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INTRODUCTION

A quartz crystal is a very stable and accurate resonator.
Quartz crystals have been used for almost a century to
provide a frequency reference in electronic circuits. In
the 1940s, the manufacturing of quartz crystals was
industrialized due to a sudden need for reliable wire-
less communication during World War Two. Prior to
that, crystals were mostly used by radio amateurs and
it was with their assistance that the quartz crystal indus-
try in the US was built-up during this time frame. At that
time, natural quartz was used and only a few mines
provided the required purity for a good-performing
quartz crystal. Today, synthetic quartz — with its higher
purity levels — has replaced natural quartz as a key
component in timing and communication applications.
This application note will explain how to choose or
specify a quartz crystal for use with a Microchip timing
IC (see Figure 1).
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FIGURE 1: Example of Using a Crystal

with a Microchip IC.

HOW THE CRYSTAL WORKS

The crystal itself is passive and needs an electronic cir-
cuit — a crystal oscillator — to create a reference clock
signal. To get the crystal to vibrate, electrodes are
placed on the quartz surface. Quartz has piezoelectric
properties and a voltage between two electrodes
makes the crystal change its shape. An alternative
approach also works by applying pressure to the crys-
tal to change its shape. This results in an electrical volt-
age appearing between two electrodes. This
interaction between electrical voltage and mechanical
shape causes useful electrical impedance behavior at

the mechanical resonance of the piece of quartz. The
crystal absorbs electrical energy from an AC voltage at
the mechanical resonance. In other words, the electri-
cal impedance drops at the mechanical resonance so a
crystal can be used as a filter to pass the resonance
frequency through. An oscillator circuit uses this to
build a reference clock signal at this resonance fre-
quency.

An example of the traditional construction of a quartz
crystal is illustrated in Figure 2. In this example, the
quartz crystal has the shape of a round disk. An elec-
trode is placed on both sides of the disk to apply an
electrical voltage. To preserve the frequency accuracy,
avoid letting the quartz crystal become dirty or letting
the electrode oxidize. The crystal is typically placed in
a hermetic enclosure to keep it clean. Figure 2 shows
a metal can enclosure where the lid is removed. Sur-
face-mountable ceramic enclosures with smaller
dimensions have become much more common.

FIGURE 2:
Quartz Crystal.

Traditional Construction of a

Most crystals, including the crystal displayed above,
vibrate the thickness of a disk. Note that the thinner the
disk is, the higher the frequency at which it will vibrate.
To manufacture a crystal with a specific frequency, the
thickness must be carefully adjusted to achieve the tar-
get frequency. The final calibration is done by etching a
small amount of metal, typically silver, away from the
electrode to reduce its mass and force the rise in fre-
quency. The crystal frequency is monitored during the
etching — or ion beam tuning — and is stopped when it
has reached its target.
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MICROCHIP CRYSTALS

Many Microchip timing ICs use a quartz crystal for the
frequency reference. There are specified parameters of
a quartz crystal that need to match the parameters of
the oscillator circuit in order to meet frequency accu-
racy and provide reliable operation. These parameters
can be illustrated by the electrical model for the quartz
crystal, simplified model for the crystal, and oscillator in
Figure 3 below.
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FIGURE 3: Electrical Model for Quartz
Crystal/Simplified Model for Crystal Oscillator.

The parameters for Figure 3 are as follows:

* C1 - Crystal Motional Capacitance
* L1 - Crystal Motional Inductance

* Rgr — Crystal Resonance Resistance
* C_ — Oscillator Load Capacitance

* Rneg — Oscillator Gain, Presented as a Resis-
tance with a Negative Value

TABLE 0-1: CRYSTAL PARAMETER
TYPICAL VALUES
Parameter Value Notes
15 fF ~ 25 fF Large metal can
crystal.
C1 (Motional Small ceramic sur-
Capacitance) 1fF ~5fF |face-mountcrystal or
mesa crystal.
0.1 fF ~2fF | Overtone crystal.
3 pF ~ 5 pF Large metal can
crystal.
CO (Parallel -
Capacitance) Small ceramic sur-
0.5 pF ~ 2 pF | face-mount crystal or
mesa crystal.
ESR 50 ~ 250 Large metal can
(Effective crystal.
Series i -
150 ~ 60Q Small ceramic sur:

Resistance)

face-mount crystal.

Pp (Drive
Level)

500 yW (max.)

Large metal can
crystal.

100 pW (max.)

Small ceramic sur-
face-mount crystal.

