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Introduction

Ceramic resonators (CERALOCK®) are made of high
stability piezoelectric ceramics that function as a
mechanical resonator.

This device has been developed to function as a
reference signal generator and the frequency is
primarily adjusted by the size and thickness of the
ceramic element.

With the advance of the IC technology, various
equipment may be controlled by a single LSI integrated
circuit, such as the one-chip microprocessor.
CERALOCK?® can be used as the timing element in most
microprocessor based equipment.

In the future, more and more applications will use
CERALOCK® because of its high stability non-
adjustment performance, miniature size and cost
savings. Typical applications include TVs, VCRs,
automotive electronic devices, telephones, copiers,
cameras, voice synthesizers, communication equipment,
remote controls and toys.

This manual describes CERALOCK® and will assist you
in applying it effectively.

* CERALOCK® is the brand name of these MURATA
products.
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1. General Characteristics of CERALOCK®

Ceramic resonators use the mechanical resonance of
piezoelectric ceramics. (Generally, lead zirconium
titanate: PZT.)
The oscillation mode varies with resonant frequency.
The table on the right shows this relationship.
As a resonator device, quartz crystal is well-known. RC
oscillation circuits and LC oscillation circuits are also
used to produce electrical resonance. The following are
the characteristics of CERALOCK®.
(D High stability of oscillation frequency
Oscillation frequency stability is between that of
the quartz crystal and LC or RC oscillation circuits.
The temperature coefficient of quartz crystal is
10-%/°C maximum and approximately 103 to 10-4/°C
for LC or RC oscillation circuits. Compared with
these, it is 1075/°C at —20 to +80°C for ceramic
resonators.
(@ Small configuration and light weight
The ceramic resonator is half the size of popular
quartz crystals.
® Low price, non-adjustment
CERALOCK?® is mass produced, resulting in low
cost and high stability.
Unlike RC or LC circuits, ceramic resonators use
mechanical resonance. This means it is not
basically affected by external circuits or by the
fluctuation of the supply voltage.
Highly stable oscillation circuits can therefore be
made without the need of adjustment.
The table briefly describes the characteristics of various
oscillator elements.

B Vibration Mode and Frequency Range

Frequency (Hz)| 1k 10k 100k 1M 10M 100 1G
Vibration Modeée L 1 1 I 1 L )
1 e
o | Q) N L
mode A
2
Length | (——) I
mode
A
rea
expansion @ ]
mode
4
Radius € .
vibration
3 —

ear

thickness | E=—2 .
mode -

6

Thickness

Tickness | /7 E—
mode

7

Surface /17,\,\./17

acoustic 1] m
wave

[Note] : «—— show the direction of vibration

M Characteristics of Various Oscillator Elements

Adjust 'C:)scillation Long-term
i i - |Frequency B
Name Symbol Price Size A it Stability
Tolerance
Inexpen- ’ . o )
LC o@o sive Big |Required| +2.0% Fair
CR AN L’;\Z‘pe”' Small |Required| +2.0% |  Fair
Quartz Expen- ) Not o
Crystal o—[J——o sive Big required +0.001%| Excellent
Ceramic Inexpen- Not o
Resonator oo sive Small required 0.5% | Excellent
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2. Types of CERALOCK®

kHz Band CERALOCK® (CSBLA Series) HPart Numbers and Dimensions of kHz Band
The CSBLA series uses are a vibration mode of the CERALOCK® (CSBLA Series) (Standard Products)
piezoelectric ceramic element. The dimensions of this Part Number | Frequency (kHz) Dimensions (in mm)

element vary with frequency. The ceramic element is
sealed in a plastic case and the size of the case also
varies with the frequency band. Washable products are
available in all the frequencies ; however, three 375-429
standard products (375 to 699kHz) are also made in less
expensive non-washable models.

WPart Numbering é:g/ 0,
CSBLAL __|E 430-509 lq
e (o] [8] [ta] [ss5x] [€][0][o] [ ][-80] | wonmasane K
© ©6 6 0 06 0 @ 0 © o
@ Product ID
@ Frequency/No capacitance built-in
@ Structure/Size
O Nominal Center Frequency o2 /‘@Z
© Type o
E : Area Expansion mode, 510-699 °
J : Area Expansion mode (Closed Type) ?67//3&
@ Frequency Tolerance }
2:+0.2%, 3 : +0.3%, 5 : +0.5%,
B : 1kHz, C : +2kHz, Z : Others
@ Load Capacitance Value .
® Individual Specification o, <50
With standard products, " @ individual Specification" is Coslam V-lo
omitted, and " @ Package Specification Code" is carried up. Washable* 700-1250 Im ©
© Packaging (Closed Type) el
—BO0 : Bulk

*Please consult Murata regarding ultrasonic cleaning conditions to avoid
possible damage during ultrasonic cleaning.



/N Note * This PDF catalog is downloaded from the website of Murata Manufacturing co., Itd. Therefore, it's specifications are subject to change or our products in it may be discontinued without advance notice. Please check with our P17E.pdf
sales representatives or product engineers before ordering. -p
« This PDF catalog has only typical specifications because there is no space for detailed specifications. Therefore, please approve our product specifications or transact the approval sheet for product specifications before ordering. 1 0_8_3

Characteristics and Types of CERALOCK®

MHz Band CERALOCK® with Built-in Load EPart Numbers and Dimensions of CERALOCK® with
Capacitance (CSTLS Series) Built-in Load Capacitance (CSTLS Series)
As CSTLS series does not require externally mounted Part Number Frequency Dimensions (in mm)
capacitors, the number of components can be reduced,
1 allowing circuits to be made more compact.
The table shows the frequency range and appearance of
the three terminal CERALOCK® with built-in load CcSTLSC__ ]G | 3:40-10.00MHz
capacitance.

