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FR Family, MB91460 Microcontroller Real-Time Clock

This application note describes the functionality of the Real-Time Clock and gives some examples.
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1 Introduction

This application note describes the functionality of the Real-Time Clock and gives some examples.

1.1 Key Features
m  Clock selectable as Main Clock, Sub Clock and RC Clock — 100KHz

m  RTC is not deactivated during Stop Mode

®m  |nterrupts selectable for: ¥ second, 1 second, 1 minute, 1 hour, and 1 day
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2 The Real-Time Clock

The Basic Functionality of the Real-Time Clock

2.1 Block Diagrams

Figure 1 shows the internal block diagram of the Real-Time Clock.

Figure 1. Real Time Clock block diagram
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Figure 2 shows the simplified block diagram of the Real Time Clock.
Figure 2. Simplified Real Time Clock block diagram
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2.2 Registers
Please write always “0” to the “Reserved” bits when accessing a register, if not stated otherwise.

2.2.1 Timer Control Register (WTCR)

Table 1. WTCR
Bit No. Name Explanation Value Operation
0 Interrupt disabled
15 INTE3 Interrupt Request at 1-Day (24 Hour) 1 Interrupt, if 24 Hour (1-Day)Counter
overflow
0 Write: Clear Request
14 INT3 1-Day Interrupt Flag/Clear
1 Interrupt Request
0 Interrupt disabled
13 INTE2 Interrupt Request at 1-Hour 1 Interrupt, if 1 Hour Counter
overflow
0 Write: Clear Request
12 INT2 1-Hour Interrupt Flag/Clear
1 Interrupt Request
0 Interrupt disabled
11 INTEL Interrupt Request at 1-Minute 1 Interrupt, if Minute Counter
overflow
0 Write: Clear Request
10 INT1 1-Minute Interrupt Flag/Clear
1 Interrupt Request
0 Interrupt disabled
9 INTEO Interrupt Request at 1-Second 1 Interrupt, if Second Counter
overflow
0 Write: Clear Request
8 INTO 1-Second Interrupt Flag/Clear
1 Interrupt Request
7-5 = Reserved - -
4 - Undefined - -
0 RTC inactive
3 RUN Operation Status
1 RTC is active
> UPDT Update Counter with written Values into wTsg, | © Write: No effect
WTHR, and WTMR 1 Write: Update
1 = Undefined = s
0 Clear Clock and Stop it
0 ST Start!
1 Load Values and Start clock

1 Jtis recommended to set the ST-Bit to “0”, when changing the clock time of the RTC.
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2.2.2 Timer Control Extended Register (WTCER)
Table 2. WTCER

Bit No. Name Explanation Value Operation
7 = Undefined = =
6 = Undefined - -
5 = Undefined - -
4 = Undefined - -
3 = Undefined - -
2 = Undefined = =
0 Interrupt disabled
1 A Enable Interrupt Request at Half-Second (500
ms) 1 Interrupt, if Half-Second Counter
overflow
0 Write: Clear Request
0 INT4 Half-Second Interrupt Flag/Clear
1 Interrupt Request

2.2.3 Sub-Second Register (WTBR)

This register contains the 21-Bit reload value, which divides the clock source. The value to be programmed in WTBR
register should be actual source clock-frequency (one among CLKMAIN, CLKSUB or CLKRC100KHz) divide by 4 in
order to get half a second interrupt (0.5 s). This is also because there is a default prescaler of divide by 2 (please
refer Figure 2).

The lower 8 Bits of this value is stored in WTBR2, the middle 8 Bits of this value is stored in WTBR1 and the remaining
upper 5 Bits of the value in the lower 5 Bits of WTBRO.

The following table shows example values for different clock sources.
Table 3. Clock Source and WTBR values

Clock Source WTBR decimal WTBR hexadecimal
Main Clock 4 MHz 1000000 0x0F4240
RC Clock 100 kHz 25000 0x0061A8
Sub Clock 32768 Hz 8192 0x002000

Sub-Second Registers can be accessed via byte/half-word/word access.
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2.2.4 Second/Minute/Hour Registers (WTSR, WITMR, WTHR)

The lower 6 Bits of the WTSR contains the actual second counter value. Writing a value to it memorizes the value. The

Second-Counter is updated with this value by writing “1” to WTCR_UPDT.

The lower 6 Bits of the WTMR contains the actual minute counter value. Writing and reading has the same behavior

like for WTSR.

The lower 5 Bits of the WTHR contains the actual hour counter value. Writing and reading has the same behavior like

for WTSR.

Please store only reasonable values to these registers. If values, that do not present a clock time, are used, the

behavior of the RTC will be undefined.

These registers can be accessed via byte/half-word access.

2.2.5 Clock Source Selection

The RTC clock source can be selected using cSC[1:0] bits of Clock Source Configuration Register (CSCFG).

Clock Source Configuration Register (CSCFG)
Table 4. WTCKSR

Bit No. Name Explanation Value Operation
0,0 Main Clock (CLKMAIN)
0,1 Sub Clock (CLKSUB)
1,0 CKC1,0 RTC Clock Select Selection
1,0 RC Clock (CLKRC100kHz)
1,1 prohibited

The other bits of CSCFG register are not discussed here.

WwWWw.Ccypress.com
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3 Real Time Clock Examples

Examples for the Real Time Clock

3.1 RTC with main clock source and without interrupts

The above example demonstrates how to initialize RTC immediately after a Reset. Here it is considered that the Main

Clock is 4 MHz.

