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early supplier involvement programs.



CRYSTAL UNITS

Technical Terms

The following technical terms are generally used for crystal
units:

1.

2.

10.

1.

12.

13.

14.

15.

Cutting Angles i
Cutting angles differ depending

Crystal water (blank): A piece of quartz crystal cut as
specified in terms of shape, dimensions and orientation.

Electrode: Conductive thin film vacuum-evaporated onto
a crystal wafer to allow AC voltage to be applied.

Holder: A case housing a crystal wafer, electrode and
support to prevent them mechanically and environ-
mentally from being influenced by outside conditions,
and also having terminals permitting the electrical
connection of the electrode with an outside circuit.

Crystal unit: Mounted crystal wafer with electrode
housed in a holder.

Overtone: Odd numbers assigned for frequencies in
terms of specified oscillation mode (The first overtone
is called fundamental mode, followed by 3rd, 5th and 7th

overtones. The frequencies are not exactly three times,

five times or seven times the fundamental mode.)

Series resonance frequency: Lower frequency of the two
given when the electrical impedance of a crystal unit
becomes resistant near resonance point.

Load capacitance: Effective series capacitance mea-
sured from the terminals of a crystal unitto the oscillation
circuitand determined as a condition in the case of using
a crystal unit in an oscillation circuit. Operating fre-
quency is determined by the electrical characteristics of
a crystal unit and the load capacitance.

Nominal frequency: Specific frequency at specific load
capacitance.

Series resonance: Condition of resonance in the case
of infinite load capacitance.

Frequency tolerance: Deviation from the nominal fre-
quency expressed by ratio in reference to nominal
frequency.

Equivalent series resistance: Equivalent resistance at
series resonance frequency.

On-load equivalent resistance: Resistance for the lower
frequency of the two given when the electrical impe-
dance becomes resistant near the resonance point of a
circuit, with the load capacitance connected with a
crystal unit in series.

Operating temperature range: Temperature range wtihin
which crystal units operate under specified conditions.

Drive level: Electric-power or current level under the
specified conditions of a crystal unit.

Main mode and spurious: Main mode indicates the
desired resonance frequency and spurious indicate
other resonance frequencies when there are some
resonance frequencies near the nominal frequency.

Orientation Angles

BT cut (48°)
DT cut i52°)

AT cut (35°)
CT eur 138°)

5T cut (42°)

The specifications of the most common AT-cut wafers are
as follows.

Accuracy

Directional
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Primary Wafers

" These are quartz crystal wafers pol-
ished with GC#1000 and can be
selected freely from the table below
according to the specifications of the
quartz crystal unit to be manufactured.
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la= 3 00}
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Finished Wafers .

These are quartz crystal wafers on
which the final precision polishing has
been completed and on-which imme-
diate etching or electrode forming pro-
cesses can be conducted,

upon the applications (oscillation fre-
quencies and electrical character-
istics). The Fig. 1 shows main cutting
angles. And Table 1 shows vibration
modes, frequency ranges and capacity
ratios (typical values).

Taking the most popular AT-cut crys-
tal wafer for example, it is in a plane
which makes an angle of 35°15' to the
Z axis and the wafer thickness is
approximately 0.06mm in the case of
25MHz tundamental-wave thickness-
shear vibration.

Fig. 1 Cut Angle

Frequency in  Surface
Round Wafer Shape o o Mt a0
Axis
X Diameter | Indication| Thickness
} | | D%0.02| h+0.02| tx0.01 MHz WA 1000
G 0.2 0.2-0.5 Plane Wafer —/—] $-35 WA 23000
5.5 0.2 0.2~0.5 Palish
6.2 0.2 0.2~0.5
6.5 0.2 0.2~0.5
1.5 0.25 | 0.2-0.8
8.0 0.25 | 0.2~c.8 MHz
WA 21000
8.1 0.25 | 0.2~0.8 Baveled Water 1=15
8.9 0.25 | 0.3=1.2 > WA 3000
o 9.5 0.25 | 0.3~1.2
" 0.4 0.3~1.2
12.5 0.4 0.4~1.5 20~300R
7] 0.4 0.4=1.5
Squars Water 15 0.4 | 0.4~15 Sinsconmils o) , M wa = 1000
Unit (mem) WA 2 3000
Dimension | Thickness 20~ 300R
o
axatdo? | 1+0.01 MHz
Bx8 0.25-1.2 Bi-convex Water o =12 :: :mm
| 9x9 0.25-1.2 3000
—t— 10%10 0.3 =1.5
i Hxil | 0.3 =15
———=F umtemm) | (1) Quartz crystal wafers other that

the above will also be manu-
factured.

(2) Etching will also be conducted if
desired.




ST Cut Wafers

Lapped GC# 1000 lapping or polished so itcan be used as a SAW device.