MPart Numbering

&) [cs||T][Ls|[amoo]

>
o
3
.\:
N
6.5

1) ) P5) 0 - o CSTLS[ X 16.00-70.00MHz
© Product ID Ny 3
@ Frequency/Built-in Capacitance 25725
@® Structure/Size
LS : Round Lead Type +16.00-32.99MHz : 3.5
O Nominal Center Frequency
@ Type

G : Thickness Shear vibration,
X : Thickness Longitudinal Vibration (3rd overtone)
@ Frequency Tolerance
1:40.1%, 2 : +0.2%, 3 : £0.3%, 5 : +0.5%, D : DTMF,
Z : Others
@ Built-in Load capacitance
1: 5pF, 3 :15pF, 4 : 22pF, 5 : 30pF, 6 : 47pF
O Individual Specification
With standard products, " @ individual Specification" is
omitted, and " @ Package Specification Code" is carried up.
© Packaging
—BO0 : Bulk,
—AO0 : Radial Taping HO=18mm Ammao Pack (Standard)
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Reflow Solderable kHz Band CERALOCK® EDimensions of Reflow Solderable CERALOCK®
(CSBFB Series) (CSBFB Series)
Reflow solderable kHz band CERALOCK® (CSBFB Part Number | Frequency (kHz) Dimensions (in mm)
series) have been developed to meet down sizing and
S.M.T. (Surface Mount Technology) requirements. 1
&2 ‘QA
430-519 M
BPart Numbering cssrBl_J . °
‘%"\2&
e [cs| ][ FB | 500K sl ||
O 8 © (4] e 606 o 6 o
@ Product ID
@ Frequency/No capacitance built-in D §0./
® Structure/Size CSBEBL U 700—1250"2 E iﬁ' £
O Nominal Center Frequency o
O Type AR
J : Area Expansion mode (Closed type)
@ Frequency Tolerance
2 :+0.2%, 3 : +0.3%, 5 : +0.5%, =1 Please consult Murata regarding ultrasonic cleaning conditions to avoid
B : +1kHz, C : +2kHz, Z : Others possible damage during Ultrasonic cleaning.
@ Load Capacitance Value +2 Not available for certain frequencies
@ Individual Specification
With standard products, " @ individual Specification" is
omitted, and " @ Package Specification Code" is carried up.
© Packaging
—BO0 : Bulk,
—R1 : Plastic Taping $330mm Reel Package

B Dimensions of Carrier Tape for CSBFB Series (430 to 519kHz Type)

4.0+0.1 -
o
‘ 2.0<0.1 01.5:0.1 b
‘ 2
DO 0O0GOFOOOCO|——
o e ' ; | -
- | H H ! ! - b =
< o | | S ~ ]
gl i — IJ—
I} " [ | | s -
IOUEDE =HTE HTE |
| 12.0:0.1
The cover film peel strength force 0.1 to 0.7N 8.0520.1 . =
The cover film peel speed 300mm/min. ——(3) ol o g
Cover Film M S| d| «©
10° e V@l =
iy iy WLy
—_—
Direction of Feed
(in mm)
+ Different Dimensions of carrier tape in 700 to 1250kHz.
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MHz Band Chip CERALOCK® (CSACW/CSTCC/

CSTCR/CSTCE/CSTCW Series)

The MHz band Chip CERALOCK® has a wide frequency

range and small footprint to meet further down sizing
1 and high-density mounting requirements.

The table shows the dimensions and two terminals

standard land patterns of the CERALOCK® CSACW

series.

The second table shows the dimensions and three

terminals standard land patterns of CSTCC/CSTCR/

CSTCE/CSTCW series chip resonator (built-in load

capacitance type). And the carrier tape dimensions of

CSTCR series are shown on the next page.

EDimensions and Standard Land Pattern of Chip
CERALOCK® (CSACW Series)

P17E.pdf

Dimensions

RartNumber Standard Land Pattern (in mm)

Frequency (MHz)

D

20.01-70.00 2Rt

AL,

CSACW[_IX

]

2.0+0.2

“’.lm .
St 20 Lo
—

MPart Numbering

&) [cs| | T||cr]| amoo]
e

o 6 6 O

@ Product ID
@ Frequency/No capacitance built-in
A : No Capacitance Built-in, T : Built-in Capacitance
© Structure/Size
CC/CR/CE : Cap Chip Type, CW : Monolithic Chip Type
O Nominal Center Frequency
O Type
G : Thickness Shear Vibration,
V : Thickness Longitudinal Vibration,
X : Thickness Longitudinal Vibration (3rd overtone)
@ Frequency Tolerance
1:20.1%, 2 : £0.2%, 3 : £0.3%, 5 : £0.5%, Z : Others
@ Load Capacitance Value
(In case of CSACW, value is for external capacitance of
standard circuit)
1 : 5pF or 6pF, 2 : 10pF, 3 : 15pF, 5 : 33pF or 39pF,
6 : 47pF
@ Individual Specification
With standard products, " @ individual Specification" is
omitted, and " @ Package Specification Code" is carried up.
© Packaging
—BO0 : Bulk,
—RO : Plastic Taping ¢180mm Reel Package

+1 Thickness varies with frequency.
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EDimensions and Standard Land Pattern of Chip BDimensions of Carrier Tape for Chip CERALOCK®
CERALOCK® (CSTCC/CSTCR/CSTCE/CSTCW Series) )
: : CSTCR Series
RartNumber Rrequencyi(Mtiz) Standar? Il.r:n?jn:altct):ri (in mm) 40201, 015441 E
: 2.0+0.05 — :
5.2(\/ g A 1
_~ 7 g o
- | 7 3 3
csSTCcel _1G™2 2.00-3.99 1.2 1.2i1.4‘1.2i1.2‘ % l < :
{
el ebdac it I - -
= =] =] == LT L]
Direction of Feed ———— (in mm)

