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Effects of Three Side Ratios of the Rectangular
Substrate on the Resonant Characteristics of
the Ultra-Small Size Resonator Using Its Length

Extensional Vibration

Byung-Hyo Kim

Department of Electronic and Electrical Engineering
Graduate School of Industry
Cheju National University

Supervised by professor Gae-Myoung Lee

Summary

The length extensional vibration mode of a piezoelectric ceramic
substrate is used in fabricating the ultra-small size resonators
and filters. In general, the three side ratios of the substrate
effect the resonant characteristics of the resonator using its
length extensional vibration. In this paper, their relationships are
studied. We know that changing the ratio of its length to its
width makes possible to change the resonant frequency of the
width vibration without degrading the length extensional
vibration. As the thickness of a piezoelectric ceramic substrate is

thinned, its loss in the resonant frequency is decreased.
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I.A4 &

1947 BaTiOszel A qbd/do] 2 E o] % BaTiOs A A 2te Aol o)
T 2 d77r ABHAAT, S8 AA BaTiOse A7V AZRAsE
AvkeE Ade govt A Fuge] 2Rl AW £ @
of Agiae] EAHe Hol sgtvh. 1F PZT (PbZrOs-PbTiOz)¢] MPB
(morphotropic phase boundary)ZAolA 9538 AHEAL Holx Ao
AAHRL, T FoRp SEMAME F7] B EA 24E 4 WHEA

717t mlZe H7heS M2 AV|IZIAZRAS, 11 E, AR F
AAFQw T B4 ZA WAL ¢ 31, AL BAd met g2
ARE 4% F & B Ao <tAMHL2 &&d AHsohB.
Jaffe et al, 1955).

PZTA stAM#g2s 344G de9} 22 AARRE 233 4%
T 715E FHste HEA, 2D o] 8IA Fe ALY 2 B
Tl AEHT A,

IF Age] AHeld #Ad 32494 dee £4 Aoy ddAztgL
71%E ol &ty Stk FAEAL T T 2 AL HoluA
gk Al e FAASLIE W A FL AGgES JHAA =HI, £ AR
a7k A A zu o] Bol AR e W] ArhEFEY, 1997). ol ]|
dHA g2 4 FAATE MY, Axdrt AA 4853 FY
Hozw Aol goldtng GAMATGHAE o8¢ T FET)
0.3~30[MHz] 4 9elA F/FE FASI UCHE TR TS, 1974).

I "Ely AR AL HrINs e Fiag A #wAE s A7
Fofz ol 8ol UM, 228 AR id ool FHA &FHL
Ath olol whgt J|Ee] A= 7]He &HAFT REE o]&ad Ao] o]
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wo} 7)ge A& GA & £ e dojAE R=g o &dnx ste @
7t 23] AWHT JCERED 4, 1987). ol E & o]&¢ FAE
400~500[kHz] W< o] AME& IFd¥ o] 7 H¥sr}t. dojdeg o&
e dAA#HE TR T 54L& otz ste HeolAwe ¥4
54 o9 FXFH FAXNE 2 ol ATl FAY v EFe
T3 EAE ZA Ao 98A ¢= FS8 2 (spurious response) ¥ 3]
AAHAY o] &8 1A 3t FAFHRFAA ] JAA A} st Dol
T I BAEY okt FEEE A% FoeE vlw A 9
&3t vegurl WEd, 39 $2& Jeldle Azl g3ue T
¥ Fastttn & 5 v

AT M AHZRe] ol Fd dg AR EMAS-6004(Y =24
B33, 1982) 1A BEEAH Y E JELeR o I KoM 9
ol g WA ANHE Azt AE AlHe dolxF fE 33 &
3 H#EHEAN S 2AMEH 283k A4 R Ayust dojrE B
EE ol&¥ A4 T BEAY FESHE vAE 4gE AHstax



0. gAAgGd~e ojgd 2

B 2AL o dARA 9 32718 AATLLRE EREY 2 F o
2 FAE A= 120 25 dHAel )i, UeA 2000 2F Sl Ao
Aoz REAQ AAANA Sk S AT o FoAA €] hAAe]

Z 107 252 AA 3ol ZFeiAIA] @& g stalA ARHeR §
SHo] glEd ol AN dAole gtk o] FolAl AAlel s =449
wrapo]l vi¥ e Aol ZAFAAMdolw tHEAL ARAAN AAAN A
LhErdTH

