mnovator in Hectronics

Technical trends of Ceramic Resonator
N
Car Electronics
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Connection Image of ECUs k% FSECURIERRNEE M
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ECU / ECU /
ECU/ ECU/ BUS-LINE
ZME 4'/, ! , Resonatorsarerequired for
T =T each of theindividual ECUs.
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NnBase Materials of Resonator &3 T HIZEm#4 8B

*Quartz Crystal 53 fg 4
Ceramics M%&
*Other Single Crystal Materials (LiTaO3, LINbO3, etc)
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Polarization and Piezoelectric Effect of Piezo Ceramics -mmmncﬂI
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Vibration Modes and Resonant Frequency Band
RAER 53R ot o
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Note: Signifies the direction of the vibration

Murata M anufacturing Co., L td.



Typical Models of Vibration Mode FEFRFHHE

NThickness Shear Vibration Mode E'e;ét%de
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NThickness Expansion Vibration Mode Electrode
E}E% ﬁ#%ﬁ@b o Polar axis
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Oscillation Principle B R 3 muRata

mnovator in Hectronics

NnOscillation circuits can be classified into three types #&% &7 PL43r 43K
1. positive feedback 1F Jx % B, 5%
2. negative resistance elements 4 BH$i FE %
3. transmission time or phase delay

A3 I ) BAR AL SE IR FEL B

0 p
L
Colpitts Circuit Hartley Circuit
FBe 25 LB ISR FEL 2

LC oscillation circuits using ceramic resonators or crystal resonators are the first type, the positive feedback type.
15 H B B i 2 1 B 1A 3R 1 IR LCHR 7 LB J 12— 2 I 1 e i L i
Colpittscircuits and Hartley circuits are typical examples of positive feedback oscillation LC circuits.
s FE 27 VL B TS AR 1) L % e 2R ) I S 1 L CHlR 37 L 2%
When resonators are applied, Colpitts circuits are generally used.
LA Yk TN, R SRS R 22 FLE
The oscillation frequencies can be represented by the following formulas.
Pz n] R T A R R

( Colpitts Circuit# *:2 EE'E%)l ( Hartley Circuiti s F) i #)
fow @ f, @ 1
2p\/L><CL1+XCCL2 2p JC (L, * L)
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Oscillation Principle B%; R 3 muRata

mnovator in Hectronics

» WWhen a ceramic resonator isused in an oscillation circuit, it is substituted for Element L of the Colpitts circuit.

FEIR i Bk TP A 3R 1, Al 2 12 Be 2k Wit b B oo fEL
» Ceramic resonator becomes inductive between the resonance frequency and anti-resonance frequency.

MR 4 RIS g SRR 2 ) L

4| SO—— Oscillation Condition
W= %A

Rf
F— VVvv—7¢ Loop Gain :a” b3 1
PR3 26
§ R, Phase Shift:q,+9,=360° " n

| A7 AH
I H:I Where a : Mu Factor A%

C C
LlTTT - b : Feedback Ratio /< %%
d, d,:Phase shift

DI

b(@,)
Positive Feedback Oscillation Circuit

1F 5 59 37 [ 2%
The Colpitts circuit uses an inversion amplifier for 180° phase inversion, and the feedback circuit uses a coil and
capacitor for an additional 180° phase inversion.

25 ER 2R R EEE L A SR BOR A% S BLA80° AHAL B e, AR Jm Be it In] it 3 i 2 Bl R P 2 115 52 L 180° U AH A7 Jse &%
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Inversion Amplifier by C-MOS Inverter
FHC-MOSEA R AR 75 N

* Inverter is a logic element which invert a digital signal.
AR e — R 5 5 IR oo

Inputfii A\ Outputi
0 1
10— 0

Inverteris 4 gs

* Inverter serves as an analog amplifier when combined with a feedback resistor,
AR RE A RSt LB At — MU 5 BOR 3
Inputii A Outputr H! Vout

Feedback Resistor % 1 H FH

» When afeedback resistor is connected to both ends of the inverter, the
current flows so that both ends of theinverter have equal potential. Finaly,

VDD

the output voltage is about one half of the power supply voltage. ;
AR P I B ASIRECHLEH,  FLRITaRTS), Bt A 22008 Output Signal V.
N E 2, B1/2Vop., o in

» When asmall AC voltage is applied to the input terminal, an amplified
voltage is output, and the phase is inverted by 180°. Input Signal
BAER AN I 0 _E— NN A R SIS, AR RS — N BOR R RS, JF BAHAT EIVNERE]
#180°.
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Various typical Oscillation Devices & #h 3L (R % 2= 44

tnovator in Electronics
Frequency | Frequency Oscillation
Type Symbol Cost Size | Trimming Tolerance Stability Mi%{nﬁ
S (s JRAR N E e STk $FR N 2 e R P Q
LC - { }_O Inexpensive | Not small Need +2.0% Not stable Small
i x = AR A
CR %‘ Inexpensive [ Small Need +2.0% Not stable Small
(UUES 7 LS ArE 7I
Quartz o ||:H o | Expensive | Notsmall| No need + 10 to + 50ppm Stable Large
Crystal by K A e PN
K
Ceramic | o | o Inexpeﬂsive Small No need +0.1to + 0.5% Staple Medium
W) 1 {'H. 7 AE FE H
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Comparison of Ceramic Resonator and Quartz Crystal -muRntu
b E IR TS5 7K i BRI LR pr———