CSTCRL__1G? 4.00-7.99

26

0.4 0.8 0.4 0.8 0.4

CSTCE _1G* 8.00-13.99

1.90 ~ 2.10

1.2 1.2

0.3 0.65_0.3 0.65, 0.3‘

CSTCE[__]v2 14.00-20.00

1.6

2
LY
T

0.50.50.50.50.5

=3
CSTCW[__IX? 20.01-70.00 i

2.00+0.2

© i '
S|
=) | |

+1 Thickness varies with frequency
*2 Conformal coating or washing of the components is not acceptable
because they are not hermetically sealed.



/N Note * This PDF catalog is downloaded from the website of Murata Manufacturing co., Itd. Therefore, it's specifications are subject to change or our products in it may be discontinued without advance notice. Please check with our P17E.pdf
sales representatives or product engineers before ordering. -p
« This PDF catalog has only typical specifications because there is no space for detailed specifications. Therefore, please approve our product specifications or transact the approval sheet for product specifications before ordering. 10.8.3

B Principles of CERALOCK®

1. Equivalent Circuit Constants

Fig. 2-1 shows the symbol for a ceramic resonator. The
impedance and phase characteristics measured between
the terminals are shown in Fig. 2-2. This illustrates that Tal
the resonator becomes inductive in the frequency zone Symbol O | D | o

between the frequency Fr (resonant frequency), which Impedance between Two Terminals Z=R+jx
provides the minimum impedance, and the frequency Fa éi;?:;'j;’s‘;g;em' X+ Impedance Component)
(anti-resonant frequency), which provides the maximum

impedance. Fig. 2-1 Symbol of the Two Terminal CERALOCK®

It becomes capacitive in other frequency zones. This
means that the mechanical vibration of a two terminal
resonator can be replaced equivalently with a
combination of series and parallel resonant circuits
consisting of an inductor : L, a capacitor : C, and a
resistor : R. In the vicinity of the specific frequency
(Refer to Note 1 on page 10.), the equivalent circuit can
be expressed as shown in Fig. 2-3.

Fr and Fa frequencies are determined by the
piezoelectric ceramic material and the physical
parameters. The equivalent circuit constants can be
determined from the following formulas. (Refer to Note
2 on page 10.)

Impedance [Z] (2)

Fr Fa Frequency (kHz)

Fr=1/2x VL:C1 @-1) K ( )
Fa=1/2n VLiC1Co/(C1+Co)=Fr V1+C1/Co ——(2-2)

Qm=1/2nFrCiR1 (2-3)
(Qm : Mechanical Q) -90

Phase ¢ (deg)

Considering the limited frequency range of Fr<F=Fa,
the impedance is given as Z=Re+joLe (Le=0) as shown Fig. 2-2 Impedance and Phase Characteristics of CERALOCK®
in Fig. 2-4, and CERALOCK® should work as an
inductance Le (H) having the loss Re (Q).

R1 : Equivalent Resistance

L1 : Equivalent Inductance

C1 : Equivalent Capacitance

Co : Parallel Equivalent Capacitance

Fig. 2-3 Electrical Equivalent Circuit of CERALOCK®

Re Le

o WA o 0

Re : Effective Resistance
Le : Effective Inductance

Fig. 2-4 Equivalent Circuit of CERALOCK®
in the Frequency Band Fr=F=Fa
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The table on this page shows comparison for the

equivalent constants between CERALOCK® and quartz CSBLA455KC8-B0
crystal oscillator. wk

In comparison, there is a large difference in capacitance

and Qm, which results in the difference of oscillating 100k |= | _—~Main Vibration

conditions, when actually operated.

The table in the appendix shows the standard values of
equivalent circuit constant for each type of
CERALOCK?®. Furthermore, other higher harmonic
modes exist, other than the desired oscillation mode.
These other oscillation modes exist because the ceramic 100 |-
resonator uses mechanical resonance.
Fig. 2-5 shows those characteristics.

10k

/Thlckness Vibration

Impedance [Z] ()

Frequency (MHz)

CSTLS4M00G53-B0

™

Main Vibration
100k — /

10k 3rd Vibration

Impedance [Z] (2)

100 |~

1 | ! |
0 10 20 30 40

Frequency (MHz)

Fig. 2-5 Spurious Characteristics of CERALOCK®

B Comparison of Equivalent Circuits of CERALOCK® and Crystal Oscillator

Resonator Oscillation Frequency L1 (uH) C1 (pF) Co (pF) R1 (Q) Qm dF (kHz)
455kHz 7.68x10° 16.7 272.8 10.1 2136 13
2.00MHz 1.71x10° 4.0 20.8 43.9 475 177.2
CERALOCK®
4.00MHz 0.46x10° 3.8 19.8 9.0 1220 350.9
8.00MHz 0.13x10° 3.5 19.9 8.0 775 641.6
453.5kHz 8.6 x10° 0.015 5.15 1060 23000 0.6
2.457MHz 7.2 x10° 0.005 2.39 37.0 298869 3
Crystal
4.00MHz 2.1 x10° 0.007 2.39 221 240986 6
8.00MHz 1.4 x10* 0.027 5.57 8.0 88677 19
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— Notes

(Note 1)

The relationship between the size of the resonator
and the resonant frequency is described as follows.
For example, the frequency doubles if the thickness
doubles, when thickness vibration is used.

