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Warranty and Disclaimer

Warranty and Disclaimer

To the maximum extent permitted by applicable law, Fujitsu Microelectronics Europe GmbH restricts
its warranties and its liability for all products delivered free of charge (e.g. software include or
header files, application examples, target boards, evaluation boards, engineering samples of IC’s
etc.), its performance and any consequential damages, on the use of the Product in accordance with
(i) the terms of the License Agreement and the Sale and Purchase Agreement under which
agreements the Product has been delivered, (ii) the technical descriptions and (iii) all accompanying
written materials. In addition, to the maximum extent permitted by applicable law, Fujitsu
Microelectronics Europe GmbH disclaims all warranties and liabilities for the performance of the
Product and any consequential damages in cases of unauthorised decompiling and/or reverse
engineering and/or disassembling. Note, all these products are intended and must only be used
in an evaluation laboratory environment.

1. Fujitsu Microelectronics Europe GmbH warrants that the Product will perform substantially in
accordance with the accompanying written materials for a period of 90 days form the date of
receipt by the customer. Concerning the hardware components of the Product, Fujitsu
Microelectronics Europe GmbH warrants that the Product will be free from defects in material
and workmanship under use and service as specified in the accompanying written materials
for a duration of 1 year from the date of receipt by the customer.

2. Should a Product turn out to be defect, Fujitsu Microelectronics Europe GmbH’s entire liability
and the customer’s exclusive remedy shall be, at Fujitsu Microelectronics Europe GmbH's
sole discretion, either return of the purchase price and the license fee, or replacement of the
Product or parts thereof, if the Product is returned to Fujitsu Microelectronics Europe GmbH in
original packing and without further defects resulting from the customer’s use or the transport.
However, this warranty is excluded if the defect has resulted from an accident not attributable
to Fujitsu Microelectronics Europe GmbH, or abuse or misapplication attributable to the
customer or any other third party not relating to Fujitsu Microelectronics Europe GmbH.

3. To the maximum extent permitted by applicable law Fujitsu Microelectronics Europe GmbH
disclaims all other warranties, whether expressed or implied, in particular, but not limited to,
warranties of merchantability and fitness for a particular purpose for which the Product is not
designated.

4. To the maximum extent permitted by applicable law, Fujitsu Microelectronics Europe GmbH’s
and its suppliers” liability is restricted to intention and gross negligence.

NO LIABILITY FOR CONSEQUENTIAL DAMAGES

To the maximum extent permitted by applicable law, in no event shall Fujitsu
Microelectronics Europe GmbH and its suppliers be liable for any damages whatsoever
(including but without limitation, consequential and/or indirect damages for personal
injury, assets of substantial value, loss of profits, interruption of business operation,
loss of information, or any other monetary or pecuniary loss) arising from the use of
the Product.

Should one of the above stipulations be or become invalid and/or unenforceable, the remaining
stipulations shall stay in full effect

© Fujitsu Microelectronics Europe GmbH -3- MCU-AN-300229-E-V13



(o8]

CLOCK CALIBRATION
FU"TSU Contents
Contents
REVISION HISTORY .....ccoiiiiiiiememrerrisssssssssse s s s s ss s sssmnns s s s ss s s s sssmnns s s s s ssssssssssnsnnsssssssssnnnn 2
WARRANTY AND DISCLAIMER ........iieiiiiiiismrns s ssssss s ssmns s s s s s s s sssnnnns 3
L0700 R N 4
1 INTRODUCTION ..ot an s s s e e e annnn e e e e e e e s nnnnnns 5
P T = == L0 = PRSP 5
2 CLOCK CALIBRATION ......cooiiiiinntrrrssisssssssss s s sssssssss s s s n s sss s s s s s s s ssmnnnnn e s snas 6
P20 B ¥ o T o =11 6
b = 1[0 Tl QI 1= | = o o SR 6
bZ2C  I 10 1 g TN I 1 T=To | = o SR 6
B =T 1] (T R 7
241  Clock Calibration Unit Control Register (CUCR).......cccoevvveeiiiiiieiieeeeeeeeeen 7
2.4.2  Clock Calibration Duration Timer Data Register (CUTD)........ccoeeveeveeeeeeeennn. 7
2.4.3  Clock Calibration Timer Data Register (CUTR) ......uuveeeeieeiiiiiiiiieeeeee e 7
3 CALIBRATION AND MEASUREMENT ...t 8
3.1 Interpreting Measurement ReSUILS.............ooiii i 8
3.2 Calibration of the Real Time CIOCK ..........occuuiiiiiiiiiii e 8
4 CLOCK CALIBRATION EXAMPLES...........ccooireririirisnsrr s sssss s 9
4.1 Calibration Measurement of the RC or Sub CIOCK ..............uuviiiiiiiiiiiiiiiiiiiiiiiiiiiiiis 9
4.2 Calibrating the Real Time ClOCK ............uuuuiuiiiiiiiiiiiiiiiiiiiiieiieiieeeeeneeeeeeeennnnnnnnnnnnnnees 11
4.3 Calibrating the USART ...ttt eeeeeeeeeeeaeseeeeeneennnne 15
5 ADDITIONAL INFORMATION .....cooiiiiiiiiinnenees s ssssssssssss s s ssssssss s s s sssnsnss s s e 18

