Oscillating circuit

Qscillation starting stability of crvstal oscillator

E1-A

ltem to be checked

*Check that the oscillation allowance is satisfactory secured (negative resistance: |-Rz|).
**|-Rz| =Ry, Rs, Ry : Externally-provided resistance as the oscillation limit (See the figure below.)
Rs Equwalent |mpedan::e of crystal
Check that the performance of @ has been confirmed using the actual product **
** (The capacity floating substance of the substrate must be included.)
Check that high and low-temperature performance has been confirmed for @
(under the conditions of operation guaranteed temperature range and the upper and lower temperature limits)
Check that the crystal to be used has been subjected to the temperature-cycle-aging test as specified
Check that Rs has been measurad under the oscillating power conditions in both the practical range and the micro range.

Reference value

o "|-Rz| = a Rs" must be satisfied in the operation guaranteed temperature range.

a (oscillating allowance) must be determined after consultation with the crystal supplier concerned, in view of the priarity of
the equipment and the target market defective rate. From the actual result so far, « = 5 to 10 must be satisfied.

k5 The crystal to be used for automobile must be subjected to the temperature-cycle-aging test between -40 *C and 105 °C for
10 cycles MIN.

{The accepted tesi results have a large effect on reducing deterioration with age of Rs.)

§¥ Rs must be guaranteed under at least two confirmation conditions in the practical oscillating power range and in the
micropower range (10-2 pW order) to satisfy the standard (to eliminate Rs variations with the oscillating power conditions).

Key points

kD Matching between the crystal and the product (substrate and elements) must be requested to the crystal supplier by
presanting the product at the initial development stage

When any change has been given to the substrate, the request in @ must be made again for re-matching.

Matching between the crystal and the product must be confirmed after identifying variations of each element (due to the

individual difference, temperature characteristics, or deterioration with age). As for the microcomputer and crystal oscillator,
the oscillation characterisiics must be confirmed using limit samples.
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Relaiionshio between oscillaiion allowance and load capacity
! Determine the constant of circuit by conducting the above
' procedures using the substrate assembly (including the

\ capacity of floating substance).

MNotes

D if the | -Rz | is set too high, or if the instructions on T T S, Y — - Crystal
fundamental wave oscillation or higher harmaonic r
oscillation ftertiary elements) are not clearly given, | L | -Rs 10 l_A*""fP‘v’_ Fanenk
accidents due to higher harmonic oscillation may wave
happen. So, the details must be determined in close parameter

collaboration with the crystal supplier. —'_ﬂ'\—l I—"'\{;v—
.. Tertiary higher
Crystal equivalent circut  harmonic parameter
12 When muftilayer substrate is used, in particular, the oscillation allowance will not be so high, because the amount of floating
substance of the substrate is larger. Thus, it is recommended to request matching between the crystal and the product to the
crystal suppler at the initial development stage.




Oscillating circuit

Abnormal oscillation prevention in overtone oscillation circuit

E2-A

Check that overtong oscillation is applied to the applicable crystal. (See the note below.)

=1 E Confirm that the crystal supplier has checked that a difference of 3 dB MIN between primary oscillation and sub-oscillation
.E'é evels is satisfied in its manufacturing process.

E £ Confirm that the crystal supplier has described the following in the delivery specifications issued by the supplier: "A

2 UHifference of 2 dB MIN between the primary and sub-oscillation levels of crystal oscillator is guaranteed in the control unit
perating temperature range.”

® [rhe following relationship must be satisfied in the control unit operating temperature range
E Primary oscillation level) - (sub-oscillation level) = 3 dB
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onfirm that an agreement on the sub-oscillation level has been made between the control unit supplier and the crystal
upplier at the developmeant stage.