The following relationship is obtained when the
length of the resonators is ¢, the resonance
frequency is Fr, the speed of sound waves travelling
through piezoelectric ceramics, and the wavelength
is A.

Fr- ¢ = Const.

(frequency constant, Fr-t for the thickness)
r=21¢

C=Fr\=2Fr ¢

As seen in the above formula, the frequency
constant determines the size of the resonator.

L=)/2

Amplitude
Range of

Standing

Wave

(Min.Amplitude) (Max.Amplitude)

(Note 2)

In Fig. 2-3, when resistance R1 is omitted for
simplification, the impedance Z (w) between two
terminals is expressed by the following formula.

1 . 1
- (joLi+- )
7(0) = jwCo . chi
jwCo * (JwL1+jw01 )
. 1
~ i le_T)Cl )
- Co
1+ Cs w2 CoLa
1
When w = = wr, Z (wr) =0
VLi1C1
When 0 =———L = wa, Z (wa) = o
VCoCi1L1/(Co+C1)
Therefore from o =2xF,
1
Fr = or/2n =——
" 21V LiC1
Fa = wa/2n = 1 1+g

=Fr
21 V CoC1L1/(Co+C1) Co

L1 C1
O% —O
| |
[
Co

Fig. I

Fig. I

10
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Principles of CERALOCK® E

2. Basic Oscillation Circuits

Generally, basic oscillation circuits can be grouped into
the following 3 categories.

(D Use of positive feedback

@ Use of negative resistance element

3 Use of delay in transfer time or phase

In the case of ceramic resonators, quarts crystal
oscillators, and LC oscillators, positive feedback is the 0 I
circuit of choice. - ¢
Among the positive feedback oscillation circuit using an Colpitts Circuit Hartley Circuit
LC, the tuning type anti-coupling oscillation circuit,
Colpitts and Hartley circuits are typically used. Fig. 2-6 Basic Configuration of LC Oscillation Circuit
See Fig. 2-6.

CLi CL2 Lt L2

In Fig. 2-6, a transistor, which is the most basic
amplifier, is used.

The oscillation frequencies are approximately the same
as the resonance frequency of the circuit consisting of L,
Cr1 and Cr2 in the Colpitts circuit or consisting of L1
and Le in the Hartley circuit. These frequencies can be
represented by the following formulas. (Refer to Note 3

Amplifier

Mu Factor : a
Phase Shift : 01

on page 13.) Feedback Circut
(Ereertir il

(Colpitts Circuit) ase St
fosc. = 1

2 V1L . Cr1- Cr2. (2-4) Oscillation Conditions

Cr1 + Cr2 Loop Gain G=a -f =1
Phase Shift & = 81+ £2=360°xn

(Hartley Clrcullt) Fig. 2-7 Principle of Oscillation
fosc. = (2-5)

2n vV C (La+Le)

In an LC network, the inductor is replaced by a ceramic
resonator, taking advantage of the fact that the
resonator becomes inductive between resonant and anti-
resonant frequencies.

This is most commonly used in the Colpitts circuit.

The operating principle of these oscillation circuits can
be seen in Fig. 2-7. Oscillation occurs when the
following conditions are satisfied.

Loop GainG=a =1
Phase Amount (2-6)
0=01+602=360°xn(n=1,2,")

In Colpitts circuit, an inverter of 8 1 = 180° is used, and
it is inverted more than 0 2 = 180° with L and C in the
feedback circuit. The operation with a ceramic resonator
can be considered the same.

11
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It is general and simple to utilize inverter for Colpitts

a(61)
circuit with CERALOCK®.
Fig. 2-8 shows the basic oscillation circuit with inverter. —[>o—
In open loop circuit by cutting at ® point, it is possible o

to measure loop gain G and phase shift 6.
Fig. 2-9 shows the actual measuring circuit, and the ®
example of measuring result is shown in Fig. 2-10.

IDI
1LI
CERALOCK®

CL1_ —CL2

Lo

p02)

Fig. 2-8 Basic Oscillation Circuit with inverters

B(62)
CERALOCK®

Zin1MQ//8pF

Vector
e Volt
: Meter

Loop Gain :G=a -
Phase Shift : 01+ 6 2

Fig. 2-9 Measuring Circuit Network of Loop Gain and Phase Shift

40, 180

Loop Gain (dB)
Phase (deg.)

CERALOCK®
CSTLS4M00G53-B0
VDD=+5V
801~ CL1=CL2=15pF

IC : TC4069UBP
-180 (TOSHIBA)

3.80 3.90 4.00 4.10 4.20
Frequency (MHz)

40 180

Ph
35€ (No Oscillation)

Loop Gain (dB)
Phase (deg.)

CERALOCK®

CSTLS4M00G53-B0

VbD=+2V

CL1=CL2=15pF

IC : TC4069UBP

380 3.90 400 410 420 (TOSHIBA)
Frequency (MHz)

-40

Fig. 2-10 Measured Results of Loop Gain and Phase Shift
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—— Notes

(Note 3)

Fig. Il shows the equivalent circuit of an emitter
grounding type transistor circuit. In the figure, Ri
stands for input impedance, Ro stands for output
impedance and B stands for current amplification
rate.

When the oscillation circuit in Fig. 2-6 is expressed
by using the equivalent circuit in Fig. 1l , it
becomes like Fig. IV . Z1, Z2 and Z are as shown in
the table for each Hartley type and Colpitts type
circuit.

The following 3 formulas are obtained based on
Fig. IV.

