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An ultrasonic 1x2 switch based on thermally tuned two-dimensional
solid/solid phononic crystals

Mehran alinejad Naini, Ali Bahrami

Optoelectronics and Nanophotonics Research Lab (ONRL), Department of Electrical Engineering, Sahand
University of Technology, Tabriz, Iran

Abstract- In this work, a theoretical study of the temperature effect on two-dimensional solid/solid phononic crystal structure
composed of square array of Epoxy rods embedded in Tungsten matrix with sub micrometer geometries have been done.
Moreover, an ultrasonic wave switch based on two-dimensional phononic crystal is theoretically investigated. For this case,
the possibility of tuning the position and width of phononic band structures in megahertz range has been observed utilizing the
analyses of the band structure by finite element method. The numerical results for the case of periodic Tungsten/Epoxy structure
with square lattice show that the frequency position and width of the absolute band gap strongly depends on the temperature
and change prominently when the temperature change from 25°C to 35°C .The strong dependence on temperature and
periodicity of designed phononic crystal prove that the structure could be suitable enough for thermal switching. So, according
to the simulation results and calculations the design of an acoustic wave 1x2 switch for the specific frequency of f=1.48MHz
at room temperature has been reported.

Keywords: Brillouin zone, Elastic properties, Finite element, Phononic crystal, thermal effect, switch, Ultrasonic.

YAO
2ib g yiws BBWWW.OPSLIE colu jo a8 cul jLael slls b,90 50 alie oyl


http://www.opsi.ir/
http://www.opsi.ir/
http://www.opsi.ir/article-1-1580-fa.html

[ Downloaded from www.opsi.ir on 2025-11-10 ]

VWAS Crage Voo Y

Sloslawl b dllie ol jo [F] 00,5 oo juts Jlo [L5Le
sl tzls olo pdy b @ axei b g Sladllas oy
Oyl 420 i b sl sl J5S (Seigd oglite
g Se Se ol S eslaial by ol 4l s5e
Gl g 3,08 cwilS 3 cogase 0 VXY Sogul il
I g5 ol o el oad b iy slasl
oyl ab » (29> Wz S slegdes

tlse Sgish

> sb sl
Saa by Seigd ool la)lisle gla Sy 4 azsi b
b sl 5l S ailb Bl S O3] Cews 4
5 9 90 S ok JLSle G Alie ol o end
50 el oals A APNY Glixl o L oglis
Sted () Sl iz 5l & plaales LSl )l
Dol S jgo dy (LS izl gm0 4D G (990
OS] sl gl ol Ol slge Wlosd oaga
G axgi b aS Wyl 0gr Sl ples o oYL soue
Lo ol 1y b lsbe o wil BISE sszg STy (g9
NN PN I
Lo a5y sl 2 b Slinlons o 2815 5l
el alls 1) 4l J5 Jolee Wl Jlisle olss oo
S 59 Sz ol L wly sl Sles (1) S
G sl alie o5 auils il oad b
"o Jsl O amio s w2y Jsho (9358 gl
Gl gek p anb &S (25 2 ) 4 g b aS il
=090 U 0,05 o0 Oja0 o) 50 Olawlors alily oo Lylo azdly
Wb mels Slaslxe pz g oaid dwlre (5,15 slo

