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Abstract—Apart from the active semiconductor chips a multi-
tude of surface acoustic wave (SAW) filters are the key components

that make modern RF circuits for mobile telecommunication and :‘; 2
multimedia applications work. The latter are the most sophisti- ek inpecbretiars
cated and delicate species of passive components of which today’s ... ...
RF applications contain several hundred. While active integration 2 o ma ~hbwa

has led to decreasing numbers of semiconductors inside a phone, filer m e mele

at the time being, the passive components outnumber the actives i srgeeid 4

by far. Obviously, the highest potential for further miniaturization - s e
lies in the passive components. As the market asks for further 2l o0 ~ o0 o a2 on o0 0
miniaturized mobile phones and digital tuners EPCOS AG, fler X X oo
Munich, Germany, tackles this challenge not only by further i Spetad detberd  bein inpecneetrars
shrinking the SAW filters, but also by integrating additional ~ o 7

functions into the SAW filters, which were originally not SAW dinge mm o ’m

related at all. This paper briefly presents several applications filer grgeentd  ben inpe

for such highly miniaturized SAW filters offering superior filter ——— L,
performance combined with additional features like impedance b B g @B ® o o @

transformation, balun functionality, or double balanced operation,
a”.0W|ng for §maller and cheaper designs by effectively reducing Fig. 1. Evolution of functional integration achievable with SAW filters: year
printed-circuit-board space, as well as component count. 1995-2002.

Index Terms—Multimedia applications, SAW mobile radio fil-

ters, SAW packaging. integration since additional functions can be easily integrated

into them.
|. INTRODUCTION In the receiver (RX) RF stages, SAW filters are responsible

HE last decade has seen an increasing demand for g8f-X€eping unwanted signals away from low-noise amplifiers
T sonal communication mobility. The need for on-deman?i”d mixers, thus allowing for power-saving designs and cost-

broad-band channel capacity for all kinds of users of commursfficient semiconductor solutions, while in the transmitter (TX),

cation has alsoincreased at aremarkable speed as a consquBﬁX@_ﬁeC,tively hinder spurious signals from be?ng emitt.e.d, thus
of the use of the Internet. a_lvo_ldlng |_nterference._ In th_e IF sta_lge, _SAW fllte_rs efficiently
One of the main reasons for the high penetration of mobill!én't the signal bandwidth without distorting the signal to make

phones worldwide is that size and weight of cellular phones hall§ €asier for the subsequent digital signal processor, which, in

been decreased very rapidly within the last 3-5 years. As a redH[f?: ¢an save on battery power.

today, size and weight are some of the most important specifi-However, SAW filters can do more than that. Today’s highly
cations of mobile phones. [1]-[3]. miniaturized SAW filters offer superior filtering performance

The key components that make modern RF circuits f8f Combination with additional features, like impedance trans-
mobile telecommunication and multimedia applications worfermation, balun functionality=t balanced drive at one port,
are—apart from the active semiconductor chips—a multitudggbalanced drive at the other port), or double balanced oper-
of highly miniaturized surface acoustic wave (SAW) filtersation [4]. Fig. 1 shows the evolution of functional integration
While the active integration led to decreasing numbers gghievable Wlth. SAW filters Wlthll’.] the near future. Obviously,
semiconductors inside a phone, at the time being, the pasdigdern SAW filters are supporting cheaper and smaller de-
components outnumber the actives by far. Obviously, tff@ns by effectively helping to cut down on component count,
highest potential for further miniaturization lies in the passivé" p_rlnted-c[rcwt-board (PCB) space and on power consump-
components. However, the challenge is not only to furthdPn in today’s and future mobile telecommunication and mul-
shrink the passive components in general, but also to achieéRgdia applications.

higher degree of integration. SAW filters are the key for passive Several applications from the mobile communication area
will be presented in this paper. Another example discussed here

is a cable modem for internet access, where conventional tuner

Manuscript received October 26, 2000; revised January 8, 2001~ grchjtecture will be continuously substituted by semiconductor
The authors are with the Surface Acoustic Wave Components D|V|S|onh. uti Th lled /d il

EPCOS AG, D-81617 Munich, Germany. chip solutions. These so-called up/down conyerter tuners wi
Publisher Item Identifier S 0018-9480(01)02898-8. also make use of a most advanced RF SAW filter.
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Fig. 2. Genealogy of 1IS-95 CDMA 1900 IF SAW filters.
Fig. 3. Double-balanced SAW filter in a modulator application [8].

