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Abstract
A systematic approach using Taguchi  method  is proposed for optimization of complementary metal oxide
semiconductor microelectromechanical system surface acoustic wave ( SAW ) resonators . The aim of the present 
method  is to enhance the performance of SAW  devices in terms of electromechanical coupling coefficient while

reducing the design  and development cost. Controllable factors such as a number of transducers, N  , the distance
between input and output transducers, L  , and the thickness of the piezoelectric materials, T  have been optimized. L

 (3  ) orthogonal array was chosen to conduct 27 simulations with three level parameters. Time and cost efficient
2D finite element simulations were done using COMSOL Multiphysics  for two-step analysis Eigen frequency and
frequency domain analysis. The orthogonal array, signal  to noise  ratio , and analysis of variance (ANOVA) were
calculated to determine the best settings of the design  parameters. The maximum electromechanical coupling
coefficient is achieved at the optimal condition of N  = 6; L  =1.6 μm; T  =2.5 μ m with increased performance by
4.68% for κ  and 9.62% for G  (f ) compared to the initial conditions. The interaction between pairs of factors has
also been investigated. The Taguchi  method  reveals that both N  and L  , and the interaction of N  × L  plays
crucial roles in optimizing the electroacoustic conversion of the SAW  devices. Hence, the experiment shows that the
performance of the SAW  device has been successfully optimized. © 2019 IEEE.

Author keywords
Electromechanical coupling coefficient piezoelectric thin  film surface acoustic wave resonator

Taguchi  signal  to noise  ratio ZnO

Indexed keywords

Engineering
controlled terms:

Acoustic noise Acoustic resonators Acoustic surface wave devices

Analysis of variance (ANOVA) CMOS  integrated circuits Cost benefit analysis

Electromechanical coupling Electromechanical devices Frequency domain analysis

II-VI semiconductors Integrated circuit design MEMS Metals MOS devices

Oxide semiconductors Piezoelectricity Taguchi  methods Thin  films Transducers

Wide band gap semiconductors Zinc oxide

Engineering
uncontrolled terms

2D finite element simulation Complementary metal oxide semiconductors

Comsol multiphysics Design  and Development Electromechanical coupling coefficients

Optimal conditions Piezoelectric thin  films Surface acoustic wave resonators

Engineering main
heading:

Signal  to noise  ratio

◅ Back to results

 Export  Download  Print  E-mail  Save to PDF ⋆ Add to List  ▻More...

View at Publisher

Open AccessIEEE Access
Volume 7, 2019, Article number 8651565, Pages 27993-28000

Md Ralib, A.A. Nordin, A.N.  

 View references (25)

t

c c

27
13

TM

t c c
2

12

t c t c

PlumX Metrics
Usage, Captures, Mentions,
Social Media and Citations
beyond Scopus.

Metrics 

0 Citations in Scopus

0 Field-Weighted

Citation Impact

Cited by 0 documents

Inform me when this document
is cited in Scopus:

 

Related documents

,  , 

(2018) Microsystem Technologies

,  ,

(2018) IFCS 2018 - IEEE
International Frequency Control
Symposium

,  ,

(2015) 2015 IEEE International
Ultrasonics Symposium, IUS
2015

  





Set citation alert ▻

 ▻Set citation feed

Design and analysis of a boosted
pierce oscillator using MEMS
SAW resonators

 Hamzah, M.H. Karim, J. Ralib,
A.A.M.

A Low Jitter Monolithic MEMS
Thin Film SAW Oscillator in 0.13
\mu \mathrm{m} CMOS

 El-Hemeily, A. Ibrahim, S.A.
Atef, M.

Comparative analysis of the
experience obtained from the use
of SAW and BAW wireless
resonator temperature sensors
for surgery

 Antcev, I. Bogoslovsky, S.
Sapozhnikov, G.

