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Abstract - Fully embedded tunable bandpass filter (BPF) with 
inductive coupling circuits is newly designed and demonstrated 
for UHF TV tuner ranged from 500MHz to 900MHz receivers. 
Conventional RF tuning circuit with an electromagnetic coupled 
tunable filter has several problems such as large size, high 
volume, and high cost, since the electromagnetic coupled filter 
is comprised of several passive components and air core 
inductors to be assembled and controlled manually. To address 
these obstacles, compact tunable filter with inductive coupling 
circuit was embedded into low cost organic package substrate. 
The embedded filter was optimally designed to have high 
performance by using high Q spiral stacked inductors, high 
dielectric BaTiO3 composite MIM capacitors, varactor diodes. It 
exhibited low insertion loss of approximately -2dB, high return 
loss of below -10dB, and large tuning range of 56.3%. It has 
an extremely compact size of 3.4 x 4.4 x 0.5mm3.

 
1. Introduction

  Recently, much research efforts have been performed to 
develop small and tunable devices for intelligent microwave 
systems such as communications, radars, and test equipments. 
In particular, in order to reduce their sizes, tremendous efforts 
have been performed by utilizing various resonant structures 
[1], geometry configurations [2-3], coupling structures [4], and 
coupling method [5].

In this paper, detailed theoretical and experimental analysis of 
the compact PCB embedded tunable filter are performed and 
compact inductive coupled UHF filters are designed by using 
peaking inductor (Lm) instead of mutual inductance of the loop 
gap resonator and magnetic coupling commonly used. The 
optimally designed filters are fabricated by embedding them 
into multi-layered organic package substrate instead of LTCC 
substrate. For extremely miniaturizing the designed tunable 
filter, embedded high Q stacked spiral inductors and high 
dielectric BaTiO3 composite MIM capacitors are applied. The 
tunable filter is designed for operating at frequencies ranged 
from 500MHz to 900MHz. The tunability is obtained by using 
varactor diodes.

2. Theoretical Analysis and Fabrication

  2.1 Foundation of Bandwidth Tuning Method 

  The proposed tunable filter was designed with inductive 
coupling circuit to be embedded into the multi-layered organic 
package substrate. Fig. 1 shows a circuit diagram of 
conventional microwave tunable filter with magnetic coupling 
like a TV tuner that is comprised of two LC resonant circuits. 
There are some drawbacks commonly occurred in the 
conventional tunable filter such as large size/volume, difficulty 
in tuning, and manual assembly. In order to address these 
problems, the proposed tunable filter is modified, optimized, 
and implemented.

<Fig. 1> Circuit configuration of conventional tunable 
filter with magnetic coupling

<Fig. 2> A lumped-element circuit model of 
asynchronously tuned LC resonator coupled 

magnetically 

 

Fig. 2 shows a lumped-element circuit model of 
asynchronously tuned LC resonators that are coupled 
magnetically, denoted by Lm instead of mutual inductance M.

To allocate the resonant frequency from 500MHz to 900MHz, 
the components values  L1, L2, C1, and C2 are obtained by 
using analog circuit simulation. These two resonant frequencies 
of the uncoupled resonators are given as follows
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The designed values are about 8.6nH (L1, L2) and 15pF(C1, 

C2) to set the starting resonant frequency, 500MHz. The 
condition for natural resonance of the coupled resonant circuit 
is follows
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Where YL and YR are the pair of admittances looked into the 

left and the right of reference plane T-T’ in Fig. 2. This 
resonant condition leads to
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The eigen-equation in the equation (3) can be expanded as 
01)()( 2211

22
212121

4 =++−− CLCLLCCCCLL m ωω    (4)
Similarly, this bi-quadratic equation has four eigen-values, and 

the two positive real values of interest are given as follows  
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From the equation (5), two resonant frequencies can be 

found.  
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<Fig. 3> Proposed tunable filter circuit

<Fig. 4> 3D structural geometry of an 
embedded tunable filter.

