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INTRODUCTION

This document is designed to serve as a starting point
when designing the Timer1 low-power oscillator circuits
using tuning fork crystals. The design of Microchip’s
eXtreme Low Power (XLP) technology has made the
component selection, board layout and assembly
process more important, as there is less design margin
when running at sub-microwatt levels.

To facilitate the user selection of crystals and load
capacitors, three test boards with different PIC16
microcontrollers were created and supplied to various
tuning fork crystal manufacturers on which the
manufacturers performed various tests using their
crystals. The results are summarized in this application
note.

TIMER1 IN XLP MODE

Timerl module is a 16-bit timer/counter in most PIC®
microcontrollers capable of running in XLP mode.
Timerl can run on internal clock, external clock input or
an external crystal oscillator.

A dedicated low-power 32.768 kHz oscillator circuit is
built in between pins T10SI (input) and T10SO
(amplifier output), which can be used in conjunction
with an external crystal when Timer1 is configured to be
used with an external clock oscillator. The oscillator
circuit is a modified Pierce oscillator designed with
several features that allow the crystal oscillator to start
up and run at very low amplitude to keep operating
current very low.

Once enabled, the oscillator will continue to run even
when the microcontroller shuts everything off and goes
to Sleep, hence being able to operate in XLP mode.
The timer has the ability to wake the microcontroller
when an interrupt occurs.

For more information on crystal oscillator theory and
application, consult Microchip application note AN826,
Crystal Oscillator Basics and Crystal Selection for

rfPIC™ and PICmicro® Devices (DS00826).

CONSIDERATIONS

The oscillation circuit requires the use of load
capacitors that are matched to the CL specification of
the crystal. Equation 1 can be used to derive the
correct load capacitor that matches the specified
crystal.

EQUATION 1: LOAD CAPACITOR
CALCULATION

_ sz‘Cxl i C
L Cx2+ Cxl stray

C

Where: C,, = Capacitor value on pin X1 + Cy,
Cyo = Capacitor value on pin X2 + Cyj,
Cstray = Trace capacitance
Cpin = 3 pF typical
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TEST PROCEDURE

Five leading crystal manufacturers were provided with
three different boards with different PIC16
microcontrollers and a crystal pad layout to facilitate the
user selection of crystals and load capacitors. The
manufacturers selected representative crystals and
calculated the load capacitors for each device selected.
The manufacturers then performed negative resistance
testing at room temperature and several operating
voltages to determine the oscillation allowance of the
test circuit. Consult application note AN949, Making
Your Oscillator Work (DS00949) for a detailed
description of the negative resistance test procedure.

FIGURE 1: EXAMPLE TEST CIRCUIT
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TEST RESULTS

The crystals listed in Table 1 have been tested with
different PIC16 microcontrollers by the manufacturers.
The results provided are to aid the development
process and are not guaranteed to work in every board
design. Additional tests will be required to validate the
oscillator circuit in the end application. Users are
encouraged to perform their own test on their layout to
validate the schematic as per AN949, Making Your
Oscillator Work (DS00949).
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TABLE 1: CRYSTAL OSCILLATOR TEST RESULTS

) Oscillation

cysa | woroonp | S| ek | L0sd | oy | coony | chorie | mecinee | e

Number 25°C) (k) Resistance /

Max ESR
2.0 70.0 12.5 12.0 12.0 23.2 440.4 6.3
PIC16F1827 | CM7V-T1A 3.3 70.0 12.5 12.0 12.0 23.8 455.4 6.5
5.0 70.0 12.5 12.0 12.0 24.4 468.4 6.7
2.0 70.0 9.0 10.0 10.0 6.0 857.0 12.2
3.3 70.0 9.0 10.0 10.0 7.5 867.0 12.4
Golledge PIC16F1828 | CM7V-TIA 5.0 70.0 9.0 10.0 10.0 13.0 900.0 12.9
2.0 70.0 12.5 15.0 15.0 16.1 346.8 5.0
3.3 70.0 12.5 15.0 15.0 16.2 359.8 5.1
5.0 70.0 12.5 15.0 15.0 17.0 386.8 55
2.0 70.0 12.5 12.0 12.0 45.1 392.6 5.6
PIC16F1938 | CM7V-T1A 3.3 70.0 12.5 12.0 12.0 45.8 408.6 5.8
5.0 70.0 12.5 12.0 12.0 46.4 425.6 6.1
2.0 70.0 6.0 7.0 7.0 -2.2 400.0 5.7
CM315D 3.3 70.0 6.0 7.0 7.0 0.9 410.0 5.9
5.0 70.0 6.0 7.0 7.0 2.6 430.0 6.1
2.0 50.0 7.0 7.0 8.0 -1.8 360.0 7.2
CMR200T 3.3 50.0 7.0 7.0 8.0 1.0 370.0 7.4
PIC16F1827 5.0 50.0 7.0 7.0 8.0 2.1 370.0 7.4
2.0 50.0 7.0 7.0 8.0 -0.5 360.0 7.2
CM200C 3.3 50.0 7.0 7.0 8.0 0.3 360.0 7.2
5.0 50.0 7.0 7.0 8.0 1.1 370.0 7.4
2.0 65.0 7.0 7.0 8.0 -1.7 360.0 5.5
CM130SH 3.3 65.0 7.0 7.0 8.0 -0.9 360.0 5.5
5.0 65.0 7.0 7.0 8.0 0.8 360.0 5.5
2.0 70.0 6.0 8.0 10.0 0.4 370.0 5.3
CM315D 3.3 70.0 6.0 8.0 10.0 0.8 370.0 5.3
5.0 70.0 6.0 8.0 10.0 0.9 380.0 5.4
2.0 50.0 7.0 8.0 8.0 0.6 360.0 7.2
CMR200T 3.3 50.0 7.0 8.0 8.0 0.9 370.0 7.4
éfﬁ;ﬁﬂh PIC16F1828 5.0 50.0 7.0 8.0 8.0 1.2 370.0 7.4
Miyota 2.0 50.0 7.0 8.0 8.0 0.9 360.0 7.2
CM200C 3.3 50.0 7.0 8.0 8.0 1.2 360.0 7.2
5.0 50.0 7.0 8.0 8.0 1.4 370.0 7.4
2.0 65.0 7.0 8.0 8.0 1.3 360.0 5.5
CM130SH 3.3 65.0 7.0 8.0 8.0 1.7 360.0 5.5
5.0 65.0 7.0 8.0 8.0 1.9 360.0 5.5
2.0 70.0 6.0 10.0 10.0 -2.4 360.0 5.1
CM315D 3.3 70.0 6.0 10.0 10.0 0.9 370.0 5.3
5.0 70.0 6.0 10.0 10.0 1.6 380.0 5.4
2.0 50.0 7.0 8.0 10.0 -1.7 340.0 6.8
CMR200T 3.3 50.0 7.0 8.0 10.0 -0.3 350.0 7.0
PIC16F1938 5.0 50.0 7.0 8.0 10.0 0.5 360.0 7.2
2.0 50.0 7.0 8.0 10.0 -0.6 350.0 7.0
CM200C 3.3 50.0 7.0 8.0 10.0 0.9 350.0 7.0
5.0 50.0 7.0 8.0 10.0 1.4 360.0 7.2
2.0 65.0 7.0 8.0 10.0 -0.9 350.0 5.4
CM130SH 3.3 65.0 7.0 8.0 10.0 0.6 350.0 5.4
5.0 65.0 7.0 8.0 10.0 15 360.0 5.5
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TABLE 1: CRYSTAL OSCILLATOR TEST RESULTS (CONTINUED)