Ro

Ri BRoit
v

Fig. I

Ro Z
)
=, ~ L
i1 - /'
E:Ri BRoi1 i2 i3 Il
+
Z 4
2 O ? & o2 o)

Hartley Type Colpitts Type
Z1 joLi 1/joCL1
Z2 joL2 1/joCL2
z 1/jwC joL

Fig. IV Hartley/Colpitts Type LC Oscillation Circuits

ﬁ Roi1+(R0+7Z2) 12—72i3=0 -ovrvrererereeeieees 1)
Z1i1472i2—(Zo+Z+Zi1) 13=0  ---veeererereeeeeenes (2)
(Z14Ri) 11-7Z103=0  coereeerrreersreeee 3)

Asi1=0,i2=0,i3 = 0 are required for continuous
oscillation, the following conditional formula can be
performed by solving the formulas of (1), (2) and (3)
on the current.

{ [3ROZ1Z2=(Z1+Ri)Z§—{Z1(Z2+Z)+
(Ze+Z+7Z1)Ri}(Z2+Ro) ~ coereeeeeees 4)

Then, as Z1, Z2 and Z are all imaginary numbers,
the following conditional formula is obtained by
dividing the formula (4) into the real number part
and the imaginary number part.

(Imaginary number part)

Z1Z22+(Z1+Z2+Z)RiRo=0 ~  -ooooeeeeee 5)
(Real number part)

BRoZ1Z2+Z1(Z+Z2)Ro+

ToZAZDRI=0 e (6)

Formula (5) represents the phase condition and
formula (6) represents the power condition.
Oscillation frequency can be obtained by applying
the elements shown in the aforementioned table to
71 Z2 and Z solving it for angular frequency w.
(Hartley Type)
1

Li- 12 }

(L1 + L2) CRiRo

w2osc = (27 fosc.) 2 =
(LiLe) C{1+

(Colpitts Type)
1 L

w2osc = (2nfosc.)? =

Cr1+Cr2

In either circuit, the term in brackets will be 1 as
long as Ri and Ro is large enough. Therefore
oscillation frequency can be obtained by the
following formula.
1
2nV (La+Le) C -oeee 9)
1

2n1/L.CL1-CL2 o (10)

Cr1+Cr2

(Hartley Type) fosc.

i

(Colpitts Type) fosc.

i

L CLiCr A+ (G +Cro) RiRo

13
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1. Electrical Specifications

The frequency stability of CERALOCK® is between that
of crystal and LC or RC oscillators. Temperature
stability is 0.3 to £0.5% against initial values within
-20 to +80°C. The initial frequency precision is

+0.5% for standard products. The frequency of the
standard CERALOCK® is adjusted by the standard
measuring circuit, but the oscillation frequency may
shift when used in the actual IC circuit. Usually, if the
frequency precision needed for clock signal of a 1 chip
microcomputer is approximately +2 to 3% under
working conditions, CERALOCK® standard type can be
used in most cases. If exact oscillation frequency is
required for a special purpose, Murata can manufacture
the ceramic resonator for the desired frequency.

The following are the general electrical specifications of
CERALOCK?®. (As for the standard measuring circuit of
oscillation frequency, please refer to the next chapter
“Application to Typical Oscillation Circuits”.)

Electrical Specifications of kHz Band CSBLA

HBResonant Impedance Specifications of CSBLA Series

Series Frequency Range (kHz) Resonant Impedance (Q max.)
Electrical specifications of CSBLA series are shown in 375- 450 20
the tables. The value of load capacitance (Cr1, Cr2) and 451— 504 30
damping resistance (Rd) depend on the frequency. (The 505 799 40
initial frequency tolerance of standard CSBLA[ ] J type 800 899 0
is +0.5% max.)
900-1099 100
1100-1250 120
BFrequency Specifications of CSBLA Series
Item Initial Tolerance of | Temperature Stability of Oscillating Standard Gircuit for
Frequency (kHz) Oscillation Oscillation Frequency Frequency Aging Oscillation Frequency
Part Number Frequency (-20 to +80°C)
VgP IC : CD4069UBE(RCA)
375-699 +2kHz o (MOS)
CSBLA Series utput : TC74HCUO4(TOSHIBA)
(with MOS IC/ 0.3% +0.3% . VoD - i';'VCMOS)
H-CMOS IC X : CERALOCK®
) 700-1250 +0.5% CL1 Clz2  CL1, CL2, Rd : Depends on frequency
ji (cf. Fig. 4-2, 4-3)

14
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Electrical Specifications of MHz Band Lead

HResonant Impedance Specifications of

CERALOCK® (CSTLS Series)

Electrical specifications of CSTLS series are shown in
the tables. Please note that oscillation frequency
measuring circuit constants of the CSTLS [ ]G56 series
(with H-CMOS IC) depends on frequency.

MHz band three terminal CERALOCK® (CSTLS Series)
is built-in load capacitance.

Fig. 3-1 shows the electrical equivalent circuit.

The table shows the general specifications of the CSTLS
series. Input and output terminals of the three terminal
CERALOCK® are shown in the table titled Dimensions

of CERALOCK® CSTLS series in Chapter 1 on page 6.
But connecting reverse, the oscillating characteristics

CSTLS/ Series
Type Frequency Range (MHz) | Resonant Impedance (Q max.)
3.40 — 3.99 50
CSTLSLIG 4.00 — 7.99 30
8.00 — 10.00 25
16.00 — 32.99 50
CSTLS[IX 33.00 — 60.00 40
60.01 — 70.00 50
CSEries

are not affected except that the frequency has slight lag.

