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Multilayer LTCC Bandpass Filter Design With
Enhanced Stopband Characteristics
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Abstract— umped-element bandpass filter structures with en- 5" °F  °F e i M
hanced stopband rejection targeted for low temperature co-fired E;J;——,Cz._l_ L L CZJ_
ceramic (LTCC) implementation are proposed. Design equation ! | L2
formulations that take into account the effect of the transmission 1B er%'“i&“ SE e erﬁw b
zeros are presented. For demonstration, RF filters operating at 2.4 | | or
GHz are fabricated and characterized. Both simulation and mea- ___ "™
surement results are shown for comparison.

G (©) (e
Index Terms—Filters, lumped-element, multilayer.

I LI I : LI 1 I
Lz

|. INTRODUCTION b b iz Lz ol

cr cr L L . }
ICROWAVE filters are an essential component in TEJ -EJ =, = CzT_J ot

modern wireless communication systems. In transceiv: i

designs, RF bandpass filters are sometimes required for the () %) )
separation Of.the uplink and downlink tl‘.anS.mISSIOI‘] pathéi'. 1. Bandpass filters with transmission zeros located at pre-selected
Narrow-band filters are also used for the rejection of the 'maggqquency values. (a)—(b) Both zeros are located at the lower stopband; (c)—(d)
channel, as well as any strong interfering signals in nearbgth zeros are located at the upper stopband; (e)—(f) zeros are located at both
frequency band. Such devices may be realized by using SAYg lower and upper stopbands.
technology in mobile communications. Recently, the use of
low temperature co-fired ceramic (LTCC) technology [1] intejection of the image channel, as well as any strong interfering
RF circuit design has become more popular due to its higiynals that may appear in the PCS and GSM bands.
performance, high integration density, and high reliability. Design equations for calculating the element values of the
LTCC is a multilayer ceramic technology, which provides aproposed filter structures can be derived by using the standard

ability to embed passive components in layers while the actifiRer synthesis procedures [3] in conjunction with the following
elements are mounted on the surface layer. This paper descrig®@sditions:

the design and construction of RF bandpass filters suitable for

integration in a LTCC miniaturized transceiver module. By(w=w,) =00 (1a)
Il. FILTER DESIGN By (w = wo) = Bs(w = wo) (1b)
The design of RF filters is quite a challenging task. The 4B (w) _ d4Bs(w) (1c)

stopband characteristics of the filters are a prime factor in de- do =, dw =,

termining the isolation between the transmitting and receivi

n
paths in duplexer designs [2]. It is well known that the stopbar@jereufo gnd w- are the passband qenter frequency and the
rejection may be enhanced, either by increasing the numlg)r@ns_mlssmn zero frequency, respec_tlveiww f"mdBS are the

of resonators [3], or by adding transmission zeros [4]. Fig. m|ttance_s of the resongtors assoma_ted with the propoged and
shows the lumped-element circuit topologies that can be uss ngard filter 9onf!gurat|ons, respectively. For the partl_c ular
to realize a second-order bandpass filter with two transmissiB'rﬁcu'tS shown in Fig. 1(e), the component values are simply

zeros located at arbitrary frequencies. Basically, there ayen by

three possible types of filter characteristics depending on the Cs BW
frequency range of the transmission zeros in relation to the Ci2 = ﬁ ol (2a)
passband. For example, the configurations shown in Fig. 1(a) ¢
and (b) can be used to realize ISM-band filters (2.45 GHz) with Ot = Con — 1 w,Ci27, (2b)
a much higher attenuation level in the lower stopband for the == oz, N1 -,z
_ . | 1 wh—wp W
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Cr=—5 (2h)  Fig. 2. Layout of the LTCC filter in 3-D view.
wzQLz
TR (2i) ’ ‘
T Cs(wi —wh)? Sl e e ] 5
where o ----------- ------ : el
Wbl : 15
(1 — k)ws + (k- 3)ww? B oppesaias S bl ---------- 0 8
Wp = = ~ : ’ it S : <
T (oDl - (ke el b o e MU e
o L e R | “
p_—2Cs s Uy
Oeff . 5 ’ : Vi ’E}Igt-eqSEter)ucture: =
Cepr =Co1 + Cl2 — wo,Co1 C127,. — Messired | |
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BW is the 3 dB bandwidthCs is the shunt capacitors of the e 5 ; S 3 == i

resonators associated with the standard filter design;and
w.o are, respectively, the frequency values of the transmissio
zeroes located at the lower and upper stopbands.

Ill. LTCC FILTER IMPLEMENTATION

For illustration, 2.4 GHz RF filters based on the circuit con- g
figurations shown in Fig. 1(a) and (e) are designed and realize ~ -
using LTCC technology. First of all, the lumped-element values ;,5_
are evaluated by the derived equations and verified by using i ; ! : :
circuit simulator. After that, individual components are replacec — -gaf---sbooees H e Filter Sttucture: - f1:30

H ! i Fig.:1
by the corresponding layout based on the design rules and de i Lo PR i ,vi)amd i | !
provided by the LTCC foundry. The capacitors used are allpar = " [ g ; ’;1 ; ;i Simalated
allel-plate type and the dimensions are obtained by using th- - i £ RN i ; 40
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Moment Method. Inductors are either strip- or spiral-shaped Frequency (GHz)

depending on the amount of inductance required. Dimensions
of these inductors are determined by the formula describedrig. 3. Simulated and measured frequency responses of the LTCC filter.
[5], [6].

Due to the close proximity between components within
the LTCC structure, the mutual coupling associated with the
physical layout may corrupt the filter performance. As a result, All the components of the filter were embedded in an LTCC
the electrical characteristics of the complete layout includirepbstrate (DuPont 951 tape) with a relative dielectric constant
the parasitic effect of via conductors are examined by usingaad loss tangent of 7.8 and 0.001, respectively. All the em-
full-wave electromagnetic simulation package. Further modiedded conductors are silver while the surface layer conduc-
fications are made in two steps. Manual tuning is first appligdrs are silver/palladium alloy. The prototype was fabricated by
to obtain a filter with some reasonable performance, either bye National Semiconductor Corporation and has a dimension
changing the positions and dimensions of individual compof roughly 215 mils by 100 mils. Measurements were carried
nents or by placing the components in different layers. Themyt using a HP8510C Network Analyzer and a Summit 9000
the layout was fine-tuned by using the optimization functioRrobe Station. To ensure high measurement accuracy, a two-tier
provided by the software package. Insertion loss within thalibration procedure is adopted here.
passband and the amount of attenuation in the stopband arEor illustration, both the measured transmission and input re-
used as the targets, whereas the dimensions of the compon#atsion responses of the constructed filters are plotted in Fig. 3.
are selected as the optimizing parameters. Fig. 2 shows ferording to the measurement results, the prototype filter cir-
physical view of the final layout design. cuit upper diagram exhibits a center frequency of 2.37 GHz, an

IV. MEASUREMENTS ANDDISCUSSIONS
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insertion loss of about 4.2 dB, and a 3 dB bandwidth of ap-
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