APPLICATION NOTE - MHz Crystals

Introduction

Quartz Crystals are used across the electronics
industry to produce an accurate and stable
frequency reference. Applications are numerous
and varied, and include microprocessor timing,
phase locked loops, analogue to digital sampling,
communication timing and more.

Before quartz crystals, timing was derived from
the decay of a capacitive change limited through a
resistor, giving accuracy and stability of a few
percent or tens of thousands of Parts Per Million
(ppm). Due to the high Q factor, quartz crystals
provide greatly improved accuracy and stability
down to a few ppm.

Quartz crystal have a piezoelectric effect, meaning
there is a coupling between electrical and physical
motion; this property is also the cause of their
resonant frequency. By placing this crystal in the
feedback loop of an oscillator, a simple oscillation
circuit can be made that will electrically resonate
at a frequency dictated by the quartz shape.

Gaining higher frequencies with Overtone Mode

Crystals can be made to run in their fundamental
mode or an overtone mode. In most cases, crystals
can run in their fundamental mode since this has
the largest gain ratio and provides the most stable
oscillation. For some higher frequencies, it is
desirable to use a third, fifth or seventh overtone
mode. Beyond the 9th overtone, it becomes
impractical for crystals to operate effectively. To
acquire overtone frequencies a high pass filter is
placed in the feedback loop of the oscillator circuit
to block the fundamental mode of oscillation.
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The high pass filter starves the gain at the
fundamental mode while allowing sufficient gain
at the 3rd or any desired overtone. Gain is also
referred to as negative-R and is required by the
overtone mode to overcome its high resistance.
Along with gain, the value of load capacitance is
also important to achieve an overtone frequency
(low load capacitance gives higher frequency and
vice versa).

Timekeeping with Quartz Crystals

This application note is intended to provide
guidance on the use of quartz crystals in
timekeeping applications.

The standard circuit used to achieve oscillation of
a crystal is the Pierce oscillator circuit (see Figure
1). Here, the crystal is placed in the feedback loop
of an inverting amplifier (U1), which can be a
simple inverting buffer with a resistor (R1)
between the input and output to force the buffer
to become a high gain amplifier. At resonance, the
crystal's capacitive and inductive impedance
cancel out, leaving only the resistive impedance.
This occurs at 180°C phase, it is for this reason
that an inverting amplifier is necessary to achieve
a 360°C phase shift in the feedback loop.
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APPLICATION NOTE - MHz Crystals

A further resistor (R2) is necessary to limit the
current through the feedback loop. The circuit is
very sensitive and therefore needs to be buffered
(U2) from any external influence. The capacitors
(C1and C2), plus the stray capacitance of the PCB,
along with the stray capacitance of the input and

output pins of the buffers, must be added together.

This combined value gives the capacitance
element seen by the crystal, also known as the
Capacitive Load (C), which must equal the C.
specified in the crystal data sheet.

The correct way to add these values is as follows:

CixCz2

~ 2% | CStray=CL
c1+c2 T T

Any discrepancy in C. will cause a frequency offset.

Therefore, itis important that the values C1and C2
are constant. For this reason, itis recommended to
use NPO, COG, or similar low temperature
coefficient capacitors.

Crystal construction
AT-cut crystals

This document details crystals for use in the MHz
range, covering frequencies from 1 MHz to 250
MHz.

These components contains a quartz resonator
cut from the original crystal bar at an angle of
35°15"known as the AT-cut. The quartz resonator
is plated with two electrodes, one on either side,
and then mounted in a holder so that the quartz
resonator is sealed from the atmosphere, but an
electrical connection can be made. The vibration
here occurs laterally in line with the electrodes and
is known as a shear mode vibration.
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S~
SMD Ceramic Package Crystal

Package size

Crystals are available in many different package
sizes. The package size determines frequency
range and may affect the ESR.

Tolerance and Load condition

The frequency of a crystal is inversely proportional
to its mass. For pure AT-cut crystals, the
frequency can be found using the following
formula:

F(Hz)= 1680/T(m)
where
F= Frequency in Hertz
T= Thickness in meters

During manufacturing, the mass of the crystal is
adjusted to bring the final frequency within the
tolerance required on the specification. To achieve
the tight tolerances offered by quartz crystals,
each crystal is mounted in a circuit with the
specified C, value and then individually adjusted.
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Stability and temperature range

The frequency of a crystal based oscillator circuit
will show a repeatable change with a change in
ambient temperature. Crystals in the MHz range
have been cut from the original crystal bar at an
angle of 350 15 ', this cut is known as the AT cut
and gives a frequency vs temperature change in
the form of a cubic response (Figure 3).

igure

At the design stage, the cut angle is varied by a few
seconds of a degree to optimize the frequency vs
temperature behaviour of the crystal to best meet
the specific requirements of the datasheet.