a=970 pm

G 53 gt ed 5 sk aal s J b 5 s )US slai 1) S
QUSRSERJRES FRRPEEN

YA#

Oln! SEged (5,9L8 g (qwiige il IS uedd 9 SLigied 9 Subl il A e slez g S

doddo —)
@ 2l Slallas )3 (eigh jsh o calide sla)liSle
P EFe 6[@ o)g)lS 9 Sl odls &‘9 A>g5 Oy90 IR
GraSls .l oad aizle ¢ (2l Al cpl Al
S 4 placalid lasl ogos g (ol 55 S9igd 55k
&S ol Ol el cpl jo ails Seigd b sl
9 0, Shae a8 ol aiS o] ol pleie 4 e
st byl sl ools J1E I (g5, i alike
sliz! Gl wliles )| 5l as s colaie glo LsLe
o b o ailoads JSKas 095 aSl Lsle (9,0
Db ge ol bl caslio Slge LSl Sgisd 5l
B BT b Seigd Hob SO0 soliul 090 Slge
5 S IS b aal asls Sl ple> 0 oy
F s D] sl S zZhb gl Wb LSl pdas
b SIS slnl coblB Seig8 ek SO Lol sl S
Hisle G 28g &dly jo abl oo Hlil Gads jo  uils)8
35 o )R (Sl gge SuL0)55 p o yxe 50 glite
axl opl o 0gd e Jols ol Gl wib Bls S
B8 e g odem) Sho & lapggh OS> Ly
Al BICS olxy) bl a5 Sy (6,955 0,100 jgue o)l
sbul gl IS byd g0 wil oo gl Jlisle G o
g 03l dlge o YU (S5 alas 1) Wil B SO
oS 05y Szl Glr eelie RS o ys e
(S5 53 ol S i (5 2y i [Y] s oo
Az g5 050 Db 4yl gla Jlo o aS conl plaaies
oud Sliny ol ly FSUSS lagis, 5 a5 I8
GRS i g Lo 4 jLad (3938l Lo g 1 (S ]
SO 50958l Glisle dwais s [V] wbl g iiS
Pl 4 Sop Sl plex b6l eole 5l Y
a0 o by Glele caime LSS olge SCilwY!
Sy, 3l e S S by LSl ol >
u)‘PHM))OW‘w)w‘)\))QOOM L;)M
s [0-F] ol oals plmil S65UsS sla,lS LsLe
Pler ST as cul gasge ol cams s Jolb

Sk sl 9 (owilS )5 CumBao g WIS o S Seigd jsh

2l o yiws BBWWW.OPSLIE colu jo a5 el jlael glls 590 50 allie oy


http://www.opsi.ir/
http://www.opsi.ir/
http://www.opsi.ir/article-1-1580-fa.html

[ Downloaded from www.opsi.ir on 2025-11-10 ]

VWAF e VoY

Lo & ol b o] Seza¥l o3 oS 09 oo ol
5 aleo ;o ol colainl dlge olgs il oo e
3 1 [A-F] el sas eols puled Y 5 Y Jglos
YO lads oud (b (Sgigd job )lSle 6ln (HUSS
sl b Sish 55k sl 22ls gl il 5 0325 S 3
a8 Cewl oads ooly isles 3b1 sleo jo Sglaie sl i
Gl Osely 4l )0 ol (ilS 3 il sl Siky

28} )
24 A
= 221 ~
g o 9]
= 18t ~
g 16l
£ 14l 0
3 420
% af ~
£ s 9
o8}
04k I
025 \J
T i = =

5 S
spans irreducible Brillouin zone spans irreducible Brillouin zone

. &:)
26 =
24 1o

= 22 J
- Iy
< 18| 1 &2
2 18 {
£ 14 { @
g y
I I b
& os 10
08 &
04 ~
2

¥ s
spans irreducible Brillouin zone
()

5 5 (555 0 Ala 3 Ja b onh ol Jshoo ) Y S8
@ oad b algiul Jols gl s g (655 0 aleo oole i b
1 =030xr ()i =06xr (o) =08xr (il

e ais slow] sl asttin (V)JSS j0 &5 jghiles
gl Rl g ool Jgl il SIS j0 090 SO jaee @
Coxdse ot 4 e 350 abe yo wlpiul (S
AEEL gl STogh o (a5l Jol> 390 (ouilS 3
@ e 9S50 Sy bwgi | oad (b VX0 wxly Jol
Cawd a3 gl Lol (s s ol 5 il 4z 0 YO
(VU )0 gulid aS 05 oo psd Sl (V)UK o 0wl

el 00 00l O«.ul-o-)

2.
2
§

Frequency (Hz)

o5 5 68 padlie )3 pali boad (al sl Jolu ) : TS
il da 2 VO sla o Jdaﬁ@\ﬁﬁ\}:\u\ k;';\a&b.ﬁx
BB

YAY

Olnl Sig398 (559l g (wdige il S (e 9 Sgigh g Sl il A8 o o 9 S

el 5245 033 (et (V) IS 2 48 ladlye pladi 548 Cull ) e s dn 53 L
s aa sl gend ff = 0,31 s sl ol ) Jalas aca
28] 6a alan) Caga Cpl Hd (S gana HUALL (6] ead AT ol cchal sla

Lt Jlala oSG 53z se L) odin Jal g5 5 Ssp 8 Gl S
sdiien gl (V-1 daid 55 b Sma) o) sa] V.