C_ (Load
Capacitance)

12 pF ~ 20 pF

Low frequencies,
10 MHz ~ 25 MHz,
fundamental mode.

5 pF ~ 12 pF

Medium frequen-
cies, 25 MHz ~

50 MHz, fundamen-
tal mode.

3 pF ~5pF

High frequencies up
to ~200 MHz.
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EXPLANATION OF PARAMETERS

Cland L1

The motional capacitor (C1) represents the elasticity of
quartz while the motional inductor (L1) represents the
moving mass. As a result, the C1 and L1 circuit is the
electrical resonating tank representation of the
mechanical resonance in the quartz crystal. The value
of C1 is important when trying to tune the frequency of
the crystal through changing the load capacitance in
the crystal oscillator. The larger the value of C1, the
more frequency deviation from the same load capaci-
tance variation will occur. For example, in a voltage-
controlled XTAL oscillator (VCXO), as in Microchip’s
PL500, PL502, PL520, or PL586 series of products,
this is important because the VCXO needs to have a
specific frequency tuning range. If no frequency tuning
is present, the value of C1 is less important. For varia-
tions in the load capacitance to have less of an effect
on the frequency, a smaller value for C1 may be desir-
able. The value of L1 is not often specified. Instead, the
frequency is specified and we can calculate L1 from C1
and the frequency.

Microchip may specify C1 in the event it is important to
achieve a certain frequency tuning range. Where it is
not specified, it is left to the crystal manufacturer to
choose the best value based upon manufacturability.

RR! ESR, and RNEG

The resonance resistor (Rg) represents the losses in
the crystal when it is resonating. The crystal oscillator’s
negative resistance will settle at a value that exactly
cancels the positive crystal resonance resistance,
causing a perpetual oscillation. The values of Rygg
and RR in this circuit are not identical because of CO. In
typical crystal specifications, a value identified as
equivalent series resistance (ESR) is noted. This value
is the exact opposite (positive) of the Rygg value in the
circuit and can be calculated from the Rg, CO, and C|_
values.

When the crystal oscillator is first turned on, the value
of Ryeg needs to be much larger than the ESR to grow
the oscillation signal quickly. A good rule of thumb is to
have the Rygg value equal to at least three times (3X)
the crystal ESR value to ensure reliable start-up of the
crystal oscillator. When the oscillation amplitude has
reached a specific amplitude, the nonlinear properties
of the oscillator amplifier will prevent the signal from
growing further and the Rygg value is effectively reduc-
ing to equal the ESR value for perpetual oscillation.
There are a variety of different methods for setting the
oscillation amplitude where the crystal oscillator set-
tles. Microchip can provide the value of Rygg in its tim-
ing ICs and can recommend the ESR or Ry to ensure
a proper oscillator startup.

Co

CO0 is the parallel — or holder — capacitance of the crys-
tal. It is typically generated by the electrodes in the
crystal. At frequencies not near a mechanical reso-
nance of the crystal, the quartz crystal behaves like an
ordinary capacitor with a few pico-Farads (pF) of
capacitance. The CO is a parasitic capacitance in the
crystal that only has a negative influence on the perfor-
mance. Microchip will specify a maximum value so that
CO does not interfere too much with crystal oscillator
startup or frequency tuning.

CL

The load capacitance (C|) is a property of the crystal
oscillator. Its value influences the exact oscillation fre-
quency and stability of the oscillator. To ensure fre-
quency accuracy, crystals are calibrated to resonate at
their nominal frequency with a specific load capaci-
tance value. Microchip can specify the C| value of the
crystal oscillator circuit in its timing IC to ensure the
proper crystal can be selected. Theoretically, a crystal
manufacturer can make any C value, but the most
popular values are readily available with most distribu-
tors. It is sometimes possible to make a small adjust-
ment to match the C; value with an additional capacitor
in order to use a popular crystal with a particular C_
value. Contact Microchip for advice on exactly how
much adjustment a certain timing IC can tolerate.

With programmable clock generators like Microchip's
PL610, PL611, and PL611s series, C|_is programmable
and can be customized to a specific crystal in combina-
tion with PCB trace capacitance. Typically it takes more
gain and power to drive a large C, .

FL

F_ represents the load frequency where the crystal
oscillator will oscillate. In relation to the crystal, it is the
oscillation frequency specified at a certain value for the
C_. The nominal frequency specified for a crystal will be
this load frequency.

Fs

The series resonance frequency (Fg) of the crystal is
determined by C1 and L1. Fg is the frequency where
the impedance of the crystal is the lowest and, there-
fore, easy to find with a 50Q impedance/network ana-
lyzer. Some oscillators can oscillate at this frequency,
although it is not typical.

