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Introduction

The ISL12022M devices are high-accuracy, temperature
compensated Real Time Clock (RTC) modules that incorporate
the RTC die and the quartz crystal. The RTC contains an
internal temperature sensor and state machine to adjust the
oscillator frequency and allow factory calibration to less than
+5ppm error over the -40°C to +85°C ambient operating
temperature range. There are numerous items that affect the
final accuracy of the module once assembled on a PC board,
including handling and shock, reflow temperature profile,
maximum temperature, number of reflows (or wave solder)
and if ultrasound is used (note that the ISL12022M family
refers to the ISL12022M, ISL12022MA and
ISL12022MR5421 products).

This application note will discuss the expected accuracy of the
device when mounted on a board, at room temperature and as
temperature varies. Also discussed will be the measurement
techniques and analyzing the results.

Expected Oscillator Accuracy and Time
Drift

The oscillator accuracy is summarized in Table 1. The main
point of this table is that after the module device is reflow
soldered to a PC board, the accuracy spec in the

ISL12022M datasheet will have additional errors such that the
resulting accuracy will exceed the maximum datasheet
specification. Also, due to the variability of the reflow process
and customer application PC boards, there cannot be a
maximum stated error after reflow, only the expected value
based on the estimated change. The best assurance of getting
the best accuracy is to minimize the peak time and
temperature of the assembly reflow process.

Datasheet Specifications

The datasheet provides separate accuracy specifications for
room temperature at a fixed Vpp = 3.3V, over Vpp supply
voltage variation, and over the rated temperature range. “DC_
Operating Characteristics RTC” on page 2 shows a portion of
the datasheet extracted to show just the overall conditions and
the individual accuracy specs.

Let’s look more closely at each line item spec.

* “Oscillator Stability vs Temperature” refers to the maximum
variation from a perfect Oppm error with the device at an
ambient temperature from -40°C to +85°C. Oscillator
stability in this case refers to the average frequency
measured over a period of time, since the digital correction
mechanism inserts periodic correction, at intervals of
greater than 1 second in most cases. A measurement at 1
or 2 second intervals may not provide an accurate or stable
reading due to the digital correction. The 5ppm is the
maximum guaranteed for a packaged device as it is shipped
to the customer.

“Oscillator Stability vs Voltage” is the maximum deviation, at
room temperature, from a perfect Oppm error as the Vpp
voltage is varied from 2.7V to 5.5V.

“Oscillator Initial Accuracy” is measured at Ty = +25°C only;
the maximum variation from Oppm etror is at Vpp = 3.3V,
Vgar = 0.0V.

“Temperature Sensor Accuracy” is the maximum error at
Tp = +25°C of the digital temperature reading (TEMP
registers) from exact chip temperature. It is listed here since
the oscillator calibration takes effect at <20°C and >30°C,
as measured by the chip as opposed to actual temperature.

Related Literature
* ISL12022M datasheet

* ISL12022MA datasheet

¢ ISL12022MR5421 datasheet

TABLE 1. ISL12022M OSCILLATOR ACCURACY SUMMARY

+25°C +25°C -40°C to +85°C -40°C to +85°C
TEMP. RANGE > (ppm) (SEC/DAY) (ppm) (SEC/DAY)
Before Reflow +3 (max) 0.26 (max) +5 (max) 0.43 (max)

After Reflow

+6 (typically)

0.52 (typically)

+8 (typically)

0.69 (typically)
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http://www.intersil.com/content/dam/Intersil/documents/isl1/isl12022ma.pdf
http://www.intersil.com/content/dam/Intersil/documents/isl1/isl12022ma.pdf
http://www.intersil.com/content/dam/Intersil/documents/isl1/isl12022m.pdf
http://www.intersil.com/content/dam/Intersil/documents/isl1/isl12022mr5421.pdf
http://www.intersil.com/data/fn/fn6668.pdf
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DC operating Characteristics RTC Test conditions: Vpp = +2.7 to +5.5V, Ty =-40°C to +85°C, unless otherwise stated. Boldface

limits apply across the operating temperature range, -40°C to +85°C.

