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1 Introduction

All ICs of the NHS31xx family, especially the NHS3100 IC, are ideally suited for cold-
chain logging and monitoring use cases. The HW provides the building blocks for
complex and standalone operations. An internal RTC driven by a free-running oscillator,
an accurate temperature sensor, and plenty of volatile and non-volatile memory. The
NHS31xx ICs also include an open Arm Cortex M0+ processor where the firmware can
be fully tailored for each customer and use case.

The RTC is based on a trimmed 32 kHz free running oscillator. The calibration is
performed during a manufacturing step done by NXP Semiconductors. This document
describes how the RTC HW block can be recalibrated. It also provides a software
technique to achieve a much better time accuracy for the timestamps stored by the
firmware.

1.1 RTC
Several sources cause variations of the clock tick accuracy:

• The manufacturing silicon process
• The ICs operating temperature (ambient temperature)
• The supplied battery voltage

So, each IC has a different inaccuracy profile. A full description of the RTC HW block can
be found:

• In the NHS3100 data sheet (Ref. 1), section 8.15 Real-Time Clock timer.
• In the NHS31xx user manual (Ref. 2), section 13 Real-Time clock.

1.2 Calibration
The TFRO is a free running oscillator which is factory-calibrated to 32 kHz ± 3 % at
30 °C. The frequency measured during the calibration step is stored in EEPROM and
loaded during boot time in the RTC CAL register. This value is IC-specific and an error of
this value results in a deviation of the RTC clock.

The RTC CAL register sets the overflow value of the counter running on the TFRO clock.
The result is a "time tick" of 1 second each time the register value matches the frequency
value of the TFRO.
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2 Recalibration

Using recalibrating, the customer can determine a new value for the RTC CAL register.
The main application can load it after boot time. Since the oscillator always depends on
the temperature, it is important to calibrate the IC in the same temperature range as the
use case it is used for.

Note: The new register value is only accurate for the temperature and voltage the IC was
in during the recalibration.

2.1 Test program
First flash the following program in the IC to output the TFRO frequency on pin PIO0_1:

Board_Init();
Chip_IOCON_SetPinConfig(NSS_IOCON, IOCON_PIO0_1, IOCON_FUNC_1);
Chip_Clock_Clkout_SetClockSource(CLOCK_CLKOUTSOURCE_TFRO);
for(;;);
return 0;

2.2 Measurement equipment
Measure the frequency on pin PIO0_1 with a high-quality frequency counter. Do not
use an oscilloscope, because the accuracy is limited then. When using a gate time of 1
second, the integer part of the frequency measured in Hz is the value to be used for the
RTC CAL register.

Ensure that the temperature environment is stable and supplies a stable voltage level.

2.3 Firmware update
When an updated value has been determined, add this code to your ARM firmware
application:

void ResetISR(void)
{
/* Replace the number with the value determined in section 2
 above. */
#define CUSTOMER_DEFINED_CAL 32768
     Chip_RTC_SetCalibration(NSS_RTC, CUSTOMER_DEFINED_CAL);
     Startup_VarInit();
     main();
}
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3 Improving timing accuracy

For temperature logging applications, the RTC is used to time the creation and storage
of new temperature values, which typically must take place at a fixed interval. These
time points, as given by the RTC, are always expressed in full seconds. When the IC is
started, it runs unattended using the RTC for its own notion of time. We call it the "island
time" of the IC.

Even after careful calibration, the deviation of the RTC block can be significant. It
fluctuates with changing temperatures and voltage levels. The fluctuation can be several
percentages under extreme conditions. The RTC deviation does not get worse over
time. When looking at excursion lengths, the past lifetime of the RTC deviation or past
excursions does not affect the RTC deviation itself by its past lifetime.

Additional SW can be added, either in the tag firmware or the tag reader APP, determine
the actual interval more correctly. The interval after correction then becomes a fixed
floating point number, close to the interval that the RTC dictates.

When the data is read out, time according to the IC (the so-called "island time") can be
compared with the time according to the tag reader. The tag reader has the correct time.
With a constant RTC deviation, all that must be calculated is the absolute time deviation
of the RTC HW block per interval and to add that cumulatively to the timestamp of each
measurement point.