- “7-" Cut Angle Inclinational Dimension Thicknes
A Directional angle (8] angle (a) axax02 1£0.01
P G=42°45 £+ 5§ i 45 x45 0.5
' £ s §=36'00'£5 «=0.00E18 50.8%50.8
Unit (mm)

Table 1 Basic Characteristics

= E Capacitance Ratio
Mode of Vibration ! Cut Freq Range Frequency Formula | (Typical)
Thickness shear | aT Fundaimental 800~ 5000 1670% 1/t 300450
2000 ~ 30000 1670 = 1./t 220
AT 3rd Overtone 20000~ 90000
AT 5th Overtone 40900~ 136000 n p
AT Tth Overtone 00000~ 200000 HeToK i
AT 9th Overtone 150000 ~ 230000 n: Dvertone Mode
_' BT Fundamental 2000~ 35000 2560 % 1/t 650
:m:«m | K 16100 T00 %W/ ¢ 450
. — |
Lengthawidtn. ETTo oy y =35 s700% 1 /¢ 500
flexure e o B [ NT 4~100 5000 xw /i’ 300
| \
Langeli- L5 40-200 2T0% (/2 140
Face-shear
T 250~ 1000 30801/ ¢ 400
oT 80500 20M0%1/1 450
5L 3001100 4601/ ¢ 450
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Internal Structure Of A Crystal Unit

Crystal wafer mechanically vibrates several modes as wafer is supported with thin metal wires etc. at the minimum
shown in Table 1 To pick up desired vibration energy effect- displace point of mechanical vibration on the wafer. There-
ively, supporting system of crystal wafer is very important. tore, if unnecessary shock or impact are given to the unit, the
Fig. 2 shows typical example of internal construction for wire may be deformed and the wafer may attach to the inside
thickness shear mode crystal unit and face-shear unit. Crystal surface of cover which affect quality performance.

Caver Crystal Blank Cover Crystal Blak

Electrode

Electrode

Conductive Crysual Blank
L Electrode tor
Supponing Wire
Base
U L
Thickness-shear Mode
ek Ho Faceshear Mode

Fig. 2 Internal Construction



Production Processes

The following table shows the production process for the
most popular AT-cut crystal unit.

Fig. 4 shows three different temperature characteristics for
different cutting angles. You can easily find out that the curve
provides the smallest rate of frequency change against
temperature change near normal temperature and therefore,
crystal units represented by this curve have excellent charac-

Cuiting Angles and Frequencies

Temperature changes cause oscillation frequencies to be
changed, as shown by Fig. 3, cutting angles determine the
rates of change. Fig. 3 shows typical frequency vs. tempera-
ture characteristics for various cutting angles. Fig. 4 shows
how to make crystal units which have superlative temperature
characteristics, taking the AT-cut crystal wafer (the most
popular crystal wafer) for example.
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Fig 5. shows frequency vs. temperature characteristics in
the case of changing AT-cut angles with the increment of 2°.
Fine Frequency Aj F fine For the (requency adjustment wilhin the specified Cutting angle allowance is determined by operating tempera-
sdjustment range, vacuum evaporation :' conducted 10 2 to add ture range and allowable frequency tolerance.
some tals to the T
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n mechanically and prevent electrodes or others parts
from being oxidized or influenced by ambient temper-
atures, A sealing method is cold-welded, resistance- 5 . - N
Supportet welded ot solder-sealed. Equivalent Circuit of a Crystal Unit
Acrystal unit is equivalent to the following circuit (Fig. 7) where
T inductance (L1), capacitance (C1) and resistance (R1) are
pe _— | connected in series and capacitance (Co) is connected in
| - parallel.
| Co is called parallel capacitance resulting from the addition
Inspections Crystal units are inspected in terms of airtightness, of stray capacitance between terminals to capacitance
& e : between electrodes.
ure and g " ¥
Ly, Q). L1 and C1 are equivalent constants of a crystal unit as an
electromechanical vibration system and are determined by
cut type, cutting angle, outside dimensions, electrode struc-

ture and other factors. And they feature reproductibility, thus
allowing high precision manufacturing.

R1 shows oscillation loss and is under the control of pro-
cessing method, holding method, shape, dimensions and
other factors.

L1C1 and R1 are called motional inductance, motional capa-
citance and equivalent series resistance, respectively.

FIG. 8 and FIG. 9 show practical L1, C1, R1 values for main cut
types.
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Fig. 11 shows the impedance and frequency characteristics.
Resonance frequency and antiresonance frequency are cal-
culated by the following equations, respectively:
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b= behe(lt5g)

The following equations are also used to calculate other
characteristics.
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Fig. 10 Frequency Cut and Resisiance
Range of Hermetically Sealed Crystal
Units (1 atmospnere)

Fia. 11 Imoedance-freauencv Characteristirs

Characteristics of Frequency vs. Load Capaci-
tance

In the oscillation circuit allowing a crystal unit to be
operated in terms of inductive impedance, negative resistance
and impedance are equivalently given as shown by Fig. 12.

L
Oncillstion Olrewit Side Oucillation circult shde
1) Seder resanance 5 Purallel resonnce

Fig. 12 Relationship between a Crystal
Unit and the Oscillation Circuit

In the case of (a), a crystal unit and an oscillation circuit
are connected in series and in the case of (b) in parallel.

Thecapacitance CLis an effective value measured from both
terminals of a crystal unit to the oscillation circuit. It is
generally called load capacitance and indicates the negative
resistance on the —R or —p circuit.

