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BACKGROUND ON QUARTZ CRYSTALS - A 2 5 4 ¥ 15 5 %

First used in 1918 as a piezoelectric element in an oscillator.
Piezoelectric from Greek meaning “pressure electric”.
Material is SIO2 Silicon Oxide.

Low intrinsic losses (High Q).

Easily processed, low cost.

Easy to grow in large quantities, high purity and perfection.
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QUARTZ CRYSTAL OSCILLATORS - £ 3% 5 A 3R % 2%

B Main Functions and Advantages are:
» Precision Timing — Excellent Frequency Source.

» Accurate Reference for Reception and Carrier Signal
for Data Transmission.

» High Frequency stability VS Time and Temperature.
» Low Phase Noise / Jitter.
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QUARTZ CRYSTAL OSCILLATORS - £ 3% 5 A 3R % 2%

B Disadvantages are:

» Susceptible at certain cases to severe mechanical stress.
(Shock and Vibrations)
1 — Degrades the phase Noise
2 — Poor Short Term Stability

» Low Pullability in comparison to VCO.
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GENERAL APPLICATIONS - —f§iz

Office Phone System
IIAHIERS

Computers & Peripherals Facsimile Telephones
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APPLICATIONS - iz ]

B All Microprocessor Based Systems
TTL, CMOS, HCMOS, ACMOS, ECL Logic Compatible

E Computers and Peripherals

Main Frames, PC’s, Laptops, Work Stations, Modems, Drives, Add-on Cards, Keyboards

B Consumer Products

Cordless, Cellular Phones, Pagers, PDA’s, Fax, Set-Top Boxes, Toys, Televisions, Radios

E Telecommunications
Central Office, Advanced Desk Set Units, Digital Multiplex Equipment, LAN

B RF Communications Equipment

FM / Cellular Applications, Mobile and Base Station Equipment, Wireless Applications

E Frequency Sensitive Instrumentation

Frequency Counters, Signal Generators, Spectrum Analyzers, Automatic Test Equipment,
Oscilloscopes, RF Alarm and POS Systems, Data Exchange, Process Control Instruments

E Military / Commercial

Navigation, Distance Measurement Equipment, Military Communications, Guidance
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CRYSTAL IS THE HEART - {52 O F
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MECHANICAL EQUIVALENT ILLUSTRATION - HLHR&52%% K %

B The mechanical model consists
of a Spring, a Mass and a
Damping Element.

B The equivalent electrical circuit
IS a series branch of a Capacitor,

a Inductor and a Resistor.
Mass L
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EQUIVALENT CIRCUIT - 23 H i

B The symbol of a Quartz Crystal
Y1 and the Load Capacitor CL.
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B The Equivalent Circuit of a

Crystal consists of a series
branch of capacitor C1,
inductance L1 and resistor -1

R1 with the shunt capacitor w
CO in parallel. % F
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- Static capacitance (incl. stray cap of package)
- Motional capacitance

+  Motional inductance

+  Crystal resistance
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CRYSTAL‘S SPECTRAL RESPONSE - & 1A ] 3 % i

B In parallel que a capacitor 5 ecn o /‘A“ﬁfes““a“ﬂe
IS used to adjust frequency. “Parrallel
B In series mode it requires + Resonamei\
additional inductance to Q
calibrate down capacitance. |g .
% Series o~ Frequency
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INIKG _ akagawa Etectronics Limited
DIFFERENT QUARTZ SHEAR MODES - R
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FUNDAMENTAL MODE OVERTONE MODE
THICKNESS SHEAR THICKNESS SHEAR THICKNESS SHEAR
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AT-CUT ANGLE VS TEMPERATURLE BEHAVIOR ATV A EVSTE RN
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AT-CUT TEMPERATURE CHARACTERISTIC - ATYE B %1%
B Factors that affect behavior:

Fundamental or
Overtone used

Geometry of plates

Size, shape, thickness
density and stress of
electrodes

Drive level

Impurities and strains
in quartz material

Rate of temperature
change
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Resistance
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TYPICAL AGING BEHAVIOR - HLAY K ZAL RN
B Factors that affect behavior:

Stress
Impurities
Temperature

Manufacturing
aspects

V.7
2
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Gy ]

Af/f

A(t) = 5 In(0.5t+1)

B(t) = -35 In(0.006t+1)

PROPERTY OF Nakagawa Electronics Limited Slide 15



HYDROTHERMAL GROWTH OF QUARTZ - 3 7K Hu 2k &

« The autoclave is filled to some
predetermined factor with water plus
mineralizer (NaOH or NA2CQO3).