Parameter Interactions and
Dependencies

The “perfect” crystal has a low Rg or ESR, a low CO
value, and a large C1 value in the event there is a need
to tune the frequency. Unfortunately, this “perfect” crys-
tal does not exist due to physical dependencies
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between the parameters. Increasing the size of the
electrode effectively increases the value of C1 and
decreases the value of Rg or ESR while also increasing
the value of CO. The size of the electrode is also limited
by the active area and total size of the quartz disc. The
smallest SMD crystals are not well-suited for use in
VCXOs due to the fact that their C1 values cannot be
made large enough for adequate frequency tuning. By
using larger crystals, a design can be created that pro-
vides for a larger electrode for VCXOs and a smaller
electrode for non-tuning oscillators. With the smallest
SMD crystals, the best that can be accomplished is
optimization for a low Ry value.

There is a relatively constant ratio between C0O and C1,
depending upon how efficiently the electrodes are driv-
ing the piezo properties of the quartz. The lower the CO/
C1 ratio, the more efficiently the piezo properties are
used. Large crystals usually have the best efficiency
with a CO/C1 ratio, close to 200. Small, 2 mm x 1.6 mm
or smaller, ceramic surface-mount crystals will be less
"pullable”, with a CO/C1 ratio around 400.

Overtones

An AT-cut quartz crystal can vibrate at a variety of dif-
ferent harmonics. The most common vibration is the
“fundamental mode”. This mode is the 1st harmonic
and the lowest resonance frequency. With AT-cut
quartz, overtones appear at odd multiples of the funda-
mental mode frequency. For example, there is a 3rd
overtone, a 5th overtone, etc. Each overtone can be
represented with an extra C1-L1-Rg branch in the crys-
tal model. Generally, the higher the overtone, the
higher the Rg will be for that overtone. This is most
accurate at the lowest (3rd and 5th) overtones. Typi-
cally, a crystal oscillator has more oscillator gain (big-
ger negative resistance) at lower frequencies. With
larger Ry values at overtones, the crystal oscillator will
always oscillate at the fundamental mode frequency
without any additional filtering. The simplest method to
make the oscillator oscillate at the 3rd overtone is a
high-pass filter to suppress the oscillator gain near the
fundamental frequency. If there is sufficient oscillator
gain at the 3rd overtone frequency to overcome the Rg
at the 3rd overtone, the oscillator will oscillate at the 3rd
overtone frequency. To oscillate at the 5th or a higher
overtone, it is recommended to work with a band-pass
filter to suppress both higher and lower tones.

The crystal resonance frequency is a function of the
quartz plate thickness. To increase frequency, the
quartz plate thickness needs to be reduced. Thinner
crystals can be more difficult to handle during the man-
ufacturing process. Using the crystal at an overtone is
a compromise that makes the crystal itself less expen-
sive while making the oscillator circuit more complex.

The vibrating mass is the same at an overtone, making
the L1 values of the overtones and the fundamental
mode approximately the same. That makes the C1 val-
ues much smaller, making the frequency higher (theo-

retically, 9X smaller for the 3rd overtone, 25X smaller
for the 5th overtone, etc.). This sort of overtone opera-
tion is not well suited for VCXO designs because of the
high C0/C1 ratio.

Inverted Mesa Technology

The inverted mesa technology makes the crystal very
thin in the middle portion of the crystal plate. The
thicker outer edges allow for easy handling and the
thinner center allows a high fundamental mode fre-
quency when the electrodes are placed only inside the
thin area.

The inverted mesa technology is relatively expensive,
but some applications justify the cost (VCXO designs at
high frequencies, for example). Microchip provides
high-frequency VCXO ICs, such as the PL520 and
PL586 series, that function well with inverted mesa
crystals. Additionally, Microchip's PL686-05 and
PL610-01 can also work with high-frequency inverted
mesa crystals.

Drive Level

The power dissipated in the crystal is the drive level.
Above a certain drive level, crystals can show nonlinear
properties that can cause unwanted side effects. Cou-
pling with unwanted modes can occur, resulting in fre-
quency instabilities. Microchip will specify the typical IC
drive level for the timing IC so that a properly function-
ing crystal can be selected.

Q-Factor

Q is a parameter that implies energy efficiency. Com-
pared to a resonant tank circuit made with discrete
components, quartz has a very large Q-factor. This
parameter is usually not specified, but often expected,
of the quartz crystal. The high Q-factor makes the fre-
quency very stable, but another consequence of the
high Q-factor is very low noise in the oscillator signal.
The Q-factor of an AT quartz crystal can be above
20,000 to as high as 300,000.