Comparison of oscillation start-up time 3R 8] ] EL 3

e

1 0 2.00¢¥ 2 0 2.00V 1G3/s +0.00s 500%/ M £2 STOP

Quartz Crystal .
7KHEI[E[ m.-l-l-l-l-f-l-l-l-l-.-l-

Ceramic Resonator

GNERITS

— 0.1ms Measured with §.OQMI—E sample
i FH8MHZAF i 2EA T

Quick start up oscillation makes Ceramic Resonator more advantageous when it
comes to powering a microcomputer back from sleep mode.
BRI HiE . PR AR A B B 4 32 1 AR B0 A BEERROIR 2 IR T LI B8 BG4
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Comparison of Ceramic Resonator and Quartz Crystal

-
b 3% T 5 7K di B EL st

mnovator in Hectronics

Equivalent Circuit Constant 3% 51 2% % 3

K :{{ Ceramic Resonator Quartz Crystal
M . 4 e K
R = Freg. 4.00MHz 4.00MHz
foﬁ)(ﬁ(ﬁfff f«i:“:%}{ﬂ‘f’};ﬂ‘f’};“»f S s/;{:o:}j:{\)
L1 (nH) 385 2.1X105
R : Friction/&# Jj (Corresponding to #H*4JR1) C1 (pF) 44 .
K : Spring constanti.% & % (Corresponding to #H4+-2)
_ e . w CI'l  Co (pF) 36.3 2.39
M : Mass /i &= (Corresponding to #H*4FL1)
: . R1 8.7 22.1
Mechanical equation |\/|dl+ Rv +k gydt =F W)
Bz 3h 77 F dt Qm 1134 240986
Electrical equation L di | Ri + 1—c‘>i dt =v DF (kHz) 228 6
h/3E 3y Rt dt cl

Ceramic Resonator can start up more quickly than quartz crystal

BRIk 1 HEW LL K B PRE R T

In mechanical motion (vibration by spring), vibration can start up quickly when small “M” and small “K”.

N GREIRSN) 5, <M Fil “K BN g P k.
In the case of electrical motion, oscillation can start up quickly when small “L” and large “C1”

%EEE/_:L@ijJEP’ %“L”ﬁ/]\ %l] “Cl”iﬁ?ﬁﬁ?ﬁ%%‘ﬁ%ﬁﬁ?}ﬁo .

For these reasons, ceramic resonator can start up more quickly than quartz crystal.

IR s T BRI, B R R v 1 RES LUK i bR EE e
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Comparison of Ceramic Resonator and Quartz Crystal -muRutm
b B IR T 5 7K i B B pr———

Size Comparison K~} H!
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Application of Ceramic Resonator to Automotive L ANs -mmmncﬂl

Electronic devices used in automotive ECUs are required to have

the following characteristics;
T ECUR B FE R 2 H 2 LT s A

m Operating temperature typically ranging between - 40°C and 125°C
TAHEEETEE- 40°C and 125°C

m Excellent resistance to shock and vibration

EY SN/ LS E A T

m Excellent solderability

EY SR EIpy s

= Extremely low failure rate

WARFIA R
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Ceramic Resonator (CERALOCK®) for Car Electronics -I,“Mm,mI
REBRTHBERY T ( CERALOCK®) yr——y—

Frequency (MHz) 2 3 4 8 14 20 70
2.00 2.99 53.00 3.99 |4.00 7.99 |8.00 13.99 (14.00 20.00| 20.01 70.00
Standard
Tolerance . . R
i ~ ~ ¢
Series g
o |FREAZRS
G- G- V- CSTCV-X-Q, CSACV-X-
(@)) CSTCC-G-A CSTCR-G-B CSTCE-G-A CSTCE-V-C (3terminal(3) (2 terminals) E
-
@© - 7.2x3.0x1.6
D: Size (V\YVéiléh)st T mm) 7.21)83(’).%xgl.8 E)B(Omé 4.5)2(§£31.2 3.2)1(%530.8 3.21(%?31.0 3.7x3.1x1.475mg
N 4.00 7.99 | 8.00 13.99 |14.00 20.00
=
= Tight ) : :
Tolerance S . ~
Series
IN
BAERY CSTCR-G-C CSTCE-G-C CSTCE-V-C

Available for Automotive LAN (CAN)

A& TIHLAN(CAN)
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| mprovement of Temperature Characteristics
Yﬁ)ﬁf%‘ﬁ H‘]E&% thnorator in Electronies
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Application of CERALOCK® in Car Electronics -Hmmm
CERALOCK® fFEYRZFEH F LK M H tuacratar in Electronics

Remote Keyless Entry Control
e iper Control,
Body- Comfor /E’wl:lfl Rain Sensor Unit

Climate Control Unit Wi, KIS T
23 ) 453 41 BAL T, Instrument Cluster,

Navigation Unit, Drive Computer

Information Display

— T, A Mirror Control Unit
Panel i &4 | s o D_\‘T -
ok it | # ?*’ JEALEE T
Power Slide [ f | -.- . .
Door Unit '. Steering Column Switch
R e S A LIRS
Passeng | Power Window,

Pressure Unit Power Door Rock

FexBahzhgyT Power'Slide Seat, Immobilizer, FL3) &
Seat Memory  anti-Theft Alarm Control

) BB
W L A PR AR S
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Application of CERALOCK® in Car Electronics

Electric Power Steering

HLF B 1 # ]

mnovator in Hectronics

Airbag Unit
AFS, Auto-leveling Control ZEURET
HEISLET, B3IDKFERIE / y Cruise Control System
Cooling System = Ultra Sonic
RARGS Sensor Unit
Injection Unit e B AL R
ECU Sub. Unit . Uni
3 7T 2T N g Battery control Unit
| N\ _ (for Hybrid Vehicle)
Pre-crash Sensor Unit \ Y B SEE QRESEIHE)
B A R Ae Suspension Control
Antilock Break System - IR
SEIE . EPS, TRC Unit,
;P%A%;“Eﬁ Parking Assist Break System
" HMHHERSA
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