SN2 Crystalintroduction

1.Quartz A

AEEHERTF SR TESTAA =S4 (SiiconDioxide, SI02 ) , M32EEHNAT RAT MM BEREN (B—) BESN
ARBEEMER EBBULFFNE, YHENENERAERELH R, EEENNT RS EBTBAL AT LS U — BT RS
HRELHEN, AR —EHRMS T E T KRNI R, iR AR AIATRHIYIXFREB Y, F BH R £ IRE R, KR HERRE
EEAERBREESHSEEAL B KERFHNITERA.

Quartz ,akind of crystallized Silicon Dioxide, SiO2, 32 symmetry group of trigonal system(Fig 1)exhibits piezoelectric property, which is the operating base
of the electromechanical products.With its intrinstic high Q-value, the quartz based resonator and oscillator are the most wildly adopted as the reference
signal source in circuitry for frequency control applications.
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2.TYPEOF QUARTZ CRYSTAL CUT AR FmBiagi)EL
AERE RN U R TR ER K, XK 7 IFE AR AR IR A EFMZE BIZ0AT, BT, CT,DT,NT, GT SCERRE AR . R [E
MBI G N &R EETENEEEHKE NENEBFEOKE RARNN BBk E XEREAATARNITRY A LRI
FERIRS ROR BRI, (BRI T EZ-plath R &5 E JLFMARRE 7 B A AR A P1EI 7 .
According to different cut angles to quartz bars, there are different kinds of quartz plates,for examples,AT—, BT—, CT- ,DT-, NT-, GT- SC—plates

different types of quartz cuts,indicated by a set of Euler angles,have different available elastic piezoelectric and dielectric properties, which are the basic
parameters for designing a quartz crystal device. The most often used Quartz—cut types are shownin (Fig 2) schematically.

3. Frequency-Temperature Characteristics(5AZE—-RE§1E)

BRBEEABKRSBAFERN, EXEFRIXARERETUNARFBRE, BOPESVEAEEX, MRS
HREFERH, REVIERERIERNLEETERWNAEDIN., ARNEETIRFEMFE. (WE3)

To use a crystal unit as an oscillator. its oscillated frequency is required to be stable against temperature variations. A
quartz crystal has crystallographic axes. and crystal cutis defined according to the cutting angle against a crystallographic axis

and its associated mode of vibration. —Typical types of crystal cut and frequency—temperature characteristics are shown in
Fig.3.

Fig 4 Frequency-Temperature characteristics and Manufacturing
Difficulfy of an  AT-Cut Crystal Unit
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4:Frequency-Temperature Characteristics of an AT-Cut(ATE ] FRYiRSTSE)

1. BRSZREEANATY], SEMNIREERFEN=%xrT (LE5),

2. MEARBHREMTENHXLECHENBEATEE —RAEHEVIZ, DUAZIERNIHEEESERE. EE4FTIN
BERERNEMEFREEERNXER,

1.The frequency—temperature characteristics of an AT-Cut crystal unit most generally used at present are expressed by cubic

curves. (SeeFig.5.).
2: A crystal plate is cut at an angle at which a required frequency tolerance is obtained in the given operating temperature

range. (SeeFig.4.).

o)
. co Shunt capacitance (BB R)
E6 X TAL o L L1 Motional inductance  (FIZSH )
C1 Motional capacitance (FZBRE)
R1
R1 Motional Resistance (®IZSE )
O

5:Equivalent Circuit Parameters (5 BES%)

AEBBERBORD LR EE—FVMRSN . LFRE, FEEERERBIMNE—NEFETRBRMEENFTIEMEN
Ho XAMEREEEL. C1, BNCOEA—MAXRSZENBEENEREIFALBE, SHUEIRINE XMETRIZEBIRITE
BT A & A B kR AU B IRFE L. (JLEB)

Vibration of a crystal unit is actually mechanical vibration. However. the crystal unit can be expressed by a two—terminal
network if its behavior is electrically converted. The series circuit consisting of L1. C1. and R1 is related to elastic vibration. while
the element CO connected in parallel to the series arm as a capacitance attributable to the dielectric body of a quartz crystal
plate. Theresistance R1is aresonance resistance of the crystal unit at the series resonance frequency. (See Fig.6.)
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6: Frequency vs Load capacitance ($IZERGRFEBIIXE)

ERMENFET, RATHSAREARKGIEK, HASHSENZREMNRMIRRMN—MIE, AHBRS
BB, AEERSIREZEM MR PR, AHBEITERN, AHERFIXERMIEIESH,

Under specified conditions, the crystal element and the load capacitance in series or parallel combination of electrical

impedance was the resistance of the two frequencies in a frequency, when the load capacitor is in Series, the frequency is the
lower of the two frequencies, when the load capacitor is in parallel ,the frequency is higher of the two frequency.