DS00002187A-page 4
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CRYSTAL FREQUENCY ACCURACY
AND STABILITY

The resonance frequency of a quartz crystal is very sta-
ble compared to alternative techniques such as an LC
tank or other materials, like ceramic resonators. When
used properly, a quartz crystal is a very accurate fre-
quency reference for its cost and this is mostly why
quartz crystals are so popular. The frequency accuracy
and stability can be broken down into several items:

» Calibration Tolerance at Room Temperature:
This is the accuracy of the frequency at nominal
conditions. For purposes of identification, “easy”
is £50 ppm, “medium” is +25 ppm, and “difficult” is
+10 ppm.

» Temperature Drift: Referenced to the frequency
at nominal conditions, the frequency drifts with a
particular temperature curve. The temperature
curve can be modeled with a 3rd order polynomial
equation and the crystal is usually designed to
minimize the drift for a particular temperature
range (see Figure 4). It is advised to select a crys-
tal that is specified for the same temperature
range as what the crystal oscillator circuit will be
exposed to. The two most common temperature
ranges are industrial (—40°C to +85°C) and com-
mercial (0°C to +70°C). The wider industrial tem-
perature range results in bigger drift numbers or
can be more difficult to achieve certain drift
requirements with. A less than +20 ppm drift for
the industrial range is considered “difficult”, but it
is relatively easy to achieve the same numbers
using the commercial range. For the commercial
range, a less than 10 ppm drift is considered “dif-
ficult”.

» Aging: The frequency of a quartz crystal slowly
drifts with time due to aging. Mechanical stresses
relax over time. Epoxy outgassing or moisture can
react with the electrode and make the crystal
heavier. Usually, frequency drifts down with aging.
The crystal will age quickly in the first few years of
use, slowing over time. Occasionally, a manufac-
turer will pre-age crystals at the factory to meet a
very tight aging specification. A typical aging
specification is 5 ppm per year. Sometimes a
specification will read as 5 ppm for the first year
and lower subsequently.

» Total Stability: This number includes all of the
above and is actually the most popular method for
specifying the frequency accuracy of a quartz
crystal. It guarantees that the crystal oscillator fre-
quency does not drift outside a certain range
under all conditions and for the life of the device.
Total frequency numbers like £100 ppm are rela-
tively easy, even with —40°C to +85°C tempera-
ture range. Medium is £50 ppm and, below that, it
quickly gets very difficult. Dealing with a total sta-
bility requirement, the crystal manufacturer can

optimize the frequency accuracy for each individ-
ual item for the best manufacturability.

Microchip ICs do not contribute significantly to the
accuracy and stability of its output clocks. Frequency
accuracy will be determined by the quartz crystal refer-
ence.

f (ppm)

6=35°20"+ ABE=0
| tundamental mode planc-plano AT-cut |

T

Temperature (°C)

FIGURE 4:
AT-Cut Crystals.

Temperature Behavior for
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CRYSTAL OSCILLATOR
MATHEMATICS

Equation 1 provides the relation between the ESR
value and Rg value:

EQUATION 1:

ESR = R x (1+(C0)/C)°

Where:
Rr 15Q
Cco 3 pF
CL 12 pF

For the equation above, ESR works out to 23Q.
Equation 2 helps calculate frequency movements:

EQUATION 2:

F_ = Fsx SQRT(1+C1/[C0O+C,])

Equation 2 can be used to find the frequency change
as a result of load capacitance change.

If CL1 causes FL1 and CL2 causes FL2, see
Equation 3.

EQUATION 3:

FL1/FL2 =
SQRT([1+ C1/(CO+CL1)]/[1+C1/(CO+CL2)])

Equation 4 is a simplified version of Equation 3.

EQUATION 4:

FL1/FL2 =
1+2xC1x(CL2-CL1)/(CO+CL1)/(CO+CL2)

When CL1 and CL2 are close together, see Equation 5.

EQUATION 5:

dFL = 2000 x C1 x dCL/(C0 +C,)

dFL is the frequency shift, in parts per million (ppm)
caused by the load capacitance shift dCL. C1 is the
motional capacitance in femto Farads (fF), dCL is the
load capacitance shift in pico Farads (pF), CO is the
parallel capacitance in pF, and C_ is the nominal load
capacitance in pF.