From this, it can be seen that temperature ranges
within -20 to 70°C to allow for the tightest
stabilities, while wider temperature ranges must
include the two inflection points, thus requiring a
different cut angle. It is also evident from this
graph that some stabilities are not possible for a
given temperature range.
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Capacitive load: Standard microprocessor crystal
circuit

Capacitive Load (CL) includes the stray PCB
capacitance and the IC pin capacitance.

Full CL values must match that of a crystal
specification.

Cy % C,
L= (C1 n cz) + Csiray

Stray Capacitance= pin stray of microprocessor
and PCB stray viz. ~3 to 6pF
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PCB Layout considerations

PCB Layout considerations

Crystal as close as

Ground plane
under the crystal
connected to IC

ground

[ possible to the IC

Single trace between crystal pins, the external
capacitors and the microprocessor must be kept
as short as possible

Avoid Ground Loops

Guard the crystal traces
with ground traces 2 Where applicable connect
(guard ring). Must be a 2402 the crystal housing to the
clean ground with no GND ground plane
current to or from other []
devices flowing through the [
guard ring. Guard ring Microprocessor Load capacitors should
connected to the - be low leakage and stable
microcontroller ground oo across temperature range
O (NPO or COG type)
No vias on crystal trace
Keep digital signal and

power traces as far away

from

Specification requirements

the crystal connections
as possible

The following specifications are required to be able to quote the correct part:

1. Frequency of oscillation: (MHz)
2. Model Name or Package size: (mm)
3. How many connections (pads) 4 or 2

4. Tolerance: (xppm). The maximum acceptable
deviation from the required frequency of

oscillation, when at 25°C

5. Stability (+ppm): The maximum frequency
the
referenced to the frequency at 25°C (Tolerance)

deviation across temperature range,
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6. Temperature Range: (°C). The temperature
range over which the stability will be within
specification

7. (pF). The
capacitance presented to the crystal by the PCB.

Load Capacitance: combined

Including any stray capacitance

8. Overtone Order: The number of physical
oscillations within the quartz. In most cases, this
will be fundamental
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Below table shows selection of IQD’s MHz range of Quartz Crystals

Model Package Frequency Range | Frequency | Frequency Operating Key Features SMD
(mm) Tolerance | Stability Temperature
(Tightest) | (Tightest) Range (Widest)

IQXC-240 1.2X1 36 to 80MHz =7ppm =10ppm -40to0 85°C Miniature Yes
Package

IQXC-26 1.6 x1.2 24 to 80MHz =10ppm +=10ppm -40to 85°C Industry Yes
Standard
4 Pad

IQXC-42 2x1.6 16 to 50MHz +10ppm +10ppm -40to 125°C Industry Yes
Standard
4 Pad

IQXC-153 2x1.65 20 to 200MHz +10ppm +10ppm -40t085°C High Yes
Fundamental
Frequency

CFPX-218 25x2 12 to 50MHz =10ppm =10ppm -40to85°C Industry Yes
Standard
4 Pad

IQXC-152 25X2 16 to 200mhz +=10ppm +=10ppm -40to 85°C High Yes
Fundamental
Frequency

CFPX-180 3.2x25 8 to 200MHz =10ppm =10ppm -40to0 125°C Industry Yes
Standard
4 Pad

IQXC-49 5x3.2 8 to 125MHz +10ppm +10ppm -40t085°C Industry Yes
Standard

CFPX-104 5x3.2 8 to 133MHz +10ppm +10ppm -40to 125°C Industry Yes
Standard
4 Pad

CFPX-228 6x3.5 8 to 133MHz +10ppm +15ppm -40t085°C Industry Yes
Standard
2 and 4 Pad

125MX 7x5 6 to 84MHz +20ppm +20ppm -40t085°C Industry Yes
Standard
2 and 4pad

HC49 11.05 x 4.65 1.8432 to | +5ppm =5ppm -55t0125°C Industry No
270MHz Standard

HC49/4H 11.05 x 4.7 3.2 to 100MHz +10ppm +15ppm -55to 105°C Industry No
Standard

HC49/4HSMX | 11.4x 4.9 3.2 to 100MHz +10ppm +15ppm -55t0 105°C Industry No
Standard
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