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IMonano marematuuny moaeabr MEMC cmyrosoro n' ezogpiinrpa (II®), modyroBaHoro
HA AUCKOBill KOHCTPYKIIi, 0 Mpamioe HA pagiaabHUX KoauBaHHAX. [IpoBeaeHo nocaimkeHHs
YaCTOTHOI XapaKTepuCTHKHM cMyrosoro II® Bix iioro reomeTpuyHMX mapameTpiB, MaTepiaay
Ta BTpPaT y HboMmy. OTpuMaHi pe3yjbTaTd MOKHA BHUKOPHUCTATH MiJg 4Yac MOAAJBIIOrO
npoextyBanusst MEMC npuctpois.

In this paper main characteristics of a piezoceramic bandwidth filter that is used radial
oscillations for its work calculation method is proposed. Also there are consider ed influence of
next parameters on its frequency characteristic: distance to second electrode, first electrode
width and electric load value. MEM S bandwidth filter designing are given.

Introduction. Because of their simple configuration and good electromechanical performance,
piezoelectric elements are widely used in mobile communication system [1, 2, 3]. It has led to demand for
high-performance band pass filters operating in the microwave range. This demands new method of these
devices designing methods which express its accurate operation description.

Equivalent circuit method is widely used for piezoelectric filter characteristic modeling [3]. But it
can not be properly used for this class of devices without device deflective state analyses, because in this
method base this analysis was used [4]. That is why we need new methods for piezoelectric devises
operation analysis.

In this paper the modeling method considering vibration of thing disc is presented. The vibration
analysis is based on the electro elastic theory for piezoelectric disk, the Maxwell equation, resonator
geometry consideration.

Radial oscillation of thing piezoceramic disc excited from the second electrode. Fig. 1 shows
geomantic configuration of a thin disk with the radius R, thickness h with ring electrodes on a region

R, -1<p<R,+I| . Thecylindrical coordinates (p,9,z) withtheoriginin the center of the disk are used.
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Fig. 1. Disk excitation fromring

electrode
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The piezoceramic disk is polarized in the thickness direction. The excitation of the disk with external
generator that generates input voltage. Analyses of the disk deflected state was provided on the base of
method proposed in [5].

For disk deflective mode analyses all disk where divided into 3 region (see Fig.1): region |

(0<p<Rp-l,—h<z<h), region Il (Ry—-I<p<R,+l,-h<z<h) and region Il
(Ry+I<p<R,-h<z<h). Stressesand strainsin the first region are:
U (p) = Ady(v20), ®)
% -1
o) (p)=cnyzAl(Jo(yzp)ﬁ;—le(yzp)), &)
2

where ug,l) — radia strains of piezoceramic particles in region; cgl) (p) — mechanical stressesin the first
region; A; — constant which has to be defined; J,,(y,p) — n-order Bessel function; y% = mzpo/cil —wave

number; py — material density; © - source frequency; €2=012/(>11J Fﬁlzr”ll1+(é31)2/x§;

2
o 5 \2
P =Py +(831) /Xg ; ou=ci—(CR)’/css Cp=c-(c)/cgkr 8 =X§(1+ ii?; J o~
X3€33
dielectric matrix element; €31 = (le_zsess)/ c§3—e31; €. — biezoelectric stress matrix element; ﬁEB -
stiffness matrix element.
In the second region electric field are E(ZZ) =—831Uj, / (2h) . So stresses and strains in this region

are:
uP (p) = Apdi(v1p) + ANy (120) . 3)

6@ (p)=c_11(Axolrp) + S (rap)) +
11 ’Ylp ’ (4)

-1 €31Up
+A3(No(12p) + =Ny (y0)) - =2L=9)
SO e Y ey,

where A,, A3 — constants which have to be defined; ¢=c¢;, / C11: Np(y1p) —Neumann function of the n-

order; y12 = oozpo /¢iq.
Stresses and strainsin the third region are:

u? (p) = Agdi(v2p) + AsNy(12p), (5)
o8 (p) =C, v2(AaJo(y2p) + gyzz;)lJl(yzp)) +
(6)