C_ Error Example

A crystal is calibrated for C| = 12 pF and the IC spec
also says C| = 12 pF, but there is an additional 1 pF of
parasitic capacitance in the PCB. How large is the fre-
quency error because of the extra 1 pF? Additional
information for the crystal: C1 = 8 fF and CO = 2.5 pF.
The frequency error is calculated in Equation 6.

EQUATION 6:

dFL = 2000 x 8 x 1/(2.5 + 12)°

In this case, dFL = 76 ppm.

DS00002187A-page 6
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VCXO Example

The VCXO specification states that CL1 = 20 pF at
VCONTROL =0V;CL2=8 pF at VCONTROL =1.65V; and
CL3= VCONTROL =3.3V.

The crystal is calibrated for C| = 8 pF, so the nominal
frequency is achieved at VoonTrROL = 1.65V.

The crystal's parameters are that C1 = 8 fF (or
0.008 pF) and CO = 2.5 pF.

With the control voltage tuning between 0V and 3.3V,
the frequency tuning range can be calculated by
Equation 7 and Equation 8.

EQUATION 7:

FL1/FL2 = SQRT([1+0.008/(2.5 +20)]/[1+0.008/(2.5 + 8)]) = 0.999797 = 1—-203ppm

EQUATION 8:

FL3/FL2 = SQRT([1+0.008/(2.5+4)]/[1+0.008/(2.5 +8)])= 1.000234 = 1+ 234ppm

The frequency tuning range is —203/+234 ppm with
0 ppm in the center at VoonTROL = 1.65V.

© 2016 Microchip Technology Inc.
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FINE TUNING THE LOAD
CAPACITANCE

When the load capacitance of the timing IC is different
from the load capacitance to which crystal was cali-
brated, the crystal oscillator will not oscillate at the
intended nominal frequency of the crystal. That can be
fixed by adding capacitors to the crystal oscillator cir-
cuit. For example, adding a capacitor in series with the
crystal lowers the load capacitance of the oscillator cir-
cuit (see Figure 5).

Cﬁ XIN (
- CRYSTAL
:I_I_ OSCILLATOR
XOUT ©
FIGURE 5: Crystal C_ Value is Smaller

than Oscillator C| Value.

In the event the crystal oscillator load capacitance
(CLo) is larger than the load capacitance the crystal is
calibrated to (C| x), Cg can be added in series to lower
the crystal oscillator load capacitance to match the
crystal.

EQUATION 9:

Cs = CLoxC x/(CLo-Cx)

Where:
Cio 14.32 pF
CLX 12 pF

Using the given values, Cg calculates out to 74 pF.

When the error is only 2 pF or 3 pF, a capacitor can be
added from X,y to ground to increase the oscillator load
capacitance. The problem with this method is that the
oscillator gain reduces when adding a capacitor to
ground. A more balanced approach is to add a capaci-
tor to ground at both X,y and XgyT (see Figure 6).

XIN
L cP1 1 | JcCLot
—
[_creT | Toroe

XOUT™

CRYSTAL
OSCILLATOR

FIGURE 6: Crystal C| Value is Larger
than Oscillator C| Value.

Contact Microchip to find out how much capacitance
can be added safely in this fashion to a specific Micro-
chip timing IC. The math is not so precise for this case
due to there being various ratios for CLO1/CLO2. How-
ever in most cases one can assume the values for
CLO1 and CLO2 are quite close to one another.

To correct the load capacitance 1 pF up with CP1 only,
CP1 =4 pF (approximately) must be added. To correct
the load capacitance 1 pF up with CP1 and CP2, CP1
= CP2 = 2 pF (approximately) must be added. Using
both CP1 and CP2 is the better method and affects the
oscillator gain the least.

USING A REFERENCE CLOCK
SIGNAL INSTEAD OF A CRYSTAL

Most crystal oscillators allow the Xy pin to be driven
with a reference clock signal instead of using a crystal.
Although this method is acceptable, there are a few
items to consider before implementing it:

» The usual signal at Xy is a sine wave with a
peak-to-peak signal swing smaller than Vpp.
When applying a square wave to Xy, higher fre-
quency harmonics will couple through CLO1 (see
Figure 7) to the ground rail and can interfere with
other parts of the circuit. When issues such as
deterministic jitter or spurs in the phase noise
arise, try and slow down the edges on the refer-
ence clock square wave with another series resis-
tor. A value of 100Q is a good first try.