In such a circuit, a crystal unit operates in such a way that
inductive reactance Xe and resistance Re are connected in
series as shown in Fig. 13. The oscillation frequency is given
by the following equation:

1
Xe= 2xf.CL

Circuit oscillation conditions in the case of Fig. (a) and (b)
are [Rel<IRlandIRpl>Ipj, respectively. Re is the series reso-
nance resistance (equivalent series resistance) of the series
circuit consisting of a crystal unit and load capacitance, and
Rp is the parallel resonance resistance (equivalent parallel
resistance).

You are requested to make the circuit load resistance (—R)
large enough against Re so as to assure oscillation taking into
consideration the increase in equivalent resistance at low
drive level.

Due to the fact that oscillation frequencies are determined
by electrical equivalent constants of a crystal unit and oscillation-
circuit load capacitance (Operating temperature and drive
level are to be specified.) irrespective of the composition of
an oscillation circuit, please specify the load capacitace of
the oscillation circuit prior to the production or use of a crystal
unit.

Fig. 14 shows an equivalent circuit in the case of connecting
CL (load capacitance with a crystal unit in series. The equi-
valent constants are calculated as follows:

i Coy? AL, Coy?
Li=Li(1+&) Ri=Ri(1+&)
- cict . __CoCL
G=troron @ oo “~Gra

The oscillation frequency increases by Af: denoting the
difference between the series resonance frequency Fo and the
oscillation frequency by Af, we obtain the following equation.

f

& Ci M
fo — 2(Co+Cu)

If we rearrange the right side, it becomes the following

equation.
af_ 1 &)
f 5Csf,  Cu)
TG 2;

Co/C1 is called capacitance ratio which is the barometer of
the change in oscillation frequency caused by the change in
load capacitance. Fig. 15 shows load capacitance vs. frequency-
change rate characteristics for AT-cut fundamental crystal
wafers and 3rd overtone crystal wafers.

As shown by Fig. 15, the use of a fundamental-mode crystal
wafer at lower load capacitance is required to get wider rate
of change with the change of load capacitance.



Xe Re

oO—I —wW—0

Ze=Re + jXe
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Frequency Aging Characteristics

Resonance frequencies of crystal
units change just a little with the pas-
sage of time. Aging rates differ depend-
ing upon oscillation mode and shape
of each wafer used.

The following factors exert in-
fluences upon aging rates:

1. Distortion caused by the wafer
holder

2. Wafer-surface processing distortion

3. Gas and moisture absorption into
electrode

Fig. 16 compares the aging charac-
teristics of a coldwelded crystal unit
with those of a solder-sealed crystal
unit. This figure shows that the former
is superior to the latter in terms of fre-
quency stability.

With the increase in ambient temper-
ature, aging rates become higher. Fig.
17 compares the aging characteristics
of a crystal unit, which is used at60°C,
with those of a crystal unit which is
used at 85°C. Due to the fact that a
crystal unit oscillates mechanically, the
exciting current exerts influences upon
aging characteristics.

Fig. 18 shows the relation between
exciting current and aging rate. This
figure demonstrates that frequency
stability requires the operation of a
crystal unit with the lowest exciting
current.

CRYSTAL OSCILLATORS
Technical Terms

Q

Load capaditance

Fig. 15 Load Capacitance vs.
Frequency Change
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Fig. 16 Aging Characteristics (Holder)

Fig. 18 Aging Characteristics (Drive Level)

The following technical terms are generally used for crystal

oscillators:

Nominal frequency: Specified output frequency of a crystal

oscillator

Frequency tolerance: Deviation from the nominal frequency

expressed in terms of % or PPM.

Operating temperature range: Temperature range within
which output frequencies and other output signal characteris-

tics meet the specifications

Operable temperature range: Temperature range within
which crystal oscillators are still operable despite the failure

to meet the specifications

Frequency vs. temperature characteristics (Frequency Sta-
bility): Change from frequency at normal temperature (25°C)
given when only temperature is changed, with the other

conditions kept constant.

Frequency vs. power source variation characteristics:
Frequency change given when only power source voltage is
changed, with the other conditions unchanged

Short-term frequency stability: Averdge of irregular output
frequency fluctuations. There are several measurement
methods which provide different points of view regarding
irregularity. For crystal oscillators, either the definition in the
frequency domain or the definition in the time domain shall
be selected.

Harmonic distortion: Distortion due to unwanted harmonic
spectrum component related with target signal frequencies.
Each harmonic component is the ratio of electric power
against desired signal output electric power and is expressed
in terms of dB.

Ext.: 2nd harmonics ... —30dB or less

Crystal Oscillators

Crystal oscillators are classified into the following four
types.

1. Simple packaged crystal oscillators (SPX0)

There are two kinds of SPSO's the former is used for
general applications and the latter is used as a clock.
The frequency range is wide (1Hz to 1GHz). The former
type of SPXOs are used in microwave communications
equipment, broadcasting equipment, measuring instru-
ments etc. while the latter type of SPXOs are used in
frequency counters, facsimiles, etc. as a clock.

