are mm 

Structure of VPDGS: Fig. 1 shows the structure of the microstrip 
lines combined with the proposed VPDGS. N, and Ny mean the 
number of periodic defects along the horizontal and vertical direction, 

Fig. 3 Predicted and mearured peformonce of microstrip lines with 
various malrices of VPDGS 
0 (I, I) 
h ( 1 , 2 )  
(I,?) 

d(2 .1)  
e ( 2 . 2 ,  
f (2, 3) 

frequency, GHr frequency, GHz 
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