Key
points

ig. a shows a general overtone oscillation circuit (Colpitts type). It is necessary in the overtone oscillation circuwit to
eterming a constant so that the frequency characteristic fa of the tank (LC resonance) circuit consisting of La and Ca is the
apacitive reactance in the applicable oscillation frequency, in order to cbiain the higher-harmonic order frequency (tertiary
rder in Figures a and b). To obtain tertiary harmonic oscillation, for an instance, fa must be set at the center between the
undamental wave fo and the frequency 3fo being three times higher than fo, as shown in Fig. b.

hen the crystal oscillator is osclllated in overtone mode (tertlary, quinary, etc.) even if the osclllator was originally made for
hicker slip vibration, some other oscillation modes such as border vibrations are also detected. As might be expected, the
ibration frequency of those modes is different from that of the intended mode (primary vibration), which is called the sub-
scillation, or spurious vibration (frequency). Generally, the sub-oscillation is not generated when a difference between the
rimary and sub-oscillation levels is 2 dB MIN. So, 3 dB MIN is used as the reference value by the crystal supplier.

ig. ¢ shows an example of measured data in which the difference between the primary and sub-oscillation levels is 3.84 dB,
atisfying the reference value.
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Fig a: Basic configuration of Fig. b: Frequency characteristics of tank  Fig. ¢ An example of measurement of

evertone oscillation circuit circuit primary and sub-oscillation levels

crystal oscillator is shown as an equivalent circuit as in Fig. d, showing an inductive reactance between the series
esonance frequency (fo) and the parallel resonance frequency (fp) as in Fig. &, and oscillates in this frequency range.

owever, the crystal oscillator also has resonance points at the frequency being three times or five times higher than fo as in
ig. 1, showing the inductive reactance. It is thus possible to generate oscillation in the frequency ranges of 13 and 15 as well
by providing the circuit with the capacitive reactance characteristics in these frequency ranges. This is called overtong
scillation
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Oscillating circuit

Oscillating stability of ceramic oscillator

E3-A

FConfm the following ems with an aciual product

T The o=cdllation charactensiics (oscillating level, oscillation starting voltage, and oscillation rige ime) must be confirmed in consideration of
o the vanations of each element {due fo ndividual diference, temperature characteristice, and deterioration with age).
E e Check that the characteristics of ceramic oscillator (Rio and Ra) and microcomputer/IC (gain) have been confirmed with limit samples.
O b Check that the oscillation charactensiics have been confirned at high and low temperatures (in the operating guaranteed temperature
E range, and between the upper and lower limit temperatures).
C = The oscillation allowance in Hem E1-4 above must be confirmed by the negative resistance method.
E 2 The open loop charactenistics must be confirmed in congsideration of the variations of the oscillation wave and spurious wave.
o = The measuring condiions such as input voitage and applied impedance must be described. Also the temperature characteristics of
E elements confirmed at nomal temperature must be considered.
@ | Check that the loop gain allowance has been satisfactorily secured. (Loop gain with osdillation frequency: fosc = phase 0°: See Fig. 3 in
= the explanation column below).

¢ Check that the loop phase allowance has been satisfactorily secured. (Loop phase amount with gain 0 dB: See Fig. 3 in the explanation

column_}

¢ Check that the loop gain diference between the cscillation wave and spurious wave has been satisfactorily secured.

@ T The oscillation level (dock X ~grounding, *.-grounding amplitude) must exceed the HIGH-level minimum standard and the LOW-level
= maamum standard values for mput and output of the microcomgputer (IC), under the conditions of operation-guaranteed voltage and
g temperature ranges in consideration of vanations of the oscillation circuit elements. Also, any symptom of abnormal oscillation® must not
@ exist at cscillation starting. * Generation of spurious elements
g = Negative resistance method | -Rz | = a Rs, o (Oscillation allowance) = 3 to 5 shall be met.
@ |3-1 Loop gain allowance target ... SdB (Worst sample] -- 10dB {Type sample) MIN
D §3-2 Loop phase allowance target ... | -20 | deg (Worst sample) - | -40 | deq (Type sampleiMIN
:E 2-3 The loop gain of the cscillation frequency must be higher by 5 dB MIN than that of the spurous freguency (tertiary and quinary overione
elements). K is perfectly acceptable when the spunous gain is 0 dB MAX.

1) Matching between the ceramic cscillator and the product (the microcomputer and the ECU substrate) must be requested to the oscillator
;.._-E supplier by presenting the pmc_luct When_my change in the slmtrate has been g'r'.r:_n. matching l:mﬂrmptian mu_a.t be reques_ted again.
E -5 E) When a lower frequency value is selected in the microcomputer which has an oscllation-frequency selective function, the spurious

3 oscillation will easily occur due to surplus loop gain. So, this must be carefully studied in matching confirmation.
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