M)
PUp =0 pqq-

M)
Tpq = Cogrsbre s

M)

&, :%(u,,S +U,,),

Ol Sle Oy azloele Slo Uy Ll cnl )0 o5
sl S3las Crpe s B8 ol Slo &g tutS
99 Lt b o 53 952se gl 4 azgi bbb oe (e
S Ol axly Jobo S5 sl ST S53s8 55k sam
ol o551 pems ol ML T, oy G yilo s K L1,
Slml 4y e 9 998 Jloel wlss oo 51,5V Lsl &S >
[V] 05 o0 (F) alail

) 9]
(K-o"M)v =0,
= oeilS 3 g cnl axlg Joko S lilugs Sl (F) doles
| BN U"‘ 6‘)4 1A Js.wu;n wl:;u U—‘ )‘ )tl.>Lw 0)45 6L®
e )0 a5 3800 (b VX0 G2y Joho Hl G
ua.n.: ;_i) Ql}u‘ l.: ] oA.aT Sg>g A ua.n.: ;_i) O] 6;).0
350 S Olgicee Ol sl 505wy 9 L3l 5o ceslis
o sl 1A ols jaue laasl BISLS 51 (SO o |y Lasein
algiwl S ol 5 (655 0 dlis o0le s b cdl> ol o
oals b axly Jelo ol jo o Gl gl o b
B cnl sl b pgil sl oo b oole 3,5 o0 &5

V e
[]glize glalos ;3 (12),) oSl Saiaa¥l olss

(C)les Yo Yo
(GPa) Ly sl ¥ /A
ala oo Y T3

ANUIEES
[l glite glalos 5 Sl porisl il pop b Sl olys
(C)les Yo Yo
(GPa) Sl Jsisle | TIAYO Y/
oslsysae | VY| ey

2ib g yiws BBWWW.OPSLIE colu jo a8 cul jLael slls b,90 50 alie oyl


http://www.opsi.ir/
http://www.opsi.ir/
http://www.opsi.ir/article-1-1580-fa.html

[ Downloaded from www.opsi.ir on 2025-11-10 ]

VWA age V)Y

Ol az o Ve ol gles 0,28 o I8 3L 5 50 a8

Hl a4y gy pe Slasles adS 090 00 2,5 o 5l g 0ads
a5 Al oo 399 Lol g, b Gelate glgal JL23 slans
O bl el 48 5 590 JounalS 18l 055 Jags
yob GSle polie olasi 4 oad diwlxe aials b,

lmle polie jurw 5 950 0 el (G 90 Soied
0 oas mLb glaplall Jlog pslie Lalul 5 (S
Sgel sl i S alply D9l o0 arulme JlSLo
g b as cul o b Gl sles jo > WY
0,5 (Fardly 5 s 48,5 O s slaggle Al

S o5 A

ol asls sanigs Sgish el gla il alis ol
e JlSle Sy e lagl sla (Shs 5l s e
ool Wl sl e Sy 4 drg b I b eolizal
Ol s pds 156 aS ol csle o (s0lge 5l oolatul § b sl,
VXY Saigorl gl g Sy el oo ySan Ty Los &
sl 3o a5 snts >k b1 slos o &yl Jlasl b
At g Slawlrs adS ol palive digel g Soisd
W35 O jgo Sguze Glell g, 4l p el

&=l

[1] A. Khelif and A. Adibi, Phononic Crystals:
Fundamentals and Applications (Springer, New York,
2015).

[2] S. Mohammadi, A. A. Eftekhar, A.Khelif, W. D. Hunt
and A. Adibi, “Evidence of large high frequency
complete phononic band gaps in silicon phononic crystal
plates,” Appl. Phys. Lett., VVol. 92, p. 221905, 2008.