MCU-AN-300229-E-V13 -4 - © Fujitsu Microelectronics Europe GmbH



(o8]

CLOCK CALIBRATION
Chapter 1 Introduction FU] ITSU

1 Introduction

This application note describes the functionality of the Clock Calibration function and gives
an example.

1.1 Key Features
e Measurement of the following clocks against the Main Clock (CLKMC)
» RC Clock (CLKRC) (100 kHz, 2 MHz)
= Sub Clock (CLKSC)

© Fujitsu Microelectronics Europe GmbH -5- MCU-AN-300229-E-V13
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2 Clock Calibration

THE BASIC FUNCTIONALITY OF THE CLOCK CALIBRATION FUNCTION

2.1 Functionality

With the Clock Calibration the RC or Sub Clock oscillation clocks a counter for a given
duration value. In this duration time the calibration timer counter is clocked by the Main

Clock (CLKMC).

This allows to trim other resources, which have reload counter prescalers (Real Time Clock,

USART, etc.).
2.2 Block Diagram
CLKMC o 24
Calibration Timer CUTR e =
CKSEL Control Logic / Registers - —-
CLKRC —» *
> 16
CLKSC —»| Duration Timer CUTD e C—

Internal Bus

Figure 2-1: Clock Calibration block diagram

2.3 Timing Diagram

The following timing diagram shows the functionality of the Clock Calibration unit:

e UL UL

CLKRC/ L\\J

snm

CLKSC

CUTD CUTD CUTD-1 >< CUTD-2 >< &:X 1

\
IS 0 000 000HCocaE

Figure 2-2: Timing diagram Clock calibration unit

Please note, that the length of the clock pulses are not drawn in a proportional manner.
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Chapter 2 Clock Calibration

2.4 Registers

2.4.1 Clock Calibration Unit Control Register (CUCR)
The CUCR consists of the following bits:

Bit . Initial .
No. Bit Name Value Value | Description

7 Reserved X 0 Always write “0” to this bit
6,5 = 0 - Unused bits

4 o 0 0 No Calibration

[

Start Calibration

3 - 0 B Unused bit

2 CKSEL 0 Sub Clock (CL.KSC) selected for calibration

RC Clock (CLKRC) selected for calibration

No calibration / Calibration ongoing

1 INT 0 Write: Clear bit

Calibration finished

0 INTEN 0 Interrupt disabled

RO O (kO

Interrupt enabled

2.4.2 Clock Calibration Duration Timer Data Register (CUTD)

This 16-bit register contains the duration interval for the duration timer. This timer is clocked
by the RC or Sub Clock as selected by CUCR: CKSEL

2.4.3 Clock Calibration Timer Data Register (CUTR)

This 24-bit register is clocked by the Main Clock (CLKMC). Its counting is gated by the
duration of the clock to be calibrated.

© Fujitsu Microelectronics Europe GmbH -7- MCU-AN-300229-E-V13
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Chapter 3 Calibration and Measurement

3 Calibration and Measurement

THIS CHAPTER SHOWS HOW TO CALCULATE CALIBRATION DATA

3.1 Interpreting Measurement Results

Assume the 32.768 kHz sub clock should be measured with an ideal Main Clock of 4MHz.
The duration in CUTD was set to a value of 0x2000 = 8192, which should represent 0.25s at
an ideal sub clock oscillation.

After measurement, the value of CUTR is e. g. 0x0F4002. What does this mean?

The Calibration Timer has counted to 0x0F4002 = 999426 in the duration time given by the
sub clock. This represents (at ideal 4 MHz Main Clock reference) a duration time of 999426 /
4000000 = 0.24986s. Thus the sub clock oscillation is a bit to fast.