Oscillation
Sg’jf:: P’g"ritclr\f’ucn?ibper Clrayasrttal VDD (V) Miﬁg)SR C%F?F/?D C1(pF) | C2(pF) Erfopr'véat R'zggs?gr\:ie A"N"eﬁi?iii
Number 25°C) (kQ) Resistance /
Max ESR
33 65.0 7.0 6.0 6.0 2322 910.0 14.0
2.0 65.0 7.0 8.0 8.0 3.9 560.0 8.6
PIC16F1827 | MC-146 33 65.0 7.0 8.0 8.0 45 620.0 9.5
5.0 65.0 7.0 8.0 8.0 55 680.0 10.5
33 65.0 7.0 10.0 10.0 -10.1 4700 7.2
33 65.0 7.0 10.0 10.0 10.9 510.0 7.8
2.0 65.0 7.0 12.0 12.0 2.8 360.0 55
Epson PIC16F1828 | MC-146 33 65.0 7.0 12.0 12.0 5.2 390.0 6.0
5.0 65.0 7.0 12.0 12.0 6.8 390.0 6.0
33 65.0 7.0 15.0 15.0 223 270.0 4.2
33 65.0 7.0 8.0 8.0 25.3 560.0 8.6
2.0 65.0 7.0 10.0 10.0 6.7 4300 6.6
PIC16F1938 | MC-146 33 65.0 7.0 10.0 10.0 7.3 430.0 6.6
5.0 65.0 7.0 10.0 10.0 8.5 4700 7.2
33 65.0 7.0 12.0 12.0 5.8 330.0 5.1
oicter1eer | ovmyria 20750 | 1000 7.0 5.6 5.6 +-20 500.0 5.0
2.0-50 | 500 125 12.0 18.0 +-20 225.0 45
i 2.0-5.0 | 100.0 7.0 8.2 10.0 +-20 500.0 5.0
'\S/l\lfsrtcz’gf)'/asf%l PICIOFL828 | CMV-TIA = 50 N/A 125 18.0 22.0 +-20 175.0 N/A
oictor1ess | ovmyria 20750 | 1000 7.0 10.0 10.0 +-20 500.0 5.0
2.0-5.0 N/A 125 22.0 22.0 +-20 145.0 N/A
2.0 70.0 7.0 4.0 5.0 +-20 668.0 9.5
PIC16F1827 | SC-32S 33 70.0 7.0 4.0 5.0 +-20 678.0 9.7
5.0 70.0 7.0 4.0 5.0 +-20 698.0 10.0
2.0 70.0 7.0 7.0 8.0 +-20 552.0 7.9
é’é&%’fgg; PIC16F1828 | SC-32S 33 70.0 7.0 7.0 8.0 +-20 552.0 7.9
5.0 70.0 7.0 7.0 8.0 +-20 562.0 8.0
2.0 70.0 7.0 9.0 9.0 +-20 398.0 5.7
PIC16F1938 | SC-32S 33 70.0 7.0 9.0 9.0 +-20 408.0 5.8
5.0 70.0 7.0 9.0 9.0 +-20 428.0 6.1
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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, implicitly 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

= 1SO/TS 16949 =

Trademarks

The Microchip name and logo, the Microchip logo, AnyRate,
dsPIC, FlashFlex, flexPWR, Heldo, JukeBlox, KeelLoq,
KeeLoq 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 I/0, SQI, 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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