Frequency vs. temperature characteristics result from
the addition of the temperature characteristics of crystal
units used to those of the oscillation circuit. The use of
AT-cut crystal units in most cases causes the former
characteristics to be expressed by cubic curves, and the
latter characteristics are expressed by nearly straight
lines. The addition of these two kinds of curves results
in cubic curves. In some cases, a temperature com-
pensating capacitor is used to compensate the slope of
the temperature characteristic curve and to better the
overall frequency vs. temperature characteristics.

Frequency vs. temperature characteristics vary to a
great extent depending upon applications: within a
narrow temperature range the frequency vs. tem-
perature characteristics are +50x10%(42)

2. Temperature compensated crystal oscillators (TXCO)
The temperature characteristics of crystal oscillators
are, for the most part, dependent upon those of crystal
units used which are generally expressed by cubic
curves (AT-CUT). Obtaining superlative temperature
characteristics requires the operating temperature
ranges to be limited or the ambient temperatures to be
kept constant by means of a constant temperature oven.

With TCSOs, temperature compensating circuits are
built-in to get excellent temperature characteristics over
a wide temperature range.

The temperature compensating circuit performs the
function of compensating the temperature character-
istics of crystal units by temperature segmented circuits.
That is why the resultant temperature characteristics
differ depending upon the combination of compensating
circuits or the specified temperature range, in general,
temperature characteristics are expressed by 3rd to 5th
order curves. (See Fig. 2)

TCXOx feature excellent temperature characteristics,
low power consumption, light weight, compactness and
fast warm-up, and are ideally suited for various commu-
nications equipment (car telephones, walkie-talkies,
MCAs, cordless telephones, microwave communi-
cations equipment and satellite communication system)
and measuring instruments (frequency counters,
frequency synthesizers, etc.) as standard oscillators.

3. Voltage controlled crystal oscillators (VCXO0)

With VCXOs, the connection of a variable capacitance
diode with a crystal unit in series causes the diode capa-
citance to be changed in accordance with the voltage
applied for frequency control, thus pulling frequency
corresponding to the load capacitance characteristics of
crystal units. VCXOs feature superlative linearity rea-
lized by the proper combination of the applied voltage
and capacitance characteristics of a variable capaci-
tance diode with the load capacitance and oscillation
frequency characteristics of crystal units.

The temperature characteristics of VCXOs are the
same as those of SPXOs and are ideally suited for PLL,
AFC, circuit servo system, FM modulator, sweep genera-
tor, etc.



4. Oven controlled crystal oscillators (OCXO)
The temperature characteristics of OCSOs are much
superior to those of other crystal oscillators, because the
ambient temperatures of crystal units are kept constant
by means of a constant temperature oven.

In general, the temperature inside the oven is set at
the value corresponding to the turnover point on the high
temperature side of the cubic curve, for AT crystals and
the low side for SC crystals. Decisive factor is stability
of temperature inside the oven.

The lower limit of the operating temperature range is
determined by the maximum value of power consump-
tion and the upper limit by the set temperature of the
oven and the thermal effect of the circuit-side power
consumption.

Conventional high-stability crystal oscillators, for the
mopart, use 1 to 5MHz overtone crystal units for high
frequency stability.
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Temperature Range

CRYSTAL FILTERS

Technical Terms

The principal terminology to be used
for crystal filters is as follows.

Nominal Frequency
This normally refers to the nominal
value of the center frequency in Fig. 1
and is used as the reference frequency
of related standards.

Pass Band Width

Insertion Loss

This is the difference in attenuation when a filter is and is not
inserted and is classified into minimum loss and constant loss.
Minimum loss is the minimum value of insertion loss and
constant loss is the insertion loss at the nominal frequency
and each is handled as the reference level of attenuation.
Minimum loss is generally used as the references.

Aftenuation Band Width

Frequency width at the value that assures that the relative
attenuation is of the same value or higher than the specified
attenuation.

Guaranteed Attenuation and Guaranteed Attenuation Band
Width

These are the relative attenuation and frequency band
guaranteed in the attenuation band.

Terminal Impedance

This is the power supply impedance or load impedance as
viewed from the filter side and is generally indicated by resis-
tance and parallel capacitance.

Balanced Type and Unbalanced Type

A balanced type is one in which a pair of terminals is not
connected to the case, and an unbalanced type is one of a
pair of terminals is connected to the case.

General Characteristics

A quartz crystal filter displays its outstanding features as a
bandpass filter and band blocking filter depending on the
properties of the crystal resonator use. The general charac-
teristics of bandpass filters used most often as crystal filters
are explained here.

Available Range
Bandpass filters are classified into three general types from
the aspect of basic structure.

One is the “narrow band filter'” in which the elements
consist of a crystal resonator and capacitors only and is
designed with a bandpass width of 0.005% —0.6% of the
center frequency. Maximum bandwidth is decided by the
capacitance ratio (C0/C1) of the crystal resonator and the
narrow limit is decided principally by the Q of the crystal
resonator and the stability of the frequency.