View all related documents based
on references

https://www.scopus.com/home.uri?zone=header&origin=searchbasic
https://www.scopus.com/results/results.uri?sort=plf-f&src=s&st1=Application+of+Taguchi+Signal+to+Noise+Ratio+Design+Method+to+ZnO+Thin+Film+CMOS+SAW+Resonators&st2=&sid=3480720c9c90b039e80cd10588aba69b&sot=b&sdt=b&sl=110&s=TITLE-ABS-KEY%28Application+of+Taguchi+Signal+to+Noise+Ratio+Design+Method+to+ZnO+Thin+Film+CMOS+SAW+Resonators%29&offset=1&origin=recordpage
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.1109%2fACCESS.2019.2900590&locationID=1&categoryID=4&eid=2-s2.0-85063229815&issn=21693536&linkType=TemplateLinking&year=2019&zone=outwardlinks&origin=recordpage&dig=941dd8aa2a51fe29f2927dcaa4a907b3&recordRank=
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.1109%2fACCESS.2019.2900590&locationID=1&categoryID=4&eid=2-s2.0-85063229815&issn=21693536&linkType=ViewAtPublisher&year=2019&origin=recordpage&dig=4cdfaef309d639d7ba1735fd84a57b6c&recordRank=
https://www.scopus.com/sourceid/21100374601?origin=recordpage
https://www.scopus.com/authid/detail.uri?authorId=36537608500&amp;eid=2-s2.0-85063229815
https://www.scopus.com/authid/detail.uri?authorId=7005958999&amp;eid=2-s2.0-85063229815
mailto:anisnn@iium.edu.my
https://www.scopus.com/standard/help.uri?topic=12031
https://plu.mx/plum/a/?elsevier_id=2-s2.0-85063229815&theme=plum-scopus-theme
https://www.scopus.com/results/rss/handler.uri?citeEid=2-s2.0-85063229815
https://www.scopus.com/record/display.uri?origin=recordpage&zone=relatedDocuments&eid=2-s2.0-85034844141&citeCnt=0&noHighlight=false&sort=plf-f&src=s&st1=Application+of+Taguchi+Signal+to+Noise+Ratio+Design+Method+to+ZnO+Thin+Film+CMOS+SAW+Resonators&st2=&sid=3480720c9c90b039e80cd10588aba69b&sot=b&sdt=b&sl=110&s=TITLE-ABS-KEY%28Application+of+Taguchi+Signal+to+Noise+Ratio+Design+Method+to+ZnO+Thin+Film+CMOS+SAW+Resonators%29&relpos=0
https://www.scopus.com/authid/detail.uri?origin=recordpage&authorId=56511483800&zone=relatedDocuments
https://www.scopus.com/authid/detail.uri?origin=recordpage&authorId=35145934400&zone=relatedDocuments
https://www.scopus.com/authid/detail.uri?origin=recordpage&authorId=36988762300&zone=relatedDocuments
https://www.scopus.com/record/display.uri?origin=recordpage&zone=relatedDocuments&eid=2-s2.0-85061784993&citeCnt=0&noHighlight=false&sort=plf-f&src=s&st1=Application+of+Taguchi+Signal+to+Noise+Ratio+Design+Method+to+ZnO+Thin+Film+CMOS+SAW+Resonators&st2=&sid=3480720c9c90b039e80cd10588aba69b&sot=b&sdt=b&sl=110&s=TITLE-ABS-KEY%28Application+of+Taguchi+Signal+to+Noise+Ratio+Design+Method+to+ZnO+Thin+Film+CMOS+SAW+Resonators%29&relpos=1
https://www.scopus.com/authid/detail.uri?origin=recordpage&authorId=57206666241&zone=relatedDocuments
https://www.scopus.com/authid/detail.uri?origin=recordpage&authorId=35147913400&zone=relatedDocuments
https://www.scopus.com/authid/detail.uri?origin=recordpage&authorId=55349286500&zone=relatedDocuments
https://www.scopus.com/record/display.uri?origin=recordpage&zone=relatedDocuments&eid=2-s2.0-84962003800&citeCnt=0&noHighlight=false&sort=plf-f&src=s&st1=Application+of+Taguchi+Signal+to+Noise+Ratio+Design+Method+to+ZnO+Thin+Film+CMOS+SAW+Resonators&st2=&sid=3480720c9c90b039e80cd10588aba69b&sot=b&sdt=b&sl=110&s=TITLE-ABS-KEY%28Application+of+Taguchi+Signal+to+Noise+Ratio+Design+Method+to+ZnO+Thin+Film+CMOS+SAW+Resonators%29&relpos=2
https://www.scopus.com/authid/detail.uri?origin=recordpage&authorId=57188646659&zone=relatedDocuments
https://www.scopus.com/authid/detail.uri?origin=recordpage&authorId=56382515400&zone=relatedDocuments
https://www.scopus.com/authid/detail.uri?origin=recordpage&authorId=6602166252&zone=relatedDocuments
https://www.scopus.com/search/submit/mlt.uri?eid=2-s2.0-85063229815&src=s&all=true&origin=recordpage&method=ref&zone=relatedDocuments


References (25)

Funding details

Funding sponsor Funding number Acronym

International Islamic University Malaysia RIGS 16-083-0247

Ministry of Higher Education, Malaysia FRGS17-032-0598

Funding text
This work was supported in part by the Research Initiative Grant Scheme from the International Islamic University
Malaysia under Grant RIGS 16-083-0247, and in part by the Ministry of Higher Education Malaysia under Grant
FRGS17-032-0598.

Neculoiu, D., Bunea, A.-C., Dinescu, A.M., Farhat, L.A. 

 (Open Access)
 
(2018) IEEE Access, 6, art. no. 8449920, pp. 47587-47599. 

 
doi: 10.1109/ACCESS.2018.2867456 

Lu, X., Mouthaan, K., Yeo, T.S. 

 
(2016) IEEE Transactions on Components, Packaging and Manufacturing Technology, 6 (6), art. no.
7465832, pp. 897-905.  . 

 
doi: 10.1109/TCPMT.2016.2553105 

Li, S., Sankaranarayanan, S.K.R.S., Fan, C., Su, Y., Bhethanabotla, V.R. 

