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Abstract - A tunable duplexer has been designed for 
GSMl800/1900 digital cellular system. The tunable duplexes has 
been fabricated with LTCC (Low Temperature Co-fired 
Ceramics) multilayer technologies assisted by varactor diodes. 
To accomplish higher attenuation for each system, multi-tuning 
method, which enables to control the passband and the stopband 
independently, is applied. Size is designed as 5.7x5.7x1.8mm. 
Insertion losses are less than 3SdB. Anenuation is more than 
25dB at Fo+200MHz in TX, and is more than 1OdB at FO- 
150MHz in Rx. 

1. INTRODUCTION 

Recently, cellular phone systems have been widely 
spread, and developed in several systems such as GSM, 
DCS, and PCS around the world. The demands on a 
multiband cellular phone have bee” increased due to its 
higher convenience. Futhennore, the third generation 
system of cellular phone is coming into a practical “se. In 
the fourth generation system, it is needed to cover all of 
these systems with a single handy phone. S&ware defined 
radio [I] is discussed to get a handy terminal for cellular 
system of the fourth generation. In such a software radio 
system, one appropriate radio band is activated with 
downloading sofhwue among several cellular bands in 
accordance with the situation. 

A tunable device has been discussed to realize the 
higher flexibility of RF front-end in the radio system. For 
example, m’ 

voltage-controlled oscillators (VCOs) are well know” as a 
tunable device. We have developed tumble band-pass 
filters (BPF) with LTCC technology [2,3]. These tunable 
filters have a multilayer stmctwe. Many passives are 
embedded in LTCC substrate, and two varactor diodes are 
mounted on the top of the surface. Since resonator in 
tunable band-pass filter consist of these varactor diodes, 
the passband frequency is tuned to the chosen frequency 
by applying the voltage to varactor diodes. 

LTCC technology is well known to be suitable to build 
a multilayer stmcttue in which many passives are 
embedded. The LTCC process is a useful technology for 
microwave application since high-conductivity metal, such 
as pure silver, can be used for a” internal conductor 
material, and contributes to low loss at microwave 
fkquency. 

I” this paper, design and fabrication of the tunable 
duplexer at 1800.1900MHz is discussed. Tunable 
duplexer has a multilayer structure in which more than ten 
passives are embedded with LTCC technology, and has a 
function to ~“e both the passband and the stopband to 
desired frequency independently. Size is designed as 
5.7x5.7xl.Smm. Insertion losses are less than 3SdB. 
Attenuation is more than 25dB at Fo+200MHz in TX, and 
is also more than IOdB at FO-100MHz in Rx. 

Figure 1. Equivalent Circuit of tunable duplexer 
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Table 1. Design Parameter of tunable duplexer 

1 
IY. 

-1 I I 
YI . HPF BPF 

121 =0.9SnF C2 = 5.0nF I C3 = 0.67pF 
L3-= 2.94nH 

C4=4.5pF 
Ll , _--.-. IA = 3.onH .-. --.. ..__ ._ .._ . . .._.. - -. .-. .-.~ .-. 

Cvl = 1.2.1SpF Cv2 =4.0-5SpF Cv3 = 2.0-2SpF Cv4 =3.5-4.0pF 

Figure 2. Appearance of tunable duplexer 

11. Cmurr DESIGN AND FABRICATION 

The lumped equivalent circuit of tunable duplexer is 
shown in Figure 1. The detailed design parameters are 
listed in Tablel. Since the interval between the passband 
and the stopband differs in GSM1800 and GSM1900, it is 
needed to tone both the passband and the stopband to 
desired frequency independently. In order to realize such 
flexibility, High Pass Filter (HPF) in TX and Low Pass 
Filter (LPF) in Rx are designed to be combined to each 
BPF respectively. The stopband is required at higher side 
of passband for TX, and is also required at lower side for 
Rx. 

Four bias terminals are designed on LTCC substrate to 
separately control each four filters, which have each 
varactor respectively. All varactor diodes (Toshiba, 
lSV313 for BPF, JDV2S17E for HPF, JDVZSlOE for 
LPF) are mounted on the top surface of tunable duplexer. 
The tuning voltage is between 1 to 4V. The responses of 
tunable duplexer are simulated by using a Liner Simulator 
(ADS) and a Finite Element Method (FEM). 