B General Specifications CSTLS Series

Fig. 3-1 Symbol of the Three Terminal CERALOCK®

Iltem Frequency Initial Tolerance Temg;eg;girﬁaﬁtoanbility Oscillating Sk Can T
Range Of Oscillation F Frequency s
requency . Oscillation Frequency
Part Number (MHz) Frequency (2010 +80°C) Aging
CSTLS[]G53/56 3.40—10.00 +0.5% +0.2%" +0.2% o
utput
IC : TC4069UBP™
CSTLSDX 16.00—70.00 +0.5% +0.2% +0.2% VDD : +5V
X : CERALOCK®
Rd : 680Q"

#1 This value varies for built-in Capacitance
#2 If connected conversely, there may occur a little frequency lag.
+3 G56/X series : TC74HCUO4(TOSHIBA), CSTLS series (50.00-70.00MHz) : SN74AHCUO04(TI)
«4 This resistance value applies to the CSTLS[ /G56 series.

15
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B Specifications of CERALOCK®

Electrical Specifications of MHz Band Chip mResonant Impedance of CSTCC/CSTCR/CSTCE/
CERALOCK® (CSACW Series) (CSTCC/CSTCR/ CST(A)CW Series
CSTCE/CSTCW Serles) Type Frequency Range (MHz) | Resonant Impedance (Q max.)
General specifications of chip CERALOCK® (CSACW 00— 299 80
series) (CSTCC/CSTCR/CSTCE/CSTCW series) are CSTCCLIG
. . 3.00— 3.99 50
shown in the tables respectively.
4.00— 5.99 60
CSTCRLIG
6.00— 7.99 50
8.00—10.00 40
CSTCELIG
10.01—13.99 30
CSTCEL1V 14.00—20.00 40
20.01—24.99 80
25.00—29.99 60
CSACWLIX/CSTCWLIX
30.00—60.00 50
60.01—70.00 60
B General Specifications of CSACW Series
= Frequency Range i) quera_nce Templeralture il i Oscillating Standard Circuit for
(MH2) of Oscillation Oscillation Frequency Frequency Aging Oscillation Frequency
Part Number Frequency (-20 to +80°C)
VDD
Ic
Output
CSACWLI X53 20.01—24.99 +0.5% +0.2% +0.1%
!
CU/J; /J;CLz
CSACWL] X51 25.00—70.00 +0.5% +0.2% +0.1% IC : TC74HCUO4'(TOSHIBA)
VoD : +5V
X : Chip CERALOCK®
CL1, CL2 : This value varies for frequency.
* X51 Series (50.00—70.00MHz); SN74AHCU04
BGeneral Specifications of CSTCC/CSTCR/CSTCE/CSTCW Series
Item Frequency Range Initial To_lera_mce Templeralture e dlie] Oscillating Standard Circuit for
(MHz) sl CalleliE (sl ACcie] Frequency Aging Oscillation Frequency
Part Number Frequency (-20 to +80°C)
CSTCCLIG 2.00— 3.99 +0.5% +0.3%" +0.3%
CSTCRLIG 4.00— 7.99 +0.5% +0.2% +0.1%
CSTCELIG 8.00—13.99 +0.5% +0.2% +0.1%
CSTCELIV 14.00—20.00 +0.5% +0.3% +0.3%
IC : TC4069UBP"(TOSHIBA)
VDD : +5V
CSTCWLIX 20.01—70.00 +0.5% +0.2% +0.1% X : Chip CERALOCK®

#1 V, X Series; TC74HCUO04(TOSHIBA), X Series (50.00—70.00MHz); SN74AHCUO04(TI)
*2 If connected with wrong direction, above specification may not be guaranteed.
+3 This value varies for built-in Capacitance and Frequency.
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Specifications of CERALOCK® E

2. Mechanical and Environmental Specifications of CERALOCK®

The tables show the standard test conditions of mechanical strength and
environmental specifications of CERALOCK®.

Fig. 3-2 shows the changes of oscillation frequency in each test, the table on the
next page shows the criteria after the tests, and Fig. 3-3 shows the reflow
soldering profile.

HTest Conditions for Standard Reliability of CERALOCK®

Item Conditions

1. Shock Resistance | Measure after dropping from a height of _a ] cmto[_b_] floor surface 3 times.

. Lead terminals are immersed up to 2.0 mm from the resonator's body in solder bath of[_C_|, and then the resonator shall be
2. Soldering measured after being placed in natural condition for 1 hour."

Heat Resistance Reflow profile show in Fig. 3-5 of heat stress is applied to the resonator, then being placed in natural condition for 1 hour, the
resonator shall be measured.?

3. Vibration Resistance | Measure after applying vibration of 10 to 55Hz amplitude of 2 mm to each of 3 directions, X, Y, Z.

4. Humidity Resistance | Keep in a chamber with temperature of [_d_] and humidity of 90 to 95% for [_€ ] hours. Leave for 1 hour before measurement.

5. Storage at .
High Temperature Keep in a chamber at 85+2°C for[_€ ] hours. Leave for 1 hour before measurement.

6. Storage at
Low. 19emperature Keep in a chamber at °C for[_€ | hours. Leave for 1 hour before measurement.

Keep in a chamber at -55°C for 30 minutes. After leaving at room temperature for 15 minutes, keep in a chamber at +85°C for 30

7. Temperature Cyclin . .
P yeing minutes, and then room temperature for 15 minutes. After 10 cycles of above, measure at room temperature.

