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Abstract—  Cellular handsets include multiplexers where  f) and 1.8f) from main response frequency fj have critical effect
several RF filters are connected to a common antenna. As band
count and carrier aggregation (CA) requirements continue to
expand, filter loading loss becomes increasingly important. Filters
load each other as their out-of-band reflection coefficients are Si0, IDT
decreased by dissipated energy within their acoustic resonators.

TC-SAW, composed of SiO2LiNbOs, exhibits loading losses at —__‘_
frequencies above the passband, due primarily to guided mode
effects. These loading losses lead to insertion loss degradation
within the multiplexer as a whole. Reduction of the loading loss will
therefore contribute to performance improvement of the
multiplexer. This study proposes 12[x]°YX-LiNbOs bonded on a
high impedance substrate to provide a wide-band clean reflection
coefficient. By using the proposed substrate configuration, the Fig. 1. Cross Sectional View of TC-SAW.
reflection coefficient improves significantly over a very wide

firequency range because of better acoustic wave trapping by a

support substrate. To verify the mechanism of this feature, a

parametric sweep study was conducted by piezoelectric simulations. Filterl

Experimental resonators were fabricated and verified, exhibiting a

128Y-X LiNbO,

good reflection performance over a wide frequency span. This O ’\_

paper proposes 12[x]° YX-LiNbOs3 bonded on a high impedance - Common
. . Filter2

substrate as a candidate structure for high-performance node

multiplexer solutions. Simulated and fabricated resonator
responses show excellent reflection coefficient over a wide
firequency span.
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I. INTRODUCTION O— "

Surface acoustic wave (SAW) devices are widely used in
modern communication systems thanks to their high
performance and low cost. Many novel device structures have
been proposed to meet the growing demand for temperature
stability, low loss and wide bandwidth. Among various
innovations, TC-SAW devices using a SiO; film on a LiNbO3 e e oo T _ »
(LN) substrate have been widely employed in filters and — g il
duplexers for applications in the cellular handset market [1]- O e P 1
[13].

Fig. 2. Schematic diagram of multiplexer.
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Figurel shows a cross-sectional view of a TC-SAW IDT , I
structure. The TC-SAW with SiOy/LN structure has ‘ :
satisfactory Q and TCF and moderate &’ However, with . \
tighter requirements on device performance, spurious modes, | o
such as the transverse mode and the SH spurious mode in the B a0 a0 om0 2
passband and SiO, Guided mode in out of band are becoming Ellter FilEEE2. Filter2
critical problems [11-14].
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Fig. 3. TC-SAW single filter and duplexer transmission characteristics with common
Recently, Carrier Aggregation (CA) technology has been node reflection characteristics.
used for high-speed mobile communications. Importance of
multiplexer is increasing due to CA requirement to expand. In
these situation, SiO> guided modes in TC-SAW excited on 1.2
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on multiplexer operation. Figure 3 shows single filter and
duplexer transmission characteristics of a TC-SAW duplexer.
The duplexer is composed with a lower frequency filterl and a
higher frequency filter 2. The filter] reflection characteristics is
also shown in the plot. In case an SiO, guided mode response
overlaps in the filter 2 passband, the multiplexer response of
the filter 2 is degraded by the loading loss. Authors have
proposed to use the phase cancelling circuit to reduce the
impact of SiO guided mode to reduce the impact of the guided
modes [15]. This method is effective to secure enough
rejection on CA pair band, but is-difficult to remove the
loading loss completely.

TF (Thin Film)-SAW devices using a sub-wavelength
piezo layer bonded on a support substrate are proposed. For
example, LH.P SAW structures show high Q, high K? and
high-power durability [16]. LHP SAW wave modes are
trapped in the thin piezo layer and the functional layers as a
waveguide. It’s means I.LH.P structures possibly excite a strong
higher order guided mode in a high frequency area. Using such
layered structure gives opportunities to flexible designing of
the substrate stack to manipulate acoustic properties. Higher
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Fig.4 Simulated reflection characteristics various piezo layer thickness.
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Fig.5 Simulated reflection characteristics various piezo layer thickness with
bottom SiO, layer.

order mode responses can also be tuned by the layered
structure. 128YX-LN Rayleigh mode is known as having a
relatively less radiation to bulk wave. The main mode of
42YX-LiTaO; (LT) is fundamentally a leaky mode and the
radiation for the bulk wave is relatively strong. By
manipulating the guided mode responses in the 128YX-LN

substrate, a single mode operation over a wide band frequency
is possible.
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Fig. 6. Simulated reflection characteristics various piezo layer thickness with
both top and bottom SiO, layer.