Il. MOBILE PHONE APPLICATIONS
B. Advanced Functionalities of RF SAW Filters

A IF SAW Filter for 1S-95 CDMA 1900 System As an example of how a customized SAW can help to save

The introduction of the code-division-multiple-acces§pace by reducing the number of passive components, Fig. 3
(CDMA)-based 1S-95 system has imposed new and ch&hows a modulator section of a mobile phone TX for the
lenging requirements for IF SAW filters. A relatively wideJapanese personal digital cellular (PDC) standard operating at
passband with highly linear phase and a rather low insertids GHz [8]. The PMB2212 direct modulator integrated-circuit
attenuation is being combined with a small transition banlC) translates the TX baseband signal on its input to the final
width and, thus, steep skirts and high stopband attenuatidiX RF frequency on its output with various internal mixers and
Additionally, smallest possible component sizes are needed [@3cCillators. To efficiently suppress spurious signals generated

Fig. 2 gives an impression of the miniaturization potentialhereby, a highly selective SAW filter is necessary in the
which still lies within SAW technology. This figure shows theinternal IC signal path. The silicon chip layout is completely
genealogy of 1S-95 CDMA1900 RX IF SAW filters and theirsymmetric, internally offering its highest performance with
migration to smaller and smaller sized packages. While zedlferential signal sources and loads. Thus, the customized
IF systems{F = 0 MHz, direct conversion RX), which do SAW filter was chosen to operate in double-balanced mode,
not require an IF SAW filter, can quite easily be implementedhich could easily be implemented using the dual-mode SAW
in time-division multiple-access (TDMA) systems like globa(DMS) filter design. The DMS technique also facilitates to
system mobile (GSM) where unused timeslots are utilized @sign the SAW filter to match the IC’s high impedance levels
measure and compensate dc offsets, the full duplex chara&?00 2) such that only shunt inductors, also serving for dc
of the 1S-95 system forbids this strategy, hence, making a @iower supply, are required for impedance matching. Since
rect conversion architecture unfavorable. Here, the RX IF SARAW filters can handle several volts of dc without damage or
filter is crucial in offering at the same time very low signal dischange in performance, dc blocking capacitors are not present.
tortion in amplitude and phase and extremely high interfererIf a standard single-ended filter had been used in this appli-
suppression in the adjacent channels. EPCOS AG, Munich, Geation, seven additional passive components like inductors, ca-
many, is using a combination of the recursive- and Z-path desigacitors, and baluns would have been required.
technique with crosstalk compensation to achieve the extremelyNot long ago, such highly selective customized double-bal-
small 5x 5 mn? package size with high performance [5]-[7]anced and balun RF SAW filters were only available up to
While the Z-path design technique helps to almost divide thiee 1-GHz range, where they are widely used, e.g., in GSM
acoustical length by a factor of two through dividing input angdhones. EPCOS AG’s proprietary design technique (patent
output transducer into separate parallel tracks and redirectpgnding) made such products available today with even higher
the acoustical wave, following a Z-shaped path by inclined rperformance for the 2-GHz range also where they readily
flector gratings, the transversal proximity of the input and outpattract interest not only for GSM1800 and personal communi-
transducer make a delicate electrical feedthrough compensations system (PCS) applications, but also for next-generation
tion necessary. The introduction of a recursive design approagfiversal mobile network telecommunication system (UMTS)
(= internal resonance like resonant single-phase unidirectiotr@nsceiver designs. Fig. 4 shows a high-performance and
transducers (R-SPUDTS) into the transducers further helpshighly miniaturized 2x 2.5 mnt extended global system
shrink the total structure length. As can be seen in Fig. 2, withinobile (EGSM) RX SAW filter with balun functionality and
four years, the filter footprint area could be reduced by a factonpedance transformation from 50 to 20D combined with
of 1/6.5 without sacrificing the filter performance. its transfer function and pin configuration. The extraordinarily
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Fig. 5. CSSP package technology.