Using this simple technique, SW can be used to reduce the clock drift significantly by
determining an updated interval, which differs slightly from the configured interval and
allows the reconstruction of the actual timestamps with a very high accuracy.

In most use cases, where the expected temperature range is much less than the full
range the IC is validated in (−40 °C to +85 °C), the maximum deviation is significantly
less. The variation in deviation is also significantly less. After making an SW correction
for the timestamps, cold-chain applications can typically achieve a timing accuracy of
0.2 % or better.

3.1 Calculations
When two synchronization points are present, calculations can be carried out.

• The first synchronization point is at the time the tag reader (typically an NFC-enabled
Android phone) taps the NFC antenna of the NHS31xx IC. Configuration details are
sent to the IC (among which the required interval δ between two measurements), after
which the firmware starts monitoring and logging. The exact time can be sent to the IC
as well, providing a correct start time s.

• The second synchronization point is when the tag reader taps again, as some
later point, reading out all samples. The IC reports as island time T’, but the tag
reader knows the correct time T. During the time between the two taps, several
measurements, "n", are done. Using the island time, each measurement has a
corresponding timestamp t’n. The time between two successive measurements is
variable and has an average δ’ which is close to but not equal to δ.

Call tn the recalculated timestamps, which give a better indication of the time of
sampling.
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Figure 1. Two synchronization points

The correction factor is the division between the two different timespans:

 
(1)

 

p is a strict positive number:

• A value of 1 indicates that, on average, both clocks ran with the exact same speed
• A value of 1.01 indicates that, on average, the IC clock ran 1 % too slow

The timestamps can then be recalculated as:

 
(2)

 

This timestamp stretches or condenses the measurement times in a uniform way.

The deviation can be calculated as a percentage using:

 
(3)

 

Note: These calculations can be carried out on either the tag reader (likely a
smartphone) or on the ARM inside the NHS31xx. An example implementation has been
added in the mobile demo applications tlogger or monitor. It can be found in the SDK
(v9 and up) under sw/android or (v12.2 and up) under sw/XF.

3.2 Example figures

3.2.1 Uncorrected

Assuming an average RTC deviation of 2.5 %, the table below provides the minimum and
maximum possible intervals. These numbers are before correction using the correct time
at a second synchronization point.
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Table 1. Minimum and maximum intervals
2.50 %Elapsed time

Minimum Maximum

15 minutes 14 m 37 s 15 m 23 s

1 hour 58 m 30 s 1 h 1 m 30 s

8 hours 7 h 48 m 0 s 8 h 12 m 0 s

1 day 23 h 24 m 1 d 0 h 36 m

30 days 29 d 6 h 30 d 18 h

90 days 87 d 18 h 92 d 6 h

180 days 175 d 12 h 184 d 12 h

270 days 263 d 6 h 276 d 18 h

3.2.2 Corrected

When the recalculation of the timestamps using the deviation between the island time
and the correct time yields an accuracy of 0.2 % or better:

Table 2. Minimum and maximum intervals
0.20 %Elapsed time

Minimum Maximum

15 minutes 14 m 58 s 15 m 2 s

1 hour 59 m 53 s 1 h 0 m 7 s

8 hours 7 h 59 m 2 s 8 h 0 m 58 s

1 day 23 h 57 m 1 d 0 h 2 m

30 days 29 d 22 h 30 d 1 h

90 days 89 d 19 h 90 d 4 h

180 days 179 d 15 h 180 d 8 h

270 days 269 d 11 h 270 d 12 h
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5 Legal information

5.1  Definitions
Draft — The document is a draft version only. The content is still under
internal review and subject to formal approval, which may result in
modifications or additions. NXP Semiconductors does not give any
representations or warranties as to the accuracy or completeness of
information included herein and shall have no liability for the consequences
of use of such information.

5.2  Disclaimers
Limited warranty and liability — Information in this document is believed
to be accurate and reliable. However, NXP Semiconductors does not
give any representations or warranties, expressed or implied, as to the
accuracy or completeness of such information and shall have no liability
for the consequences of use of such information. NXP Semiconductors
takes no responsibility for the content in this document if provided by an
information source outside of NXP Semiconductors. In no event shall NXP
Semiconductors be liable for any indirect, incidental, punitive, special or
consequential damages (including - without limitation - lost profits, lost
savings, business interruption, costs related to the removal or replacement
of any products or rework charges) whether or not such damages are based
on tort (including negligence), warranty, breach of contract or any other
legal theory. Notwithstanding any damages that customer might incur for
any reason whatsoever, NXP Semiconductors’ aggregate and cumulative
liability towards customer for the products described herein shall be limited
in accordance with the Terms and conditions of commercial sale of NXP
Semiconductors.

