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Tunable Active Filters Having Multilayer Structure
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Abstract—Two types of tunable filters have been developed at

400- and 800-MHz frequency bands, respectively. These filters il
have been fabricated with low-temperature co-fired-ceramics  port1 c1 c2 Port 2
_multilayer technologies assistec_i by varactor dio_des. The filter size o—1 — | o
is 5.6 x 5.6 x 3.0 mm. Each filter has approximately 11% and M
13% tuning range of frequency with_a controlling voltage of 1-4V, Cvl m Cv2
IL < 2.0 dB, and has an attenuation over 40 dB atfo £ 30%, Varactor Varactor
respectively. Temperature stability data is also discussed. Diode </ Diode
Index Terms—Ceramics, multilayers, tunable filters, varactors.
ca c5
R1 ;L—_ R1
|. INTRODUCTION
UNABLE devices are widely applied in modern radio
system. For example, voltage-controlled oscillators J;
(VCOs) are very common in mobile radio systems such as ‘[]
cellular phone, two-way radio, etc. In general, fixed filters suck DC
as a dielectric resonator filter, surface acoustic wave (SAW) 1. circuit configuration of the tunable filter.
filter, and multilayer ceramic filter are used as a microwave
filter in such a mobile radio system. Recently, many mobile sys- TABLE |
tems have been developed. As a result, the demands for a filter DESIGN PARAMETERS OFTUNABLE FILTERS
having wide bandwidth and sharp attenuation performanc szl G (oo ovicc T2 T Cowimg | T 12
have rapidly increased. Filters having many poles are design ©F) | @R ] ¢F F) (oH) | Coefficient | (ohm)
to achieve such demands. This increases the difficulties (20MHz | 3.1 1028 27.5 | 100180 | 110 o1 >10000
design and mass production of microwave filters. Tunabl 8oMHz | 10 ] o002} 150 2.0-4.0 7.9 0.1 >10000

filters are known to be effective to solve these problems.

Insome applications, itis required for microwavefilterstotune In this paper, the tunable microwave filters at 400 and
their pass frequency band [1], [2]. Automatic tuning is preferab&0 MHz are described. The tunable filters have a multilayer
because the manual tuning procedure needs skill and know-hgiwicture in which over ten passives are embedded with LTCC
according to microwave filter technology. Usually, the manu#¢chnology and have a compact size, i.e.,’6.6.6 x 2.4 mm.
tuning procedure causes higher cost, lower productivity, and dehe tunability is attained with the help of varactor diodes. It
comes a bottleneck in mass production. Itis also known that as-usually known that varactor diodes suffer from a decrease
tomatic tunability of a selective channel might attain a weakenefl an unloaded quality factor with an increase of microwave
specification of a filter compared with a fixed filter. frequency. To avoid this decrease of the quality factor, RF

Low-temperature co-fired-ceramic (LTCC) technology isircuits have been adjusted to achieve low loss at microwave
well known to be suitable to build a multilayer structure irfrequency. Transmission properties and temperature properties
which many passives are able to be embedded [3]. The LT@E presented.
process utilizes high-conductivity metal, such as pure silver for
inner conductor material, and brings the benefit of low loss in [I. DESIGN AND FABRICATION

microwave application. LTCC is applied in many electronic A ndamental equivalent circuit of tunable filters is shown

components and modules such as filters, baluns, aUtomOtiiH%ig. 1 and Table I. The passband frequencies are designed as
engine control modules, motherboards for super computer, 46 ang 800 MHz, respectively. These filters are implemented in

a three-dimensional lumped-element topology having two-pole
. . _ bandpass response with both sides notched. All passive compo-
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. Fig. 4. Photographs of mutilayer tunable filters. (a) 410-470-MHz tuning
' range with 1.2-3.7 V. (b) 780-870-MHz tuning range with 2.0-4.0 V.
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CaO-ALO3-Si0O,—B; 05 for 800 MHz, respectively [3], [4].
Dielectric characteristics of them are summarized in Table .
Fig. 3. Frequency responses of helical inductance. 400 MHz: dielectriﬁ_These LTCC materials are sheet-casted to 0.07- and 0'1._mm-
constant: 75,H: 2.2 mm, L1: 2.6 mm, L2: 2.6 mm. 800 MHz: dielectric thiCK tape. Electrode patterns are formed by a screen-printing