+A5(No(r20) + 2Ny (120))
Yop

Equations (1), (2), (3), (4), (5) and (6) describe the deflective. Constants Ay, Ay, Az, Ay, Ag are
defined considering dynamic balance on the boundaries. So that we have following boundary conditions:

uP (R -1)-uP (Ry-1) =0, )
s (Ry-)-03 (Ry-1)=0, )
u@ Ry +1)-uP (R +1)=0, 9)
@Ry +1)-cQ(Ry+1)=0, (10)
9 (Rr)=0. (12)
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Substitution of (1), (2), (3), (4), (5) and (6) in conditions (7)-(11) gives system of equations:
m;A] =P;,i,i=1234,5, (12)

where my3 =J1(v2(Ro1)); M2 =-J1(v2(Ro-1)); Mz =-Ni(y2(Ro-1)); Mg =my5=0;

A(j=1,2,3,4,5) —dimensionless coefficients,

Aj=[8Uo/(2hrc11) JAT: =00 My =2 (3 (r5(Ry1) +—2 =3 (y2(Ry);
o.Ll Y2 RZ_

J(v1(Ro71))); moz =—(Ng(v1(R2-1)) + N1 (y2(Ro1));

71(Ro-1) 11(R2

Moy == (Jo(v1(R2-1) +

Mg =Mp5 =0, Py=—1 mg =0, Mgy =J(y1(R2+1)); mgz= N1(Y1(R2 + |))' M3g = Qi (v2(R2 +1));

Mzs = N1(v2(Ra+1)); P3=0; My =0, Mgy =Jp(v1(Ro+1)) +—>—— 1(R2 31(Y1(R2+|))

Mas = No(ra(Rp + 1)+ — Ny (1o(Rp + 1)
11(R2 +1)

My Gml( o(v2(Rz +1)+ 2(R2 )Jl(vz( 2+D);

1
Mys =— otz —=(No(v2 (R2+|))+g2— Ni(v2(Rz +1)); Py =1; Mgy =msp =ms3 =0;
Criv1 72(Ra+1)

ey = 92 (3, R)+ 220y (1R); mes - G2 (N 4R) + 22N 4R Py =0
Criv1 2R i V2R

Principal determinant Ag of the system of equations (12) if a function of dimensionless frequency
v1 . If the determinant is equal to O we have value of resonant frequencies. So we have equation:
my mp mg 0 0
My My My 0 0
13
Ag=| 0 mgp Mgz Mg mMgs =0 (13
0 Mg Myz My My
0 0 0 m54 m55
Roots of this equation are resonant frequency value. Values of 3 first resonant frequencies of PZT-19
disk for different configuration of the second electrodes are given in the table 1. Value of second electrode
considered 0.05.

Bandpass MEMS filter frequency characteristic calculation. Calculation of the frequency
characteristic of piezoceramic band pass filter is provided for model shown in Fig. 2. Disk excitation is
provided by ring electrode and oscillation reception by central electrode.
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Fig. 2. Model of the band

pass filter
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Disc deformation charges first region of disc (0<p <R; ), covered with first electrode, and creates

current through the load gt (where | - current amplitude). So voltage on load will be Uoutei“’t.

Table 1
Resonant frequency values from the second electrode position
R, /R 1 mode 2 mode 3 mode
0.05 2.362827 5.981881 9.449542
0.10 2.352254 5.936221 9.393028
0.15 2.342542 5.914314 9.421066
0.20 2.333980 5.916498 9.492921
0.25 2.326829 5.937971 9.555971
0.30 2.321190 5.970816 9.562454
0.35 2317217 6.005178 9.502306
0.40 2.314898 6.030460 9.420109
0.45 2.314298 6.038286 9.374444
0.50 2.315220 6.025760 9.393945
0.55 2.317680 5.997005 9.465781
0.60 2.321488 5.961011 9.542326
0.65 2.326430 5.927965 9.568080
0.70 2.332301 5.906435 9.525917
0.75 2.338785 5.901920 9.448688
0.80 2.345546 5.916239 9.385749
0.85 2.352232 5.946532 9.376011
0.90 2.358509 5.984615 9.432042
0.95 2.364021 6.018435 9.519089

The output voltage amplitudeis:

Uout =1Z; - (24
Current | amplitudeis:
| =-ing (15)
Asvalue of first electrode charge g is:
Ry
q=2 [ pDZ (p)dp (16)
0