Fig. 19} (a)& WA Z2AT X ()T A71HQ WA ojiAd 23
TEE 23 g7 W %o A& JhEE 4 o7 wEka wEA &5
o] A7)7F WA =Heol dAVE 2As=Y o8 FEAL dtn ez A
Ao Aol AAE riskd BEFX7F @t old wet §¥o] AviedH
olg ganc} dn o] ¥ AI}E g gt

BHRAA AAL AF AAVE EAHA Felx 222 AVESH
(electric dipole)& zZtx Qv 2R YAt F4HHA A3 F4ol LA

& I glom, R A AF A

AE 7bstd o] AAFFe] BFS ¥ I wjdAH F XL AAE
AAAE ALETL Ao AHg Solrix Feo ol AAHTEE
Perovskite® Tz stm Fig, 20] diEAHe #AHAx A5 BaTiOsQ!
A4E dE Ho F1 ok

2 oo o A7) ALR=

!



(a) isotropic lattice structure (b) anisotropic lattice structure

Fig. 1 Lattice structure

Fig. 2 The lattice structure of BaTiOs

At 22 dEARAZA WA FE2AY YAHgrain) stub Brie] At
T30l wEH glev MAHemE= zH Qale] BaEwdro] F3bg)
(random)¥ & o2 FXH o} hdAe] EA6tx Fevh 28U os
Aaol AAG 7tted BF& AIH oL JLAA Ho) T4 wae

A7 Wgo ABANOZA w24 FHA40] Ye) €t



2. PZTA A A2

Pb(Zr, THO: Al L&A A7l AABA L] PbTioset AbLAA L] PbZrO;
gto] mgAoltt o] Aetdel= Zrd} Tiol vl &l wet 7 fd45 v 3
FAMe] A 7F AN FAHE Zra Tiel EAE vE& AA
2 st AAAZE dagit. o] 2AAV Wl BAE REIEEY 4AA
(morphotropic phase boundary : MPB)& 3}lo, &% 3= & =4
of g&) AAAN Wil AL E¥XEZY Holgk FuH(B. Jaffe et al,
1971).

Fig. 3%} PbTiO;— PbZrOs A9 =8 YEhRAT} Pb(Zr, THO:E 384
O PhZnTiiO:2 e & glon ALodd EXEZY AAAE x

230
450} 220

400}

morphotropic -
phase boundary

/T// ! Fr y

g g 4

Temperature [°C]
5'71
L ]
a
3
”*e

Fan
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PbZr0, mole[%] PbTi0s

Fig. 3 PbZrO;— PbTiO; sub-solidus phase diagram



= 0539 ®Zolx o] AAART Przy0,9] %ol B dFA= FEA
AAZE HI PhTiO Fol BE FdadAe AEAAZ d9. o] AEA
= e%sb 45Pel ek Ot P20, 2OE 1€0AT Aok ALAR
ot FRAAAY FAA LA K8 2 Aol M ZA F

E Pb(Zr,TDOsA L&A A7]e] E£EE A7), Afsie WYz 4
4, 32 Fae 2EAAd, AW T AESAHAES FHA7IL U

3. gAAGY FAAY AAAYA $ANZ & FAFEA

_I

FA A ae Feo Al we 1h AFFAEE 23 1o, 9
HFoAlM 7telE AFAAY FaRgrt o TH ATFRed dASA HA
Azt 718 A JF oz FAFol dojuy, FHAEAY o] o] 75
sttt o] R o] Mgt FRAe] e ol

olg]l g ¢H Matd FAE M7IH S EE YEI Y Fig. 4%
ol yetd 4 vk X Fag R 200X AFAF 5782 (Electrical
equivalent circuit with lumped parameters)Z& ©]-83}%® Fig. 4(a)9} Zo]

1
u .
i \ A

' fa FREQUENCY *
(a) (b)

MPEDENCE

Co

|1
|

Lt

Fig. 4 An equivalent circuit and the frequency
characteristics of a piezoelectric ceramic

vibrator
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Fig. 5 Fabrication process of piezoelectric ceramics