3.2 Calibration of the Real Time Clock

Assume the Real Time Clock is clocked by the Sub Clock oscillator with the same frequency
deviation given in 3.1.

At an ideal Sub Clock of 32.768 kHz the Sub Second Register (WTBR) would have the reload
value 8192 (= 0x2000). Because the oscillation was measured as too fast, the new value
can be calculated as:

Jrrc Clock source of Real Time Clock
WTBR _ Sare * Sasaw * pvrervar Sy Main Clock (CLKMC)
CALIBRATED — -1 . .
4s~ -CUTR tiviervaz  Interval time given by CUTD

With the example values above the calculation is:

276857 -4 1.0.2
WTBR .y peies = 32768s 000000s " -0.25s — 819670

457.999426
The new calibrated Sub Second Register value is then: 8197
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Chapter 4 Clock Calibration Examples

4 Clock Calibration Examples

EXAMPLES FOR THE CLOCK CALIBRATION USAGE

4.1 Calibration Measurement of the RC or Sub Clock

The following example shows, how to measure the RC or sub clock. No interrupts are used.

Select clock
source for
Measurement

A

Initialize CUTD
register

A

Clear CUCR
interrupt flag

A

Start Calibration

Yy
CalibM

complete?

Yes
v

WTBR caibrated = (F sub clock * F Main Clock * t interval)/(4s™ * CUTR)

A

Return
WTBR caiibrated

Figure 4-1: Flowchart for Calibration Measurement
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Chapter 4 Clock Calibration Examples

/* THIS SAMPLE CODE IS PROVIDED AS IS AND IS SUBJECT TO ALTERATIONS. FUJITSU */
/* MICROELECTRONICS ACCEPTS NO RESPONSIBILITY OR LIABILITY FOR ANY ERRORS OR */

/* ELIGIBILITY FOR ANY PURPOSES. w/
/* (C) Fujitsu Microelectronics Europe GmbH */
2 — */

#include "mb96347rw.h"

#define MAIN CLOCK 4000000 // Main Clock in Hz

#define SUB_CLOCK 32768 // Sub Clock in Hz

#define RC_CLOCK 100000 // RC clock in Hz

#define INTERVAL 0.5 // Measurement duration in s

#define CUTD VALUE (INTERVAL * SUB CLOCK)

unsigned long ClockMeasure (unsigned int duration)
{
float calibrate;
unsigned long wtbr cal2;
CUCR = 0x00; // measure sub clock, no interrupts
//CUCR = 0x04; // measure RC clock, no interrupts

CUTD = CUTD VALUE;

CUCR_INT = O;

CUCR_STRT = 1; // start calibration measurement
while (!CUCR _INT); // wait for end of measurement

CUCR_INT = 0; // clear INT flag (is set even if no interrupts used)
calibrate = 0.5 + (((float) SUB CLOCK * (float) MAIN CLOCK

* (float) INTERVAL) / ((float) 4 * (float) CUTR));
wtbr cal2 = (unsigned long) calibrate; //0.5 is added for rounding
return wtbr cal2; // return measurement value

MCU-AN-300229-E-V13 -10 - © Fujitsu Microelectronics Europe GmbH
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4.2 Calibrating the Real Time Clock

The following example shows how to calibrate the Real Time Clock clocked by the 32 kHz
Sub Clock.

Initialize Interrupt

Get WTBR cai
Calibrated *Refer Flow chart 4.1

A

Get Hour & Minute
Data from User

l

Initialize RTC with Hour and Minute data
received from User, Second register to
zero and Sub second register with
Calibrated WTBR

<

A

Print HH:MM:SS on
USART

A
After every 60 Second
get WTBR caiibrate @nd
update sub second
register of RTC

*Refer Flow chart 4.1

Figure 4-2: Flowchart for RTC Calibration
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Chapter 4 Clock Calibration Examples

/* THIS SAMPLE CODE IS PROVIDED AS IS AND IS SUBJECT TO ALTERATIONS. FUJITSU
/* MICROELECTRONICS ACCEPTS NO RESPONSIBILITY OR LIABILITY FOR ANY ERRORS OR
/* ELIGIBILITY FOR ANY PURPOSES.