Where D(Zl)(p) is axial component of the electric flux density vector in region Nel
(0<p<R4,029<2n,—h<z<h). Thenthisvalueis:

D(zl)(p)=— 8y P, P |_X3%ut

17
op p 2h (17

Next we substitute (17) into electric charge definition equation (16) and providing integration by
parts we receive:

4hC,&
= _—czfglgv —CoUout (18)
x3
where C, — static electrical capacitance of the first electrodes and its value C, =nR12x‘3’ /(2h), ¢, —
relative volume changing in the first region. Volume deformation «,, is defined by the equation:
_uP(R)-u§ (0
Ry

€y
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Substituting g in (3.2) and (3.1) wereceive:

iotg  4hég; .
1+ i(D’Ce Xg

Uout =— Vo (19)

where 1o = N,Z; —istime constant of first electrodes circuit.
Thus output voltage U, isdefined by the value of strains under first electrodes ug,l) . Calculation of

u is provided with analyses of the piezoceramic disk deflected states.

Strains are calculated for four regions of the disk.
Region Nel is situated in the volume (0<p<R;,0<9<2r,-h<z<h) covered with centra

electrodes. The electric field in this region are Egl) =—83Uqyy / (2h) . Strains ugl) and stresses cf)lg inthis

region are:
u§) = A (1), (20)
@ _ auil) ufvl) 2iote o 2
Opp =C11 2 +Cpo . 1 ot fy1k3gey, (21)

Normal stress cg% is defined from the state equations (see (1.4) in [5]) similarly to (21) by the
equation:

33 =G 2p C12 1+ime”1131v-

Region Ne2 is situated in volume (R <p<R,-1,0<3<2r,-h<z<h). The stresses Gf)%) and
strains uﬁ,z) in thisregion are following:

U;()Z) = Az (v2p) + AzN1(v2p), (22)
W@ @

- —» & o (23)

pp 1 8p 12 p

Region Ne3 is covered with ring electrodes. The radial stress in this region cs‘():’g is defined by the
following equation:

3 €31Yo
o =cyy R T (24)

Substitution of the values G% and GS’)) in the equations of the sustained radial vibrations [5] gives

radial strainsvalues ug?’) :

ul® = A 431 (v2p) + AsNy (11p), (25)

Region Ne4 isin the volume (R, +1<p<R,0<9<2n,-h<z<h) strains ug‘) and stresses c‘g‘g
are defined be the following expressions:

uld = Agdi(v20) + A7N1 (120, (26)
oW=¢ —2 ¢ £ (27)

pp 11 8p 12 p
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Seven unknown constants A4,..., A7, that are used for the disk deflective state description for

different regions, are defined of conditions of the dynamic and cinematic coupling in the boundaries of
regions. These boundary conditions are stated by the following equations:

uP (Ry) - uf? (Ry) =0, (28)

o5a(Ry) —0l3 (Ry) =0, (29)
u@ R, -1)-uP (R, -1)=0, (30)
c@(Ry-N-c@(Ry-1)=0, (31)
u@ Ry +1)-ulP (Ry+1)=0, (32)
@Ry +1) -l (Ry+1) =0, (33)
sWR)=0. (34)

Substitution of (20) — (26) into conditions (28) — (34) forms inhomogeneous linear system of
equations. Solution of this system defines values of unknown constants Aq,..., A;.

General presentation of this systemiis:
A’;mijze;i,jzl...,z (35)

where Aj — are dimensionless constants, that defines constants A (j-1..,7) &S
]
A =[&yUg /(Zhylcll)]Aj; m;; — dimensionless coefficients; B — column matrix of the right part
I

P, =PR5 =1, other valuesare B = 0. So we receive matrix coefficients values:

ior

My =4 (nR1); M2 =-J(v2R1) : Mg =-N1(v2Ry); Mg =mMys=myg=my7=0; o ___""e ;
1+ Ia)z'e
- 2 .
m21 = ‘JO ('YlRl) + ngks‘]'\ll(lel) 1 m22 (J (Y Rl) + Jl(YZRl))
1Ry 011Y1

My =— Ay 2 (No(y2 R)+
Qir1 12

M33 = N1(y2(R2—1)); M3 =-J(y1(R2 —1)) ; Mg5 =—Ny(v1(Ro—1)); mgg =mg7 =0;