6.1 EIRINER RIERAE (fr,fa) (RE7)

Resonance frequency and anti-resonance frequency(Fig.7)
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6.2 HREXEIRINZERFIXEIRITE (fs WES; fpE9)

series resonance frequency and parallel resonance frequency (Fig 8 Fig 9)
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6.3 Quality factor (Q) (REEL)

HFERBEFERS BESRRAARQEREEZN—MFE. BESRREAZRTUATI AR FT:

As a resonator,Quality factor-Q value is a very important parameter.In specification,unloaded and loaded Q values are
specified.The unloaded Q,or mechanical Q,can be expressed by

Q_Z*TC*FS *Ll_ 1
R 2% *Fs *Ci1*Ri

6.4: Trim sensitive ofload measure (TS) ($iZEZFES|REE )
EHBERFEET, AHERTAUERMETUNXER, . C
ACo+Cr)?

In a parallel-load capacitance,the increment fractional frequency change for an increment
change in the load capacitance.



7. Load Capacitance(R#B%)

MHBERCLEABIRHERN L EHRM. EBENRGERD, AREFFERS[EARM, MRHTEBEI IR
REER. bR, SRFEMEEENBREES, RHEBMNMMAN-RMEAZCLAIFN L, X, X—82R7RAN
HER, MHEFMERAXZBHIXRAFZLNN, RHBETNE, AREEZEEX, HNHERESH, FHRREEER
Mo BISHTREFNABEERRDN, ERIXLZERANRE, EEHERPELE-NMNELN, HERNREMARE
EX®N, AHEFTURATCoME,

The load capacitance CL is a factor for determining the "conditions" of a crystal unit when used in the oscillation circuit. Inan
ordinary oscillation circuit the crystal unit is used in a range where it functions as an inductive reactance in such usage, the
oscillation circuit operates as a capacitive reactance. In other words. when the oscillation circuit is seen from both terminals of
the crystal unit. this oscillation circuit can be expressed as a series circuit of a negative resistance —R and a capacitance CL.At
that time this capacitance is called the load capacitance. The relationship between load capacitance and oscillation frequency is
not linear. When the load capacitance is small. the amount of frequency variation is large. and when the load capacitance iS
increased. frequency variation lowers. If the load capacitance is lessened in the oscillation circuit to secure a large allowance

for the oscillation frequency. the frequency stability will be greatly influenced even by a small change in the circuit. The load
capacitance can be greater than Co Value.

8:0scillation Circuit(iR%E8E8)
— M HAFERE SRS A AY 81 BYHR S B R 4 B 10F 7R

Atypical oscillation circuit composed of a crystal unit is introduced below Element constants used are for example.

74HCO4
D {>_OUT Freq(MHZ) | Cg.Cd(pF) RA(Q) CL(pF)
3~4 27 5.6K 16
1Mo 4~5 27 3.9K 16
10 W 5~6 27 2.7K 16
% e 6~8 18 2.7K 12
||:|| 8~12 18 1.8K 12
|XtJI 12~15 18 1.0K 12
Ce—=— ——cd 15~20 15 1.0K 12
;l; :Wr 20~25 12 560 10

9: Negative Resistance( faf#i )

RPRYRSS BN REHMAER ORI ERNABERAT Y, BTREZH, BE, BEFERENTM, K5O
B sE R TR,

The negative resistance is an indicator for judging the quality of oscillation circuits.A circuit might not oscillate due to aging,
temperature, voltage etc.if the negative resistance of an oscillation circuit is not good enough.
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9.1: Negative Resistance Measurement Method( &FR#RMX 5% )

{> [ ouT
1. Connectthe resistance(Rx) to circuit in series with crystal (See Fig.11)
EREREENARE—NTEBME (R)ERSEEF, (WETT)
2. Adjust Rx so that oscillation can stsrt(or stop)
RE T ERX UE 1% e T 1R R T 5.
& 11 \N\f\( 3. Measure Rx when oscillation just starts(or stop)in above
WERXMPEE, BHIFH/NIKN THESEANLTIER.
Rd 4. Calculate the negative resistance using the formula:
-R=R+R1
FA LR AR ITEREH.
*“]}-WV* 5. Itis preferable when =R, -R> CI X (5t0 10)
Ceal Rx LRMAHBIELRERIE~ 10650, RFEBEED.
a.