[3] A. Bayat and F. Gordaninejad, “Switching band-gaps of
a phononic crystal slab by surface instability,” Smart
Materials and Structures., VVol. 24, p. 075009, 2015.

[4] B. Rostami-Dogolsara, M. K. Moravvej-Farshi, and F.
Nazari, “Designing Switchable Phononic Crystal-Based
Acoustic Demultiplexer,” IEEE Trans. Ultrason.
Ferroelectr. Freq. Control., Vol. 63, pp. 1468-1473, 2016.

[5] Y. Yao, F. Wu, X. Zhang and Z. Hou, “Thermal tuning
of Lamb wave band structure in a two-dimensional
phononic crystal plate,” J. Appl. Phys., Vol. 110,
p.123503, 2011.

[6] K.L.Jim,C.W. Leung, S.T. Lau, S. H. Choy and H. L.
W. Chan, “Thermal tuning of phononic bandstructure in
ferroelectric ceramic/epoxy phononic crystal,” Appl.
Phys. Lett., Vol. 94, p. 193501, 2009.

[7]1 TIA. Veres, T. Berer, and O. Matsuda, “Complex band
structures of two dimensional phononic crystals:
Analysis by the finite element method,” J. Appl. Phys.,
Vol. 114, p. 083519, 2013.

[8] Z. Bian, W. Peng and J. Song, “Thermal tuning of band
structures in a one-dimensional phononic crystal,” J.
Appl. Mech., Vol. 81, p. 041008, 2014.

YAA

Olnl SEgi9d (5,9L8 g (qwiige il IS e § SHgied 9 Sl il AT e lez g G

slasge dos (sl o 1+ Gl b (1) S5 & s
@ g o o e i JVL Gla S )8 Cons 4y ol
az 0 4 Sl als 0 oal colaiul cole olgm o
oeals a4 cl aylin g0 cplall e aisly ol
Cows 3 |y (285 050 oudlS ;8 CoxByo allginl s glads
sl ps¥ lulpd lple oyl oml ol
9 o0 b Sl gl g S (b

Gl Al gl g Souzrdguw 0 3o =Y

et (Hhb gl tsle l Jol> mlis 4 4z L
(YU jo 3l sla,bale p Lo Jlee! (56 o (V) S
T oo Sl ISae Sgunl gl gdgms Sy jlLs
odd o3ls aled ¥ JSS )3 (29,5 pge 99 9 JSO
Wyl S glad a5 o )lislo b U588 T izgo ol
1oy ol ons asle el B0 o i
Slade 023 o jgue f=1.48MHz o558 oo 90,2
Ar dil 2o pzee sl algd (L2l eles

r=08xr

r,=03xr [ aes . | g
RRPI ST TSR

REIg

o 00
Stan gwooomoooooooc

00000000000000000
00000000000000000

()
freq{1)=148 MHz 35°C  Surface: Total displacement elw.disp  freq(1)=148 MHz 25°C Surface: Total displacement elw.disp
g |

> T ~

S99 sk So al pesd (b g kSl () ¥ Ko
X0 °C () ;Y0 °C (0) @los jo jislo o zlsel jLasl ;1 8x\Y
Caos 3 zlgal Jloy) goe 5 (GIDF USE 4y azg L
zoe Bblsles yo 99500yl 0ad (2 (Sgish )b
- Joy) il cww a1, F=1.48MHZ uls 3 o
s 03l igled ()5() ¥ UK 0 a5 jshailen 1) .0i8
T @Y pizse I ISE T pizso il see L glgal e
Hisle Ll jo as G Sl asie (0 5 wisd

).‘...Qj)xyo sS.) Ja.u.;}_» D] u.\.:}...)‘sa u..\.‘> 0 oold )‘).‘3

2l o yiws BBWWW.OPSLIE colu jo a5 el jlael glls 590 50 allie oy


http://www.opsi.ir/
http://www.opsi.ir/
http://www.opsi.ir/article-1-1580-fa.html
http://www.tcpdf.org