MIN TYP MAX
SYMBOL PARAMETER CONDITIONS (Note 1) (Note 2) (Note 1) UNITS
OSCILLATOR ACCURACY
AFout; Oscillator Initial Accuracy Vpp = 3.3V (Notes 3, 5) 2 +8 ppm
AFoutg Oscillator Accuracy after Reflow Cycle Vpp = 3.3V (Notes 3, 5) +5 ppm
AFouty | Oscillator Stability vs Temperature Vpp = 3.3V (Notes 3, 6) +2 ppm
AFouty Oscillator Stability vs Voltage 2.7V <Vpp < 5.5V (Note 7) -3 +3 ppm
Temp Temperature Sensor Accuracy Vpp = Vgar = 3.3V (Note 4) +2 °C

NOTES:

1. Parameters with MIN and/or MAX limits are 100% tested at +25°C, unless otherwise specified. Temperature limits established by characterization

and are not production tested.
2. Specified at +25°C.

w

. The ISL12022M Oscillator Initial Accuracy can change after solder reflow attachment. The amount of change will depend on the reflow temperature

and length of exposure. A general rule is to use only one reflow cycle and keep the temperature and time as short as possible. Changes on the order

of x1ppm to £3ppm can be expected with typical reflow profiles.
. Limits should be considered typical and are not production tested.

N o o s

Vpp = 5.5V.

In addition to the error specs listed, Note 3 is pertaining to the
error that results from high temperature assembly reflow.

This note indicates that an additional tolerance of typically up to
3ppm is added to the error specification after reflow. Combining
this change with the initial accuracy specs gives the t6ppm

initial accuracy expected value at +25°C, as shown in Table 1 on

page 1.

Environmental Effects
Thermal Effects

SOLDER REFLOW HEAT, PCB ASSEMBLY

Typical surface mount production assembly flows include at least
one infrared reflow pass for soldering components to pads on the
PC board. Heating profiles for reflow cycles have peak
temperatures of up to 260 °C for 10 to 30 seconds, which is high
enough to slightly change the characteristic of the quartz crystal
in the RTC module. After cooling, the typical final effect on the
modaule is a slightly lower oscillator frequency (sometimes but
not often higher frequency). Therefore, the RTC module after
reflow assembly, will have a different accuracy range than that
specified on the datasheet as shipped from the factory. See
Table 1 on page 1.

The customer should take this accuracy change into account
when considering the final system accuracy for the assembled
RTC module on their PC board. Also, every effort needs to be
made to minimize the peak reflow temperature and peak time
as well and the number of reflow cycles. Thus, reducing the
frequency change after reflow. RTC module devices can have
accuracy error exceeding 8ppm and still be within the expected
range after a production reflow at +260 °C peak temperature.

. Defined as the deviation from a target oscillator frequency of 32,768.0Hz at room temperature.
. Defined as the deviation from the room temperature measured 1Hz frequency, Vpp = 3.3V, at Ty =-40°C to +85°C.
. Defined as the deviation at room temperature from the measured 1Hz frequency (or equivalent) at Vpp = 3.3, over the range of Vpp = 2.7V to

Mechanical Effects
PCB CUTTING WITH ROUTERS

Usually at the end of the pick and place process, a PCB panel
needs to have the single PCBs separated from each other with a
cutting tool or router. These machines sometimes generate
vibrations on the PCB that have a fundamental or harmonic
frequencies close to 32.768kHz. This might cause breakage of
the crystal blanks inside the module due to resonance. Note: The
customer should monitor their cutting tool speed and the speed
should be adjusted to avoid resonant vibration. If this is not done,
there can be very large accuracy error in the RTC oscillator or
sometimes even failure of the oscillator if the crystal is damaged
sufficiently.

ULTRASOUND CLEANING

Ultrasound cleaning of PCBs is a common practice after
assembly. This cleaning removes any material from the soldering
process by submersing in a bath and using high frequency
ultrasound to loosen the foreign material.