Frequency(GHz)

constant: 7.7H: 1.8 mm,L1: 3.0 mm,L2: 2.0 mm. method. Pure silver is applied to both internal and external elec-
trodes. Ru@ resistors are printed on the surface to apply dc
TABLE I voltage to varactors for an 800-MHz filter contrary to the chip
DIELECTRIC CHARACTERISTICS OFLTCC MATERIALS resistor mounted for a 400-MHz filter. After stacking the printed
sheets, the stacked blank is cut into pieces, and then co-fired in
Material Dielectric (g,_";) (pp-:'-nc;“C) the furnace around 90TC for 1 h in air. Varactors (Toshiba,
oA Sor 1SV305 for 400 MHz, 1SV285 for 800 MHz) are mounted on
B.0; [3] 77 2000 -35 the top surface to control passband frequency with dc voltage.
Bf*s?ét‘ﬁsz%jlﬁr 75 2500 10 Temperature properties of tunable filters are measured after 1 h,

soaking in the oven in which temperature changes fre2d to
+80 °C. Temperature coefficient of frequency (Tcf) of the tun-
sional structure of a helical inductor. Simulated frequency rable filter is calculated by the following equation:
sponses of the helical inductor are shown in Fig. 3. Inductance
increases according to an increase of frequency. In a practical Tef = (f-20 = f+80)/ =100 125 @)
f;uccetuiai}g:sgi?mm to choose t_he gtructure in which InOIui/iv_here fr is the center frequency of 3-dB bandwidth atd.

y at the application frequency. As for the
@ of the inductance, it has a maximum point according to an
increase of frequency. An appropriate structure must be chosen lll. DESIGN AND FABRICATION
to attain low loss. Fig. 4(a) and (b) presents photographs of the tunable filters.

Performances of these tunable filters are simulatdthe overall sizes of both filters are 5.6 nwrb.6 mmx 3.0 mm

using the finite-element method. Filters are fabricate®.6 mmx 5.6 mmx 2.4 mm excluding the varactor height).
by an ordinary LTCC process. The substrate materialtie differences in the outside color are derived from LTCC
are BaO-TiQ—-Nd;0s-Si0,—B,0O3 for 400 MHz and material. CaO-AIO3-Si0,—B20O3 is white after sintering
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Fig. 5. Measured response and simulation results. (a) 400-MHz filter (1.2 V).
(b) 800-MHz filter (2.0 V). Measured (—). Simulation (- - -).
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Fig. 7. Measured responses versus temperature. (a) 400-MHz filter (1.2 V).
(b) 800-MHz filter (2.0 V).—20°C (—). +25°C (- - -). +80°C (—).

TABLE 11l
MEASURED PERFORMANCE OFTUNABLE FILTERS
Tunable | Tunin Band Insertion | Attenuation
Tunable | frequency Voltage | width | Loss | atfos30% (ppmmg_c)
(MHz) [\%) (MHz) (dB) (dB)
400MHz | 410470 | 1.2-3.7 66 1.4 >40 -98.7
800MHz | 780-870 | 2.0-4.0 82 1.8 >40 -154.8

[see Fig. 4(a)] contrary to the green color [see Fig. 4(b)] of
BaO-Ti0,—Nd; 03—Si0,—B> Os.

The measured transmission data of actual filters are shown
in Fig. 5 superimposed with the electromagnetic simulation re-
sults. Good co-relationships are confirmed between the mea-
sured data and simulation results. Excellent performances of
both filters for practical use also confirm that insertion losses
are less than 2.0 dB, and attenuation on both sides of the pass-
band atfo £ 30% are over 40 dB, respectively.

Fig. 6 shows the measured data of tunability according to the
applied voltage to varactor diodes. The 400-MHz filter is tuned
from 410 to 470 MHz with a tuning voltage of 1.2-3.7 V. The
800-MHz filter is tuned from 780 to 870 MHz with a tuning
voltage of 2—4 V.

Temperature characteristics are summarized in Fig. 7.
The temperature coefficient of the resonant frequency for a
400-MHz filter has been found to be stable-a88.7 ppm/C
contrary to that of the 800-MHz filter, as 154.8 ppmiC.
Performances of the tunable filter are summarized in Table III.

Fig. 6. Measured response of tunability. (a) 400-MHz filter: 1.2 v (—) k¢t of the varactor diode is-7.0% and+5.5% at the mea-
3.7V (- - -). (b) 800-MHz filter: 2.0 V (—), 4.0 V/ (- - -).

sured voltage for the 400- and 800-MHz filters, respectively.
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A small temperature coefficient of resonant frequency ¢*
BaO-Ti0,—Nd, 0;-Si0O,—B; O3 contributes good temperature
stability of the 400-MHz filter. Though the 800-MHz filter
has a larger temperature coefficient than the 400-MHz filte
it is enough to be used in a practical sense if the bandwidth
large enough to channel width since this filter is tuned to ea:
frequency channel.

IV. CONCLUSIONS

Practical tunable filters have been developed at 400-
and 800-MHz frequency bands, respectively. These fil-
ters have multilayer structures and have been fabricat
with  LTCC technology. CaO-AlD3-SiO,—B;0Os; and
BaO-N@O3-TiO,—SiO,—B>,O3; are applied as LTCC ma-
terials for the 400- and 800-MHz filters, respectively. Thi
performance of these filters have been confirmed to ha
excellent properties for practical use, i.e., insertion losses
less than 2.0 dB at room temperature, and attenuations on k
sides of the passband are over 40 dB. Temperature stability
been found to be enough for practical use.
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