My =0;my, = Cﬁz{]o(“/ (Ro=1))+ gé J(v2(Ry - |))}
Qv r2(Rz~1)

1 . . . .
R N1 (y2Ry)) s M2g =Mos =Myg =My7 =05 M3y =0; Mz =3 (v2(Ra—1));
1

1 : - ;
My3 = itz No(y2(R2 - |))+g2—IN1(Y2(R2_l))}1m45=—(Jo(Y1(R2‘|))+ L3 (R
QY1 2( 2_) 11(Ro-1)

(@;’1 MR ) » Myg =My7 =0; Mgy =My =Mz =0; Mgy =1 (y1(R2 +1));
Y12~

Mss = N1 (y1(R2 +1)); Mg = —31(Y2(R2 +1)); M5z ==Ny(y2(Ro + |)) ; Mgy =Mgy =Mg3=0;

Mye == (No(v1(Ro-1)) +

6a =Jo(v1(Ro +1)) + JQ(r1(Ro +1))* mgs = No(y1(Ry +1)) +

(R2 D (R )Nl(Yl(R2+|))

mes =22 (30 (1o (Rp +1) +— 223 (12(Ry 4 )
G171 ( )

1 . .
Mg7 = Cllyz No(v2(Rs +1)) +g2— Ni(y2(Rp+1)) | s M71=M7z = M3 =My, = M5 =0;
Crav1 12(Rz+1)

_ i G
Mzg =Jo(v2R) + gyzzR Ji(y2R) 3 m77 =Ng(y2R) + «/22

-1
N R).
R 1(y2R)
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The constant A4, which value defines strains u'(al) (p) and output voltage Uy, is:

831Ug (Ag—A
LD (Agy 61)’ (36)
2hyicn Ag
where A, —is the determinant of the system of equation (35), and Ay, (k=4,6) are algebraic adjunct of

this system.
Substitution of (36) into (19) defines output voltage U . Itsvalueis:

2k3, Te(A41‘A61)J(Y1R1)

11R1  +iote)h,

From there frequency characteristic of piezoceramic bandpass filter showninfig. 3.1 is:
2k3, Te(A41—A61)J(Y1R1)

U
k(o) =—2 — e
©) Uo 1Ry (+iote)A,

UOUt == |(,0U0

: (37)

On the next stage of the research we analyze frequency characteristic dependence from different disk
geometric parameters. Material of the disk is PZT 19, its parameters are following: Fff\l = r”‘éz = 109 GPe;
M3 =93 GPa, i =y =54 GPa fy3 =61 GPa; py=7400 kg/m® &g = &g =-4,9 C/m? Ag =149
CIM?; %5 =5 =82010; % =15 =820y0; %0 =8,85-10"12 F/m; Q=80.

100 K(oa)|
R,/R=0.4
|
R,/R=0.5 yR
R |
] .
R,/R=0.7 YR
N
R,/R=0.8 "R
R,/R=0.9 R
| LI = IJLI
0 2 4 6 8 R

Fig. 3. Frequency characteristics for different
values of Ry/R

In Fig.3 is shown dependence of the frequency characteristic from the value of central electrode
R1/R . Other geometricdisk: R, /R=0,7;1/R=0L1./1=1L t1g=R/v;v, =/c11/pp-

We see that value of thefirst electrode is control intensity of the output voltage.

In Fig.4 is shown dependence of the frequency characteristic from the position of the ring electrode
R, /R ,other disk parameters: R1/R=011/R=0L1e/1=1, 1;=R/v,;v, =\Jc13 / po.-

Position of the second electrode R, /R controlling values of the resonance frequencies, intensity of
resonance characteristic.
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| | A |
0 2 4 6 8

Fig. 4. Frequency characteristics fromthe
positions of ring electrode R,-/

In Fig.5 is shown frequency characteristic dependence from the value of the second electrode | /R,
other disk parameters: R;/R=01R,/R=0,71o/1=1, 19=R/v; v, =,/C11/pg. Received results
show that second electrode value is influence mainly on the characteristic magnitudes.