the future UMTS system are also full duplex systems requiring
an antenna duplexer. An antenna duplexer consists of an RX
filter blocking the TX signal and a TX filter blocking TX noise
falling into the RX band. It has one common port being con-
nected to the phone’s antenna and two ports being connected to
the RX input and TX output, respectively. As such a duplexer is
Frequency [MHz] positioned in the transceiver frontend, it must be able to handle
up to several watts of RF power. The usage of SAW filters in
Fig. 4. EGSM RX SAW filter B7700. such high-power applications was only made possible by recent
advances in design and production technology [11]-[13]. These

high selectivity from over 60 dB to up to 6 GHz together witipplications were traditionally the domain of dielectric filters.
high amplitude and phase balance could only be achieved B}y are already being replaced today by highly miniaturized

using the geometrically totally symmetric five-pin packag§ W filters offering a clear size advantage in the 1-GHz range.
layout. The above-mentioned new proprietary design technique,
which is also used here, is based on the well-known DMS Chip-Sized SAW Package Technology
approach using special measures to reduce acoustic losse$he key technology for further passive integration is EPCOS
It allows us to achieve a low insertion attenuation as low &G’s proprietary chip-sized SAW package (CSSP). Fig. 5
typically 3 dB over the full EGSM bandwidth without externakhows the basic construction of a CSSP package. The SAW
matching elements. chip is flip-chip mounted onto a chip carrier serving as bottom
As single-band phones become more and more the exceptioithe package [14]. The electrical connections to the chip are
the average number of RF SAW filters inside a phone basicaligalized with solder bumps. Underfiller attaches the SAW chip
multiplies with the number of frequency bands, which need swolidly to the chip carrier such that the backside of the chip
be covered. In the near future, three-band phones like EG®lsh already serve as part of the package. While this mounting
+ GSM1800+ GSM1900 are expected to become the statechnology is quite straightforward for silicon chips, it only
dard. Multimode phones like CDMA- FM call for multiple became attainable for SAW filters by EPCOS AG's proprietary
IF SAW filters per phone serving the different standards. Toda§ROTEC chip passivation, leaving a cavity on the surface of
one can even find phone designs in the market using up to tee chip for undisturbed propagation of the acoustic waves.
SAW filters per phone. A first step in passive integration is tdhe cavity is being built on the wafer with a photolithographic
combine two RF SAW filters for different bands for the samprocess in two steps. First, a closed polymeric wall is being
transceiver stage into one and the same package. To date, tipeseessed around the filter structure. The wall is then covered
so-called dual-band two-in-one filters for EGSMGSM1800 with a roof using the same process. This technology allows
are readily available for single-ended operation af%0n the for a further miniaturization of SAW filters beyond a 1 rim
near future, integrated solutions for three and more bands faetprint area.
cluding impedance transformation and balun functionality will The world’s currently smallest SAW filter realized in a2
be available as well (see Fig. 1) [9], [10]. x 0 8-mm? CSSP package is shown in Fig. 6 on the left-hand
While today’'s GSM-based phones utilize TDMA allowingside. Today, EPCOS AG offers these highly miniaturized SAW
for switches to separate the TX and RX signals going to afitters for all 2-GHz applications, like personal communication
coming from the antenna the evolution of GSM to generaktwork (PCN), PCS, and UMTS. They cover the full system
packet radio service (GPRS) allows for full duplex operatiofandwidth and can directly replace standarck 3 mn? ce-
where transmission and reception is performed simultaneoushmic surface-mounted device (SMD) products. Both DMS and
In this case, an antenna duplexer is necessary to separatelddter-type SAW filter designs can be realized. The high duplex
and RX signals. The established 1S-95 CDMA system, ttleippression of these products even allows for the usage in IS-95
analog advanced mobile phone system (AMPS) system, aBBMA systems.

