International Journal of Research in Advent Technology, Vol.4, No.5, May 2016
E-ISSN: 2321-9637
Available online at www.ijrat.org

A Phononic Crystal Strip with Lowering and Extenglin
Band Gaps

Thi Dep H&, JingFu Bad
School of Electronic Engineering™ 2 University of Electronic Science and Technology of China, Chengdu
611731, China"?
Faculty of Electronic Technology®, Industrial University of Ho Chi Minh City, Ho Chi Minh City, Vietnam*
Email: hathidep@yahoo.cont, baojingfu@uestc.edu.cn?

Abstract-The band gap width and location of phononic cryghC) in band structure demonstrate its
effectiveness on preventing leaked energy from ME®EDNator body into substrate through supporetstin
this paper, we propose a novel phononic crystgl sthich is composed of horizontal and verticabstmade of
by tungsten on silicon host to reduce the side dsioas and lower and widen acoustic band gaps. types of
material based stub arrangements investigated invauk are silicon stubs, metallic vertical stubetailic
horizontal stub and metallic stubs. We utilize fméte element method in COMSOL Multiphysics softear
(COMSOL) to analysis and simulate the proposed Bmi@. The simulation results show that the gapshef
proposed model obtain dominant widths and occupy i@v frequency range in the band structure. Thp g
width and location can optimize through both honizb and vertical stubs. Among these configuratibe,gap
number and density of the proposed PnC strip witkaitic stubs are heaviest and closest.

Index Terms- phononic crystals; band gap; band structure.
of stubs with diferent materials including silicon,
metallic horizontal, metallic vertical and metallic
1. THEMAIN TEXT stubs. We also investigate the sensitivity of thad
The acoustic wave propagation in phononic crystditructure to the geometrical parameters (e.g.ehgth
(PnC), which are composed of periodic structurek wi ©f the horizontal and vertical stubs) of the pragubs
scattering inclusions in solid host, has attracteH100|8| and compare with conventional ones. The

. L Simulations and their result processing are peréatm
conS|dergbI§ attention in recent years[.l, 2]. Oneey via COMSOL Multiphysics ?the softvgare chJJr finite
characteristics of the PnC structures is band gap Mgjement (FE) analysis) and MATLAB.

(i.e. band structure, band gap diagram)[1] which
shows the width and position of the 'gaps in certa|5 MODEL ING
wave frequency ranges. A band gap is the frequency
range in which the acoustic waves cannot pasdfwto Figure 1 shows the schematic diagram of the prapose
structures[2, 3]. The wider the band gap, the higihe PnC trip. Each unit cell is composed of horizortad
effectiveness of acoustic wave propagation isolatiowertical double-sided stubs on silicon backgrousd a
Thus, the PnC operate as acoustic wave barrieiustrated in Fig. 1a. As this figure shown, thesabs
Several researches have been reported for PnC sisife made of silicon (indicated by gray bars) orahet
(1D)[1, 4], PnC slab (2D)[3] and PnC pillar (3D)[5] (indicated by green bars), namely tungsten (W), and
In addition, geometrical parameters of the Pn@rranged into four schemes. Geometrical parameters
structures also féect on form factor of PnC basedfor each cell are as follow: the lattice constaf 28
devices. For MEMS support tether applications, Pn@im, the lattice width Wa of 6 pum, the lattice thieks
strip exhibits great advantages such as simplegespah of 3 um, the vertical stub length Lv of 22 pme th
saving compared to others[1l]. To the best of ounorizontal stub length Lh of 22 um and the horiabnt
knowledge, there is no report on horizontal andtub width Wh of 6 um. The PnC strip model with
vertical stub combination as well as the embeddihg three unit cells is shown in Fig. 1b.
metallic stubs on silicon host for the PnC strip to Materials used for the PnC structure in this paper
optimize and lower band gap formation up to now. consist of silicon and tungsten. Silicon has etasti
This paper proposes a novel PnC strigonstants c11 = 165.7 x 109 Pa, c12 = 63.9 x 109 Pa
configuration which is combined horizontal andc44 = 79.55 x 109 Pa,= 2330 kg/m3 [6]. Tungsten is

vertical stubs in silicon background to obtain,c.q for the stubs and has c11 = 52.9 x 1010 Pa=c1

significantly wide and low band gaps and small for _ ] i

factor (i.e. reducing the side dimensions) for MEM 0.918 x 18 Pa, c44 = 16.19 x 10Pa andp =
19361.5 kg/m3[7].

applications. The structure is designed for foyety
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(b)

Fig. 1. Three dimensional schematic of the progpd%eC strip configuration (a) four
types of unit cells (the green indicated W, theygnelicated silicon), (b) the periodical
structure with three unit cells.