  2.2 Fabrication of PCB Embedded Tunable Filter  

  Fig. 3 shows a lumped-element circuit model of Proposed 
tunable filter circuit with a peaking inductor (Lm). The role of 
peaking inductor (Lm) determines a coherence from L1 to L2. 
Fig. 4 shows 3D structural geometry of proposed tunable filter. 
The proposed package substrate is comprised of a prepreg 
(PP, 1st, 3rd, 6th, 7th, 8th layer), high Dk film, resin coated 
copper(CCL, 4th ,5th layer). The PP ,CCL and High Dk RCC 
materials have relative dielectric constant of 4.1, 4.1, 18 and 
loss tangent of 0.015, 0.015, 0.008, respectively.
  The fabricated tunable filter has a size of 3.4mm x 4.4mm x 
0.5mm which was extremely miniaturized in comparison of 
conventional RF tuning circuit for TV tuner. Fig. 5 shows 
photograph of the fully embedded tunable filter into a 
multi-layered PCB package substrate.

3. Experimental results

  The fabricated tunable filter has been measured and 
characterized by using an Agilent 8753ES network analyzer. 
The measured frequencies are ranged from 0.1GHz to 2GHz 
for commercial RF applications.
  Fig. 6 shows the frequency response of the fabricated 
tunable filter as the bias voltage on the varactors is varied 
from 1.0V to 25.0V. As shown in Fig.4, the center frequency 
starts at 518MHz at 1.0V with insertion loss of 2.45dB and 
return loss of 14.05dB. At 25.0V, the center frequency, 
insertion loss, and return loss are shifted up to 917MHz, 
1.83dB, and 15.36dB, respectively. Total tuning range of 56.3 
percent is achieved. 3-dB bandwidth of the tunable filter has 
about 20 percent which are 105MHz at the lowest frequency 
and 181MHz at the highest frequency.

4. Conclusion

  Compact PCB embedded tunable filters have been designed, 
fabricated, characterized, and compared by using PCB 
embedded high Q stacked spiral inductors and high dielectric 
BaTiO3 composite MIM capacitors. The performance 
characteristics of the fabricated filters were strongly related with 

<Fig. 5> Photographs of tunable filter embedded into 
8-layered organic package substrate.

<Fig. 6> Measured S-parameters of fabricated tunable 
filter.  Insertion loss (S21), return loss (S11).
Bias voltages are varied from 1.0V to 25.0V.

the coupling coefficient which was determined by the mutual 
inductance and self inductances of the inductors used in the 
designed filter circuit. The measured performance 
characteristics were agreed with the 3D EM simulated ones. 
Since their sizes and volumes are much smaller than the 
conventional ones reported, they can be directly utilized for 
advanced TV tuner. The proposed design and fabrication 
technology are also promising for advanced organic based 
products with various functionalities, low cost, small size and 
volume.

5. Acknowledgment

  This research was partially supported by the Intelligent RF 
Engineering Research Center (ERC) of Korea Ministry (Grant 
No. R11-2005-029-06004-0) of Science and Technology and 
Haedong Science and Culture Foundation.. Fabrication was 
carried out at the DaeDuck Electronics in Korea. The authors 
are grateful to MiNDaP group members for their technical 
supports and discussions.

[ References ]
[1]  Y. Sakamoto, H. Hirata, M. Ono, “Design of a 

multicoupled loop-gap resonator used for pulsed electron 
paramagnetic resonance measurements”, IEEE Microw. 
Theory Tech., vol. 43, no.8, pp. 1840-1847, Aug. 1995. 

[2]  R. K. Settaluri, A. Weisshaar, and V. K. Tripathi, 
“Design of compact multilevel folede-line bandpass filters”, 
IEEE Microw. Theory Tech., vol. 49, no.10, pp. 
1804-1809, Oct. 2001.

[3]  M. G. Banciu, R. Ramer, and A. Ioachim, “Compact 
microstrip resonator for 900MHz frequency band”, IEEE 
Trans. Microw. Wireless Compon. Lett., vol. 13, no.5, pp. 
175-177,May . 2003.

[4]  F. Huang, “Ultra-compact superconducting narrow-band 
filters using single- and twin-spiral resonators”, IEEE 
Trans. Microw. Theory Tech., vol. 51, no. 2, pp. 487-491, 
Feb. 2003.

[5]  S. W. Chen and K. A. Zaki, “A novel coupling method 
for dual-mode dielectric resonators and waveguide filters”, 
IEEE Trans. Microw. Theory Tech., vol. 38, no.12, pp. 
1885-1893, Dec. 1990.