» Most crystal oscillators have DC biasing inside the
IC. When using a large signal reference clock with
rail-to-rail signal swing, the X,y pin can be directly
driven. Conversely, when the reference clock has
a smaller signal swing — a TCXO clipped sine
wave, for example — it is advisable to use a series
coupling capacitor to allow the DC biasing to set-
tle at the intended level. The phase noise perfor-
mance of the reference oscillator will affect
synthesizer phase noise performance within the
PLL loop bandwidth. Signal edge rate and ampli-
tude will also have an effect.

SQUARE WAVE XIN
(RAIL-TO-RAIL) —"W“~ [ Y cLo1
N CRYSTAL
'||__:{ ans3  OSCILLATOR
TcLo2
XoUT
SINEWAVE | XIN
(cLiPPED) 1 Yo
R CRYSTAL
'||__:{ ans$  OSCILLATOR
TcLo2
xouT_—

FIGURE 7:
Reference Clock.

Driving X,y with External
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CRYSTAL SELECTION CHECKLIST

When selecting a crystal for a Microchip timing ICs, use
the following checklist:

» Select the correct nominal frequency.

» Select the desired package type.

» Select the correct load capacitance. Attempt to
find a crystal with a load capacitance as close as
possible to the load capacitance of the oscillator.
Potential frequency error can be calculated from
the difference between the crystal oscillator load
capacitance and the selected crystal load capaci-
tance. When this error is unacceptable, then tun-
ing the load capacitance with capacitors may be
needed. Alternatively, one can have the correct
load capacitance crystal made to the correct CL
specification.

» Select the required frequency accuracy and sta-
bility items in combination with the required tem-
perature range and life time of the device.

» Verify that other parameters of the crystal meet
the crystal oscillator requirements:

- Maximum ESR
- Maximum drive level
- Maximum CO

- In case of VCXO frequency tuning, there can
be a C1, motional capacitance requirement
and/or a maximum CO0/C1 ratio requirement.

SPECIFIC MICROCHIP IC
RECOMMENDATIONS

The following is a list of Microchip ICs with specific
notes about the crystal used with these ICs:

* SM802xxx: The FLEX SM802xxx products use
fundamental mode crystals in the range of
12 MHz to 30 MHz. The load capacitance of the
oscillator is 10 pF. This is a common value and
crystals with this load capacitance will be avail-
able on the market. Crystals up to C| = 12 pF can
be tuned in by adding capacitors from X,y and
Xout to ground. Decreasing the C, value to 8 pF
or lower with a capacitor in series with the crystal
is acceptable.

* SM803xxx: The FLEX2 SM803xxx products use
fundamental mode crystals in the range of
12 MHz to 60 MHz. The load capacitance of the
oscillator is 12 pF. This is a common value. With
this oscillator it is not recommended to increase
the C, value with capacitors to ground but
decreasing the C|_value to 10 pF or 8 pF with a
capacitor in series with the crystal is acceptable.

* PL135-XX: The PL135 products are fanout XOs.
There will be multiple clock outputs with the crys-
tal frequency. The C| value for the PL135-27 is
12 pF, for the PL135-37 is 8 pF and for the PL135-
47 and PL135-67 is 15 pF. The crystal frequency
range is 10 MHz to 40 MHz.

* PL500-17: The PL500-17 is a VCXO. The nomi-
nal load capacitance at the nominal control volt-
age is 8 pF, at the lowest control voltage is 15 pF
and at the highest control voltage is 5.2 pF. For
the frequency to be at the nominal value with the
nominal control voltage the crystal C; value needs
to be 8 pF. The value of the motional capacitance
C1 of the crystal determines the frequency tuning
range. Formulas from the Crystal Oscillator Math-
ematics section can be used to calculate the fre-
quency tuning range. The PL500-17 can work
with crystals between 17 MHz and 36 MHz.

* PL500-37: The PL500-37 is a VCXO similar to the
PL500-17, but designed for higher-frequency
crystals in the range 36 MHz to 130 MHz. Above
about 60 MHz the crystals are too thin to handle
with the common design and it becomes more
practical to use inverted mesa technology. The
load capacitance at the nominal control voltage is
5.1 pF, at the lowest control voltage is 9.5 pF, and
at the highest control is 3.3 pF.

* PL502-3X: The PL502-3X products are VCXOs
with additional PLL to multiply the crystal fre-
quency with up to x32. There is also an output
divider that can divide down the crystal frequency,
down to divide by 16. The load capacitance at the
nominal control voltage is 9.5 pF, at the lowest
control voltage is 21 pF, and at the highest control
voltage is 6.0 pF. The PL502-3X can work with

© 2016 Microchip Technology Inc.
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crystals between 12 MHz and 25 MHz.