The second is constructed along the lines of a “wide band
filter”” and is designed with a bandpass width of about 1% to
6% of the center frequency. Construction wise, a coil and
capacitors are connected in series or in parallel to the crystal
resonator of the element section and the lower limit of the
bandwidth is decided by the stability and Q of the coil. On
one hand the capacitance ratio and spurious characteristics
of the crystal resonator become a problem at the upper limit
and is decided by the stability and Q of the coil and
transformer.

This is a frequency interval at a value
assuring that the relative attenuation is
equal or lower than the specified
attenuation.

Ripple
This denotes the largest value of the
difference between the maximum and
minimum loss when there is an
extremely high attenuation in the pass
band.

Notes (1) A dB: Attenuation which specifies tHé pass
bend width
{218 dB: Attenustion which specifies the

Medium band filters are manufac-
tured in considerable quantities in the
intermediate range and in a part of the
aforementioned narrow band. Coils are
required in these filters to cancel out
the capacity of the crystal resonator
and the capacitance of the circuit. The
upper limit of the bandpass width is
related to capacitance ratio of the crys-
tal and the Q of the coil. The lower limit
is determined by the same condition as
that of the narrow band .

Fig. 2 shows the general structural
range of a bandpass crystal filter by the
relation between the pass band width
and the nominal frequency. Strictly
speaking, the realizable range will
differ according to several conditions
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Fig. 2 Relation between pass bandwith and
nominal frequency in Bandpass Filter

such as required selectivity, ultimate attenuation, ripple, dimension and price.



Attennation curve

Although there are various attenuation curves depending
on filter designing tactors such as characteristic functions and
position and degree of the attenuation poles, the basic atten-
uation characteristics when the pass band is of Tchebycheft
(uniform ripple) characteristic and Butterworth (flat) charac-
teristic with the attenuation pole of infinite characteristic are
shown in Fig. 3 as typical examples. Q here is standardized
with a 3dB pass band width and is obtained by the following
equation. The right and left attenuation characteristics
become symmetrical when Q =0 (center frequency)

= ((t-fo)(/BW/2)

fo: Centre frequency of the filter
f: Attenuation characteristics frequency
BW: 3 dB point pass band width

Phase linearity

Similar to attenuation characteristics, phase characteristics
will also differ depending on the characteristics function and
degree at which the filter is designed. Fig. 4 shows the phase
of the aforementioned Tchebycheff and Butterworth character-
istics. Linear phase response filters can also be designed
upon request. However, the manufacturing range will be

limited as shown in Fig. 2.
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Fig. 3 (b) Attenuation Characteristics
(Butterworth)

Application Note

Method of Adjusting the MCF Cou-
pling Transformer

A circuit diagram such as of the over-
tone MCF in which the coupling of the
input and output section is inductive is
shown in the diagram below.

The change in filter characteristics

(within the pass band) when the induc- = -.1"?‘&‘:}?':«

tance of the coil in peach LC tuning
circuit of the circuit diagram is shown
in Figures 4a ~ b. Pass band charac-
teristics (ripple, loss, bandwidth) will
also be affected to a certain extent if
the inductance of coils L1and Lain the
input and output section is varied.
Moreover, band characteristics will
also change greatly if the inductance of
coll Lzin the coupling section is varied.
The positive side of the pass band
width will become especially narrow
and will become less than half if the
inductance drops below the pre-
scribed value. Therefore, adjust the
respective coils to the correct induc-
tance with a network analyzer while
confirming the characteristics of the
filter.

Fig. 4 Phase Characteristics
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Fig. 4 (c) Characteristic change by
inductance of coil Ly

Terminal Inpedance

Terminal impedance is the power supply impedance or load
impedance as viewed from the filter side with the resistance
and parallel capacitance specified separately. If this terminal
impedance differs from the specified value, the pass band
characteristics in particular will be greatly disturbed and it will
not be possible to obtain the basic characteristics since the
insertion loss, ripple and band width will change. The
impedance on the circuit side must therefore be measured
with an impedance analyzer and the impedance matched with
terminal conditions. The pass band characteristics when an
N = 2(2pole) terminal impedance is changed with a crystal
filter a nominal frequency of 10.7 MHz and a pass band width
of +/—7.5kHz are shown in Figures 5a —b. Care is required
especially when changing the resistance value since the pass
band will shift greatly in relation to the prescribed band.

Input Level

It will be necessary to use an input level lower than the
specified value. If an input exceeding the prescribed value is
applied, the characteristics of the crystal resonator will
deteriorate and it will not be possible to obtain the original
characteristics of the crystal resonator. Care is required
especially in the case of filters with a center frequency below
1 MHz since there will be danger of the crystal resonator being
destroyed if the input level is raised above the prescribed
value. The input level is as shown below.

Center frequency range Input level

1MHz max -20 dBm max

1MHz min 0 dBm max
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Fig. 4 {a) Characteristic change by
inductance of coil L,

Separation of Input and Output

Shield the input and output thoroughly to prevent electro-
static and magnetic coupling.