1.0 .
Mo | ‘W
A=2um r “ I
% - h=0.04} |
Hiv 1 12 YX-IN i i |
! 0E A
bsio2 \,
0.4 ‘ ‘ ‘
Y —_— 120YXIN
i3 ,’\’ | — 122VXN
- — 124¥X-IN
— 128VX-LN
0.0 |

1500 1600 1700 1800 1900 2000

Fig. 7. Simulated reflection characteristics various piezo cut angle with both
top and bottom SiO, layer.

II. STRUCTURE OPTIMIZATION BY 2D FEM SIMULATION

In this section, 2D FEM simulation performed to determine
an optimal structure for a wide band clean reflection. The FEM
simulation as performed by FEM/SDA [7!8] Figure 4 shows a
cross-sectional view of a 120YX-LN/Support substrate
structure and a 2D FEM reflection characteristics simulation
result. The TC-SAW response is plotted in a black line. The
wide frequency range with the clean reflection is observed in a
thinner H;y condition. Figure 5 shows the structure adding a
SiO, layer between the piezo layer and the support substrate.
By changing the thickness of SiO», flatness of reflection is
manipulated. Figure 6 shows a structure adding a top SiO: to
Figure 5 structure. Adding the top SiO; is necessary to control
and maintain the TCF similar to the level of the current TC-
SAW. Figure 7 is the result of a parametric sweep of an LN cut
angle. 122YX-LN shows minimum response of a SH mode just
above the pass band. As a result of the parameter sweep study,
Htsl'oz = 0.2 7&, HLN: 0.2 7», Hbs,'og =02 7\., 122YX-LN are
proposed to realize the wide clear reflection and a reasonable
kor and TCF. Figure 8 is a comparison between TC-SAW,
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LH.P.SAW and the proposed structure. The I.H.P SAW
geometry used in this study is described in the published article
[19]. TC-SAW and I.LHP SAW have unwanted reflection
responses in the higher frequency area. On the other hand, the
proposed structure shows a wide clean response up to the near
2xfo frequency range.

Very wide clean reflection up to near 2xfo
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Fig. 8. Comparison of simulated reflection characteristics of TC-SAW, LH.P. SAW

and proposed structure.

III. EXPERIMENTAL VERIFICATION

In this section, fabricated devices are evaluated to verify
the simulation results. Fabrication was done with 128YX-LN
instead of 122YX-LN in this time. Figure 9 is a comparison
between a simulated and a measured reflection response of
TCSAW and the proposed structure. On the measurement
result, spikes due to not fully optimized LN cut angle
remained, but overall, a wide clean reflection without SiO;
guided mode response is successfully observed. These spikes
will be managed by changing the LN cut angle to 122YX.
Except for the spikes, the simulated and the measured results
show a good agreement.

After confirming the resonator evaluation result, filters
with the proposed structure were evaluated. Figure 10 shows
the duplexer evaluation result with the proposed substrate on
the lower frequency filter 1 and TC-SAW used for the higher
frequency filter 2. Comparing with the plot of Figure 3,
although the Filter 2 is the same TC-SAW filter, the duplexer
insertion loss is significantly improved. A clean reflection on
the filter 1 contributes a lot to reduce the loading loss on the

filter 2 insertion loss. By using the proposed substrate, a
multiplexer free from the loading loss is provided.
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Fig. 9. Comparison of simulated and measured reflection characteristics.
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Fig. 10. Single filter and Multiplexed transmission characteristics with proposed
structure used on lower frequency filter 1.

IV. CONCLUSIONS

In this study, the SiO»/122YX-LN/SiO»/Support substrate
structure to perform the very wide clean reflection is proposed.
The loading loss due to the worse reflection on the common
node could be fixed with this proposed structure. The 2D FEM
simulation is performed to understand the behavior of the
higher frequency response in the proposed optimized structure.
The experiments of the resonator demonstrated to see the good
correlation between the simulation and the measurement. The
experiments on the filters and the duplexers demonstrated a
significant loading loss reduction under the multiplex condition
with the proposed structure.
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