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1. Introduction

QN908x is a power effective BLE SoC. Four clock sources are available on QN908x, two
high frequency clocks and two low frequency clocks. The low frequency clock can be the
external 32.768k crystal or the internal 32k RC oscillator.

For the cost sensitive applications, the low frequency clock can choose 32k RC oscillator.
But as the 32k RCO can't get same accuracy as with the external 32k crystal and
Bluetooth specification requires the sleep clock accuracy (SCA) should meet £500 ppm,
the RTC and BLE Sleep Timer of QN908x support calibration feature, with which these
peripherals can get the same accuracy as with an input clock of £500 ppm accuracy.

2. Key Features of QN908x for Supporting Calibration

1) One of capture input signals (CAP[2]) of 32-bit timer(CTimer) of QN908x connects
with 32k RCO clock, which makes it easier to measure the clock from 32k RCO with
another accurate clock.

2) QN908x contains digital calibration circuit, which can calibrate and make sure 32k
RCO get accuracy of £35000ppm.

3) The RTC and BLE sleep timer of QN908x supports calibration feature, by which the
compensation can be made to improve the accuracy.

3. QN908x 32k RCO Calibration Related Peripherals

QN9S08x

32k CLK

High Freq. CLK

XTAL_IN

XTAL_OUT]

APB CLK

Figure 1: QN908x 32k RCO calibration related peripherals

As illustrated in figure 1, the high accuracy clock from 16/32 MHz crystal and standard
32-hit timer is used for measuring the period of 32k RCO clock. According the AN of
QN908x Hardware Design Consideration, the 16/32 MHz crystal should be at least with
the accuracy of +20 ppm, with which the 32k RCO clock measurement is more accurate.
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The Hardware Calibration block is designed to calibrate the clock from 32k RCO firstly.
The accuracy of the clock after hardware calibration can get about £35000ppm.

The RTC and BLE Sleep Timer are the peripherals to be compensated to improve
accuracy. The compensation is conducted in the value of ppm. The minimum
compensation unit is 1 ppm. The formula to calculate ppm is shown below:

ppm = (fo/f1 - 1) x 2000000 where fo = 32000

The two peripherals can get about £500ppm accuracy after calibration. Test result can be
found at section 4.6.

As only 32k clock available at power down 0 state, RTC is also used as timer to trigger
calibration periodically.

4. Procedures of Calibrating and Compensation

AN12106

Application note

The procedures for calibration 32k RCO and compensation to RTC & BLE Sleep Timer
are illustrated in figure 2 below. Three steps mainly needed to complete the calibration
and compensation operations. Hardware calibration is firstly completed during system
initialization. With the calibrated 32k RCO clock as capture input and the APB clock as
input, Software Calibration is completed at second step. The 3" step is compensating the
RTC and BLE Sleep Timer by the ppm value got from the 2 step.
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Figure 2: QN908x 32k RCO Calibration and Compensation Flow

4.1 Hardware Calibration

As illustrated in figure 1, 32 kHz RCO is calibrated firstly with hardware calibration block.
Hardware calibration aims to improve accuracy of 32k RCO clock There is dedicated
digital register RCO_RC_REF_OSC_CODE in QN908x for the purposes. Four bits in the
registers is used to tune the RCO capacitor to get the least deviation of 32k clock. The
clock accuracy after calibration can be within the range of £35000 ppm.
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During initialization, firmware would do calibration to get proper code and set it to the
register RCO_RC_REF_OSC_CODE. The code is around 0x05 typically under room
temperature, and decreases to 0x0 when temperature is around 100 Celsius degrees.

With temperature changing, software calibration would adjust the code got during
initialization to make the accuracy of RCO clock within the range of +35000 ppm.

Implementation of Hardware Calibration

The hardware calibration is implemented in function CALIB_CalibRCO32K() in file
fsl_calibration.c in QN908x SDK. It's fine-tuned by NXP, not intended for customer

revising.

Software Calibration

Software calibration of 32k RCO is comprised of two operations:

1. Read the capture value from CTimer to calculate ppm value and set the result to

RTC and BLE sleep timer

2. Monitor if ppm value is bigger than a preset threshold. If so, firmware would adjust
the code and set it to the register RCO_RC_REF _OSC_CODE.

Implementation of Software Calibration
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Figure 3: Software calibration work flow

The flow chart of software calibration is shown in Figure 3. The key parameters and key

operations are described in the following:
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The Timer for calibration: As calibration needs to be performed periodically even
system entering Power Down 0 mode, and only 32 kHz clock is available in this
mode, RTC is the only choice as the calibration timer.

32-bit Timer for calibration: Four 32-bit timers are available in QN908x, and all with
the capture input CAP[2], any of the four timers is ok to measure the period of 32k
RCO. The CTimer 3 is chosen in SDK projects.

Calibration interval: As MCU would be waken up from Power Down O state to
calculate ppm and set the ppm value to RTC and BLE Sleep Timer, the smaller the
interval is, the higher the power consumption would be and the better accuracy of
RTC and BLE Sleep timer can get. To balance between the accuracy and power
consumption, according to the testing of NXP on typical scenario, chose 1 second as
the interval for calibration.

ppm counting length: The 32k RCO clock is connected to the third capture input
(CAP[2]) of CTimer, a capture interrupt would be generated on the rising edge of the
32k RCO clock. There is always jitter in the capture value when the counting length
is small. The cycle of the clock is 32.5us, according to the testing of NXP, 16 cycles
are a reasonable interval to get the capture result and calculate ppm. Figure 3
illustrates the power profiling with 32k RCO calibration enabled.

