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要 旨： 
Requirements for RF devices in 4th generation (4G) mobile phones have been getting more stringent, especially in 
multiband / carrier aggregation systems (Fig. 1). In addition, discussions on 5th generation (5G) system have been 
progressing toward Tokyo Olympic (Fig. 2). The performance of acoustic wave devices is strongly dependent on Q factor, 
electro-mechanical coupling factor (K2) and the temperature coefficient of frequency (TCF), which are being continuously 
enhanced by a lot of R&D efforts. In this seminar, I will first introduce the system trend and requirements of 4G and 5G, 
and then briefly explain the key technologies of the state-of-the-art film bulk acoustic resonator (FBAR) filters (Fig. 3 to 5). 
 

     
Fig. 1 RF circuit structure for 4G                    Fig. 2 System evolution from 4G to 5G 

 

         

Fig. 3 FBAR filter die              Fig. 4 Structure of FBAR            Fig. 5 Cross section of FBAR  

Piezoelectric Thin Film

SubstrateDome -shaped Air Gap

Bottom Electrode (Ru)
Top Electrode (Ru) 

• AlN

• ( Mg,Zr )0.13Al 0.87N

• ( Mg,Hf )0.13Al 0.87N 

LTE

Rel - 8/9

～ 2.7 GHz

2015 年 2020 年

Rel - 10/11

(Small cell) 
Rel - 12/13 LTE -Advanced

Enhanced LTE

Rel - 14/15

～ 6 GHz 

New RAT

～ 70 GHz

５Ｇ 

パ フ ォ ー マ ン ス

／
技 術 の 難 易 度

～ 3.5 GHz 

４Ｇ 

5 th G ：wide pass ‐band will   
be required for high speed   
data communication 

year

Performance   



IC 

Low  Band 

High  Band 

FDD ‐ LTE (MB, HB) 

GSM/GPRS/EDGE CDMA/WCDMA 

FDD ‐ LTE (LB) 

TD ‐ SCDMA 

LB1 
LB2 

LB3 

GSM ‐ Low 

GSM ‐ High MB1 
MB2 
MB3 

HB1 
HB2 HB3/HB4 TDD ‐ LTE 

Diversity
CDMA/WCDMA  

TD ‐ SCDMA 

FDD ‐ LTE/TDD ‐ LTE 
HB3/HB4

HB2

HB1

MB2

MB5

MB4

MB3

MB1

LB1

LB2

LB3

Mid  Band 

B42/B43 
B42/B43

High  Band

Mid  Band

Low  Band

MB5 
MB4 