Figure 2 shows the appearances of tunable duplexer. 
Size is 5.7x5.7xl.Xmm (including the varactor diode’s 
height). Figure 3 presents photograph of the tunable 
duplexer. The LTCC material has CaO-A1203-Si02-B203 
composition and dielectric cohstant of LTCC is 7.7141. In 
Figure 1, passive components except for both varactor 
diodes and resistors are embedded in LTCC substrate. 
These LTCC materials are sheet-casted to 0.07mm and 
O.lmm thick tape. Electrode patterns are formed by 
screen-printing method. Pore silver is applied to internal 
and external electrodes. 

At& stacking the printed sheets, the stacked blank is 
cut into pieces, and then co-tired in the furnace around 900 
degree-C for lhour in air. 

Figure 3. Photograph of tunable duplexer 
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Table 2. Target value and simulated response 

Figure 3. Simulated response of TX Figure 4. Simulated Response of Rx 

Table 3. Bias voltage and Capacitance in Figure 3 and 4 

Cvl 
cv2 
cv3 
cv4 

GSMISOO 
1.5V: 1.5pF 
l.Ov: 4.OpF 

TX Rx 
GSM1900 GSM1800 GSM1900 

2.W: 1.2pF 
1.5V: 5SpF 

1.5V: 2.5pF 3.5V: 1.75pF 
1 Xv: 4.0pF 2.W: 3.5pF 

“” 
5m l0D0 1500 moo ZJDO mm 3500 

Mm 

Figure 5. Dependability of Bias voltage of stopband 
attenuation in TX 

500 ,000 ,500 *ow 2mc 3300 3500 

MHZ 

Figure 6. Dependability of Bias voltage of stopband 
attenuation in Rx 
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v RESULTS AND DISCUSSION 

Figure 3 and Figure 4 show the simulated results for TX 
and Rx of GSM1800/1900 respectively. Table 2 shows the 
toned voltage shown in Figure 3 and Figure 4. These 
results are obtained by Electra-Magnetic Analysis, which 
simulate the struchxe as shown in Figure 2. The passband 
frequency of TX is tuned from 1710 MHz to 1910 MHz, 
and that of Rx is tuned from 1805MHz to 1990MHz. As 
shown in table 2, insertion loss is less than 3SdB. And 
attenuation is more than 20dB at fO+200MHz in TX, and is 
more than 1OdB at tW15OMHz in Rx. Figure 5 and Figure 
6 show the tunability of stopband for TX and RX 
respectively. In Figure 5 and Figure 6, 1V of bias voltage 
is applied to BPF of Tx and Rx. In Figure 5, when applied 
voltage to LPF is increased from 1 to 4V, the notch on the 
higher side of passband moves toward lower frequency. 
Contrarily, the notch on the lower side of passband in 
Figure 6 moves higher frequency according to the increase 
in applied voltage. Afier the passband is fixed, the 
stopband is tuned by controlling voltages to BPF so that 
the notch of HPF and LPF is adjusted to desired frequency 
range for TX and Rx respectively. Therefore the desired 
responses are attained with tuning the passband and the 
stopband independently. 

The measured responses of actual tunable duplexer are 
shown in figure.8 and 9. In TX, insertion losses arc less 
than 5.5dB and atteneuation at Fo+lSOMHz are more 

than 20dB. In Rx, insertion losses are less than 3SdB and 
attenuation at Fo-100MHz are more than 1OdB. Pass band 
of TX/RX of GSM1800/1900 are toned with a hmning 
voltage of 1.0-4.OV. It turned out that the trial product 
acts as a tunable duplexer. Further efforts have been made 
to improve responses of TX and Rx with adjusting 
embedded elements in LTCC. 

I CONCLUSION 

Tunable duplexer having multilayer stmctore using 
LTCC has been designed. The duplexer has the circuit 
combining HPF or LPF to BPF in order to tone the 
passband and the stopband independently. Size of the 
designed duplexer is 5.7x5.7xl.Xmm. In TxRx of 
GSM1800/1900, Insertion loss is less than 5SdB at the 
passband. Attenuation of stopband is more than 20dB at 
Fo+200MHz in TX, the other attenuation is more than 

1OdB at FO-100MHz in Rx. The frequency characteristic 
has been found to be enough for practical use. 
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Figure 8. Measured response of Tx 
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Figure 9. Measured response of Rx 
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