Right to make changes — NXP Semiconductors reserves the right to
make changes to information published in this document, including without
limitation specifications and product descriptions, at any time and without
notice. This document supersedes and replaces all information supplied prior
to the publication hereof.

Suitability for use — NXP Semiconductors products are not designed,
authorized or warranted to be suitable for use in life support, life-critical or
safety-critical systems or equipment, nor in applications where failure or
malfunction of an NXP Semiconductors product can reasonably be expected
to result in personal injury, death or severe property or environmental
damage. NXP Semiconductors and its suppliers accept no liability for
inclusion and/or use of NXP Semiconductors products in such equipment or
applications and therefore such inclusion and/or use is at the customer’s own
risk.

Applications — Applications that are described herein for any of these
products are for illustrative purposes only. NXP Semiconductors makes
no representation or warranty that such applications will be suitable
for the specified use without further testing or modification. Customers
are responsible for the design and operation of their applications and
products using NXP Semiconductors products, and NXP Semiconductors
accepts no liability for any assistance with applications or customer product
design. It is customer’s sole responsibility to determine whether the NXP
Semiconductors product is suitable and fit for the customer’s applications
and products planned, as well as for the planned application and use of

customer’s third party customer(s). Customers should provide appropriate
design and operating safeguards to minimize the risks associated with
their applications and products. NXP Semiconductors does not accept any
liability related to any default, damage, costs or problem which is based
on any weakness or default in the customer’s applications or products, or
the application or use by customer’s third party customer(s). Customer is
responsible for doing all necessary testing for the customer’s applications
and products using NXP Semiconductors products in order to avoid a
default of the applications and the products or of the application or use by
customer’s third party customer(s). NXP does not accept any liability in this
respect.

Export control — This document as well as the item(s) described herein
may be subject to export control regulations. Export might require a prior
authorization from competent authorities.

Evaluation products — This product is provided on an “as is” and “with all
faults” basis for evaluation purposes only. NXP Semiconductors, its affiliates
and their suppliers expressly disclaim all warranties, whether express,
implied or statutory, including but not limited to the implied warranties of
non-infringement, merchantability and fitness for a particular purpose. The
entire risk as to the quality, or arising out of the use or performance, of this
product remains with customer. In no event shall NXP Semiconductors, its
affiliates or their suppliers be liable to customer for any special, indirect,
consequential, punitive or incidental damages (including without limitation
damages for loss of business, business interruption, loss of use, loss of
data or information, and the like) arising out the use of or inability to use
the product, whether or not based on tort (including negligence), strict
liability, breach of contract, breach of warranty or any other theory, even if
advised of the possibility of such damages. Notwithstanding any damages
that customer might incur for any reason whatsoever (including without
limitation, all damages referenced above and all direct or general damages),
the entire liability of NXP Semiconductors, its affiliates and their suppliers
and customer’s exclusive remedy for all of the foregoing shall be limited to
actual damages incurred by customer based on reasonable reliance up to
the greater of the amount actually paid by customer for the product or five
dollars (US$5.00). The foregoing limitations, exclusions and disclaimers
shall apply to the maximum extent permitted by applicable law, even if any
remedy fails of its essential purpose.

Translations — A non-English (translated) version of a document is for
reference only. The English version shall prevail in case of any discrepancy
between the translated and English versions.

Security  — While NXP Semiconductors has implemented advanced
security features, all products may be subject to unidentified vulnerabilities.
Customers are responsible for the design and operation of their applications
and products to reduce the effect of these vulnerabilities on customer’s
applications and products, and NXP Semiconductors accepts no liability for
any vulnerability that is discovered. Customers should implement appropriate
design and operating safeguards to minimize the risks associated with their
applications and products.

5.3  Trademarks
Notice: All referenced brands, product names, service names and
trademarks are the property of their respective owners.
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