Insertion cttenuation  [d8] —
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Fig. 6. Left-hand side: EPCOS AG's®2 2 x 0 8-mn¥ SAW filter almost fits
on a pin head. Right-hand side: Prototype SAW module.

Fig. 7. Market overview digital applications, sold sets in a billion pieces

. worldwide: year 1999-2003.
However, more importantly, the CSSP technology also allows y

for a higher complexity in passive integration. One chip carrier
can carry a multitude of chips, not all of which need to be SAW
filters. In addition, the chip carrier does not need to be a mere
chip carrier, but by planar integration, it can contain a multi-
tude of functionalities like diplexers, low-pass filters, matching
components, delay lines,.. The right-hand side of Fig. 6 gives
an impression of what such a SAW module might look like. The
module on display is a prototype of an integrated SAW duplexer,
including the RX filter, TX filter, and antenna matching net-
work, which makes it more than a mere two-in-one SAW filter.

This quantum-leap forward in passive integration will lead
to a revolution in transceiver frontend design. There are unlim-
ited possibilities for products like antenna switches with inte-
grated SAW filters, SAW duplexers, multiband SAW duplexers
with integrated diplexers,. .. Even active building blocks like
low-noise amplifiers (LNAs) can readily be integrated into theddd- 8- Block diagram: single-conversion tuner.
SAW modules based on a multilayer ceramic substrate made of
a low-temperature cofired ceramic (LTCC) material. possible. Hence, the whole tuner can be surface mounted onto
the motherboard.

Nowadays, it is possible to integrate the complex RF circuits
in silicon (or GaAs) chips by making use of the up/down con-

Broad-band access networks are the driving force in the muprsi_on principle. These so-called “one chip tuner” solutions are
timedia area, where Internet-related applications such as int@if€ring advantages to reduce the overall component costs, as
active TV, electronic commerce, and several other broad-baf{gll @s saving PCB space. Highly miniaturized RF SAW filters
services are offering new and interesting possibilities for coAt€ key components in this new generation of multimedia tuners.
sumers. The parallel introduction of digital TV reception via ] . . )
satellite, cable, or via terrestrial is also offering additional fed: Comparison Single-Conversion Tuner/Dual-Conversion
tures, e.g., enhanced picture quality. As shown in Fig. 7, a strohigner
increase of such multimedia applications is expected within theln conventional single-conversion tuners, a tremendous effort
next three to five years. Therefore, newly emerging markets wil necessary to split the RF input signal into different paths and
be created for tuner manufacturers. performing a preselection with tracking filters. The tracking fil-

Up to now, SAW filters are only used in the IF stage of corters are needed for image frequency rejection and must always
ventional TV tuners where they are key components in obtainibg adjusted to the actual carrier frequency received. Due to the
the appropriate channel selectivity. In contrast to the main boandufficient steepness, low-sidelobe suppression, and the limited
of cable modems or set-top boxes, conventional tuners are usuning range of these tracking filters, the image frequency atten-
ally individual shielded modules utilizing a conventional analogation is not very effective and frequency dependent (Fig. 8).
RF technique. Therefore, the input RF signal band is usually subdivided into

Therefore, sophisticated manual tuning is necessary. Ndwee RF signal bands in order to achieve the appropriate prese-
multimedia tuners using the up/down- (or dual-) conversidaction.
principle, described below, do not need any adjustment. Ad-In dual conversion tuners, no tracking filters are used and also
ditionally, a 100% surface-mounted component placementrie splitting of the input RF signal is done. The RF signal is

I1l. MULTIMEDIA APPLICATIONS
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! TABLE |
¥ e dion SAWE her SPECIFICATION EPCOS AG RF SAW ETER B1603FOR DUAL -CONVERSION
TUNERS
Item Specification

Center frequency fc | 1220.0 MHz
Insertion attenuation ]5.8 dB max.