The RTC crystal can be damaged by this process if a lower
frequency is used and the intensity is high enough to cause
resonance in the crystal. Generally, frequencies higher than
500kHz should avoid damage and also any harmonic of the
32.768kHz frequency should be avoided. Note: The customer
should monitor the ultrasound frequency and the frequency
should be adjusted to avoid crystal harmonics. Failure to observe
proper ultrasound frequency control can result in either large RTC
oscillator frequency error or possible oscillator failure due to a
damaged crystal.
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MECHANICAL SHOCK AND VIBRATION

Possible sources of crystal frequency offset include mechanical
shock. The datasheet lists a maximum shock resistance of
5000¢g for 0.3ms, 1/2 sine test, which can give a +5ppm
frequency change. Likewise, the maximum vibration spec is 20g
at 10 to 2000Hz. Note that ultrasound cleaning and PCB panel
cutting vibrations fall under the broader mechanical shock and
vibration spec as well. The customer should avoid any
mechanical handling that produces an impact or high vibration
on the module. Failure to observe proper precautions handling
the device, before or after, assembly can result in higher than
expected oscillator frequency error.

Summary

The ISL12022M provides a high accuracy 3-in-1 RTC solution for
real time clock timing requirements. The oscillator accuracy is
guaranteed for the device shipped from the factory. The PCB
assembly process adds environmental factors, such as heat and
vibration that will cause the accuracy error to increase after
assembly. This change will be evident when testing the final
assembled PC board RTC oscillator frequency. The major
contributors to additional accuracy error are solder reflow, board
cutting or routing, ultrasound cleaning and mechanical handling
shocks or vibrations.

For final product oscillator accuracy, the customer must consider
the assembly effects and the resulting board mounted module
device may not be within the expected accuracy limits shown on
the datasheet. The customer can adjust their system to address
this change in accuracy or look into other ways of adjusting final
oscillator accuracy.

NOTE: If the customer has the capability to test, access the serial
interface, make adjustments and test again, there are methods to
readjust the device for better accuracy after assembly. Please contact
Intersil applications about this possibility.

The customer needs to read and understand the environmental
effects on the crystal oscillator accuracy and make every effort to
minimize these effects, which will result in the highest possible
accuracy of the board mounted RTC. In some cases, the
customer may be forced to use an assembly process that is
known to cause additional accuracy error as listed in this
document. They should immediately contact Intersil to verify the
hazard and possible impact and to identify alternative
procedures that may be possible.

Appendix

Figure 1 is sample data for the ISL12022M parts that were
subjected to 1 reflow cycle. The parts were socket tested and
frequency accuracy data recorded, then sent through a
production reflow oven and allowed to cool and settle. The parts
were then socket tested again and the data recorded, with the
change or delta frequency out calculated.

Parts soldered to a board may exhibit less change after reflow as
the heat is distributed across the PC board. As the devices are
cooled they maintain shape when attached to the PC board.
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FIGURE 1. SAMPLE REFLOW DATA
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Notice

1. Descriptions of circuits, software and other related information in this document are provided only to illustrate the operation of semiconductor products and application examples. You are fully responsible for
the incorporation or any other use of the circuits, software, and information in the design of your product or system. Renesas Electronics disclaims any and all liability for any losses and damages incurred by
you or third parties arising from the use of these circuits, software, or information.

2. Renesas Electronics hereby expressly disclaims any warranties against and liability for infringement or any other claims involving patents, copyrights, or other intellectual property rights of third parties, by or
arising from the use of Renesas Electronics products or technical information described in this document, including but not limited to, the product data, drawings, charts, programs, algorithms, and application
examples.

No license, express, implied or otherwise, is granted hereby under any patents, copyrights or other intellectual property rights of Renesas Electronics or others.

4. You shall not alter, modify, copy, or reverse engineer any Renesas Electronics product, whether in whole or in part. Renesas Electronics disclaims any and all liability for any losses or damages incurred by
you or third parties arising from such alteration, modification, copying or reverse engineering.