* PL520-XX: The PL520 products are VCXOs that
work with high-frequency crystals. The PL520-20
uses 100 MHz to 200 MHz crystals, the PL520-30
uses 65 MHz to 130 MHz crystals and the PL520-
80 uses 19 MHz to 65 MHz crystals.

» PL586-XX: The PL586 products are high fre-
quency VCXOs that were designed for super low
phase noise. The different ICs work with crystal
frequencies between 75 MHz and 170 MHz with
inverted mesa technology. The nominal load
capacitance is close to 5 pF. These ICs are sold
unpackaged and integrated with a quartz crystal
into the same hermetically sealed package and
the crystal frequency is calibrated when already
connected to the IC. This makes it less important
to know the exact load capacitance.

* PL602-2X, PL60203X: PCle clock generator ICs
that use a 25 MHz crystal with a load capacitance
of 12 pF.

« PL602-37: Similar to the PL502-37, but without
the VCXO. The crystal oscillator load capacitance
is 20 pF. This is relatively large but smaller C|_ val-
ues can be achieved by adding a capacitor in
series with the crystal.

* PL602041, PL60208X: PCle clock generator ICs
that use a 25 MHz crystal with a load capacitance
of 10 pF.

* PL6070XX: PCle clock generator ICs that use a
25 MHz crystal with a load capacitance of 15 pF.

* PL610-01: This clock generator is customizable
(factory programmable) and one of the program-
mable items is the load capacitance for the crys-
tal. The value can be chosen between 8 pF and
12 pF. The crystal frequency can be between
5 MHz and 60 MHz.

* PL610-32: This is a special low-power clock gen-
erator for making an RTC 32.768 MHz clock using
a 16.777 MHz crystal. The load capacitance is
only 3 pF to keep the power consumption low.
Please contact the factory about using larger val-
ues.

* PL611-XX: Customizable clock generators with
PLL. The load capacitance of the crystal oscillator
can be programmed between 5 pF and 20 pF. The
crystal frequency can be between 10 MHz and
30 MHz.

* PL611s-XX: Customizable clock generators with
PLL, similar to PL611-XX, but smaller and lower
power. The load capacitance of the crystal oscilla-
tor can be programmed between 8 pF and 12 pF
and the crystal frequency can be between 10 MHz
and 50 MHz.

* PL613-XX: Customizable clock generators with
multiple PLLs and multiple outputs. The load
capacitance is fixed to 15 pF (not programmable).
The crystal frequency can be between 10 MHz

and 50 MHz.

PL671-XX: EMI reduction clock generators that
can use a crystal between 10 MHz and 40 MHz.
The load capacitance of the crystal oscillator is
15 pF.

PL686-XX: Super low phase noise clock genera-
tors that use inverted mesa crystals in the range
75 MHz to 170 MHz. These ICs are sold unpack-
aged for integration together with the crystal in a
low phase noise clock module.

SY89529: Clock generator that uses a 16.66 MHz
crystal and the crystal oscillator is a series mode
type that runs the crystal near the series reso-
nance. A certain load capacitance value can be
achieved with a capacitor in series with the crys-
tal.

SY8953X: Clock generators that use crystals
between 14 MHz and 18 MHz. The crystal oscilla-
tor is a series mode type that runs the crystal near
the series resonance frequency. Add a capacitor
in series to achieve a certain load capacitance
value.

SM8400XX: Clock generators that use a 25 MHz
crystal. This crystal oscillator needs external
capacitors from Xy to ground and Xt to ground
to operate properly. The capacitance in the IC is
only 2 pF and 2 x 20 pF external makes C|_ =

12 pF or 2 x 30 pF external makes C| = 18 pF. Do
not increase above C| = 18 pF.

SM843256, SM844256: Clock generators that
use crystals between 18 MHz and 25 MHz with a
load capacitance of 10 pF.

SY898535: LVPECL fanout buffer that can also
use a crystal for the frequency reference input.
The crystal frequency can be between 12 MHz
and 40 MHz.
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Note the following details of the code protection feature on Microchip devices:

. Microchip products meet the specification contained in their particular Microchip Data Sheet.

. Microchip believes that its family of products is one of the most secure families of its kind on the market today, when used in the

intended manner and under normal conditions.

. There are dishonest and possibly illegal methods used to breach the code protection feature. All of these methods, to our
knowledge, require using the Microchip products in a manner outside the operating specifications contained in Microchip’s Data
Sheets. Most likely, the person doing so is engaged in theft of intellectual property.