If there is coupling between the input and output, the
guaranteed attenuation will drop and it will not be possible to
obtain the inherent characteristics of the crystal filter since
the input signal will enter the output side directly over at




attenuation area. As an example. Figure 6 shows the chara-
cteristics of a crystal filter with a nominal frequency of 10.7
MHz and a pass band width of +/—7.5kHz, N= 6 (6 hole)
when there is electrostatic coupling between the input and
output. As may be discerned from Figure 6, even extremely
small coupling will drastically lower the guaranteed
attenuation.

Grounding the Filter

Crystal filters are provided with a mounting screw or
grounding terminal so they can be grounded. Please use these
and ground the filter.

Never attempt to solder directly to the casing as this may
cause damage to the internal parts.

It will also be necessary to ground the entire bottom surface
of the filter cases to prevent occurrence of potential difference
between the circuit and ground. When using substrates
printed on both sides, use through hold connections to
eliminate potential difference between the top and bottom
patterns. Do not use solder resist on the underside pattern of
the filter.

DC Superimposed Current

When causing DC current to follow in a balanced filter, the
prescribed current value must not be exceeded.

If currents exceeding the prescribed value are caused to
flow, it will lead to troubles such as heating of the transformer
windings, detective insulation or open circuits.

Mechanical Shocks.

The filter must never be subjected to strong shocks. When
carrying or mounting on a device, care must be taken not to
subject the filter to shocks by dropping or hitting with a hard
object.
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Fig. 5 (a) Characteristic Change Due to
the Value of Resistance (N=2)
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Fig. 6 Characteristic Change Due to
Input-Output Coupling
(Capacitance Counlina)

Oven Controlled Crystals (OCC)

A small oven or warmer is used to cotrol the temperature
environment of an O.C.C. The oven temperature is normally
at an elevated temperature 65, 75, 85 (degrees centigrade).
The oven minimizes the effects of the external temperature
variances. The reference temperature of the oven matches
the temperature of the crystal frequency curve ata point where
the frequency deviation is at a minimum (upper turning point).
All ovens or warmers exhibit a warm-up characteristic and
the frequency of the crystal may during this “‘warm-up” period
exceed the maximum allowed tolerance. As the oven reaches
its temperature set-point the frequency stabilizes within its
specified tolerance. Oven temperature stabilities are critical
and therefore proportional controlled ovens are
recommended.

Load Capacity:
Standard C, (12, 15, 20, 32pF)
C,_ values be!ween 12pF and Ser-
ies resonance can be specified
without additional cost.
Shunt Capacity:
Typical C, =< 7pF.
Drive level:
5 to 200 microwatts recommended.
Typical Aging
< 3ppm for Coldweld.

< 5ppm for Resistance Weld.
< 10ppm for Solder Seal.
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Typical Part Dimensions and Mechanics

Refer to MIL STD H-10056 for mechanical industry standards,
technical terms, and definitions.

Many suppliers have produced their own size versions so
please refer to their reference information as well.

Surface Mount

Each supplier has their own style, so please refer to their
information.

Packages are typically ceramic with glass, metal or ceramic
lids having a solder seal which survives Motorola IR reflow
and cleaning processes.

The terminals vary considerably in metalization shapes
with options for gold or solder dip. In general the gold thick-
ness should not be more than 85 micro inches to ensure gold
embrittlement does not occur.

A cheap alternative surface mount consists of a-plastic en-
capsulated IBP Tubular device mounted on a metal lead
frame, these tend to be bulky.

All surface mount devices can be packaged on tape and
reel.



Freaouency As A Cost Factor

All frequencies of crystals are not created with equal ease, some ranges present
more difficulty than others. We have shown this in the table below by dividing the
frequency range that we manufacture, (0.800 to 360.000 MHz) into 8 groups. The
horizontal column along the bottom of the table indicates the relative cost factor
to manufacture crystals in the frequency ranges shown in the vertical column
above the factor. A factor of “1.0" indicates that this frequency range is the easiest

to produce, all other parameters being equal.