Sleep(waiting for interrupts, high frequency clock tree on XTAL)
& Active(deal with 17 32k rising edge interrupts)

A
(1. deal with XTAL ready interrupt: switch high frequency clock tree to XTAL. H
2. config ctimer to generate interrupts at 32k clock source’ s rising edges) H (Power down workflow)
Active < , H Active & Sleep
r * —

(deal with wakeup interrupt)

Active
(waiting for XTAL ready,
high frequency clock tree on 0SC32M)
Sleep

power down O ; Power down 0
< > < >ie—>
>007800us ~600us { ~200us
(depends on XTAL used) H

Figure 4 Power Profile of RCO32K's measurement

5. ppm value triggering the code change for hardware calibration

The accuracy of 32k RCO clock is within +35000ppm. The code should be changed if
a ppm value calculated is out of the range. The threshold is set to OxBFFF in current
SDK projects, which is a value verified by NXP.

Compensation to RTC and BLE Sleep Timer

1) RTC of QN908x contains two counter CNTO and CNT1, and supports two modes
RTC mode and free-running mode. CNTO and CNT1 work together to generate
second interrupt under RTC mode. CNT1 can work solely and generates free-
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running interrupt under free-running mode. Only CNTO is designed with
calibration feature, RTC can be compensated under RTC mode only.

The Calibration register (offset = 0x10) in QN908x RTC is used for RTC
compensation, two directions supported and the precision is 1ppm. The register
is illustrated in figure below.

Bit Symbol Access Reset value Description
15:0 PPM RW 0x0 RTC calibration ppm value: the precision is 1 ppm
16 DIR RW 0x0 RTC calibration direction indicator

0: forward calibrate
1: backward calibrate

31:17 |RESERVED

2) The BLE Stack of QN908x provides API function set_32k_ppm() to do the
compensation to BLE Sleep Timer. When the BLE stack configures the 32k Hz
sourced sleep timer by the API, it will take the ppm information into
consideration. For example, if the RCO32K is 2500ppm faster, and the BLE
stack needs to wakeup 1 second (32000 ticks of 32.000kHz) later, BLE stack will
configure a value of 32000 * (1 — 2500 / 1000000) = 31920 into BLE sleep timer,
but not 32000.

45 Customization of the Software Calibration

4.6

1. Enabling the 32k RCO function

The macro BOARD_XTAL1_CLK_HZ in clock_config.h is used to enable internal 32k
RCO clock. The changes to the macro is shown in the sentences below.

=>

#define BOARD_XTAL1_CLK_HZ 0U

The hardware and software calibrations are enabled when the internal 32k RCO clock is
enabled.

2. Adjusting the calibration interval.

The input parameter of the function RCO32K _InitSwCalib() in file app_ble.c is the
value of the interval to do the software calibration in the unit of millisecond.

3. Adjusting the counting length.

The macro RCO32K_17TH_EDGE in rco32k_calibration.h is used to configure the
interval of ppm calibration in the unit of 32k RCO clock cycle.

Verification of the 32k RCO Calibration

As only the RTC mode of QN908x RTC supports the calibration feature, the second
interrupt must be enabled. The accuracy of 32k RCO clock would reflect to the accuracy
of the RTC with calibration enabled.
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Under the RTC mode, the second interrupt would be generated when RTC counter
reaches 32k if the interrupt is enabled. Toggling a GPIO of QN908x in second interrupt
handler and monitoring it with oscilloscope, we can get the accuracy of the RTC.

The codes changes for verifying 32K RCO accuracy are as the below:
1. In Function TA_Init(), enable second interrupt by the
sentence: RTC_Enablelnterrupts(RTC, kRTC_SecondinterruptEnable);
2. Toggle GPIO04 in function RTC_SEC_IRQHandler() by the sentence:
GPIO_TogglePinsOutput(GPIOA, 1U <<4U);

The test result of RTC accuracy after compensation is shown in table 1:

Table 1: RTC accuracy after compensation

Sample No. Avg. Accuracy(ppm) | Peak Accuracy(ppm) Test conditions

1 40 180 QN908x DK, 3V
power supply, DC-

2 20 -100 DC enabled, Room

3 40 140 Temperature

4 40 100

5 20 -180

4.7 Power Consumption with 32k RCO Enabled

The power consumption with 32k RCO enabled will be a little high than that of using 32k
crystal. The figure below illustrates the power consumption comparison.
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Test conditions:
Hardware: QN908x DK (3V power supply)
SDK project: ble_power_profiling, DC-DC on
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Calibration interval: 1 second
Connection: 100ms to 4000ms interval, empty packet
Temperature: room temperature

Please be noted that test result is hardware and sdk project revision dependent.
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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
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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.

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.

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.

5.3 Licenses

Purchase of NXP <xxx> components

<License statement text>

5.4 Patents

Notice is herewith given that the subject device uses one or more of the
following patents and that each of these patents may have corresponding
patents in other jurisdictions.

<Patent ID> — owned by <Company name>

5.5 Trademarks

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

<Name> — is a trademark of NXP Semiconductors N.V.
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