. Microchip is willing to work with the customer who is concerned about the integrity of their code.

. Neither Microchip nor any other semiconductor manufacturer can guarantee the security of their code. Code protection does not

mean that we are guaranteeing the product as “unbreakable.”

Code protection is constantly evolving. We at Microchip are committed to continuously improving the code protection features of our
products. Attempts to break Microchip’s code protection feature may be a violation of the Digital Millennium Copyright Act. If such acts
allow unauthorized access to your software or other copyrighted work, you may have a right to sue for relief under that Act.

Information contained in this publication regarding device
applications and the like is provided only for your convenience
and may be superseded by updates. It is your responsibility to
ensure that your application meets with your specifications.
MICROCHIP MAKES NO REPRESENTATIONS OR
WARRANTIES OF ANY KIND WHETHER EXPRESS OR
IMPLIED, WRITTEN OR ORAL, STATUTORY OR
OTHERWISE, RELATED TO THE INFORMATION,
INCLUDING BUT NOT LIMITED TO ITS CONDITION,
QUALITY, PERFORMANCE, MERCHANTABILITY OR
FITNESS FOR PURPOSE. Microchip disclaims all liability
arising from this information and its use. Use of Microchip
devices in life support and/or safety applications is entirely at
the buyer’s risk, and the buyer agrees to defend, indemnify and
hold harmless Microchip from any and all damages, claims,
suits, or expenses resulting from such use. No licenses are
conveyed, implicity or otherwise, under any Microchip
intellectual property rights unless otherwise stated.

Microchip received ISO/TS-16949:2009 certification for its worldwide
headquarters, design and wafer fabrication facilities in Chandler and
Tempe, Arizona; Gresham, Oregon and design centers in California
and India. The Company’s quality system processes and procedures
are for its PIC® MCUs and dsPIC® DSCs, KEELOQ® code hopping
devices, Serial EEPROMSs, microperipherals, nonvolatile memory and
analog products. In addition, Microchip’s quality system for the design
and manufacture of development systems is ISO 9001:2000 certified.

QUALITY MANAGEMENT SYSTEM
CERTIFIED BY DNV

= ISO/TS 16949 =

Trademarks

The Microchip name and logo, the Microchip logo, AnyRate,
dsPIC, FlashFlex, flexPWR, Heldo, JukeBlox, KeelLoq,
KeelLoq logo, Kleer, LANCheck, LINK MD, MediaLB, MOST,
MOST logo, MPLAB, OptoLyzer, PIC, PICSTART, PIC32 logo,
RightTouch, SpyNIC, SST, SST Logo, SuperFlash and UNI/O
are registered trademarks of Microchip Technology
Incorporated in the U.S.A. and other countries.

ClockWorks, The Embedded Control Solutions Company,
ETHERSYNCH, Hyper Speed Control, HyperLight Load,
IntelliMOS, mTouch, Precision Edge, and QUIET-WIRE are
registered trademarks of Microchip Technology Incorporated
in the U.S.A.

Analog-for-the-Digital Age, Any Capacitor, Anyln, AnyOut,
BodyCom, chipKIT, chipKIT logo, CodeGuard, dsPICDEM,
dsPICDEM.net, Dynamic Average Matching, DAM, ECAN,
EtherGREEN, In-Circuit Serial Programming, ICSP, Inter-Chip
Connectivity, JitterBlocker, KleerNet, KleerNet logo, MiWi,
motorBench, MPASM, MPF, MPLAB Certified logo, MPLIB,
MPLINK, MultiTRAK, NetDetach, Omniscient Code
Generation, PICDEM, PICDEM.net, PICkit, PICtail,
PureSilicon, RightTouch logo, REAL ICE, Ripple Blocker,
Serial Quad /O, SQlI, SuperSwitcher, SuperSwitcher Il, Total
Endurance, TSHARC, USBCheck, VariSense, ViewSpan,
WiperLock, Wireless DNA, and ZENA are trademarks of
Microchip Technology Incorporated in the U.S.A. and other
countries.

SQTP is a service mark of Microchip Technology Incorporated
in the U.S.A.

Silicon Storage Technology is a registered trademark of
Microchip Technology Inc. in other countries.

GestIC is a registered trademarks of Microchip Technology
Germany Il GmbH & Co. KG, a subsidiary of Microchip
Technology Inc., in other countries.

All other trademarks mentioned herein are property of their
respective companies.

© 2016, Microchip Technology Incorporated, Printed in the
U.S.A,, All Rights Reserved.
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