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Fig 1. Thickness vibration mode piezoelectric

vibrator with NIC circuit
Fig 18] &3 ASAE X573 22 Jeldd Fig
24a)st o] vEd £ glen, L3 L, & 4% &
A AFag o ATEF —c § Y ol
°] 71328 AFIVINER Y Fig 2.0
ZolRy, Ly, Cn @ UEHE 5 313, EJAEY ¢
g9 L) 3 L, & A3 Fig 2.(c)3} Ze] el
T A4

Lo TNl Lm Ca i1 Lo

mr)z 1 o™y pake T
w o

(2
' ol L

(a) (b

oAl 4 B by 1

1 o—r " O
U ¥
il

.............

C 2, L C
1 .'CS Rs 1 o_-[rm.\_l
Cdl.l. ﬂ? -l- Ci1 R-Rs
10— - 1'o
2
NIC Circuit

(c) (d)
Fig 2. Equivalent circuit of piezoelectric vibrator
with NIC circuit

Fig 19l 9448 NIC 829 99 olendaes ()Y
7 go] YEpd 4 Ao, 4714 A R F R 4
#g YA ¥o@ NIC zze ¢ o=vdars
—(jwC,+ 1/R) 2 EVH7 9| o] negative
elements& F712A2 JEUR, Fig 2c)d FH #
B 2ol —C, % —R, 7t ¢Ad AFAA PPz &
28 =7 8o

Ym=—~%{jwcs+—l} (1

watd, —C, % —R, & % A& F Cd2st 57
Y RE& 2A3ZZE Fig 2.(d)¢h ze] veld 5 3l
T, FA AFAY FAATE Q4R 2ol ded 7
AT

Q= 7% @
s

3. AEFd 2 43%Y

Fig 3& NIC 327 JdZd ¢4 JIF5A&
PSpice™ 292 Jveld RAeln, AY R, & AR
9 WREAYE zAY Aot AFgeold HHL
1[V,]d 2fAde F3agez rista Fig
§ 327~339 [KE)7HA) @AsIEA, NIC 329 N¥
R.o) Aol g 43 1FAY AY A=v|HAE
Y R,o) ZEe Agd HiHe vz AlEdHeld 3
Ak

Cs
I v
Ro R L ¢ ~_ RS
op27 >—
v cdi cd2 s
l $R2 Rl
AL L I
i i 1]

0 "o ~o
Fig 3. PSpice model of piezoelectric vibrator with
NIC circuit

Fig 4¢ NIC 3127 9429 A AFAe 3713 §
Be EA37 AY FAT2AM, NIC =29 A¥ R,
o Mg & A AFAY YUY A=Ev|H2E U]
o] dd¥ Network Analyzer(R3754A)2 2 33g
=X

R3764 A Network Analyzer

Fig 4. Schematic of input admittance
measurement

—-370-



ot#fle] Table 1& AlEdold R FHAA AH8d &
A AFAe] Aeatd vehia Ao

Table 1. Equivalent circuit constants of the vibrator

Items Values

Radius 25.0 [un)
Thickness 3.05 [um]

Density 7975.45 (ke/m’]

Center frequency 332.21 [Mt]
Equivalent resistance 32.464 [Q]
Equivalent capacitance 58.857 [pFl
Equivalent inductance 3.845 (mH]
Clamped capacitance Cdl 5.988 [nF)
Clamped capacitance Cd2 6.012 [nF]
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Table 2. Comparison of quality' factor.

Origin value Maximum value
(without NIC) (vwith NIC)
sali
Quality 2462 46727
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