
passband. Values near the lower passband edge are 
close to the TCF at the resonance of SAW 
resonators on 42-LT while those near the higher 
passband edge are close to the TCF at the 
anti-resonance. 
 
3. Measurement of TTF 

It is known that TTF is well expressed by the 
following model [2]  









kT
EP expTTF      (4) 

where k and E are the Boltzmann constant and 
activation energy, respectively. Constants α and β 
shall be determined from the measurement data.  
Taking logarithm of Eq. (4) results in the following 
form: 

kT
EP  eee loglogTTFlog     (5) 

This means logeTTF changes linearly with logeP, 
and  can be determined from the gradient. 

TTF of the DUT was measured using the 
wafer-probe setup described in [3]. In the case, 
temperature of the DUT surface is almost equal to 
that of Cu plate placed under the DUT.  

Fig. 3 shows variation of logeTTF with logeP at 
the room temperature. As expected, logeTTF 
changes linearly with logeP, and β is estimated as 
-1.59 from the least square fitting. 

 
Fig. 3 Dependence of input power to TTF 

Fig. 4 shows variation of logeTTF with T-1 when 
the input RF power is fixed at 1 W. Two curves are 
given. One is the result when the frequency is fixed 
at 1,820 MHz (upper bound of Band 1Rx), and 
another one is the result when the frequency starts 
from 1,820 MHz at T=20oC and is adjusted 
according to the model described above. Although 
loge(TTF) changes linearly with T-1 for both cases, 
the gradient is significantly different. 

 
Fig. 4 Variation of TTF with T 

From the gradient, E was estimated as 0.636 eV 
without the TCF compensation while it increased to 
0.813 eV with the TCF compensation. Thus, it is 
clear that impact of the TCF is significant for TTF, 
and it must be taken into account for the power 
durability measurement. 

It should be noted that the frequency was adjusted 
following to the frequency response at T=20oC in 
this experiment, this reference temperature should 
be set at the chip temperature Tc at the maximum 
operation temperature Tm given as specification. 
Since Tc is somewhat different from environmental 
temperature, the difference must be also taken into 
account at the TTF measurement[3]. 
 
4. Conclusion 
This paper described a procedure to estimate the 

frequency dependent TCF of RF SAW/BAW deices 
for its compensation method during TTF 
measurement. 

Since excess T results in further translation of the 
passband, the translation must be compensated by 
shifting the frequency 
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1. Introduction 

High-isolation is a stringent demand for 
surface acoustic wave/bulk acoustic wave 
(SAW/BAW) duplexers that are used in wireless 
communication systems to keep the communication 
quality high [1]. 

The most common approach to improve the 
isolation of a SAW/BAW duplexer is to increase the 
attenuation level by changing the filter 
configuration. However, there is generally a 
tradeoff between improving attenuation and 
increasing insertion loss. 

Thus, we reported another method that 
improves the isolation of the duplexer by using an 
additional compensation circuit [2]-[5]. The same 
as the conventional method, this method increases 
the attenuation level of a filter. However, it has the 
benefit of no- trade-off between attenuation level 
and insertion loss. The additional circuit is designed 
to keep high impedance in the pass band, so it does 
not increase the insertion loss of the duplexer. 

In this study, we propose an advanced 
configuration of a compensation circuit for on-chip 
implementation. It uses the SAW resonator as 
circuit components the same as the filter itself. 
Therefore, a small-size and high-isolation duplexer 
is expected to be achieved. 
 
2. Concept 

The function of the compensation circuit is to 
adjust the magnitude and phase of the leakage 
signal as shown in Fig. 1. 

In previous work, we implemented these 
functions into the multilayer laminate substrate as 
an external circuit of a discrete duplexer [5]. This 
configuration has the advantage that the 
compensation circuit can be added to an existing 
duplexer. However, this makes the duplexer bigger 
than the original duplexer. In this work, we aimed 
to implement these functions into a filter chip itself 
as mentioned above. 

Figure 2 shows the configuration of the 
on-chip compensation circuit. As shown in the 

figure, the phase-shifter is achieved by using a 
longitudinally coupled double-mode SAW resonator. 
The attenuator is achieved by using an interdigital 
capacitor. These two components can be used at the 
same time to fabricate SAW filters. 
 

 

Capacitor

Double Mode SAW resonator

Capacitor

 
Fig. 2 Configuration of compensation circuit for 
on-chip implementation. 

Phase Shifter

I1

I2
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Fig. 1  Basic configuration of compensation 
circuit. 

Fig. 3 Chip design of LTE-Band VIII duplexer                                            
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3. Verification & Result 

     To verify the effectiveness of a proposed 
circuit, we fabricated a prototype SAW duplexer 
utilizing Shear horizontal (SH)-SAW on a LiTaO3 
substrate for LTE Band-VIII (Fig. 3.).  

As shown in Figure. 3, the compensation 
circuit is implemented on the Tx ladder filter chip 
along with SAW resonators containing the main 
filter. We designed this circuit utilizing the coupling 
of modes theory to achieve high-isolation and low 
loss [6]. 
  

Figures 4 (a) and (b) show the performance 
of the fabricated duplexer. As shown in the figure, 
the insertion loss was the same before and after 
addition of the compensation circuit. On the other 
hands, the isolation level in Rx band was improved 
from Typ. 52 dB to 62 dB as intended. 
 
4. Conclusions 

We proposed a method for improving 
isolation characteristics of a SAW duplexer with an 
on-chip compensation circuit. 

 

The concept of this technology was examined 
through an actual duplexer. The proposed method 
was proved to improve isolation in the RX band of 
LTE Band-VIII SAW duplexer by about 10 dB. 

This method is expected to be applied to 
various types of discrete filters and duplexers to 
enhance their attenuation and isolation. 
 
References 
1. H Holma and A. Toskara: “LTE FOR UMTS” (J. 

Wiley & Sons, NY, 2010) 
2. J. Tsutsumi and K. Matsumoto: Proc. of the 38th 

IEEE European Microwave Conference (2008) 
p.1066-1069. 

3. J. Tsutsumi and K. Matsumoto: Proc. of the 39th  
IEEE European Microwave Conference (2009) 
p.322-325 

4. J. Tsutsumi, S, Inoue, M. Iwaki, M Hara, H. 
Nakamura, K. Matsumoto, M. Ueda and Y. 
Satoh: Proc of the IEEE Ultrasonic Symp. 
(2011) pp. 1833-1836. 

5. M. Iwaki, J. Tsutsumi: Proc. of the 41th  IEEE 
European Microwave Conference (2011) 
p.751-754 

6. K Hashimoto: “Surface Acoustic Wave Devices 
in Telecommunications” (Springer-Verlag, 
Berlin, 2010) 

(a) Tx to Ant, Ant to Rx pass band

Tx Rx

Tx Rx

Frequency [MHz]

without compensation circuit
with compensation circuit

(b) Tx to Rx isolation

Frequency [MHz]

0
-10

-20
-30
-40
-50
-60
-70
-80

At
te
nu

at
io
n

[d
B]

At
te
nu

at
io
n

[d
B]

-30
-35
-40
-45
-50
-55
-60
-65
-70
-75
-80

Fig. 4 Characteristics of LTE Band-VIII SAW 
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