In order to obtain dispersion curves and eigen
modes in the proposed PnC model, the finite eleme®il. Thedispersion curves and eigen modes
simulation tool, namely COMSOL Multiphysics, s ysing the given geometrical parameters in section 2
used in our work. The band gap map is then cakedlat3ng FEM, the phononic dispersion curves, band gaps
from these simulation results using MATLAB. Due t0gnq eigen modes of the conventional and proposed
the periodicity of the PnC structure, we perforne th pjc strips are calculated and plotted in Fig. 2.

simulations for a unit cell and apply the Bloch dilet Figure 2a-b shows the dispersion curves for the
boundary condition[8] to the simulated unit cell toconventional PnC strips (i.e. the stubs are vdrtica
repeat this structure. horizontal). As the figure shown, two gaps with

significant width of the PnC strip with vertical btu
occur in the 0 — 150 MHz and their values are 11.23
3. SIMULATION RESULTSAND and 18.4 MHz (with lower gap boundary of 59.98 and
DISCUSSION 123.56 MHz, respectively) while the gaps of the
counterpart with horizontal stub almost disappear i
this frequency range and have four band gaps Wwéh t
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Fraquency (MHz)

(d) (e) ®

Fig. 2. Dispersion curves, band gaps and eigeresofithe (a) conventional PnC strip with
vertical stub, (b) conventional PnC strip with kzorital stub, (c) proposed PnC strip with
silicon stubs, (d) proposed PnC strip with metaltctical stub, (e) proposed PnC strip with

metallic horizontal stub, (f) proposed PnC striphwnetallic stubs

highest value of 0.41 MHz (with lower gap boundarytructure. The simulated and calculated results are
of 37.41 MHz). shown in Fig. 3. It is clear from this figure thiisi not

Figure 2c-f plots the dispersion curves and ban sy to obtain the gaps in low frequencies. Thedban
gaps of the proposed PnC model with silicon (Fig. 2 a )s/ are almost argcl)urrJld the 100 -q150 MH.z for both
metallic vertical (Fig. 2d, metallic horizontal {fi2e) 9ap

Structures.

and metallic stubs (Fig. 2f). The band gap numb
shown in Fig. 2c is five in the 0 - 140 MHz in which  For the PnC strip with horizontal stub, the largest
two large band gaps among these gaps are 10.2 @@ is 22.47 MHz (as shown in the magenta area of
16.63 MHz (corresponding with the lower gapthe graph) corresponding with the lower gap boupdar
boundary of 56.06 and 75.89 MHz). For metallicof 92.64 MHz and stub length Lh of 18 um. This gap
stubs, the wide gaps are 11.94, 6.35 and 11.43 (wif opened at 14 um and closed at 20 um. In th&43 -

lower gap boundary of 30.39, 42.48 and 59.92 MHz); . : .
12.21, 5.3 and 15.83 (with lower gap boundary o Hz, the widest gap is 6.69 MHz (as shown in the

32.04, 56.02 and 70.01 MHz); 5.64, 1.74, 3.58, 8.gPue area of the graph) for Lh of 28 um.
6.94 and 6.79 (with lower gap boundary of 22.51,
28.69, 30.55, 34.15, 43.62 and 53.51 MHz)

corresponding with metallic vertical stub, metallic = \ : N <
horizontal stub and metallic stubs. The eigen mode: = ™ <
illustrated in these figures are obtained from the . E\\\ N
simulated results with wave vector k of 0.5. L _ e ey
-~ . —
o e S|
3.2. Theband gap diagram of the PnC strip N —— e

with conventional stubs

To highlight the &ectiveness of the proposed model Fig. 3. Hfect of the length of the stubs on the band

on creating low and wide band gaps, we study thegyrycture of the PnC strip with conventional st(the
classical PnC strips with ffierent parameters of the |eft one is the PnC strip with horizontal stub, thght
stub length as a background of comparison. These one is the PnC strip with vertical sub).
parameters are the same ones of the proposed
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Studying the same geometrical dimensions for theslatively large. Specifically, the gaps are arodfd-
PnC strip with vertical stub, we can observe thi& t 70 MHz when the stub length Lh increases in the
type of stub can open gap more and lower than tlmange of 20 to 30 um. These gaps are shifted toehig
horizontal stub. In detail, in the 51.74 - 66.6 Métzd  frequencies (i.e. around 120 - 140 MHz) when Lh
Lv of 26 um, the widest gap is 14.86 MHz (as showtrends to decrease. The maximum gaps achieve 31.1
in the lower blue area of the graph). Another vatie MHz at 113.9 MHz for Lh of 12 um and 10.2 MHz at
24.61 MHz (as shown in the upper blue area of thg6.1 MHz for Lh of 22 um.
graph) in 105.39 - 130 MHz when Lv is 30 um. Figure 4b plots the band gap map of the second
Besides, increasing stub length makes these baysl g@pe with metallic vertical stub. One can see fribis
closer. graph that the density of the gaps is heavy and
approximately continuous on the gap map when the
stub length varies from 10 to 30 pm. Moreover, ¢hes
o gaps are almost adjacent. This leads to the
To further understand the sensitivity of the baw 9 etfectiveness and safety of the PnC structure onielast
to the geometrical dimension as well as materiadena

wave stop better. For example, a band gap of 11.94

of the stubs, we firstly investigate the horizorsalb ists in th d h
length variation of from 10 to 30 um for four typefs MHz exists in the 30.39 - 42.43 MHz and another gap

the stubs. The other parameters are kept as dedcritpf 6.37 MHz simultaneously occurs in the 42.46 -
in section 2. The first type shown in Fig. 4a isEmC  48.83 MHz for Lh of 22 um (indicated by yellow and

strip with silicon stubs. In this configuration, sesl blue areas in the figure). We can observe this
band gaps are opened in the 0 - 150 MHz anghenomenon in the higher frequency range of 77.2 -