#define DividerMC 1000000

void InitRTCAfterReset (void)

{
WTBR = DividerMC; // Set Sub-Second Prescaler
WICR INTEO = 0; // No Interrupts
WTCR_INTE]_ = 0;
WTCR_INTEZ = 0;
WTCR_INTE3 = 0;
WTCER_INTE4 = 0;
CSCEGI CSC = 07 // Main Clock Source
WTSR = 56; // Seconds: 56
WTMR = 34; // Minutes: 34
WTHR = 12; // Hours: 12
WICR ST = 1; // and go!

}

void main (void)

{
InitRTCAfterReset (); // Init and start the RTC

}
WWW.CYpress.com Document No. 002-05371 Rev. *C 7
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#define DividerSC 8192

void InitRTC (void)

{
WTCR ST = 0;

WTCR ST = 1;
}

while (WICR RUN != 0); // Wait till the RTC stops

WIBR2 = (OxXFFFF & DividerSC); // Set Sub-Second Prescaler
WTBR1 = (DividerSC >> 16);

WISR = 28; // Seconds: 28

WTMR = 59; // Minutes: 59

WTHR = 18; // Hours: 18

CSCFG_CKC = 1; // Sub Clock Source

// Stop the RTC

// ... and go!

3.2 Re-Initialize the RTC with Sub clock

The above examples demonstrates how to initialize the Sub-Second, Second, Minute & Hour registers if the RTC is
already running. Here it is considered that the Sub Clock is 32.768 kHz.

WwWWw.Ccypress.com
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3.3 Initialize the Sub-Second Register in ISR

#define DividerRC 25000

__interrupt void RealTimeClock (void)

{

WTCR_INTO = O; // Clear the interrupt flag
WTBR2 = (OxFFFF & DividerRC) ; // Set Sub-Second Prescaler
WTBR1 = (DividerRC >> 16);

The above examples demonstrates how to initialize the Sub_Second register within the RTC interrupt service routine
(if RTC is already running). Here the RTC does not need to be stopped since there is enough time to securely modify
the registers until the next reload operation (next second interrupt). It should be noted that the RTC Second interrupt
needs to be enabled.

void InitIrglLevels (void)

{

ICR58 = 30; /* Real Time Clock */
/* Calibration Unit %)

}

__interrupt void RealTimeClock (void); // Prototype

#pragma intvect RealTimeClock 132 /* Real Time Clock &y

Please note, that the corresponding interrupt vector and level has to be defined in the vectors.c module of our
standard template project.

WWW.CYpress.com Document No. 002-05371 Rev. *C 9
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extern unsigned char second, minute, hour;

__interrupt void RealTimeClock (void)

{
WTCR_INTO = 0; // Clear the interrupt flag

second = WTSR;
minute = WIMR;
hour = WTHR;

3.4 Read the Time inside ISR

It is recommended that the interrupts (INTO-4) should be used to read the time information, as this would eliminate
the possibility of reading incorrect values from time (hour/minute/second) registers (in case of carry while reading). In
the above example the Time information is read in the RTC Second (INTO) interrupt service routine.

Please note that the corresponding interrupt vector and level has to be defined in the vectors.c module as shown in
the above example.
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3.5

unsigned
uns=igned
un=igned

wE L

$define TRUE
fdefine FALS3E o

char ==cond,
char =escondl,
int time,
wroid BeadTime (woid)

un=igned char result = FAL3E;

Hormally

WD

[e.g. 02:59:58 —-> 03:5%:59% (lst Iteration), 03:00:00 —-> 0:00 (Znd
Iteration e f
while (result != TRUE]
Fir=t 3et of Timm
==cond = WIZR;
minute = WIMR;

Read the Time inside application

1

hour;
minutel,
timel ;

hourl;

this loop would exit at lat iteratiom
this

(=_g.

loop will have 2 iter

In some caszes oaly

ons at the max

hour = WIHR;
Jecond 3et of Time *f

= WTSE;

= WIMR;

WTHE;

==cpndl
minutel
hourl =

Calculating absoclute sesconds for first =et of time */

time = hour*3600 + minute* €0 + second;

Calculating absclute sesconds for second ==t of time */

timel = hourl*3&600 + minutel*&60 + secondl:

If the differsnce in the first L second

im ==t i= 0 or 1 than th=

=econd set contains the latest accurate time information
if [(((timel — tim=) == 1} || {((tim=1l — time) = 0)]
{

z==ult = TRUE:
k
'* The followin condition takes care of day change =ituation
22:59:59 -> 0Q0Q:00:00, and the s=econd set contain=s the latest
accurate time informatiom *
mlemm if ([(Time == EE259% L& tim=l1l == 0
{

raesult = TRUE: /i 23-56:56 —-> 0O0-00:-00

The above example demonstrates how the time can be read inside an application (without using interrupts). This also
takes care of reading the time (hour/minute/second) registers at the very timing of changing over the hour or minute

boundary.

Here the time registers are read twice. Then it is converted into absolute seconds value and if difference between the
old and the new value is 0/1 or the old value is 86399 & the new value is 0 (i.e. 23:59:59 -> 00:00:00), then the
second set (second1/minutel/hourl) is considered to contain the correct time information.
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4 Additional Information

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

http://www.cypress.com/cypress-microcontrollers

The software example related to this application note is:
91460_rtc_init_read
It can be found on the following Internet page:

http://www.cypress.com/16fx
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