Pb(ZrossTioa)03+0.3[wt26]Cra038] A S 7HAle AlgtE 2 7193 Abg
E EPH o Azt olw A& AlLE AYURY ¢E AR
ALE Table 10] YeEhidch 4989 FFe A% APz 107° gl
Al A3 FASdHon, EF(mixing)S LYY B(Z4) oAEL
FFHE 1:ilo] HEE uwigste ZAl(nalgene)¥ol Wi #'F(ball

milDE 180[rpm]8 £52 2041 4 E¢sde. o] E¢g8H YEE
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Table 1 Grade and the manufacturers of starting materials

Raw material | Purity [%] Manufacturer
PbO 98.0 Hayashi Pure Chemical Industries. LTD.
TiO: 97.0 Hayashi Pure Chemical Industries. L'TD.
ZrQ; 999 Sigma Chemical Co.
Osaka Hayashi Pure Chemical Industries
Cr:03 975 LTD.

150[Cle = A 1047 AEAD F 4Fuv 27kye] ¥ 850[C]el
A 2A12F 128 @A @ (calcining) AR 28, 134 dAgl®E ASE tA] B
M2 1047 A4 EHEark. 248 Age 5% PVARS 5[wt¥%)
Horetel Az Boo) W u PressE o438 1 [ton/em?]e] d¥H oz A
et on, 4PAE 650[TClellA 2417 E<k A8t AFAE AA s
Fa, 250[C/hlY S&E5EZ 1200[Clall A 2417 §A4 & F 400CelF2E
AZl=rell A 23 B A 23 A & (sintering) € A3 71 @<
9&o] HEEA vAE dgg dolry] s Z ¥ AVIE
EMAS-60047F Aol wat L/w=4, w/t=3, L=12 [mm]¥Zlx WalA 74
Table 24 % S1@wE z2tE AAE AZsAch. 7139 Az 78 ¢d
o MW 2H3L YAsGHow HE=L 100[TCI9 silicone oil WA
35kV/mm]e]l AAE 78] 3083 AR 5 F 24X 3ke] F
NHe ST ofRHUS A el 2000CIANA 1A Bt E
ool Aelg st AgE AH 9¥& Fig. 60 etk

ok



Table 2 The symbol signs of the specimens according
to their aspect ratios (unit : mm )

L/w=4
w/t L w t symbols
1 12 3 3 Al
2 12 3 1.5 A2
3 12 3 1 A3
4 12 3 0.75 A4
5 12 3 0.6 Ab
w/t=3
L/w L w t symbols
2 4 2 0.67 B20
2.5 5 2 0.67 B25
3 6 2 0.67 B30
3.5 7 2 0.67 B35
4 8 2 0.67 B40
45 9 2 0.67 B45
5 10 2 0.67 B50
5.5 11 2 0.67 B55
6 12 2 0.67 B60
L/t=12
L W t symbols
12 2.4 1 WO
12 2.7 1 W1
12 3 1 W2
12 3.3 1 W3

-10_
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Fig. 7 Effects of thickness of the specimens on the
frequency  characteristics of their length
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Fig. 8 Effects of thickness of the specimens on the frequency
constants of their length extensional vibration
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Fig. 10 Effects of length of the specimens on the electro-
mechanical coupling factors of their length exten-
sional vibrations
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Fig. 11 Effects of length of the specimens on the
frequency constants of their length extensional
vibrations
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Fig. 12 Effects of length of the specimens on the
frequency  characteristics of their length
extensional vibrations

Fig. 13o] A% Qole] zdo] % A9 Fi4 54 EFE Yo F

oAl Fo S mAe AFS RYFa o AH dolg
A Penz & g 3 Foses A A5t 9, deligel F
=z

_16_



_Jv_-—————-/\/\ff—*/\f-———— —B20

A — ‘/\/“\/— ~| | —B825
A— 4/\/\\/,4. —4 —830
S
4,_——-——4—-"'J\)\//\/-——-—“"— —B40
A — " \p—— N —B45
T e
A" "‘AW'_“"—" — B55
f\’-*—"“‘"——'—'ﬂ\r'\f"’—"_——'_ oo BBO

Gain

START 116 kiHz Frequency STOP 1.6 MHz
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Fig. 15 Effects of the width of the specimens on the
electro-mechanical coupling factors of their

length extensional vibrations
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