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Resonant Properties of Modified PbTiOs System Ceramics for High Frequency
Resonator
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Abstract

In this study, Pboss(La.Ndi-a)oos(MnisShesleeeTiossOs system ceramics were manufactured for 20
MHz class resonator application. Electromechanical coupling factor, mechanical quality factor and
dynamic range of 3rd overtone thickness vibration mode were measured as the variations of La and Nd
molar ratio. Mechanical quality factor and dynamic range at @ =06 composition ceramics showed the
highest value of 2,691 and 52.37 dB, respectively. The tempearture coefficient of resonant frequency
measured from -20C to 80C showed an excellent value of 5ppm/T at @ = 1 composition ceramics

Key Words : 20 MHz resonator, Mechanical quality factor, dynamic range, third overtone, temperature
coefficient of resonant frequency(TCFr)
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Fig.l Micro structure of the specimens as a

function of a variation.

—O—dmmy

T o><-h\ ~W-ginen {76
g
&

o] {e]
o 415

§

Grain sizes
1S

170

a variation

292 a9 Hste] e WE P a9 Ae]=
Fig.2 Desity and grain size as a function of «
variation

AL o9 ol FNHETE iy o3t
#Fadte AFE YA 29 33 ZEle Al
54 AYsd Ushddd. 28 45 o9 WS
o0& 32M9 Qs FE EAF Relth «=06%
9 26012 HUgS YEhiEd oE A4S
domain walle]Fo] &olsjHd wat Ho) £} ¢
ol HlAHE A% A A7|H nAFge Hg 9
B B2 A g ez Az el

{101)
(110}

58
(111)
538}
102
221
210

(12)

(211)

a !

e
‘\L—J\'\—.Al—'\:\_

(-

a, 0.4

l l @, 0.2
J;_:J _A.L_M__Al_mto

"
o

® o 3 ®
Diffraction angle[26]

a9 3 e ¥sle] nE XRD 3EEY
Fig.3 XRD diffraction pattern as a function of «

variation
l/\
1A
am / .
F =l
[
10
] [
l/
@ @ o ® ) 10

34, a9 W ©& 33X MY JNAHEFAAS
Fig.4 Mechanical quality factor thiird overtone
mode as a function of @ variation.

2359 -20CAAM 80C7HAe FAFd49 &
EASE JeEldY. TCEI%]L =Av)e £34
AR EITH 249 24X AsH5)61E F
gowhE  AYANE a9 Fo| FojgssE
TCF{%lol A4 positiveo]l ] negative® ¥ 3}stx
A+E & 7 Ak e=1¢¥ 9 Spp/TCE 74 $
T B4& Yeldes o9 ¥sle oE& 549
WUE 279 JEARIC
a9 62 oo W] W& kg gt W3E el
At PoTisA gt aE FAAFTREE o848 3
T+ AAZIAZARAS oA (kt/kp)e] ok HHAF
REF9 BRWFEEL JAYESF U =04
ks 0212 7HE & g€ Yo

w— 978 -



1491 o variation

12 —o—0
Lo 1.0 _..—— —_—.—0.2 e e e - -
R g —ao—o0.4 ” T B T .
- 0.6 - —w—o06 T T e e -
we 0.4_"f" —_—1 — - — N
(3] 0.2 Epp— 73%3_—:
- 0.0 ~ g-—-__—‘; ——g:g?g-odaé :i:;_o_o

0.2 - o—°"

-0.4 - hd

-0.6 —

-0.8 -

-1.0 T Y v T T T T

20 0 80 80

20 ) 40
Temperature[T ]

Y 5 ¢f W me FAFHRF LEAF TCRI%

Fig.5 Temperature coefficient of resonant frequency TCF{%] as a function of a variation

e \./ ™,

an N~

or-

Tl ) 04 s ) 10
a variation

296, o9 Wit wWE 3xejNe AVNAZRA
2
Fig.6 Electromechanical coupling factor of third

overtone mode as a function of e variation

29 8l a9 Wsle] WE& 3% DR(Dynamic
Range)dt e UEhIITh ALY wAE AsiME
9592 #le HEY DRo| Eohek @k
ol weh WA FoheiT BasE FE UEh
o, =064 5237dBZ Hulgte EhiLAch

SEERECEECR-TLER STRNCET L

T =
204
O]
B
£*Y
57 (] .
10 \
5 ]
) ) o4 3 ) 10
o variation

W7, 9 W ng FAFHSFY 2=AAA
Fig7 Temperature coefficient of resonant
frequency TCFppm/T] as a function of

Nd molar ratio a

24 / L
[ ]
A
[
24
E i
e
04
) a2 e a6 a8 10
a varaition

- 979 -



H 1 ad @l BE 34N 41 2 FAEA

Table 1 Characteristics of third overtone vibration mode as a function of a variation

a variation [Mt:z] [Mf:zl é; [Zg'; i’:la Qus ke & cofa Ny 1Che DEnsity
0 23.255 23705 1.66 7.20 1275 69 021 265 1.030 7,348 33  7.66
0.2 24.035 24290 065 40.27 3587 324 016 253 1.028 7,481 14  7.56
0.4 24005 24350 011 20.85 45.24 1350 0.18 255 1.027 7,548 14 7.5
0.6 24675 24920 008 32.40 52.37 2691 015 263 1,027 7,600 12  7.56
1 23.810 24020 013 46 51.32 1907 0.14 270 1.025 7,566 5  7.50

2388 oo W3 W& 33 DR(Dynamic Range)
Fig.8 Dynamic range of third overtone vibration
mode as a function of @ variation

4 HE

B AT M= Pboss(LaeNdi-a)oos~(MnysSbaaloo:
Tioss03+0.1wt% excess PbO+0.1wt% MnO. Al&td
29 A sited] XEHE Ladl Ndule] &g §4 2
AREAY FAFHSFe 224 E ZAEAT
XRDEA S 2l5td Nde x| &Fe] o ZHRjol
Az A=7t FrEd oy, 2EAAAL L a=1 dA
Spp/CE 7+ 5% & JEpIRe La¥del
aold FsEAM 2EQAAdel FoldE ARE
#elstdtt £ =069 9 ks, Qus, D.Rs &%
0.15, 2691, 52.37dB 2A #ZulolEe H&37 F
g3 B4 Ben

At 2

B =Fe 200080 g&dEADT HFITHA
(A ¥ T KRF-2000-042-E00023) 2 A5 em o]

Eangs
[1] S. Fujishima, J. Merlina and J. Miyazaki,
“Piezo Electric Ceramic Resonator and Filters”,

ppl84-189, 38th Annual Frequency Control
Symposium, 1994
[2] Y. Yamashita, S. Sakano and 1. Toba, "TE
Overtone Mode
Ceramic Filter with Narrow Frequency
Tolerence,” Jpn. ]J. Appl. Phys., 36, 6096-6102,
1997
[3] Seiji Ikegami, Ichiro Ueda, Takahashi Nagata,
PbTiO3
Ceramics Containing La and Mn”, Journal of

Harmonic Energy-Traped

"Electromechanical  Properties  of

the Acoustical Society of America, Vol. 50, pp.
1060, 197-

[4] J. H Liao, S. Y. Cheng and C. M. Wang,
Ferroelectrics, Vol. 106, p.357, 1991.

[5] Long Wu.and Yi-Yeh Lee "Piezoelectric HF
Resonator with Zero Temperature Coefficient”,
Jon. J. Appl. Phys. Vol. 32, pp. 5024-5028,
1993.

* 980 -