3.3. The band gap diagram of the proposed PnC
strip versusthe length of horizontal stub
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Fig. 4. Dependence of the band structure of the propos€dsiip with (a) silicon stubs, (b) metallic vegic
stub, (c) metallic horizontal stub, (d) metallials$ on the horizontal stub length.
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100.94 MHz and Lh of 10 um as shown in the grapt3.4. The band gap diagram of the proposed PnC
Three gaps in this range are 21.35, 0.017 and 1.19 Stripversusthelength of vertical stub

MHz in the 77.2 - 98.55, 99.1 - 99.12 and 99.75 1 thjs section, we investigate the evolution o€ th
100.94 MHz.

horizontal stub is illustrated in figure 4c. As thgure . . .
shown, all band gaps are concentrated around 20— 1from 10 to 30 um while keeping other geometrical

MHz and trend to move to lower frequencies wheRarameters as discussed in section 2. The simulated
increasing the stub length. All gap widths in ttype and calculated results plotted in Fig. 5 are also
are dominant. Some band gaps almost continualperformed for four types of the stubs as preseited
appear. The band gap position can be obtained &8.
around 20 MHz for Lh of 30 pm. Figure 4d graphed Figure 5a shows the gap map of the whole silicon
the fourth type of the PnC strip which combined”nC strip. Most band gaps exist in the 60 — 120 MHz
metallic horizontal with vertical stubs. Compareittww and are opened at Lh of 14 um. The gaps are langer
three other types of the stubs, this structure speost the stub length range of 20 - 22 um. All band gaes
band gaps in the 30 — 100 MHz. These gaps trend sbifted to low frequency range when the stub become
shift to lower frequencies when the stub length Lkonger. This is contrary to the gap map of the same
become larger. Similarly, the gap map shows that thstructure with horizontal stub length variation e
appearance of the gaps is very close. This leatlsato most gaps is opened and obtain large width when
the width of the gap can become larger and is dne geducing or increasing the length out of range ®£2
desirable characteristics in designing PnC strip. 22 pum. For example, the highest gap is 20.25 MHz
and its lower gap boundary is 76.49 MHz for Lv 6f 2
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Fig. 5. Dependence of the band structure of the propos€dsiip with (a) silicon stubs, (b) metallic veteic
stub, (c) metallic horizontal stub, (d) metallialss on the vertical stub length.
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pm. these structures are wider that the one with silico
Similarly, we also perform the simulations for thestubs. Compared with silicon stubs, the band gaps c

stubs made of W with fferent arrangements as showr® obtained in lower frequency ranges using metalli

in Fig. 5b-d. The band gap map of the PnC stripnwitsmbs'

metallic vertical stub is plotted in Fig. 5b. Fhetband

gaps in the lower frequency range (i.e. 35 — 60 MHz4. CONCLUSION

their width and position on the map almost keefnrough finite element analysis in COMSOL, the
unchanging when varying the stub length of from-12 design and simulation of the new PnC strip striestur
28 um. For the band gaps in the higher frequenayhich composed of horizontal and vertical stubs enad
range (i.e. 80 - 140 MHz), the position is shifteddf tungsten and silicon were presented in this pape
toward lower frequencies when the stub Iengta-he k;and gaFfJ maFt) is ftlédieddan? gompared amotng
; ; ; our es of material based stub arrangements.
;}S\:aejs ez.pl;:z;ecilailr); eill ogsae[?s g‘ Omzser;:;?n?:gmg ar?esideysf wide and low characteristics of the gaml g

; S Ot the proposed model significantly increase contpare
obtained in this structure are 12.65 MHz at low&p g it the conventional counterparts. By varying the

boundary of 29.17 MHz and Lv of 24 um and 22.5%ngth of horizontal and vertical stubs as well as
MHz at 76.55 MHz and 14 um. material schemes, the width and position of thedban
On the contrary, the number of the gaps appearirgaps in the band gap map can be optimize to obtain
in the model with metallic horizontal stub is l¢kan large values at low frequency range. By introducging
the one with vertical stub, as shown in Fig. 5ce Thnew PnC strip structure with two stubs and altéveat

gaps are densely opened when the stub length becoffigterial arrangement, low and wide acoustic gaps

larger (.g. from 20 - 30 um). However, these gap qvere generated. Our proposed model provides the way

ST . towards €icient support tether structures for low
significantly wide, about 14.26 MHz at 34.53 MHZfrequency MEMS resonators.

and 10 pm or 15.83 MHz at 70 MHz and 22 pum. In
particular, the gap around 40 MHz is almost cortstamcknowledgments
for the Lv variation.
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