8. Terminal Strength Apply 1 kg of static load vertically to each terminal and measure.

=1 Applies to CERALOCK® Lead Type
*2 Applies to MHz Band Chip CERALOCK®

1. CSBLA Series

Type fosc. a b c d e f
J 700—1250kHz 100 concrete 350+10°C 60+2°C 1000 -55+2°C
E 375— 699kHz 75 concrete 350+10°C 40£2°C 500 -25+2°C
2. CSTLS Series
Type fosc. a b c d e f
G 3.40—10.00MHz 100 concrete 350+10°C 60+2°C 1000 -55+2°C
X 16.00—70.00MHz 100 concrete 350+10°C 60+2°C 1000 -55+2°C
3. CSACW Series
Type fosc. a b c d e f
X 20.01—70.00MHz 100 wooden plate — 60+2°C 1000 -55+2°C

4. CSTCC/CSTCR/CSTCE/CSTCW Series

Type fosc. a b c d e f
G 2.00—13.99MHz 100 wooden plate — 60+2°C 1000 -55+2°C
Vv 14.00—20.00MHz 100 wooden plate - 60+2°C 1000 -55+2°C
X 20.01—70.00MHz 100 wooden plate — 60+2°C 1000 -55+2°C
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2. Solder Heat Resistance

t t
before test after test

6. Storage at Low Temperature

% 1. Shock Resistance
0.1 0.1
0.051~ 0.051~
fosc. 0 pms==zzIZ L fosc. 0
before test after test
-0.05— -0.05—
0.1 0.1
o 5. Storage at High Temperature o
0.1 0.1
005~ .~ — 0.051~
fosc. 0 - + + fosc. 0
100 1000 (time)
-0.05\— -0.05(—
0.1 0.1~

+
1000 (time)

0.05

fosc. 0

3. Vibration Resistance @
0.1

0.05

fosc. 0

4. Humidity Resistance

; : =1 ; -
before test after test 100 1000 (time)
-0.05 -0.05
-0.1 -0.1
7. Temperature Cycling o 8. Terminal Strength
0.1 0.1
0.05 0.05]
fosc. QpEE=— === == = fosc. 0 e
25 50 100 before test after test
-0.05 (cycle) -0.05
-0.1 -0.1

Fig. 3-2 General Changes of Oscillation Frequency in Each Reliability Test (CSTLS4M00G53-B0)

HDeviation after Reliability Test

Item
Type

Oscillation Frequency

Others

Every Series

within+0.2%"
(from initial value)

Meets the individual
specification of each
product.

= CSTCC Series : within+0.3%

18

260 Peak

) 245

< 220

9] Heating

S 180 el

£ 150 (220°C min.)

3 Pre-heating

5 (150 to 180°C)

fig Gradual

Cooling

60 to 120s 30 to 60s

Fig. 3-3 Reflow Soldering Profile for MHz Band Chip

CERALOCK®
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n Applications of Typical Oscillation Circuits

As described in Chapter 2, the most common oscillation
circuit with CERALOCK® is to replace L of a Colpitts
circuit with CERALOCK®. The design of the circuit
varies with the application and the IC being used, etc.
Although the basic configuration of the circuit is the
same as that of a quartz crystal, the difference in
mechanical Q results in the difference of the circuit
constant.

This chapter briefly describes the characteristics of the
oscillation circuit and gives some typical examples.

1. Cautions for Designing Oscillation Circuits

It is becoming more common to configure the oscillation
circuit with a digital IC, and the simplest way to use an
inverter gate. o 2
Fig. 4-1 shows the configuration of a basic oscillation Output

circuit with a C-MOS inverter.

INV. 1 works as an inverter amplifier of the oscillation Ri=tMQ
circuit. INV. 2 acts to shape the waveform and also acts
as a buffer for the connection of a frequency counter. I
The feedback resistance Rf provides negative feedback o

around the inverter in order to put it in the linear IC : 1/6CD4069UBE(RCA)
region, so the oscillation will start, when power is e e cu, Cé Eﬁ?ﬁ;?gf:ac“am
applied. Rd : Dumping Resistor

AAN

= Rd
=

If the value of Rfis too large, and if the insulation
resistance of the input inverter is accidentally Fig. 4-1 Basic Oscillation Circuit with C-MOS Inverter
decreased, oscillation will stop due to the loss of loop
gain. Also, if Rf is too great, noise from other circuits
can be introduced into the oscillation circuit.

Obviously, if Rf is too small, loop gain will be low. An Rf
of IMQ is generally used with a ceramic resonator.
Damping resistor Rd provides loose coupling between
the inverter and the feedback circuit and decreases the
loading on the inverter, thus saving energy.

In addition, the damping resistor stabilizes the phase of
the feedback circuit and provides a means of reducing
the gain in the high frequency area, thus preventing the
possibility of spurious oscillation.

Load capacitance Cr1 and CL2 provide the phase lag of
180°.

The proper selected value depends on the application,
the IC used, and the frequency. If Cr1 and C12 values
are too low, the loop gain in the high frequency is
increased, which in turn increases the probability of
spurious oscillation.

This is particularly likely around 4 to 5 MHz, where the
thickness vibration mode lies, as shown in Fig. 2-5 when
using kHz band resonator.
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Oscillation frequency fosc. in this circuit is expressed
approximately by the following equation.

fosc.=Fr v 1+ C1 (4-1)

Co+CL

Where, Fr=Resonance frequency of CERALOCK®
C1 : Equivalent series capacitance of
CERALOCK®
Co : Equivalent parallel capacitance of
CERALOCK®
CLe Cr1 Cr2
- CrLi+Crz
This clearly shows that the oscillation frequency is
influenced by the loading capacitance. And caution
should be paid in defining its value when a tight
tolerance of oscillation frequency is required.

2. Application to Various Oscillation Circuits

Application to C-MOS Inverter

For the C-MOS inverting amplifier, the one-stage 4069
C-MOS group is best suited.

The C-MOS 4049 type is not used, because the three-
stage buffer type has excessive gain, which causes RC
oscillation and ringing.