CRYSTAL
ENCY IN
MODE FREQU MHz
CODE
3800 to 1,000 to 1500 to 5000 10 00010 | 2000010 000t | 26000t | 28000t [ M0
098 1509 498 LE:] 19 %9 2% 259989 a9 09N | R0
2900 10 3500 10 4000 19 8000t | 000010 | 2000010 A0t | 26000t0 | 2800010 [ V0w
348 398 198 9999 19 999 2%8 5998 T 298 | B[N0
A 5500 10 8BS0t | 130001 20000 to [00te | 6000t | 2000 [ 300010
349 1299 19.969 % B98 a8 298 | 1000
2900 10 150010 4000 10 B000 to 20000 to Z[00Oto | 260008 | B0t [ 3000010
3459 198 T8 1999 2% 25,98 798 2598 3000
W000ts | 11000t | 15000% 200010 | Z[OOOt | H000G | B0 [ 30000t
10999 14 99 1998 2% %596 796 29 | [0
990010 | 150001 | A000te | BOO00ta 6000t | 7BO0OMo | B40DOTD | 90.00010
1429 15998 56599 55 909 .99 83 99 0999 | 100000
15000t0 | 18000t | 30001 | 2000tk | S0000t 56000t | TAONOt | BA0N o | S0.00010
17986 ] 2% ok &5 99 798 B 8590 | 10000
L] 000t | B0w | B0 50,000 to 5600010 | TEOOOto | BA0D0ID | B0O001
Ward grerions ped ] k] L] 6599 799 B39 B9 996 | 100.000
15000t | 18000t | 0001 80000 to 600010 | TROOO | B4DD0Y | 900010
17.999 2498 k] k] 77986 B S | 10000
00001 | B¥O00Ow | 450000 0,000 to 660000 | 7AON0t | BAOODto | SO.000 10
e .99 5998 5999 T75% e BE 998 | 100000
c 0001 | 10000 | 4000w | 15000010
it overicns 129 9% 139 9 149909 | 165,000
o BOO00 1o | 130000 t0 [ 1965000 to | 210,000 to
| srventh overiong 12998 S 8 209996 | 730000
[ 4 162000 t0 | 2520000 | 270.000 to
rinih overions 51989 X699 | 300000
£ 21600010 | 28500010 | 00000 t0
whrventh 28499910 | 299999 to | 260.000 1o
overions
DIFFICIATY 48 24 13 " 19 B! 13 24 29 16
FACTOR

CRYSTAL CLOCK OSCILLATORS
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1. Max Condition
Supply Voltage (Vpp)
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2. Operation Condition
Supply Voltage (Vpp)

Operating Temperature Range
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Application Note

Crystal protects require different handling from other electric
components. Special attention should be paid to the following:

1. Crack caused by bending the lead
The lead terminals are hermetically sealed by glass. If
bent at the root of the terminals, a crack may occur and
decrease quality due to insufficient air tightness.

2. Resistance to dropping
Crystals are designed to be impact proof so that no
damage occurs when dropped from a height of 30 inches
for desk top applications and 72 inches for portable
products application. However, after any drop, it is
advisable to check their performance.

3. Electrostatic protection
Crystal products which employ C-MOS ICs for the active
element, should be used in static-free environment.

4. High temperature
Normal operation cannot be guaranteed for thse models at
+125°C (for 24 hours). Be sure that the units are kept
within the specified temperature range.

5. Storage period for solderability
For lead terminals which are solder plated, if stored for
a long time, the solder may oxidize and reduce per-
formance. It is advisable to avoid storing it for more than
6 months without assembling.

6. EMI

The crystal element is contained in a hermetic package
and can be provided with a case earth to prevent electro-
magnetic interference. Careful attention should be paid
to electromagnetic interference.

Oscillator Acronyms

@ XO...ooviiniinnne Crystal Oscillator

@® VCXO .. ... Voltage Controlled Crystal Oscillator

® OCXO . .. Oven Controlled Crystal Oscillator

® TCXO .. Temperature Compensated Crystal
Oscillator

@® TCVCXO............ Temperature Compensated/Voltage
Controlled Crystal Oscillator

® OCVCXO ........... Oven Controlled/Voltage Controlled
Crystal Oscillator

® MCXO ..cooorvnenne Microcromputer Compensated Crystal
Oscillator

® RbXO ....ccovnnrae Rubidum-Crystal Oscillator

SAW DEVICES
Saw Filter

A surface acoustic wave (SAW) is a sound wave that

propagates along the surface of an elastic body upon which its
energy concentrates. Many electronic devices employ surface

acoustic waves of

different frequencies for practical

applications.



Fig. 1 shows the basic construction of a SAW filter. Comb
electrudes for exciting and receiving waves are composed of
a metallic deposit on a piezoelectric substrate. When an AC
voltage is applied at the input terminals of the electrodes, the
piezoelectric action causes the portion of the substrate
between the adjacent electrodes to be distorted to permit
excitation of a SAW with a specific frequency.

Dumping Element Lead

Piezoelectric

Substrate
Structure of SAW Filter (Transversal Type)
Comb Electrode
Fig. 1 Fig. 2

As illustrated in Fig. 2, the teeth of these electrodes are
arranged with a certain pitch. A surface acoustic wave exits
with the highest magnitude if its wavelength A is equal to
the pitch of the teeth of the electrodes. When the propagation
velocity of a wave is v, the center frequency fo is given by fo
= vIN

SAW filters are available with electromechanical trans-
ducers (group-type unidirectional comb electrodes) and with
bidirectional electromechanical transducers. The uni-
directional models provide the advantage of lower loss
characteristics while the bidirectional models provide an
engineer with a considerably greater freedom of design.

SAW. Resonator

Fig. 3 shows the basic construction of a SAW resonator. A
resonator can be made by increasing the number of teeth of
the comb electrodes.

As illutrated in Fig. 4, there are two types of resonators: (a)
one-port resonators and (b) two-port resonators.

The frequency of these resonators depends upon the pitch
between the teeth of their comb electrodes to allow basic
waves with a higher frequency range to be oscillated. One-
port resonators have high Q factors and are primarily used
as oscillators. Two-port resonators are narrow-band filters
and serve as filters and oscillators due to their passing
characteristics. The bottom is flexed to make these resonators
resistant to impact and shocks.