Second F Usable passband 8.0 MHz
fc - 44 MHz, 50 dB min.
i ) i LO attenuation
Fig. 9. Block diagram: dual-conversion tuner. fc — 88 Mhz, 50 dB min.

image freq. rejection
Differential input and
output impedance 200Q

Package 3.8x3.8 mm’
Operating temperature { -40 to +85°C
range

ol (B 2000:3,813,4 mn

20 B 2001:3,03,0 o

Fig. 10. Balun functionality integrated into the RF SAW filter for 3
dual-conversion tuners.

mixed to a fixed “first” intermediate frequency (up conversion),
with a typical center frequency in the range of 1.0-1.4 GHz.
The desired frequency band or TV channel is then filtered with 0
a customized RF SAW filter and again mixed down (down con-
version) to the traditional IF frequency where the well-known

J Ul

. i . . . 50 .
IF stage with SAW filter is performing the further signal pro- 190 1140 160 1180 1200 1000 1240 196D IR0 130 30
cessing (Fig. 9). e ]
B. RF SAW Filter for Dual-Conversion Tuner Fig. 11. EPCOS AG RF SAW filter B1603 for dual-conversion tuners.

The usage of RF SAW filters in dual-conversion tuners, in-
stead of microwave ceramic- or discrét€ filters, has several
advantages as follows:

« high stopband attenuation (local oscillator (LO) and ima
frequency rejection, typically 55, ., 65 dB);
* low insertion attenuation and flat passband frequency re-

Additionally, the estimated further miniaturization potential
within the next two years is also indicated in Fig. 11. Perfor-
mance and size are only achievable by using our advanced de-

gselgn and package know-how.

IV. CONCLUSION

sponse;
» balanced input and output self-matching to the IC As the driving factor for today’s RF circuit design is cost and
impedance (e.g., in the range of 50-200 the SAW components are, in most cases, indispensable key com-
» small SMD ceramic package. ponents, the most prominent task of SAW suppliers is to bring

Due to the superior performance of RF SAW filters and thadown the costs of the individual SAW filters and to integrate as
balanced operation at the input and output ports in combimaany external functions as possible into the SAW components.
tion with the smallest possible size, they are perfectly suited forSeveral examples of how EPCOS AG pursues these two tasks
the application in dual- conversion tuners. The input and outpuive been presented. Firstly, it has been demonstrated, that SAW
ports of state-of-the-art gain sensitive RF image rejection mixdiléers for modern TX and RX RF stages can be extremely minia-
can be directly connected to the RF SAW filter. Thus, balun andrized, which helps to bring down the costs. Secondly, they
matching components can be omitted, and component countaa be realized in combination with additional features, such as
well as PCB space can be saved (see Fig. 10). As a result, ithpedance transformation, balun functionality, and integration
whole RF circuit design is simplified. of two or even three filter functions into one package. These fea-

Table | summarizes the technical specification of such a cusres effectively reduce the overall component count and, thus,
tomized RF SAW filter at a center frequency of 1220.0 MHzhe total costs, but system miniaturization is also supported as
The frequency response is shown in Fig. 11. well.
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The ultimate miniaturization level is the LTCC module tech-[14] H. Yatsuda, T. Horishima, T. Eimura, and T. Ooiwa, “Miniaturized SAW
nology also descrlbed In thls paper. The LTCC modules W|” filters USing afllp-chlp teChnque,rEEE Trans. UItraSOn., Fel’roelect.,

have to compete with cost-effective discrete components, e.g.,

Freqg. Contr, vol. 43, pp. 125-130, Jan. 1996.

the CSSP package. The CSSP technology, in contrast to stan-
dard SMD ceramic technology, still offers a tremendous poten-

tial for further cost reduction coming with increasing productio
volume and additional component size reduction.

It has been demonstrated that SAW filters are key comp
nents in today’s mobile communication and multimedia app!
cations, and that SAW technology has by far not yet reached
end. New packaging and design approaches still offer the pot:
tial for further performance improvements, cost reductions, a
miniaturization.
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