1K)l
I/R=0.05
A TE.
I/R 0.1 L
LR 02 1R
1 L
I/R 0.3
| J
I/R:O.4 YR
\ | i |
0 5 1?(R

Fig. 5. Frequency characteristics for
different values of the second

Conclusion. In this paper is proposed method of the calculation of MEMS bandpass filtel frequency
characteristic considering its geometric parameters and material. The analyses where provided considering
deflective mode in the disk. It is supposes that disk is operating in radial mode.
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Analyses provided shows that controlling firs and second electrode value and second electrode
position we controlling frequency characteristic parameters.
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BA3OBA MATEMATUYHA MOJEJIb BATATOIIPOBIAHOI JITHII
Y KBABICTAIIOHAPHOMY HABJIN/KEHHI

© Hasnuxesuy M.H., 2010

HagBeaeHo OCHOBHiI poO3paxyHKOBi CHIBBiIHOLICHHSI [JIsI MaTeMATH4YHOI MojeJi
6araTonpoBigHoi JiHil 3 mapajeJbHUMH KPYIJIMMH NPOBIIHMKAMHU B KPYIJiil gieqexkTpu4Hiii
i3oasinii Haxm mpoBigHOW0 mJomuHow. IlepBuHHI nmapamerpm JiHil oTpuMaHi y KBa3i-
CTANIOHAPHOMY HAOJIMKEHHI.

This article presents the model a multiconductor transmission line with parallel round
wires surrounded by a dielectric insulation over ground plane. Primary parameters of a line
are obtained in quasi-stationary approximation.

Beryn. BuBuenHst BnacTuBOCTEH 0araTolpoBiAHUX TepelaBaibHUX JIIHIA BaXXJIMBE IJIsi iXHBOTO
e(eKTUBHOTO BUKOPHCTAHHS B Cy4aCHHX IIMPOKOCMYTOBUX TEXHOJIOTISX, 30KpeMa, y TexHouorii Ethernet
31 MBHAKOCTSAMHU Tiepecunanns noHan 10 T'6/c. V Ginbrmocti myOmmikamiil Aasi TEOPETHUHHUX TOCTIHKEHb
BUKOPHUCTOBYETHCS amapaT MOJCIIOBAHHS Ha OCHOBI Teopii KT 13 30CEpeKEHHMH IapaMeTpamu
(manpukian, PSPICE), HemocTaTHRO ajeKBaTHHM JUIS BWIIAAKIB, KOJIM JOBKHHA Biapi3ka JiHii
NopiBHsUIbHA a00 TMEpeBHUILy€E AOBXKWHY XBWIi. Y i poOOTi Ais JOCHIIKEHb 3alpOlOHOBAaHO
BHKOPHCTaHHSI 0a30BOT MaTeMaTHYHOI MOJENI PeryJsIpHOi 0araTOMpOBiTHOI JIiHii, yTBOPEHOI CHCTEMOIO
MapajeNbHAX MWIHIPUYHIX TPOBITHUKIB y UWIHIPHYHIN MieNeKTPUIHINA 130IA11i1, pO3TAIIOBAaHUX Ha
MIPOBIIHOO TUIOIIMHOIO TakK, IO OCi MPOBIAHUKIB MapajenbHi Mixk co00i0 Ta 10 ekpaHa (puc. 1). Moxens
noOyzoBaHa AJisl HaOMMKEHHsI KBa3i-T-XBHIIb 3 BUKOPHUCTAHHSM arnapaTa Teopii 0araTomnpoBigHHUX JIiHIH 3
posnoxineHuMu napamerpaMu. OOYHMCICHHS MEPBUHHHUX MapaMeTpiB JiHii 37ilicHEHO y KBasicTalio-
HapHOMY HAOJIDKEHHI, a Ul PO3PaxyHKIiB IepeJaBajJbHUX BJIACTUBOCTEH 3aCTOCOBAHO amapar Teopii
0araTonoyIFOCHUKIB Y KITaCHYHOMY Ta XBWJIBOBOMY BapiaHTax. MoJens Ha3uBa€ThCsl 0a30BOI0, OCKITIBKH Ha
i1 OCHOB1 MOZIENTIOBaHHS MO’KHA MOIITUPUTH Ha JIiHIT pi3HOMaHITHOI KOH(Irypariii, 30KpeMa Ha HepeTyJIapHi
JiHi1, yTBOPEHI CKPYYEHUMH NPOBIIHUKAMH, Ha JIiHIl TUIY «CKpy4eHa mapa.
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