Murata employs the RCA (HARRIS) CD4069UBE as a
C-MOS standard circuit. This circuit is shown in

Fig. 4-2. The oscillation frequency of the standard
CERALOCK® (C-MOS specifications) is adjusted by the
circuit in Fig. 4-2.

VbD
2 ltem Circuit Constant
Frequency Rage VoD

IC : CD4069UBE (RCA) * Part Number Cu1 CL2 Rf Rd

1 D: 2 |3 :D 4 7 375— 429kHz 120pF 470pF 1MQ 0
[

Rf ,J7 CSBLA Series 430— 699kHz +5V | 100pF | 100pF 1MQ 0
CERALOCK®SRd
iy o Ouput 700—1250kHz 100pF | 100pF IMQ | 5.6kQ

Gz To CSTLS[JG53 3.40—10.00MHz +5V (15pF) (15pF) 1MQ 0
«*CSTLS[]G53 series : TC4069UBP(TOSHIBA)

Fig. 4-2 C-MOS Standard Circuit
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Application to Typical Oscillation Circuit

Application to H-MOS Inverter

Recently, high speed C-MOS (H-CMOS) have been used
more frequently for oscillation circuits allowing high
speed and energy saving control for the microprocessor.
There are two types of H-CMOS inverters: the un-
buffered 74HCU series and the 74HC series with
buffers.

The 74HCU system is optimum for the CERALOCK®
oscillation circuit.

Fig. 4-3 shows our standard H-CMOS circuit.

Since H-CMOS has high gain, especially in the high
frequency area, greater loading capacitor (CL) and
damping resistor (Rd) should be employed to stabilize
oscillation performance. As a standard circuit, we
recommend Toshiba's TC74CU04, but any 74HCU04
inverter from other manufacturers may be used.

The oscillation frequency for H-CMOS specifications is
adjusted by the circuit in Fig. 4-3.

VDD (+5V) Item Circuit Constant
Frequency Rage
” Part Number Cu1 CL2 Rf Rd
16 TCT4HOUOS (TOSHIBA 375~ 429kHz 330pF | 330pF 1MQ 5.6kQ
1—{>o—|2 . 430~ 699kHz 220pF | 220pF IMQ 5.6kQ
CSBLALIE (J)

- IL 700~ 999kHz 150pF | 150pF IMQ | 5.6kQ
CERALOCK 2R 1000~1250kH 100pF | 100pF 1IMQ 5.6kQ
>—H:H—< ———O Output z P P

cu— D) CSTLS[G56 3.40~10.00MHz (47pF) | (47pF) 1IMQ 680Q

+50.00—70.00MHz : SN74AHCUO04(TI)

Fig. 4-3 H-CMOS Standard Circuit
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E Characteristics of CERALOCK® Oscillation Circuit

This chapter describes the general characteristics of the basic
oscillation of Fig. 4-1 (page. 19). Contact Murata for detailed
characteristics of oscillation with specific kinds of ICs and LSIs.

1. Stability of Oscillation Frequency

Fig. 5-1 shows examples of actual measurements for stability
of the oscillation frequency.

The stability versus temperature change is 0.1 to 0.5% within
a range of -20 to +80°C, although varies slightly depending on
the ceramic material.

Influence of load capacitance (Cr1, Cr2) on the oscillation
frequency is relatively high, as seen in formula (4-1) (P.20).

It varies approximately +0.05% for a capacitance deviation of
+10%. The stability versus supply voltage is normally within
+0.05% in the working voltage range, although it varies with
the characteristics of the IC.

Temperature Characteristics Supply Voltage Characteristics
_ +0.50 C VoD = 45V +0.50
& C i
£ Lo02s [ i
E j025 [ L
2 E Max. L
5 5 / Min.
g F _ 4025
o 0 X
E A &0 120 ot
=y L Temperature (°C) = =
£ r « -
T -025 [ 2
& F 2 ol
050 & g 3 T * 6 8
e g B i VoD (V)
3 L \
Ci2 (CL1 = Constant) Characteristics g B !
+0.50 025 |
B VDD = +5V - 1
N CL1 = 6pF Const. | |
|
L B |
L = \
4025 | 050 - Starting Voltage
S L
= L
=
2 = Cu1 (Cr2 = Constant) Characteristics
g - +0.50
El 0 K- — - - —_— L VDD = +5V
g ) T % 10 L CL2 = 6pF Const.
= CL2/CL1 L
£ [
E [ -
g I _ +025 |
-0.25 % L
L £ -
@« -
[~ >
L 2 -
L El 0 R
050 - & - N 0
i .E, B CL1/CL2
3 L
CL (CL1 = Cr2) Characteristics g u
+0.50 025
[ VDD = +5V L
_+025 050 “
S L
% L
g Tro——o
% o e
g ) 1 "\’\x\( 100
) L 10 CL(pF)
T L
g L
025
050 -

Fig. 5-1 Examples of Actual Measurement for the Stability of Oscillation Frequency (IC: TC74HCU04(TOSHIBA), CERALOCK®: CSACW33M8X51-B0)
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2. Characteristics of the Oscillation Level

Fig. 5-2 shows examples of actual measurements of the
oscillation level versus temperature, supply voltage and
load capacitance (CL1, C12). The oscillating amplitude is
required to be stable over a wide temperature range,
and temperature characteristics should be as flat as
possible. The graph titled Supply Voltage
Characteristics in Fig. 5-2 shows that the amplitude
varies linearly with supply voltage, unless the IC has an
internal power supply voltage regulator.

Temperature Characteristics of Oscillating Voltage
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Fig. 5-2 Examples of Actual Measurement of Oscillating Amplitude (IC: TC74HCUO04(TOSHIBA), CERALOCK®: CSACW33M8X51-B0)
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