5. Renesas Electronics products are classified according to the following two quality grades: “Standard” and “High Quality”. The intended applications for each Renesas Electronics product depends on the
product's quality grade, as indicated below.

"Standard": Computers; office equipment; communications equipment; test and measurement equipment; audio and visual equipment; home electronic appliances; machine tools; personal electronic
equipment; industrial robots; etc.
"High Quality": Transportation equipment (automobiles, trains, ships, etc.); traffic control (traffic lights); larg: le corr { i ; key financial terminal systems; safety control equipment; etc.

Unless expressly designated as a high reliability product or a product for harsh environments in a Renesas Electronics data sheet or other Renesas Electronics document, Renesas Electronics products are
not intended or authorized for use in products or systems that may pose a direct threat to human life or bodily injury (artificial life support devices or systems; surgical implantations; etc.), or may cause
serious property damage (space system; undersea repeaters; nuclear power control systems; aircraft control systems; key plant systems; military equipment; etc.). Renesas Electronics disclaims any and all
liability for any damages or losses incurred by you or any third parties arising from the use of any Renesas Electronics product that is inconsistent with any Renesas Electronics data sheet, user’'s manual or
other Renesas Electronics document.

6. When using Renesas Electronics products, refer to the latest product information (data sheets, user's manuals, application notes, “General Notes for Handling and Using Semiconductor Devices” in the
reliability handbook, etc.), and ensure that usage conditions are within the ranges specified by Renesas Electronics with respect to maximum ratings, operating power supply voltage range, heat dissipation
characteristics, installation, etc. Renesas Electronics disclaims any and all liability for any malfunctions, failure or accident arising out of the use of Renesas Electronics products outside of such specified
ranges.

7. Although Renesas Electronics endeavors to improve the quality and reliability of Renesas Electronics products, semiconductor products have specific characteristics, such as the occurrence of failure at a
certain rate and malfunctions under certain use conditions. Unless designated as a high reliability product or a product for harsh environments in a Renesas Electronics data sheet or other Renesas
Electronics document, Renesas Electronics products are not subject to radiation resistance design. You are responsible for implementing safety measures to guard against the possibility of bodily injury, injury
or damage caused by fire, and/or danger to the public in the event of a failure or malfunction of Renesas Electronics products, such as safety design for hardware and software, including but not limited to
redundancy, fire control and malfunction prevention, appropriate treatment for aging degradation or any other appropriate measures. Because the evaluation of microcomputer software alone is very difficult
and impractical, you are responsible for evaluating the safety of the final products or systems manufactured by you.

8. Please contact a Renesas Electronics sales office for details as to environmental matters such as the environmental compatibility of each Renesas Electronics product. You are responsible for carefully and

sufficiently investi i laws and ions that regulate the inclusion or use of controlled substances, including without limitation, the EU RoHS Directive, and using Renesas Electronics
products in compliance with all these applicable laws and regulations. Renesas Electronics disclaims any and all liability for damages or losses occurring as a result of your noncompliance with applicable
laws and regulations.

9. Renesas Electronics products and technologies shall not be used for or incorporated into any products or systems whose manufacture, use, or sale is prohibited under any applicable domestic or foreign laws
or regulations. You shall comply with any applicable export control laws and regulations promulgated and administered by the governments of any countries asserting jurisdiction over the parties or

transactions.

o

. Itis the responsibility of the buyer or distributor of Renesas Electronics products, or any other party who di

party in advance of the contents and conditions set forth in this document.
11. This document shall not be reprinted, reproduced or duplicated in any form, in whole or in part, without prior written consent of Renesas Electronics.

12. Please contact a Renesas Electronics sales office if you have any questions regarding the information contained in this document or Renesas Electronics products.

(Note 1) “Renesas Electronics” as used in this document means Renesas Electronics Corporation and also includes its directly or indirectly controlled subsidiaries.

(Note 2) “Renesas Electronics product(s)” means any product developed or manufactured by or for Renesas Electronics.

butes, disposes of, or of ise sells or transfers the product to a third party, to notify such third
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