Cg —

I 1

10.crystal oscillator R#iFE%5E

HEARLEKRFERSEBIEMBR(IC)—EESE—NHEN BINTREBFERE BH— N Esh o6 mE
FS MEMBNARRRRZM ARBRIRSH[TINERE —HETHANBAR RS LR R &K, RETESH
T RIS E K (reference frequency). fIla05F A FERT kR % 38SPXO ( Simple Package Crystal Oscillator ) 5 # % CXO
( Clock Crystal Oscillator ), TI#2 Rk 7 & & #k 5% 2PCXO ( Programmable Crystal Oscillator ), B & 2 &l f & & & ik
% 28 VCXO ( Voltage Controlled Crystal Oscillator ), ;R B # & 5 3 & K & 3% 88 TCXO ( Temperature Compensated
Crystal Oscillator ) & 1838 # 1= # A 7 & 4 #k % 250CX0 ( Oven Controlled Crystal Oscillator ).

When a quartz resonator is integrated with an oscillating circuit or an integrated circuit (IC) in a package, a power supply
voltage is supplied from the outside to form an output frequency signal of an active component, which is called a quartz crystal
oscillator. Quartz crystal oscillator can be provided by different oscillating circuits and output lines within a single package
element. Reference frequency for different characteristics. For example, there is a quartz time-pulse oscillator SPXO (Simple
Package Crystal Oscillator) or CXO (Clock Crystal Oscillator), programmable quartz crystal oscillator PCXO (Programmable
Crystal Oscillator), voltage—controlled quartz crystal oscillator VCXO (Voltage Co.) Ntrolled Crystal Oscillator, Temperature
Compensated Crystal Oscillator and Oven Controlled Crystal Oscillator controlled by thermostat.

ATHENAERRNES ARSERSEANBNRF LT NERXRHI=FAARE T . & ZiA 2 EUE K 19 % 57
B, 5% &R T IR B BUE DB 7T NS E 0T, BRRE N A EIRH IR T R % b 9 % O A R R
T EREREBR M CMOS, LVPECL, LVDS %, KUK LBEF AN EX.

In order to meet the application requirements, the oscillation lines in quartz crystal oscillator have different modes of basic
wave or tripling frequency. If the output frequency of several megahertz is reached, the latter stage of the oscillation line can
adopt phase-locked loop or frequency-doubling mode to raise the oscillation frequency of lower frequency quartz. The output

frequency of the output terminal is accurate. Bit and output waveforms also have different requirements, such as CMOS, LVPECL,
LVDS, etc. ... etc. These specifications should be carefully defined.

ATHENRAEFKRNES AXREIRSHAMNRSLEE NERN KK =FRAREIT. & FIX B EUE KA & L5
EH, 5 LB R T IR BB 7 N F 0 X, B RAE M A EHRH SRR T, X R 5 A9 OB A & K
BB &£EREER W CMOS, LVPECL, LVDS:-----Z. X LM EBE(FME E X.

In order to meet the application requirements, the oscillation lines in quartz crystal oscillator have different modes of basic
wave or tripling frequency. If the output frequency of several megahertz is reached, the latter stage of the oscillation line can
adopt phase-locked loop or frequency-doubling mode to raise the oscillation frequency of lower frequency quartz. The output

frequency of the output terminal is accurate. Bit and output waveforms also have different requirements, such as CMOS, LVPECL,
LVDS, etc. ... etc. These specifications should be carefully defined.
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(a@)Simple Package Crystal Oscillator Frequency Stability
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(b)Programmable Crytal Oscillators Frequency Stabilty
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(c)Voltage Controlled Crystal Oscillator Frequency Stability
vdd 120
Amplifier Fout 128 —
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(d)Temperature Compensated Crystal Oscillator i
(TCXONCTCXO) Frequency Stability
20
vdd 15
Temperature f E
Sensor and Amplifier Fout 10
Compensation
Circuitry 0.5
Crystal Buffer 0.0 |-
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