 (Open Access)
 
(2017) IEEE Sensors Journal, 17 (6), art. no. 7812628, pp. 1608-1616.  . 

 
doi: 10.1109/JSEN.2017.2651102 

ISSN: 21693536
Source Type: Journal
Original language: English

DOI: 10.1109/ACCESS.2019.2900590
Document Type: Article
Publisher: Institute of Electrical and Electronics Engineers Inc.

 ▻View in search results format

     All Export  Print  E-mail  Save to PDF Create bibliography

1

Band Pass Filters Based on GaN/Si Lumped-Element SAW Resonators Operating at
Frequencies above 5 GHz

http://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=6287639

View at Publisher

2

A Wideband Bandpass Filter with Frequency Selectivity Controlled by SAW Resonators

Cited 2 times
http://cpmt.ieee.org/transactions-on-cpmt.html

View at Publisher

3

Achieving Lower Insertion Loss and Higher Sensitivity in a SAW Biosensor via
Optimization of Waveguide and Microcavity Structures

Cited 8 times
http://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=7361

View at Publisher

Find more related documents in
Scopus based on:

 ▻Authors  ▻Keywords

https://www.scopus.com/search/submit/references.uri?sort=plf-f&src=r&imp=t&sid=eaffb56eb9a04f6a0b0051cf1ae03c8e&sot=rec&sdt=citedreferences&sl=23&s=EID%282-s2.0-85063229815%29&origin=recordpage&citeCnt=1&citingId=2-s2.0-85063229815
https://www.scopus.com/record/display.uri?eid=2-s2.0-85052623976&origin=reflist&sort=plf-f&src=s&st1=Application+of+Taguchi+Signal+to+Noise+Ratio+Design+Method+to+ZnO+Thin+Film+CMOS+SAW+Resonators&st2=&sid=3480720c9c90b039e80cd10588aba69b&sot=b&sdt=b&sl=110&s=TITLE-ABS-KEY%28Application+of+Taguchi+Signal+to+Noise+Ratio+Design+Method+to+ZnO+Thin+Film+CMOS+SAW+Resonators%29&recordRank=
http://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=6287639
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.1109%2fACCESS.2018.2867456&locationID=3&categoryID=4&eid=2-s2.0-85052623976&issn=21693536&linkType=ViewAtPublisher&year=2018&origin=reflist&dig=4ab91dc8bca5e0649af7762c4bc41f21&recordRank=
https://www.scopus.com/record/display.uri?eid=2-s2.0-84966479870&origin=reflist&sort=plf-f&src=s&st1=Application+of+Taguchi+Signal+to+Noise+Ratio+Design+Method+to+ZnO+Thin+Film+CMOS+SAW+Resonators&st2=&sid=3480720c9c90b039e80cd10588aba69b&sot=b&sdt=b&sl=110&s=TITLE-ABS-KEY%28Application+of+Taguchi+Signal+to+Noise+Ratio+Design+Method+to+ZnO+Thin+Film+CMOS+SAW+Resonators%29&recordRank=
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85063229815&refeid=2-s2.0-84966479870&src=s&origin=reflist&refstat=core
http://cpmt.ieee.org/transactions-on-cpmt.html
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.1109%2fTCPMT.2016.2553105&locationID=3&categoryID=4&eid=2-s2.0-84966479870&issn=21563950&linkType=ViewAtPublisher&year=2016&origin=reflist&dig=dcb254d75517752b5ce3907a01ab85dc&recordRank=
https://www.scopus.com/record/display.uri?eid=2-s2.0-85015213653&origin=reflist&sort=plf-f&src=s&st1=Application+of+Taguchi+Signal+to+Noise+Ratio+Design+Method+to+ZnO+Thin+Film+CMOS+SAW+Resonators&st2=&sid=3480720c9c90b039e80cd10588aba69b&sot=b&sdt=b&sl=110&s=TITLE-ABS-KEY%28Application+of+Taguchi+Signal+to+Noise+Ratio+Design+Method+to+ZnO+Thin+Film+CMOS+SAW+Resonators%29&recordRank=
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85063229815&refeid=2-s2.0-85015213653&src=s&origin=reflist&refstat=core
http://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=7361
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.1109%2fJSEN.2017.2651102&locationID=3&categoryID=4&eid=2-s2.0-85015213653&issn=1530437X&linkType=ViewAtPublisher&year=2017&origin=reflist&dig=30d05fb9821ec2d61a0fc4ed87796749&recordRank=
https://www.scopus.com/search/submit/mlt.uri?eid=2-s2.0-85063229815&src=s&all=true&origin=recordpage&method=aut&zone=relatedDocuments
https://www.scopus.com/search/submit/mlt.uri?eid=2-s2.0-85063229815&src=s&all=true&origin=recordpage&method=key&zone=relatedDocuments

