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Calculating Crystal Oscillator Circuit Values

INTRODUCTION

Some of the Wolfson Microelectronics chips feature a crystal oscillator circuit, designed to drive an
external crystal. This saves cost over a separate crystal oscillator, but some care is needed in
selecting the crystal type and the external load capacitors. This Application Note details how to
calculate the required parameters.

PARAMETERS OF INTEREST

Crystal manufacturers specify the load capacitance their crystal requires. This is because the load
capacitors form part of a tuned resonant circuit. They must be of the correct value so that the circuit
oscillates at the correct frequency in the best possible manner i.e. with maximum Q.

A common mistake is to assume that this load capacitance figure refers to the value of the load
capacitors CL1 and C2, as seen in Figure 1. It does not. It refers to the capacitance, C, which the
crystal sees across its terminals, as shown in Figure 2. In a real circuit, it is effectively C_4 and Ci2 in
series, in parallel with the chip capacitance, which is Cxy and Cxro in series, as shown in Figure 1.
(There is also some PCB track capacitance, but that should be too small to be concerned about.)
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Figure 1 Oscillator Circuit
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Figure 2 Crystal Specification

The oscillator circuit inside Wolfson chips is also designed to work with a range of load capacitances,
so the crystal must be chosen to match this. If the load capacitances are outside the correct
range, the oscillator may take a long time to start up or may not oscillate stably. Furthermore
the circuit is designed to work with fundamental oscillation mode crystals, which are the most
common in Wolfson frequencies, not harmonic mode ones.
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CALCULATING THE VALUES

The Wolfson oscillator circuit works best with load capacitors in the range 15-22pF. The crystals
most readily available favour the higher end of the range, so choose 22pF. The capacitors should
have NP0 or COG dielectric.

Please check the datasheet for the XTI and XTO capacitances for your particular chip. For most
Wolfson devices, Cxr = 5pF and Cxro = 3pF.

C. = Cr1-Cr2 Cxrr-Cxro
L Cri+Cr2  Cxmy+Cxro

Our recommendation is a crystal with load capacitance specification of ideally 15pF. (Somewhere in
the range 12-18pF will be okay in practice.) Some manufacturers call this load capacitance “circuit
condition”. (This should not be confused with static or shunt capacitance, which is different.) The
crystal should be a “fundamental” oscillation type and not a “harmonic” type. It should also be
capable of accepting a 500uW drive level from our chip.
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Figure 3 Recommended Values

Please also note some manufacturers show a parallel resistor with their oscillator circuit. This is not
required for Wolfson chips.

CRYSTAL PARAMETER RECOMMENDED VALUE
Oscillation mode Fundamental (AT cut)
Load capacitance 15pF (12-18pF ok)

Drive level (max.) 500uW or higher

Table 1 Recommended Crystal Parameters
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IMPORTANT NOTICE

Wolfson Microelectronics plc (WM) reserve the right to make changes to their products or to discontinue any product or service
without notice, and advise customers to obtain the latest version of relevant information to verify, before placing orders, that
information being relied on is current. All products are sold subject to the WM terms and conditions of sale supplied at the time of
order acknowledgement, including those pertaining to warranty, patent infringement, and limitation of liability.

WM warrants performance of its products to the specifications applicable at the time of sale in accordance with WM’s standard
warranty. Testing and other quality control techniques are utilised to the extent WM deems necessary to support this warranty.
Specific testing of all parameters of each device is not necessarily performed, except those mandated by government
requirements.

In order to minimise risks associated with customer applications, adequate design and operating safeguards must be used by the
customer to minimise inherent or procedural hazards. Wolfson products are not authorised for use as critical components in life
support devices or systems without the express written approval of an officer of the company. Life support devices or systems are
devices or systems that are intended for surgical implant into the body, or support or sustain life, and whose failure to perform when
properly used in accordance with instructions for use provided, can be reasonably expected to result in a significant injury to the
user. A critical component is any component of a life support device or system whose failure to perform can be reasonably
expected to cause the failure of the life support device or system, or to affect its safety or effectiveness.

WM assumes no liability for applications assistance or customer product design. WM does not warrant or represent that any
license, either express or implied, is granted under any patent right, copyright, mask work right, or other intellectual property right of
WM covering or relating to any combination, machine, or process in which such products or services might be or are used. WM’s
publication of information regarding any third party’s products or services does not constitute WM’s approval, license, warranty or
endorsement thereof.

Reproduction of information from the WM web site or datasheets is permissible only if reproduction is without alteration and is
accompanied by all associated warranties, conditions, limitations and notices. Representation or reproduction of this information
with alteration voids all warranties provided for an associated WM product or service, is an unfair and deceptive business practice,
and WM is not responsible nor liable for any such use.

Resale of WM'’s products or services with statements different from or beyond the parameters stated by WM for that product or
service voids all express and any implied warranties for the associated WM product or service, is an unfair and deceptive business
practice, and WM is not responsible nor liable for any such use.

ADDRESS:

Wolfson Microelectronics plc
Westfield House

26 Westfield Road
Edinburgh

EH11 2QB

United Kingdom

Tel :: +44 (0)131 272 7000
Fax :: +44 (0)131 272 7001

Email :: sales@wolfsonmicro.com
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