/* (C) Fujitsu Microelectronics Europe GmbH

#include "mb96347rw.h"

#define MAIN CLOCK 4000000 // Main Clock in Hz
#define SUB CLOCK 32768 // Sub clock in Hz
#define INTERVAL 0.5 // Measurement duration in s

#define CUTD_VALUE (INTERVAL * SUB CLOCK)
#define CUTR IDEAL (unsigned long) (INTERVAL * MAIN CLOCK)

#define SCT 0x47 // irqg all 4s

#define UPDATE INTERVAL 15 // 4s * 15 = 60s
#define WEIGHT (float)100
#define T INTERVAL 60

char update count;
unsigned long cal;
double dt, w;

*/
*/
*/
*/

volid InitRTC (unsigned char hour, unsigned char minute, unsigned long subsecond)

{
WTCR_ST = 0
WTCR_INTEO
WTCR INTEl =
WTCR_INTE2
WTCR INTE3

// Stop RTC
; // No Interrupts

o~

~

~

0
0
0
0

’

//WTCERiINTE4 0;

WICR OE = 1; // Output

WTBRO = (OxFFFF & subsecond) ; // Set calibrated prescaler value
WTBR1 = (subsecond >> 16);

WTHR = hour;

WTMR = minute;

WTSR = 0;

WICR UPDT = 1; // Update RIC
while(!SSRO_RDRF); // wait for "RETURN"
WICR ST = 1; // Start RIC
(volatile) RDRO; // Flush RDRO

}

unsigned long ClockMeasure (unsigned int duration)
{

float calibrate;

unsigned long wtbr cal2;

CUTD = duration;
CUCR_INT = 0;
CUCR_STRT = 1;
while (!CUCR_INT);

CUCR_INT = 0;

MCU-AN-300229-E-V13 -12 - © Fujitsu Microelectronics Europe GmbH
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calibrate 0.5 + (((float)
* (float)
wtbr cal?2 (unsigned long)
return wtbr_cal2;

}

void InitSCT (void)
{

SCTCR

SCT;
1

void wait (long a)
{
long 1i;
for (1 = 0; i < a; 1i++)
__wait nop();

}

void printdigits (unsigned char val)

{

unsigned int val2;

val2 val / 10;
PutchO (val2 + 0x30);

val val - (val2 * 10);
PutchO (val + 0x30);
}

vold printtime (void)

{
printdigits (WTHR) ;
PutchO(':");
printdigits (WTMR) ;
PutchO(':");
printdigits (WTSR) ;
PutsO ("\n") ;

}

void main (void)
{

unsigned char hh, hl, mh, ml,
DDROO
PDROO

= OxFF;
0x01;

InitIrgLevels();
set 11(7);

EI();

e
dt

WEIGHT;
0;

WTCKSR = 0x01;
CUCR_CKSEL = 1;

cal

PDROO

0x02;

InitUart0 (416) ;

PDROO 0x03;

PutsO ("

SUB_CLOCK *
INTERVAL) /
calibrate;

(float) MAIN CLOCK

((float) 4 * (float) CUTR));

hour, minute;

// indicate

start

// allow all levels
// globally enable interrupts

// Sub clock
// Sub clock for calibration unit

ClockMeasure (CUTD VALUE) ;

// 19200 bps @ 8 MHz

PutsO ("\nRTC/RC clock self calibration\n");

PutsO ("CUTR: 0Ox");

\n") ;

© Fuijitsu Microelectronics Europe GmbH
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printlong (CUTR) ;
PutsO ("\nCUTR: ") ;
printdeclong (CUTR) ;
PutsO ("\nSub Second:
printlong(cal) ;

PutsO ("\nSub Second:
printdeclong (cal) ;
PutsO ("\n\nEnter Time

0x");
")
(HHMM)

(volatile) RDRO;
hh GetchO () ;
PutchO (hh) ;

hl GetchO () ;
PutchO (hl) ;

mh GetchO () ;
PutchO (mh) ;

ml GetchO () ;
PutchO (ml) ;

hour
minute

(hl & OxOF)
(ml & OxOF)

+ 10 * (hh
+ 10 *

hour
minute

(hl & OxOF)
(ml & OxOF)

+ 10 * (hh
+ 10 *

InitRTC (hour, minute, cal);

InitSCT();

PutsO ("\n") ;

while (1)
{
printtime () ;

}
}
// Recalibration of RTC
__interrupt void ISR SC(void)
{

SCTCR SCT; // clear irqg

if
{

update count 0;

dt += (((double)CUTR /
/ 4

cal
cal += dt * WEIGHT;
WTCR INTO = O0;

while(!WTCR_INTO);

//

WTBRO =
WTBR1 =

(OXFFFF & cal);
(cal >> 16);
}

update count++;

<RETURN>:

(double) T INTERVAL)

")

// Flush RDRO

& 0xOF) ;

(mh & OxOF);

& 0xOF) ;

(mh & OxOF);

(update count >= UPDATE INTERVAL)

(MAIN CLOCK / 2)) * SUB_CLOCK / cal

(double) T INTERVAL;

ClockMeasure (CUTD VALUE) ;

wait for second

// Set calibrated prescaler value

MCU-AN-300229-E-V13
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4.3 Calibrating the USART
As per RS232 standard, the maximum variance allowed for baud rate is 5%.

