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SUMMARY

Ceramic resonators are piezoelectric ceramic devices which are
designed to oscillate at certain frequencies. They are typically used
as the clock signal source in the electronic products such as TV,
VTR, telephone and microcomputer.

In this paper, Colpitts oscillator circuit, which is composed of an
inverting amplifying circuit using CMOS inverter and of a &1 -
shaped feedback circuit using two capacitor and one inductor
replaced by ceramic resonator, was designed and realized. In order
to be oscillated at 455kHz, ceramic resonators utilized contour
vibration mode were fabricated. And the resonators with different
thickness were fabricated and their equivalent parameters were
measured to investigate effects of changes of capacitance of the
substrate on oscillation characteristics.

The results of this investigation are as following;

1) As the thickness of specimens is thinned, the all resonators
used have small 4f (=f,~f,) and their harmonic vibration
modes become more distant from the fundamental vibration
mode.

2) We designed the oscillation circuit operating at 455kHz and then
showed that Barkhausen’s condition was satisfied in used all
resonators.

3) As the thickness of resonators is thinned, temperature coefficient

of resonant frequency and oscillating frequency increase and

_vi_



temperature coefficient of oscillating frequency has less an half
than that of resonant frequency.

The difference between the measurement values and the
evaluation values of the oscillating frequency has 0.35% below,
and its measurement values are always smaller values than its

evaluation values.
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Fig.1 A symbol and an electrical equivalent circuit of a

piezoelectric ceramic resonator
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Table 1 Oscillation circuits according to reactances

Oscillation Elements Oscillating
circuits [ Zi(Input) |{Z>(Output)| Z Frequency
fo= 1
Colpitts C C, L > 2”\/L C -G
C+ G,
Hartley L L, C Jose = L
artey : : " 2nV C(Ly+ Ly)

3t wAFaeE e £ gl
(3) Hook-up 3|2

At 230212 olgste ASE FTIFAFY wmTAFn4e Ao

M AHEZE He HEE ol&std L3z Lujaldl Aty w3
s %ol BIARE FAsEd 5 Bz HTE F2TA o] 2
T2 W2 E go] A4 Ut A LS o] &3t =
TR 2= CMOS AHEE Al gt 2y S wol Agac(Hat
71, 1999).

Fig.8el 9143 wdAl71E CMOS a8 Hell 9% Hook-up3l 28 u}
Bl 714, RE ABAHFoZA CMOS UHEZ wtHzZiz
A7) A% vleloj A Hgog Rt Aostd Q= goja A
AAgo]l ojH 2o AHUL H¢ I AXNEZ Yo7 41,
R7F VS Hod FE79 STEx7} Astd, BE [Col WAEe]
= BTE AYsn 1M R Ag AR R g ), CpE 2
329 ddd LNFRFE Yoty F28 deluleolu}, 32 A
e EAke Rel g ol WHlg Aol gouw Figle Aew =

N Mo O
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Table 2 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. LTD.
ZrO: 999 Sigma Chemical Co.
Osaka Hayashi Pure Chemical Industries
Cr:03 975 LTD.

850l M 2A13F 13+ 4 A & (calcining) A AT n2o4 e e 3
A OPoO7F #HEaA Hed ol BAstn AW XWsE A7

—

1 S8 5wiel PeoE ) Arste] 23 &Y, Azt 4
" A& 5%9 PVAYS 5wt%H7sln =g s o0& o

o&“
il
[

B Press& ol &8 247} 1 ton/om® & 2 ton/em? o] Yo T A
stdod, JEAE 650TolA 2413 5ok gx6ta] AgAS AASY
A2, 200C/he] $&E£E2 1200Tol A 2417 §x)3F & 400Col 52+ A
712l A WZhAlA 22k d A 2 (sintering) & & 3H A o} 22k E A
gd Aol FAE 04, 06, 08mmz <nld & o2 weEm
35kV/mm=z AR $59 AWML 44x44mm’) 27|12 b EE Y
o S 80T HEEf Lol #ad. AHe 98 Fig 113 7
A AlH e 7]3 % Table 37 2t}

electrode

Substrate

T

Fig.11 The shape of specimen
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Table 3 Classification of fabricated specimens
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Fig.12 Measuring system of temperature stability

of frequency characteristics
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Table 4 Constants of fabricated specimens

N#715 | fAkHz2) | fukHz) |R(2)| LymH | C,(oF)] Co(pF)] 2%
A 435835 | 460048 [ 11948 | 7129 [ 187> | 1183 | .
B 434571 | 465541 | 11.358 | 5568 | 24.10 | 1633 N
C 434.043 | 459244 [ 11405 | 4657 | 2877 | 2516 | (&/Cm’)
2. Meel gAY FASH
Fig13el A#e) 7)2 A58 YehiIch 2 S4349) 45 o)
WE SIS AR % Gaink dolA Hao|Eshel veyleh Awe] B
AFAEE A Sta AT} FAMse] o3 FAL LS WA

>
D
| o
je)
o
A
C
T
o
390000 415000 440000 465000 49000
Frequency [Hz]
R |
Fig.13 Characteristics of the fundamental vibration modes

according to thickness changes of specimens
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Table 6 The comparison of oscillating frequency

AA71%5 | ZH3(kHz) | AAFZHKHz) | 2 2H%)
A 458.2 459.435 0.27
B 457.0 458.464 0.32
C 454.0 454.273 0.06
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