Piezoelectric
’,»" Substrate

Fig. 3

00 T

fal 1 Port resonator

e

ib} 2 Port resonator
Fig. 4

Characteristics of SAW devices

1. Maximum Ratings

The standard operating conditions are listed below,
although they are different from SAW device to device.
These values represent "'absolute maximum ratings' that
are never allowed to be exceeded even for a moment. Any
instantaneous excess over these values can reesult in a
breakdown and deterioration, or reduced life of the SAW
devices. In addition, these rations are closely related with
each other and require simultaneous compliance.

2. Reliability
Various reliability tests are carried out to maitain and
ensure the quality and-reliability assurance level.

3. Quality Assurance
After the last process, all of the finished products are
inspected for design and appearance, electrical
performance
and other conditions to make sure that they conform to
requirements for proper and strict quality assurance.

Furthermore, the quality assurance department then
determine whether or not these inspected products satisfy
the customer's specific needs as well as their reliability.

Environmental Test
i o
Natural drop hO;:tg?_. :asr(t’i nv:g:den board from 10cm
Shock 100G, 6ms
Solder heat ?gﬁi%?ga:ipping tools
s | SR
Temp. cycle at -20°C, 80°C each 30 min, 5 cycle
Humidity 45°C 90%, 48 hours

DC.EP. Voitage Between each lead 3V max

Maximum input -10dBm max

Application Note
1. Use the SAW product within its maximum ratings.

2. Never apply a voltage higher than the maximum input
rating, as a higher voltage will accelerate deterioration
of the product’s characteristics.

3. The shield grounding conditions should be determined so
that electrical coupling between input and output may be
minimized before using the SAW device. Otherwise, the
coupling between input and output will cause ripples in
the amplitude and group delay characteristics. Note that
the ripple frequency is Af = 1/T.

4. The SAW's TTE waves that have been multiply reflected
between the input and output sections are superimposed
over the main signal wave to produce ripples in the
amplitude and group delay characteristics. These ripples
may be reduced by mismatching the I/O terminating
conditions. The SAW devices should be operated at the
specified terminating conditions. Note that the ripple
frequency is Af = 1/2.

5. Be careful not to apply force to the pin terminals.

The specified ambient temperature conditions when
storing and transporting the SAW device must be less than
85°C.

7. Becareful notto apply a power voltage to the SAW product
when soldering it.
8. Avoid ultrasonic cleaning for the SAW device both as an

independent unit and after it has been mounted on a PC
board. The choice of acleaning agent should also be taken
ito consideration when cleaning the SAW product.

afmd=He T: Delay “ne

. Large coupling

| an ) "o Reduced coupling

Tequency ————
Filter charscterstics depending on the slectricsl coupling

between the ingut WWIE‘ MCLIONS,
at=gr




@ Major Frequency Range for SAW Filter
1

Materials

The substrate materials used are
listed below.

The 128° Y-X lithium niobate o i
(LiINbO, ) substrate is suitable for broad-
bandwith low-loss filters since it fea-
tures both a large temperature coeffi-
cient and a high electromechanical |, .+
coefficient of coupling, as well as min-
imal bulk spurious waves.

The ST cut quartz is suitable for
device substrates to be used in com-
munications equipment since the
frequency-temperature characteristic is
varied in the form of a secondary curve
having a zero temperature coefficient |

Transversal type

R

Resonator type

around normal temperature, even 10 108 1000
though it has a small coefficient of loiMHa
coupling.

The X-112°Y lithium tantalate (LiTaO,) substrates has intermediate coupling and
temperature characteristics between those of LINbO, and quartz substrates.

Coupling Temperature
Material Symbol Section Coefficient Coefficient
(k?) (x 10-%/°C)
LiNbO3 k 128°Y-X 0.055 -75
LiTaO3 K x-112°Y 0.0064 -20
Quartz Q ST 0.0016 ec

S.A.W, Filters, Delay Lines and Resonators
Practical Ranges and Limitations

Center Frequency 20 MHz to 1.0 GHz
* | owest frequency limitations are due to bulk modes that cause spurious
signals.
* Highest frequency limitations are due to line width resolution between inter-
digital electrodes.

Amplitude Ripple
* Typically +/0.5dB
® (.3to 0.4 dB can be achieved depending on bandwidth.
* 0.1dB can be achieved with rounded passband response.

Group Delay Distortion
e (Can achieve 10 nano second peak to peak with short time delays (1.0 micro-
seconds or less) with standard insertion losses of 20-25 dB.

Shape Factor
® The steepest skirt that can be practically manufactured is 1.1:1. This means
that the width of the band at the -40 dB point is 10% wider than the top of the
band.
Insertion Loss
® Typically 20-25 dB.
* New low loss designs are being developed that will be in the 6-15 dB range.
Ultimate Rejection
* Typical close in rejection is 50-55 dB with 55-60 dB of ultimate rejection.
Oscillators (Resonators)
* For microwave applications considerable noise and parts count advantage
can be obtained. Up to 26 dB noise reduction can be achieved by using S.A.W.
oscillators rather than crystal oscillators.
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