As per data sheet, for chip to chip, value of internal RC oscillator may vary from 1 MHz to 4
MHz for CLKRC of 2 MHz or it may vary from 50 kHz to 200 kHz for CLKRC of 100 kHz.

If we assume that CLKRC is operating at typical frequency of 2 MHz and CLKRC is selected
as clock source for CLKS1 and intern to CLKP1 than BGRn register value is calculated as...

BGRn = {M _1}

9600

e {2000000 ~ 1}

9600
- BGRn 1,5 = 207

If we set the BGRn equal to 207 and if the actual frequency of CLKRC is 2.5 MHz than
resulting baud rate will be

BaudRate = | —
BGRn+1

CLKRC }

BaudRate = {M}

207 +1
.. BaudRate = 12019

This is far beyond the acceptable variance by RS232 standard.

Considering above facts, when CLKRC is selected as clock source for CLKS1 and intern to
CLKP1, one can use clock calibration unit to find the actual frequency of CLKRC and can set
BGRn register value to match the required baud rate.

Let us consider an example; here we will assume that clock source CLKMC which is input to
calibration timer is stable and its frequency is exactly 4 MHz.

Now we know that when we initialise CUTD to 0x0000 and start measurement, and when an
underflow occurs, the measurement will take (OXFFFF + 1) * T krc S€CONdS.

Let us assume that for the above measurement CUTR counts up to 0x0019999.

© Fujitsu Microelectronics Europe GmbH -15- MCU-AN-300229-E-V13
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From this information, we can find out value of CLKRC as follow

CUTD _ CUIR
CLKRC CLKMC

65536 104857
" CLKRC 4 MHz

65536 *4 MHz
104857

.. CLKRC = 2.500014 MHz

.. CLKRC =

One point of interest over here is, consider that when CUTD reaches to zero and when STRT
is reset indicating end of calibration process, it may happen that Main Clock cycle is already
finished 90% of its time and was about to increment CUTR, so CUTR instead of counting
104858 has counted 104857 cycles. (CUTR count is incremented at the end of Main clock

cycle).

If we recalculate, using above formula we will get CLKRC as follow

CUTD _ CUTR
CLKRC CLKMC

65536 _ 104858
" CLKRC 4 MHz

65536 *4 MHz
104858

.. CLKRC =

.. CLKRC = 2.499990 MHz

Now from above calculation, as we know the RC clock frequency, let us find out the BGRn
register value for baud rate of 9600:

BGRn = CLKRC q
9600
BGRn = 2500014_1 or BGRn = 2499990
9600 9600

.. BGRn = 259 or BGRn = 259

]

MCU-AN-300229-E-V13
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Let us also do reverse calculation to find out what is exact baud rate if we select BGRn value
to 259.

BaudRate = %
BGRn+1
.. BaudRate = w or BaudRate = w
S9+1 259 +1

.. BaudRate = 9615 or BaudRate = 9615

Here actual baud rate is 0.15% more than the required one, which is with in acceptable limits
of RS232 Standards.

Also from the above calculation, the error due to one cycle count miss of CUTR will not affect
the final baud rate, so one can safely ignore it.

Considering CLKRC may vary from 1 MHz to 4 MHz and the fact that for asynchronous
serial communication BGRn must be set equal to or more than four; Maximum and minimum
baud rate that can be set is calculated as follow

BaudRate = (CLIGHC
BGRn +1
.. BaudRate = 100000 or BaudRate = 4000000
4+1 4+1
.. BaudRate =200kbps or BaudRate = 800kbps

So for all practical purpose where CLKRC is not known in advance one can still start with
baud rate of 200kbps.

One more fact to be considered while calibrating USART is that CLKRC frequency is a
temperature dependent.

© Fujitsu Microelectronics Europe GmbH -17 - MCU-AN-300229-E-V13
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5 Additional Information

Information about FUJITSU Microcontrollers can be found on the following Internet page:

http://mcu.emea.fujitsu.com/

The software examples related to this application note is:
96340 rtc _clkcal _sc_autocorr-v10
It can be found on the following Internet page:

http://mcu.emea.fujitsu.com/mcu_product/mcu_all software.htm
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