« The baffle localizes the temperature

Cover

Closure Area  gradient so that each zone is nearly
Autoclave isothermal.
Growth « The seeds are thin slices of usually Z
zone, T1 Seeds cut single crystals.
NGlfsnL: . T_he nutrient consists of small pieces of
dissolving Bafile single crystal quartz (lascas).
Zone, T2 Solute « The temperature and pressure are
Mutrient typically about 3500C and 800 to 2000
atmospheres; T2-T1 is typically 40C to
100C.

« The nutrient dissolves slowly(30 to 60
days per run), diffuses to the growth
zone and deposits onto the seeds.
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SYNTHETIC RAW QUARTZ BAR - A\ T f3 %4

Y-Quartz Crystal Block

X axis
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INTERNAL CONSTRUCTION - A #8541
® HC-49/U package

Cover Crystal Blank
\/ /

/ Conductive
‘( ‘\“[ Epoxy
Glass Electrode

Seal

2 L

Base / " Leads
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INTERNAL CONSTRUCTION - N 3f#a) &
B HC-49/S package

COVER
[SECTION ZUT]

HC-49/5 CRYSTAL UHIT ASSEMBLY {SIDE VIEW)

EUARTEL CRYSTAL BLAMK
WITH ELECTRODE PLATING

| BASE BODY |

FLASS FEED THRU
2 [HECTIONTHT)

COMDUCTIVE
CEMEMT 2w

[ SUPPORT 2x

MO SCALE
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INTERNAL CONSTRUCTION - P4 3#4)i&
B Tuning Fork Quartz Crystal (wrist watch)

TUNING FORK - typical plating structure

| |
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INTERNAL CONSTRUCTION - N &4 &
E Clock Oscillator DIP 14 and DIP 8 package

Electrode

Crystal Blank
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DIFFERENT OSCILLATOR CONFIGURATIONS - A [AIIEY R E
B Clock Oscillator circuit designs
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CRYSTAL VOCABULARY - 5 /&1q)7C

E Frequency:
Number of waves or cycles per second that the quartz crystal vibrates or oscillates.
Normally assign in MHz or kHz at 25 C.

B Frequency Tolerance:
The allowed deviation in PPM from the nominal frequency at 25degC.

Specify in Part Per Million (ppm)

E Stability over temperature:
The allowed deviation in PPM between a lower and higher temperature.
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CRYSTAL VOCABULARY - Si4Aia]7C
B Aging:

Cumulative change in frequency over time. Specified in PPM per year.

B Load Capacitance:

Dynamic or effective capacitance of the complete circuit as measured across the
crystal terminals. The load capacitance must be specified when the crystal is operating
in a parallel resonant (anti resonant) circuit.

B Series Resonance:

When a crystal operates at series resonance it appears resistive in the circuit and its
impedance is near zero. The load capacitance is not required.
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CRYSTAL VOCABULARY - & {£1AJC

B Equivalent Series Resistance (ESR):
The internal or equivalent resistance of the circuit measured at the series resonant
frequency. Lower frequencies have higher ESR values.

B Drive Level:
The level of power or current in the crystal during operation.

E Mode of Oscillation:
A crystal can work at many frequencies, either on its FUNDAMENTAL frequency or
one of the odd OVERTONES, it must be specified because it has to match with

oscillator design.
B ESR: 7E 8 ECUETRAMZRN B (1) e B N BB S A P . AR
BKESRB .
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CRYSTAL SPECIFICATION g4 #i#% - WORKSHEET

Nominal Frequency: MHz

Load Capacitance: _______pF

Tolerance at 25° C: =  PPM

Operating Temperature Range:from  ° Cto_ ° C
Frequency Stability over Operating Temperature Range: =  PPM
Equivalent Series Resistance:  Q

Aging: *=  PPM MAX per Year

Drive Level: I\

Oscillation Mode: FUNDAMENTAL O OVERTONE 3 [ 5% O
Package Size:
Application:
Requested QTY's:  pcs; Projected Usage / year: pcs

Special Instruction:
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12.

OSCILLATOR SPECIFICATION 7% 224144 — WORKSHEET

Nominal Frequency: MHz

Output Type: HCMOS 0O; TTL O; Sinewave O; Clipped Sine O; ECL O; PECL O
Output Load:
Operating Temperature Range:from ~ ° Cto_ ° C
Frequency Stability over Operating Temperature Range: =  PPM
Supply Voltage: = VDC = %

Supply Current: _ mA MAX @25° C

Aging: +*  PPM MAX per Year

Oscillation Mode: FUNDAMENTAL O OVERTONE 3 [ 5%
Package Size:
Application:
Requested QTY's:  pcs; Projected Usage / year: pcs

Special Instruction:
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